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Preface

Australia is moving rapidly into the use of computers for leaming and teaching in
schools. Over a three year period (1984-86) the Commonwealth Government
committed 18 million Australian dollars for the development and implementation
of a National Computer Education Program. Since then further public and private
funds have been raised for the purposes of educational computing by education
departments, school systems and individual schools.

In 1984 the Commonwealth Schools Commission appointed a National
Advisory Committee on Computers in Schools. The primary task of this
committee was to provide advice to the Commonwealth Schools Commission on
the development of a rationale and a plan for the use of computers in education.
The principles developed to guide the introduction of computers into schools
focused on two issues, namely that the programs be broadly based, and that they
would lead to equality of outcome. A broadly based program was defined as one
which focuses on teaching about and with computers. Equality of outcome was
expected to be achieved by improving the access of all children to computers.

The Commonwealth Schools Commission expected the use of computers in
schools to focus on a greater understanding by students of the effects which
computers and information technology can have on society. It argued:

An important function of schools is to help students to communicate, to think, to value and
10 act first and foremost as young people in school, and second in the context of the society
in which they live. (Commonwealth Schools Commission, 1984, p. 21}

The use of computers should be secn as an integral part of the teaching and learning process,
and should not be regarded . . . as a potensal replacement for teachers, nor should compuiter
aided instruction become necessarily the focus of a school’s use of computers.
(Commonwealth Schools Commission, 1984, p. 22)

The Commission produced basic sets of aims and objectives for a National
Computer Education Program for students, teachers, principals and
administrators. The desired outcomes for students were specified as follows:

Students should learn o

use computers for tnquiry, analysis, information processing, problem solving and
recreation;

make informed and responsible judgments about those aspects of computer use that
affect them and others in economic, social, polilical and physical contexts;

recognise the sort of problems that are not amenable to computer selutions;

become conversant with the broad characteristics of the hardware and software with
which they are working and acquire the capacity o make a consumer evaluation of such
products; and

undertake a formal study of information processing or appropriate aspects of it.
(Commonwealth Schools Commission, 1984, p. 20)

In the years since, computer education has been taken up in all states, and some
attempts have been made to meet and refine the Commission’s aims and
objectives, but the offerings of schools vary dramatically. Reasons for this
include insufficient hardware, inability to obtain suitable software, limitations in
teacher education and lack of firm curriculum guidelines. However, the most
important obstacle to the successful implementation of computing into schools is
probably the lack of knowledge of how to link this technological innovation with
teaching and how to integrate it into the day-to-day curriculum. The computer
per se cannot produce effective learning, but students can leam effectively with
computers.

Convinced of the importance of computing in education for all students, the
Queensland Education Department seeks to reduce the lack of knowledge by
means of a considerable number of impressive initiatives in the area of
educational technology. One of these initiatives was to provide each of 115 Year
6 and Year 7 students with a personal laptop computer for use at school and at
home throughout the school year. Though not formally specified, the questions
the SUNRISE project took on related to how computers might best be utilised in
the classroom, and how their influence can be identified in various social and
cognitive contexts. These are practical problems for educational research and
development, because it is reasonable to expect that some children might leamn
better with computers, that most students would develop new thinking strategies
which are adaptive to a largely computer-based leaming environment, and that
individual differences would influence leaming with computers differently from
learning in the traditional classroom. These are also profound theoretical
questions, because they imply that the leaming environment is an integral part of
students’ cognitive processes and educational and personal development.

The SUNRISE project conducted by the Queensland Education Department at
Coombabah Primary School, Gold Coast, Queensland, was the subject of the
empirical study of leaming and teaching with computers that is described in this
book.

As part of its support for the development of such innovative efforts, their
dissemination and promotion, the Australian Council for Educational Research
contributed funds to this project. We are grateful to the Queensland Department
of Education for the provision of access to the SUNRISE classrooms at
Coombabah and for the partial funding of the research which resulted in this
book.



Summary

This book is about leaming and teaching with personal computers. It is aimed at
teachers, traince teachers, those responsible for pre-service and in-service training
of teachers, school administrators and parents. The contents of this book should
be of particular interest to teachers and school administrators who are planning to
introduce computers into classrooms or are teaching students with computers for
the first time.

A wide range of practical and theoretical issues is addressed in this volume
because of the difficulty teachers and educational administrators are experiencing
in obtaining the type of information provided here. The extensive list of
references will help those wishing to obtain deeper knowledge in a particular
area. An attempt was made to include relevant maierials from many sources. The
empirical study conducted in the SUNRISE classrooms at Coombabah,
Queensland, serves to illustrate the issues discussed and to raise further
questions. Although the empirical findings reported here are based on a study in
which each student had his/her own laptop computer, readers will find that the
results of this study and the deliberations of the book as a whole are equally
applicable to classrooms where two or three students share one computer.

The chapters of this book are arranged into four sections. Part I provides a
theoretical framework for learning and teaching with computers. Part [I deals
with issues relating to the acquisition of computer literacy. Part III describes the
empirical study conducted with 115 Year 6 and Year 7 students, and Part I'V
deals with issues relating to the professional development of teachers who teach
students with computers and with the evaluation of computer software by
teachers.

PART I: THEORETICAL FRAMEWORK (CHAPTERS 1 AND 2)

The promise and impact of personal computers in the pursuit of the goal of
turning Australia into a clever country and important issues relating to the
evaluation of the effectiveness of computing in schools are addressed in Chapter
1. Some implications of the computer revolution are related to computing in
schools. Computing is discussed within a framework of cognitive technologies.
Human/machine relationships, more specifically the idea of adapting the
technology to one’s own purposes versus adapting oneself to the technology, and
social interaction between students are discussed. Other topics raised in this
chapter include: computing as a cultural component of the learning environment;
computer literacy as personal capital; and empowerment through metacognition.

The final section of this chapter stresses the importance of teachers if learning
with computers is to be effective.

Chapter 2 deals with educational and cognitive benefits of computing. It is
generally accepted that computers can boost people’s productivity and efficiency
in performance. What is less known is that computing can provide users with a
box of reconstructible tools which can change the characteristics of the problems
and the learning tasks themselves and hence lead to a restructuring of the
processes of problem solving and leaming. A major portion of this chapter deals
with the cognitive benefits of learning programming. The focus is on the
interface between problem solving strategies and important components of
programming instruction. An example is provided of a set of steps towards initial
mastery of programming. The importance for teachers to make leaming with
computers cognitively demanding for their students is stressed, and examples of
cognitive demanding activities are provided, also by contrasting the
characteristics of programming experts with those of students in the classroom.
Only through cognitively demanding learning activities can we expect to foster
higher order thinking, problem solving and leaming.

PART II: ACQUIRING COMPUTER LITERACY (CHAPTERS 3 TO 5)

What is being advocated in the three chapters of this section is not that students
become programmers in a technical sense, but that they regard computers as a
natural and integral part of their lives and that they view what they learn in
computing as a fabric of experiences and knowledge which can be woven into
many activities in and out of school. Altemative educational philosophies and
perceptions of the human/compuier relationship will determine the specific uses
made of hardware and software in the classroom. The tools themselves are
extremely versatile and can support many and quite contradictory educational
philosophies and objectives.

Chapter 3 begins with a broad discussion of curriculum objectives and
computing policy. How computing will be introduced into a school depends very
much on the school’s definition of computer literacy. This concept is discussed
with respect to other literacies and various types of definitions are provided. The
implications of comprehensive and narrow definitions of computer literacy are
explained for various components of instructional computing. Suggestions are
made and examples are provided of how one might integrate the computer into
the existing curriculum. The chapter ends with a discussion of how the
technology could best function as a mediator of cognitive development.

Chapter 4 looks at the acquisition of computer knowledge and skills more
from the point of view of the teacher and the classroom culture he/she might
create. One theme which runs through this chapter is that of control. Leaming
and teaching with computers provide the opportunity to encourage students to
take more responsibility for their own work, motivation and learning. Handing

vii



over, sharing and accepting control can be difficult for both teachers and
students. Specific suggestions are made relating to the encouragement of
independent and self-regulated leaming by students, as they are constructing their
own knowledge. The chapter contains a brief discussion of Logo, as this is the
language used in the SUNRISE classrooms which were the subject of the
empirical study reported in Part IV, and a frequently chosen vehicle for teaching
with computers in Australian schools. Most of this chapter addresses quite
concrete issues relating to classroom organisation and the interaction with
students.

Chapter 5 introduces questions of assessment and evaluation of leaming with
computers. It deals with expected outcomes and ways of monitoring product and
process. Examples of possible assessment procedures are discussed briefly and
ways of evaluating the computing efforts of students working in groups is
discussed. An initial suggestion is made for the evaluation of student
performance on programming related tasks. An example of an objectives wheel is
provided which can help integrate computing knowledge and skills, with
curriculum units or subjects. At this stage, the area of assessment and evaluation
in leaming and teaching with computers is probably the most neglected of all the
areas addressed in this book.

PART III: THE EMPIRICAL STUDY (CHAPTERS 6 TO 8)

The chapters in this section provide the bulk of the information resulting from the
empirical study of 115 students with their own laptop computers, i.e. 56 Year 6
and 59 Year 7 students in the SUNRISE classrooms at Coombabah Primary
School, Gold Coast, Queensland. Some results of this study are reported as
examples or illustrations in relevant sections of the other chapters of this book.

Two major and severe limitations of the empirical study conducted at
Coombabah must be recognised:

1 with increased availability of personal computers, improved software and
related curriculum materials, and more professional development activities for
teachers, the information presented here might become outdated quite quickly;
and

2 astudy based on observations made on 115 students from two classes in one
non-randomly selected school certainly lacks reliability and thus
generalisability.

Nevertheless, in view of the current large knowledge gap in the area of
educational computing, information on leaming and teaching with computers in
Australia must be disseminated even if the findings are timebound. The
experiences and reactions of even an unrepresentative sample of students and
teachers are not only interesting and informative for teachers and educational
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administrators who are planning to embark on similar projects, but also raise
questions which must be addressed in research and practice. In the absence of
similar research information collected in well designed and possibly comparative
studies, the attitudes, lanowledge, abilities and achievements, leaming practices
and preferences of students observed in two not too untypical classrooms are
expected to provide some useful insights to the reader.

Chapter 6 describes the objectives, design and method of the empirical study.
A preliminary conceptual framework, i.e. a system in which the variables under
investigation might be related, for such a study is developed. Considerable
attention is given to the methods and sources of data which are being collected.

The identification of possible attributes of computer use for learning and their
measurement are carefully considered. The attributes used in this study are
defined and operationalised. An attempt was made to identify possible indicators
of effective computer use by students. Though the data of the present study may
not have warranted such careful analysis of student profiles of computer use, the
reason for this part of the study was to attempt to come up with a way of looking
at the attributes of leaming in computing which might be used by the authors or
other investigators in subsequent studies. In other words, this was an attempt to
contribute to the development of methodology in a new area of educational
research.

In a very tentative preliminary analysis of student profiles in computing
processes, four groups of students were classified on the basis of their pattemns of
laptop use. The students in group A were labelled orchestrators. These students
used the widest variety of learning applications closely linked with teacher and
task demands, personal aims and skills, personal leaming style and the social
demands of the classroom. The attitudes of these students to compusing and their
uses of their computers reflect a harmony created by flexible and appropriate
application. Srudents in group B were labelled amplifiers, because they tended (o
use the computer to amplify their existing skills, but viewed it as an adjunct, i.e. a
non-essential but at times useful and convenient accessory. These students
capitalised on available software and on procedures written by others. Group C
students were labelled machinists, because they used their computers mostly as
calculators and typewriters. Students in group D were labelled perseverators
because of their tendency to use only procedures and programs writien by others.
They used these over and over again, and spent much time on the same task or
activity. They liked drill and practice, particularly in spelling. The groups are
described in more detail in the chapter. A small number of students in this study
could not be classified on the basis of this scheme.

Other student characteristics reported in this chapter relate to the feelings and
atticudes (including anxiety and enthusiasm) of students about computing, self
image and confidence, knowledge of computers and computing, leaming and
problem solving, feelings of control, favourite computing activities and student
expectations and perceptions of their teachers. These characteristics were
assessed by means of structured interviews, questionnaires, observation and



objective tests. The final part of this chapter reports on an investigation of the
students’ own assessment of attitudes to and competence in computing in
themselves and their peers. Of particular interest with respect to these findings
are the students’ criteria for assessment, i.e. how the students measured success.

In Chapter 6, Ycar 6 and Year 7 students are compared in their reactions to and
knowledge of computing. Chapter 7 analyses the same attitude and knowledge
variables but reports on individual differences between students in terms of
ability and measured IQ. It also compares students who were judged by both their
peers and their teachers as doing particularly well in computing, i.e. thc R1
group, with those judged by the teachers as having difficulty in computing, i.e.
the RS group. The final section of Chapter 7 rcports on an investigation of the
programming habits of the students. Both the production of programs by the
students and their understanding of programs written by others werc assessed.
Three of the tasks given to the studenis were taken from the published literature.
This allowed at least a superficial comparison between the performancc of the
Australian students and a group of American students, even though the age of the
students and the conditions under which they received instruction in computcr
programming differed in a number of respects. Chapter 7 closes with a brief
demonstration of the interaction betwecn students who were engaged in a
collaborative programming assignment.

Chapter 8 discusses gender differences in relation to lcaming with computers.
The literature argues that girls arc often not given appropriate support and
contexts for lcaming both about and with computers. Some of these findings
werce supported by our observations at Coombabah. Equal opportunity of boys
and girls in access to computers is a problem in many classrooms, but obviouslty
not in Coombabah, where each student has his/her own computer, but differences
in participation are not just rclated to access to computers. We found that in the
SUNRISE classrooms boys tended to dominate in discussions aboul
programming procedures and in brainstorming activitics. Possible factors
contributing to the development of differential interest and achicvement in
computing, and particularly the devclopment of gender based stercotypes are
discussed in the chapter. Of particular interest are gender differences as they
relate to computing in particular subject domains. In our empirical study, gender
differences were not evident when the students first obtained their laptops; they
devcloped over time and are stronger in the more experienced computer users
(i.e. Year 7) than in the less experienced group.

PART IV: ASSISTING THE TEACHER (CHAPTERS 9 AND 10)

The chapters in this section deal with issues relating to the professional
development of teachers who are teaching students with computers and make
somc suggestions relating to the contribution of teachers to the evaluation and
development of educational computing software. The empirical study reported in

this book was focused on the students leaming with computers rather than on
their teachers. As only five teachers were involved in the SUNRISE classrooms
at Coombabah, the opinions of individuals and groups of teachers outside the
project were sought to gather information for Chapters 9 and 10.

Chapter 9 reports on the aims, organisation and contents of staff development
activities which could assist teachers with no or limited pre-service training in

educational computing. Two likely broad aims for such staff development were
identified:

1 to improve the skills and confidence of individual teachers in computer use;
and A ' .

2 to persuade teachers to explore educational computing and to integrate
computing into their teaching practice.

A number of problems relating to existing staff development offerings and the
purposes of staff development are discussed. Consideration is given to questions
such as whether staff development in educational computing should be voluntary
or mandatory, whether incentives are necessary, the duration of courses, and how
much training might be required.

Based on an extensive review of the staff development literature in Australia
and overseas, published surveys of teachers teaching with computers and some
published case studies, a set of conditions for staff development activities in
personal computer use in schools was derived. These relate to the
appropriateness, variability, incentives, maintenance, objcctives, instructor,
application and duration of professional devclopment activities. The same
literature review yielded a number of content topics and organisational features
for professional development activities. A total of 60 Australian teachers, from
three states, who teach with computers provided their reaction to the variables
which had been derived from the literature review. On the basis of this a number
of recommendations were formulated which were prescnted to the teachers in the
SUNRISE classrooms at Coombabah. The teacher recommendations reported in
Chapter 9 are thus based on the reactions of a much larger sample than would
have been possible without the broader survey. These recommendations are not
essentially different from those found in the recent overseas literature. Thus, they
may well provide a basis for the planning of such activitics in Australia.

The information provided in Chapter 10 is also based on a review of research
on computer software and existing guides for its evaluation. The major message
of this chapter is that software with improved pedagogical value can result if
teachers play an expanded role in its design and development. Together with
technical experts in computing and others, teachers should probably be involved
in the development of instructional software and provide advice at all stages of
development. Teachers are in an excellent position for identifying prerequisites
for mastering the concepts and skills to be taught, as well as for deciding on the
appropriate means for communicating the subject matter. They can help assure

xi



that the software contains substance as far as its content is concerned, that it is
error free, and that it engages appropriate thinking and problem solving skills on
the part of the students. Teachers, because they are familiar with curricula in their
subject domain, could assist in designing software which can be integrated or at
least coordinated with other curriculum materials. The chapter concludes with an
exemplary software evaluation procedure, developed by the New South Wales
Department of Education (1985), which may be copied and used for educational
purposes as long as the source is acknowledged.
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THEORETICAL FRAMEWORK



Personal Computers in the
Pursuit of Educational Excellence

The overriding policy question today is no longer whether our schools have
slipped into mediocrity or whether there is a crisis in primary and/or secondary
education. Rather, the question is: What can be done to improve the current state
of affairs? What can be done to turmn Australia into a clever country? An obvious
response is to capitalise on technological innovations, in particular on personal
computers. However, three interrelated factors currently appear to be restriching
the potential contribution of computers as generally accepted tools for leaming
and teaching from Kindergarten to Year 12: (1) a lack of knowledge about how
best to educate teachers in the use of computers in education, (2) a lack of general
curriculum objectives, and (3) a shortage of suitable instructional software which
can be integrated with learning goals and local curricula. All of these factors are
addressed in the following chapters.

Herbert Simon, who received the Nobel Memorial Prize in economics in 1978,
referred to the invention of the computer as the second industrial revolution
(Simon, 1987). He argues that, like the invention of the steam engine in the
industrial revolution, the computer promises to dramatically increase the number
and kinds of things we can do and to equally dramatically change the ways in
which we do things. He reminds us, however, that it took the steam engine 150
years to have a pervasive influence on society, but computers have been around
for less than 50 years. Simon also notes that the full impact of even these
landmark inventions is tempered by and conditional upon other events, such as
related inventions and accumulating experience resulting from their use.

COMPUTING IN SCHOOLS

For the computer to bring about a revolution in our schools and education more
generally, this technological innovation must be accompanied by improvements
in our understanding of the processes of learning and teaching and their
implications for cognitive development, and by changes in the organisational
structure of classrooms, schools, the curriculum and the broader learning
contexts.



4  Leaming with Personal Computers: Issues, Observations and Perspeciives

Computers have certainly transformed our society. As the products resulting
from the industrial revolution amplified and boosted the physical power of
humans, the computer revolution has the potential of increasing the power of the
mind .

The first generation of computers began to transform society but not the
schools. Problems of cost, size, and lack of appropriate software led to restricted
access to computers. The invention ofth e personal computer has changed this.
Despite some resistance from unprepared school personnel who had
understandable doubts and were thus reluctant to accept the new technology, the
easy availability of relatively low priced personal computers has brought about a
second computer revolution during the past ten years, and this time schools are
likely to be transformed.

Curiously, when politicians and people in the media speak of the computer
revolution and its role in Australia’s quest for educational excellence, learning
and teaching are rarely mentioned, except perhaps to note that teachers might not
be adequately prepared for the revolution and need to be provided with
professional development. The focus tends to be on different kinds of hardware
and its availability, on financial allocations by governments and on selected
educational programs available at certain schools. From these news items one
might gain the impression that the computer revolution has arrived and that a
leaming environment now exists in schools in which teachers and students make
good use of computers, be it for drill and practice, for the development or
remediation of basic skills, learning enrichment for the gifted, or computer
literacy.

Unfortunately this impression does not accurately represent mnost
environments in which teaching and leaming with personal computers take place.
The extent to which progress towards computer literacy and leaming with
computers is met actually depends on how well students and teachers are able to
adapt, not to learning environments, which are close to ideal, but to reality, i.e.
situations which contain relatively few resources and less than optimal
curriculum materials.

Attempts to make the use of computers in schools more effective, therefore,
must begin with the recognition that what is going on in educational computing
in most schools currently is less than optimal. Progress can be made, however,
for example by assuming that despite the limitations some classrooms in which

personal computers are currently used for leamning and teaching have produced
highly successful students, and that the knowledge gained about learning and
teaching decisions and practices, and recommendations for curriculum objectives,
staff development and curriculum materials can help fill the current knowledge
gap. Any attempts to fill this gap place us in a better position to identify what
teachers and students need to know to use personal computers successfully in
learning and instruction, what changes in classroom organisation and what
improvements in resources, curriculum materials and matcrial adaptation and
development are required.

Personal Computers in the Pursuit of Educational Excellence 5

In the current debate regarding feasible roles of technology in education, and
in particular advantages and disadvantages of using computers in the classroom,
the machine itself is too often the starting point. Treated as the newest delivery
system for teaching and leaming, computer hardware and software, and other
information technologies, become the main topic for discussion. A more
productive debate of the uses of technology in education might result if the focus
were moved to the processes of education, and the learner, rather than the
physical components of the new technology.

We need to be more concerned about the different ways students can learn when using the
computer, the pressures on students now and in the future when they use co.mpute:rs, the
learning processes underlying present and furure software, the power of various kinds .of
feedback, and the psychology of the interaction between students and computers. (Hattie,
1988, pp. 1-2)

As educators we are concemned with improving both our basic understanding of
children’s learning and thinking, and the processes of education which can be
expected to develop them. It is expected that this book will play at least a 'small
part in improving this understanding with respect to the use of computers in the
classroom. . ‘ '

A key component of leaming and teaching is the processing of 1nfo.rmat10n.
Students and teachers, like most other members of our society, collect, interpret
and make decisions with respect to a vast array of information, some of which
was gathered by earlier generations or by people in distant locations. Obviqusly,
information processing has always been an aspect of leaming, but the quantity of
information now available to us is increasing exponentally. This is due largely to
the availability of new technologies. At the same time we can make.u.sc of
technology to help us handle all this new information. There is a long tradition of
using technological aids such as printed matter, paper and pencil, an abacus or
calculator, as tools to supplement and amplify human mental powers.

The computer is the latest addition to this range of tools. It is argued ttga} py
using the computer as a tool it becomes both an amplifier of human capabilities
and a catalyst to intellectual development. This view of computing lf:ads to more
productive outcomes in the classroom than do those uses whu_:h turn the
computer into a surrogate teacher. Obviously, the more cffective uses of
computers in education will require ncw patterns of interaction between students
and teachers, changes in the social organisation of the classroom, the adaptation
of curricula and alternative purposes and modes of student evaluation. All of
these issues are addressed in this book.

COGNITIVE TECHNOLOGIES

Long before the arrival of computers, remarkable extensions of human
intelligence were accomplished through the use of technical instruments. It is
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taken as axiomatic that intelligence is not merely a quality of the mind, but a
product of the relationship between mental structures and tools of the intellect
provided by the environment, and more generally the culture (Bruner, 1966; Cole
& Griffin, 1980; Luria, 1976, 1979; Olson, 1976, 1985; Olson & Bruner, 1974,
Vygotsky, 1962, 1978). I shall refer to these tools as cognitive technologies. A
cognitive technology is provided by any means that help transcend the limitations
of the mind, such as restrictions in short-term memory, in activities such as
thinking, leaming and problem solving. The technologies which have tended to
rcceive most attention in this respect are writing systems (e.g. Goody, 1977,
Greenfield, 1984; Olson, 1977; Ong, 1982; Scribner & Cole, 1981) and systems
of mathematical notation such as algebra or calculus.

Let us reflect on computers as cognitive technologies. Computers can store
and dynamically manipulatc symbols. It so happens that symbols appear also to
servc as the primitives of human thought. Capable of real time interactions with
human users, computer programming may well provide the most extraordinary
cognitive technologies ever to be devised. Past experience with non-computer
cognitive technologies may well help to inform and guide our definition of
priorities for future uses of computers as cognitive technologies in education.

Cognitive technologies, such as written languages, are commonly thought of
as cultural amplifiers of the intellcct, to use Jerome Bruner’s (1966, p. xii)
influential phrase. They are viewed as cultural means for empowering human
cognitive capacities. Greenfield (1966) observed that cultures with technologies
such as written language will push cognitive growth better, earlier and longer
than others (p. 654). As discussed in Chapter 2, we find similar predictions for
computer technologies based on a widespread belief that computers will
inevitably and profoundly amplify human mcntal power, and alter both what we
do and how we do it.

The amplification metaphor for cognitive technologies has led to many
research programs, particularly in relation to the cognitive consequences of
literacy and schooling in the decades since Bruner and his colleagues published
studies in cognitive growth (e.g. Bruner, 1964a, 1964b; Bruner & Tajfel, 1961;
Greenfield, 1984; Olson, 1976; Scribner & Cole, 1981). This metaphor
continued, for example in work on electronic technologics such as the prototype
software systems for writing and mathematics in the form of idea amplifiers,
notebooks, etc. and their uses for leaming with computers, which are discussed in
detail in later chapters of this volume.

While quantitative measures such as the efficiency and speed of problem
solving, decision making and leaming may truly describe changes that occur as a
result of working with electronic tools, it can be shown that more profound
changes -- as will be described in later chapters -- can be missed if we confine
ourselves to the amplification perspective. Computing can do more than increase
the efficiency, speed, reliability and comprehensiveness of our mental efforts: it
can actually change the tasks problem solvers are faced with and thus alter the
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cognitive processes involved in solving these tasks. Thus, computers can bring
about change in the forms of thought itsclf.

Another tradition in the study of cognitive technologies can be characterised as
cultural-historical. Influenced by the writings of Vico, Spinoza and Hegel, Marx
and Engels developed a theory of society now described as historical or
dialectical materialism. In this view, human nature rather than being a product of
environmental forces, is of the person’s own making and continually becoming.
Humans are shaped through a dialectic of reciprocal influences: our productive
activities change the world, thereby changing the ways in which the world can
change us. By shaping nature and how our interactions with it arc mediated, we
change ourselves. As the biologist Stcphen Jay Gould observes (1980), such
cultural evolution, in contrast to Darwinian biological cvolution, is deflined by
transmission of skills, knowledge and behaviour through learning across
generations and has beenour nature-transcendent innovation as a species.

From this cultural-historical perspcctive, labour is seen as the connecting link,
i.c. the mediating factor, betwecn humans and nature. By creating and using
physical instruments and machinery which mediate in less and less direct ways
our intcractions with nature, we come to reshape human naturc. Note how a
change in the instruments of work (e.g. a plough rather than the hand) changes
the functional organisation or system charactcristics of peoplc's fundamcntal
relationship to work. Not only do humans accomplish their work faster, but what
they do, i.e. their task, changes.

In cfforts to integrate accounts of individual and cultural changes, the Sovict
theorists Vygotsky (c.g. 1962, 1978) and Luria (c.g. 1976, 1979) generalisced the
historical materialism developed by Marx and Engels for physical instruments,
and applied it to a historical analysis of symbolic tools such as written language
which scrve as instruments for redelining culturc and human nature. Vygotsky
(1978) recogniscd that

the signs [symbols of 1anguage] act as an instrument of psychological activity in a manner
analogous w the role of a 0ol in labour. (p. 52)

Using a Vygotskyan perspective, which stresses the functional reorganisation of
cognition with the use of symbolic technologics, Cole & Griffin (1980) argued
that the amplification metaphor has important shortcomings. Specifically they
discussed how symbolic technologics qualitatively change the structure of the
functional system for such mcntal activities as problem solving or memory.
These fundamental changes are likely to go without being noticed if one thinks
about cognitive technologies only with the amplification metaphor. Cole &
Griffin highlighted how Luria enriched the term function for psychology. Wc are
often inclined to assume one-to-one correspondences between functions and
structurcs (e.g. planning is a function of the frontal cortex). In contrast, Luria
speaks of the function of respiration not as the function of particular tissue, but as
an entirc functional system consisting of many components, such as the motor,
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sensory and autonomic nervous systems. For Luria functional systems are
distinguished not only by the complexity of their structure, but also by the
flexibility of the roles played by constituents (Cole & Griffin, 1980, pp. 347-8).

In similar fashion Vygotsky saw shifts in functional systems of thinking as the
sine qua non of developmental change:

I have attempted to demonstrate that the course of child development is characterised by a
radical alteration in the very swructure of behaviour; at each new stage the child changes not
only her response but carries out the response in new ways, drawing on new instruments of
behaviour and replacing one psychological funclion by another. (Vygotsky, 1978, pp. 72-73)

By contrast, Cole & Griffin (1980) note how use of the term amplify means to
make more powerful, and to amplify in the scientific sense. They suggest that
amplification

refers rather specifically to the intensificedon of a signal (acoustic, electronic) which does
not undergo change in its basic structure. (p. 349)

As such, the amplification metaphor leads one to unidimensional, quantitative
theorising about the effects of cognitive technologies. For example, the use of
paper and pencil can be thought of as amplifying the power of a student’s
memory for a long list of words when only the outcome of the list length is
considered. But it would be incorrect to go on to say that the mental process of
remembering the words in the list, which led to a particular outcome, was
amplified by the use of paper and pencil, because remembering in the two
instances refers to two qualitatively different activities. The pencil does not
amplify memory capacity, but it restructures the functional system for
remembering, and thereby leads to a more powerful outcome (at least for the
purpose of remembering more items).

Olson (1976), Ong (1982) and others argue in a similar way about
restructurings of thinking process created through written language. For example,
logical analysis of arguments for consistency/contradiction becomes possible
because memory limitations for oral language are mitigated, and print (rather
than oral narrative) provides a means to store and communicate cultural
knowledge. It is important to remember that the possible restructurings of
cognitive technologies are an empirical rather than a definitional matter.
Cognitive restructurings are rarely predictable. They have emergent properties
which come to be discovered only through their use. In this sense, as Dilthey
(1976) urged, human history like evolution is a postdictive rather than a
predictive discipline.
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UNDERSTANDING THE IMPACT OF COMPUTERS

Society itself is rapidly and fundamentally changing in its structure and activities.
Many of the changes are rooted in new ways of generating, storing,
communicating and using information. We are shifting from the industrial age to
the information age. In part this means that an increasing number of people are
spending more and more of their time handling information.

Computers and related communication technologies are the visible signs of the
information revolution. Hence, it has become important for all educated members
of society to acquire basic computer literacy. This concept is discussed in the
following chapters. Increasingly, parents, teachers and students believe that by
leaming about computers and by being able to use them, the students will be
better prepared to survive and to enjoy economic well-being in the changing
world. Educational compusing has become the means for adapting schools to the
new age.

What is it about computers that makes us so optimistic about their beneficial
effects in the pursuit of educational excellence? The characteristics of the
computer which most immediately account for its growing popularity and
ubiquity are its ability to employ a wide range of symbols and to operate on
symbolic expressions in powerful ways. In fact, these are the capabilities of
computers which most closely correspond to human information processing. But
computers not only employ a range of symbol systems, they differ from other
media in the ways they can be used to structure and apply this information. The
computer can be used to connect information based on the ways ideas are related
to each other. Words can be linked to their definitions or to referent pictures.
Concepts can be connected to examples for them. Theoretical principles can be
linked to animated programs or video demonstrasions. The computer’s processing
capability can be used to create procedural systems in which the information
provided by the user determines what happens next. Such explicit representations
of the relationships among information and symbolic expressions can serve as
models for how knowledge can be related, structured, and used.

The emergence of the personal computer as an instructional tool has been
surrounded by enormous publicity and speculation, which has tended to obscure
many of the substantive issues surrounding its real and potential uses. Schools,
parents and others in technologically advanced societies have shown themselves
to be highly susceptible to the promise that the introduction of computers will
provide the definitive answer to teaching and leaming. In part, this susceptibility

reflects one facet of our age, namely a fascination with machines and the belief
that they might create progress and new frontiers. Every school strives for the
latest and best in educational technology. However, the tendency to focus solely
on the computer, rather than on the multitude of concurrent interactions with the
leaming environment, is a problem that faces teachers, curriculum planners and
administrators alike. There is a growing realisasion that new technologies will not
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be easily integrated without a more definitive understanding of the interactional
context into which they are being introduced.

Neither the features inherent in the machine nor the characteristics of the
software will determine the influence of computers and computing in education.
Rather, it is what people do with the machine that determines the influence of
personal computers in any area of society. Hence the questions addressed in the
study reported in this volume do not focus on the effects of computers on student
leaming, classroom structure, etc. The focus of the study is on what students do
with the computer. How they adapt the technology for themselves and how they
use it, rather than how the students themselves adapt o the technology.

HUMAN/MACHINE RELATIONSHIPS:
ADAPTING THE TECHNOLOGY VERSUS ADAPTING TO IT

How could we view our relationship with the computer? What we will achieve
with this technology will be determined by the uses which we can imagine for it.
If we view the computer as we view a pencil, e.g. as a tool with which to produce
a piece of writing, then we will obtain different results than if we view it in the
way we do a wristwatch. This is the distinction between machines which work
for us (e.g. motor cars, washing machines and other engines, watches, lights, and
also computer programs designed for drill and practice) and those with which we
work, i.e. tools (e.g. pencils, scissors, garden tools and word processors). We
adapt to the machines which work for us and we adapt the machines and
instruments which are our tools so that they best serve our purposes.

Human/machine relationships can atso be thought of in terms of their degree
of transparency, defined by the extent to which the machine becomes an
extension of the human user or remains as separate, in psychological terms a
significant other. Whereas a pencil or a spade is an extension to oneself, i.e. an
addition which has been made to make it possible for a person to extend certain
powers, to improve or make possible certain outcomes, other 100ls are not
extensions as much as separate objects with their own purposes. They are agents
rather than parts of the user.

Classroom computers have a primary effect which is transparent, or at least
translucent, but it remains to be seen what the secondary cffects will be. There
will be motivational and social effects of educational computing, and effects on
educational philosophy, but the most potent effect of computing is expected to
relate to the development of students’ powers of thinking.

Papert, one of the creators of the computer language Logo, and during the
1980s probably the leading exponent of the use of computer programming to
expand students’ intellectual power, proposed that computer programming
environments in which children can deal with concepts, formerly regarded as too
abstract for their developmental level, stimulate the development of important
intellectual processes and can create conditions under which intellectual
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processes may take root. Computer programming can make the abstracl concrete
and personal, and thus help children leam more effectively by making their
thinking processes conscious. By programming the computer to do what the
student wants it to do, students are forced to reflect on how they might deal with
the task, and therefore on how they themselves think. Computer programming
thus holds the promise of being an effective device for cognitive process
instruction, i.e. teaching how rather than what io think.

There are many unanswered questions regarding the effects of computer
programming experience on students’ cognitive and personal development.
Exploratory studies by the developers of Logo and others (e.g. Papert, 1980;
Papert, Watt, diSessa & Weir, 1979; Clements & Gullo, 1984; Gorman &
Boumne, 1983) indicate that even quite young students can leamn to program and
that they scem to profit intellectually. There is some evidence that programming
can improve problem solving ability (e.g. Billings, 1983; Milner, 1973; Soloway,
Lochhead & Clement, 1982). Other studies re port considerable variability in skill
levels attained by individual children, and that students’ programming ability is
often limited to specific contexts (e.g. Pea, Hawkins & Sheingold, 1983).

Neither pencils nor computers can be regarded as an independent variable
which is introduced into a classroom, the effects of which can then be observed.
The computer does not cause better or worse leaming in mathematics or social
studies. It does not cause more social interaction or less. The computer is not an
agent but something which has become part of the learning environment and the
total social environment in many different ways. No wonder that computers have
beenused in support of the most diametrically opposed theoretical approaches to
learning and teaching. Computing can be used to make highly structured leamning
even more structured, and it can be used to make open classrooms more open.
Above all, it can be used to increase the learner’s self-directed exploration of
leaming tasks and problems. it can help students become better learners because
it can provide individuals with explicit knowledge about their own leaming and
thinking processes.

Computing can provide a more personal relationship with many aspects of
knowledge and thinking, because it is such a rich source of reference points for
so many otherwise abstract ideas. Obviously the computer plays a role in leaming
and teaching even when it is not physically present. Papert points out:

The computer in the head can often be a more effective aid to instruction than the computer
on the desk. (Papert, 1987a, p. 182)

A popular argument by the early 1980s was that leamning to program computers is
more empowering for students than computer assisted instruction (CAl) or
computer managed instruction (CMI), because in programming the user, rather
than the computer, directs the interaction and is thus in control. In CAI and CMI
the computer is in control.
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Papert’s book Mindstorms: Children, computers and powerful ideas ushered in

a wave of enthusiasm about the powerful, cognitive benefits of teaching children

* to program computers. Another early advocate of computer literacy, Luehrman

(1980) also argued that students should be taught how to use and control

computers through programming them rather than being controlled by them as in
CAI and CML

[Computing] constitutes a new and fundamental intellectual resource. To use that resource as
a mere delivery system for instruction, but not give a student computer instruclion in how he
might use the resource himself, has been the chief failure of the CAI or CMI efforts. What a
loss of opportunity if the skills of [computing] were to be harnessed for the purpose of
turning out masses of students who were unable to use computing. (pp. 133-4)

Both Papert and Luehrman view students as active learners. They envisaged the
computer as a tutee to be programmed or a 100! to be uscd by technically
knowledgeable students to serve their own needs, terms popularised by Taylor
(1980, pp. 1-4) to distinguish these com puter uscs from uses that envisage the
computer as a mere delivery system.

If we want our studentis to be decision makers in the future, not passive
recipients of technological accomplishments, we need to make sure that they
develop empowering knowledge. We need to structure opportunities for them 1o
question as well as to learn to use and understand technology. It is the
development of the expectation and responsibility to question and inform
policies, coupled with technical knowledge, which promises to be more
empowering than technical knowledge alone. Wan (1982) describes this type of
knowledge as the ability to understand the growing economic, social, and
psychological impact of computers on individuals and groups within our society
and on society as a whole.

This includes the recognition that the computer applications embody particular social values
and can have different kinds of impacts on different individuals and different segments of
society. (Wan, 1982, p. 58)

Recognising that personal computers are dynamic components of a larger social
system enables us to see the relationship between classroom culture, appreciation
of computers, and leamming and teaching as a mutually defining (rather than a
unidirectional) relationship.

SOCIAL INTERACTION

Critics of the policy of providing students with personal computers often believe
that computers will negatively affect social interaction in the classroom. Some
parents have expressed fears that having unrestricted access to their own
computers may result in children spending many hours alone, sitting in front of
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the computer, and will lead 10 isolation of the individual from his/her family and
peers. An answer to this criticism is that there are loners of all ages who tend to
withdraw from interaction with other people and focus their energies on
themselves or their hobbies, e.g. their computer, their music, or their television
set.

Studies on social interactions in classrooms containing computers indicate that
computer presence actually increases the amount of interaction among the
students (e.g. Emihovich & Miller, 1988a; Papert, 1987a) and our empirical
findings in the SUNRISE classrooms at Coombabah strongly support these
findings. Computing allows for dialogue between students, and projects that
encourage cooperation. It allows students to create pieces of work or other
outcomes about which they are excited and which they want to discuss with
others. It facilitates new means of communication by exchanging and cooperasing
on files, sending messages by computer mail to recipients within and outside the
classroom. In fact, one of the aims of the designers of Logo was to encourage
communication between users.

Logo programs are modular so that they can be borrowed and shared. Logo is also designed
to make it as easy as possible to talk about how you made your program work -- what the
bugs were, what the difficulties were, and how you solved them. Thus the content of actual
computer work, even on what might seem like a very technical level such as designmg a
computer language, is a factor that can make for greater socialisation or greater isolation.
(Papert, 1987a, p. 185)

Even in the rare classrooms where each student has his/her own computer, group
work is likely to be the norm. Interaction between students during computer-
based activities is regarded as beneficial, and teachers in such classrooms actually
encourage pupils to talk, to reach group decisions and help each other with new
procedures. For cxample, it has been shown that working in pairs or small groups
at the word processor, even at the error correcting stage, can be highly beneficial.
Students leam quickly from one another.

Lepper (1985) has commented on motivating aspects of computer use, and has
pointed to the opportunities for an education that capitalises upon them. Papert
refers to the sense of mastery over one’s environment as a powerful motivator
when children program in Logo, and Underwood & Underwood (1990) have
found the same growth in self esteem, with consequent improvements in
cognitive development when children work on databases. Self esteem may
develop because children feel at the centre of their worlds. Motivation in such
situations is due to the sense of positive power which comes from the ownership
of a skill or knowledge, and is closely related to self esteem.
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COMPUTING AS A CULTURAL COMPONENT IN THE
LEARNING ENVIRONMENT

Papert (1987b) claimed that researchers who studied the effects of Logo on
educational outcomes and cognitive processes were victims of what he called
technocentric thinking. He defines this term as thinking which makes the
properties of the machine the paramount feature of concem. Papert rejected the
use of questions such as What is the effect of the computer on cognitive
development? and Does Logo work? and suggested that these kinds of questions
revealed a lack of understanding that ‘the context for human development is
always a culture, never an isolated technology’ (p. 23).

The following quotations from Papert (1987b) provide some sense of his
general argument:

Developing a discourse is at the heart of developing a culture, and a more textured and
knowledgeable discourse about I.ogo contributes to the Logo culture, the computer culture,
and to the learning culture in its broadest sense. It sets the cultural context for personal
Jearming. (p. 23)

However, the finding as stated has no force whatsoever if you see Logo not as a treatment
but as a cultural elemnent -- something that can be powerful when it is integrated into a
culture but is simply isolated technical knowledge when it is not. (p. 24)

In a parallel way, I have sought to decenter the perception of the Logo experience. We are
not looking at the effects of a technological object on an individual child, we are looking at
the workings of a cultural process. (p. 29)

The second thrust of Papert’s argument relates to methodological issues of how
evidence should be collected to support the point that computer usage is
embedded within a cultural context. Papert revealed a strong preference for
anecdotes, single classroom case studies, and ethnographic research methods. He
derided the use of experimental design as having little value because he believes
the very nature of the design to be based on a one-to-onc cause-cffect
relationship, which is ill-suited to revealing the multiplicity of factors that affect
children’s performance when using computers in the classroom.

Much of the debate about the effects of leaming and teaching with computers
in Australia and overseas assumes that a personal computer with a particular kind
of software will have a specifiable and generalisable impact on students and
teachers. Computing is regarded as a single factor of change introduced into a
classroom which otherwise remains the same. In other words, the computer is
perceived as an independent variable the effect of which can be controlled and
quantified. In reality, computers in the classroom are far more than a treatment.
They become inextricably intertwined not only with the way in which students
might go about tasks, but with the whole context of learning and teaching.

Computers in the classroom alter the collaborative interaction and shared
dialogue between students, and between students and teachers. The introduction
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of computers changes the classroom culture. A fundamental feature of any
attempts to evaluate the impact of this technology must thus be a focus on the
dynamic interplay between leaming processes, students, teachers and the leaming
context (cf. Rowe, 1991b). As noted above, it is not the features inherent in the
machine but what students and teachers do with it that determines the effects of
computing in schools.

Papert stresses the fact that children have access to programming and other
computerapplications in a multitude of ways, not just in school, and certainly not
just as a treatment created by researchers who set out to compare performances
between groups in controlled experiments. Although Papert may not encourage
the use of Logo in experiments, he did imply that when it is used by teachers,
positive outcomes are achieved. As evidence he stated that children who have
been through Logo training obtained higher reading and attendance scores than
children of similar background, not commenting on the causal relationship
between differential use of Logo and different outcomes. These findings have
been supported in more recent research.

Papert favours the use of Logo in natural experiments, while attributing the
negative outcomes achieved in a controlied experimental study to the research
designs used. While he did acknowledge that other factors could have played a
role (e.g. parental motivation) in obtaining higher reading and attendance scores
for the Logo groups, he uses this point to suggest that ‘factors of this kind simply
don’t work one by one; they work as a web of mutually supporting, interacting
processes’ (Papert, 1987b, p. 26). In other words, he believes that controlled
experiments cannot capture the web; they focus only on one factor at a time and
miss the overall process of how the web evolved.

Of the three critics who responded publicly to Papert’s (1987b) comments,
only Pea (1987) addresses the cultural argument, though in a limited way. The
other two (Becker, 1987; Walker, 1987) focused primarily on methodological
issues which will be raised in later chapters of this volume. Pea emphasised that
the research he and his colleagues conducted at the Bank Street College of
Education, New York, was not limited to experimental studies. For example, the
comprehensive, two-year case study conducted by Hawkins (1987), referred to in
later chapters of this book, documented the experiences of three teachers who
implemented Logo in their classrooms. The study revealed that Papert’s claim of
the value of Logo needed to be substantiated within the realities of classroom life.
Even if Logo is conceived of as building a new culture of leaming, it is still
necessary to have more precise information about how it might affect children’s
performance in various domains, to determine differences in learning styles
which children bring to computer usage and to consider these differences in
designing instruction. Several other researchers besides Pea and his coileagues
(e.g. Kull, 1986; Leron, 1985) have found that discovery leaming or messing
about with the computer, as Papert terms it, leaves many children unable to grasp
the conceptual power of Logo to produce deep mathematical thinking in the way
Papert originally envisaged it.
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My view is that both sides have explained only a piece of the puzzle, because
neither side has the appropriate conceptual starting point from which 1o begin the
analysis of computer use in schools. Although Papert is on the right track in
emphasising the cultural aspects of computer use, his framework is just too
diffuse. It is almost impossible to move from his sweeping assertions to the level
of students in the classroom, and then (o locate classroom computer use within a
wider social context. In contrast, Pea and his colleagues began their work by
focusing on individual cognitive processes, and while these should be considered,
a fuller account is necded of how cognitive processes are themselves embedded
in social practice, perhaps along the lines suggested by Rogoff & Lave (1986). If
computing in the classroom is a cultural component and a social practice, rather
than a technological one, the crucial ingredient is people’s experience with
computing and not any inherent features of the hardware or software.

The development of computer literacy, for example, is a much more complex
issue than simply learning how to use word processing, spreadsheets, databases
and other programming capabilitics of the computer. Sceveral chapters of this
book have been devoted to this topic. For the students of the 1990s and beyond
who are preparing to live in our increasingly technological world, computer
literacy makes up a large part of their personal capital. Obviously, this view
raises issues of equity and access to computers, the same issues that are generic
to the development of literacies in other areas such as reading, writing or
mathematics.

COMPUTER LITERACY AS PERSCONAL CAPITAL

Although there is little consensus over the lerm computer literacy, many of the
definitions correspond to Papert’s concept of technocentrism in that the
effectiveness of the machinc is considered primarily in terms of its use as a tool,
either for personal efficiency or for carrying out instructions (given by others)
more efficiently. Most definitions of computer literacy focus on the need for
children to acquire expertise as programmers, for adults to use the computer as a
tool to accomplish other goals, such as word processing, or for teachers to use the
computer as a delivery system for CAI or CML. In that none of these definitions
view the computer as located within a complex social system like the classroom,
they are analogous to traditional definitions of literacy as the simple acquisition
of reading and writing skills.

As will be discussed in later chapters, the aims of computer literacy curricula
range from those designed to rise general awareness of computers through skill in
their use to the possession of broader understandings of the personal, educational,
social, economic and political contexts and consequences of computer technology
in society. The type and amount of knowledge one has about computers
determines the potential of that knowledge to be socially and politically
empowernng.
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Computer awareness is intended to provide the student with some general
information about computer hard ware, software, vocabulary, uses, history, and
social impact. Students may or may not actually see or use a computer, but if they
do, the use is usually limited to demonstrations. In their teaching of computer
awareness, teachers rely on a variety of sources of information about computing,
such as books, films and videos. Technical information and noncontroversial
commercial applications are emphasised. Much of the information is produced
and provided by the computer industry.

Another form of computer literacy emphasises the ability to use computers,
where programming and applications dominate the curriculum. The hands-on
approach is stressed, because the aim is to train students to control the computer.
Programming, word processing, databases and spreadsheets are introduced in the
elementary grades and more systematically elaborated in the middle school and
high school mathematics and business education departments.

A third type of computer literacy is one which aims to have students make the
computer part of themselves, and their personal work, as well as social
environments. This type of computer literacy, which allows students to work with
computers as malleable tools, rather than have computers work for them, is
potentially most empowering, yet it appears to be the least discussed and
experienced in schools. It introduces computing skills and knowledge within a
broader social context, stresses the implications of computer technology and the
empowering effects of such knowledge. The hands-on approach to teaching
computing enables students to develop considerable computer specifie skills,
including graphic skills, and word processing. Students become confident in their
interaction with the computer. But demystifying what is generally a user-friendly
personal computer might contribute little to understanding the importance and
potential of the technology for the individual. In fact, a narrow focus on the
technical skills of using computers may cven lead the students to a false sense of
empowernment.

The technical focus shifts attention away from social questions and portrays computers as
something 10 learn rather than as something to think about . . . The computer is porirayed as
friendly and accessible . . . and the user is encouraged w think that all computers, even those
in large systems, are friendly and accessible. In this manner, computers are further mystified
in the very act of demystification. (Noble, 1985, p. 72)

Students’ technical knowledge needs to be accompanied by understanding and
knowledge of who controls the direction of computing, for what purposes, for
whose benefit and whose loss.

In the information age, the ability to access and use knowledge becomes a
form of capital. It becomes a resource that allows those who have it to succeed in
a society that depends increasingly on the manipulation of information rather
than on just the production of goods and services. In the classic Marxist sense,
the goods and services produced by human labour was the capital of society, but
recently sociologists and economists have broadened that definition to include
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other facets such as intellectual products as a form of capital as well. From this
perspective, computer literacy can be described as personal as well as cultural
capital. Treating computer literacy as a form of personal capital raises issues
relating to opportunity of participation and equity of outcomes.

The personal capital of children who receive only remedial instruction in the
use of computers, or are restricted to CAI and CMI, is severely reduced, since
they have little opportunity to acquire a broad set of competencies applicable to a
wide range of computing and more general problem solving and learning
situations. In effect, they are deskilled (Apple, 1982), competent only in
managing computer related tasks in which all the steps are prescribed. Just as the
student’s educational options are limited with only limited reading and writing
skills, the same limitations occur with computer use wherc students can only
follow directions and cannot adapt the computer for their own purposes. There is
a large difference between students who experience the computer in terms of
what it tells them to do and children who learn to view thec computer as an
intcractive partner.

It is not too difficult to imagine a counter response to the argument presented
above along the lines of What's wrong with teaching students basic reading and
writing skills on the computer? No one would argue that reading and writing
skills are not important. The key is that teachers can be teaching reading, writing
and arithmetic at the same time as giving the students access to a sense of the
potential and power of the technology that can fundamentally alter how they
perceive themselves. In the best educational environments, computers will
become an extension of the mind and they can allow students and teachers to sec
possibilities which they had previously hardly imagined.

One of the changes which has been apparent in classrooms where students are
using computers as tools has been the subtle shift in the social order and power
structure. The autonomy of the students increases. Students and teachers share
experiences and become partners in lcaming. This canbring about

an encounter between thought and reality, between desire and possibility, that takes places in
the symbolic realm, and thereby vastly muliiplies human capacity to process, analyse,
criticise and re-invent experience. (Easton, 1989, p. 429)

This view supports Papert’s (1980) original intent for developing Logo, a
medium through which whole microworlds can be created on a computer and
children can experimenit with the simulation of multiple environments in endless
ways. This sense of empowerment is especially important to children whose
previous experience with school has consisted of one failure after another. As
children become empowered in their quest for leaming, the dynamics of the
social leaming environment <hange as well.
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EMPOWERMENT THROUGH METACOGNITION

The term empowerment is used here in the sense of students’ recognising that
they have control over their ideas and thought processes, that they can access
what they are thinking and then describe it to others. The psychological literature
refers to this source of empowerment with the term metacognition, which means
thinking about on€’s own thinking. It also refers to an individual’s awareness and
regulation of his/her cognitive processes and strategies (e.g. Brown, Bransford,
Ferrara & Campione, 1983; Flavell, 1979, Rowe, 1988).

Metacognitive skills help students to monitor their strategy use during any
cognitive enterprise, in accord with changing circumstances. The importance of
metacognitive processes is that without them students find solving higher order
problems almost impossible. These skills can be considered as another form of
personal capital, one which many minority groups and/or children from deprived
home backgrounds have been less successful in acquiring either in or out of
school. The point to be stressed here is not that these students lack the cognitive
capacity to acquire these skills, but that they have not been provided with the
types of experiences that would help develop them.

In a series of studies investigating whether leaming computer programming
would affect the development of children’s metacognitive abilities Emihovich
and colleagues (Emihovich, 1989; Emihovich & Miller, 1988a, 1988b, 1988c;
Miller & Emihovich, 1986) wanted to leamn whether teaching children (ranging
from preschool to grade 4) in urban and rural schools how to program a computer
would help them become more aware of their thinking processes, in terms of how
they planned and executed solutions to problems they generated themselves.
Logo was uscd because it enabled students to be involved in programming
activities. To make the turtle (i.e. the cursor) move, the students type in a set of
commands indicating direction, along with a number of spaces they want the
turtle to move. For example, forward 50 or (FD 50) would result in a line on the
screen from one spot to another. In short, what the students see on the screen
would be a graphic representation of the image of the move they had planned in
their minds.

Most of the children the above investigators worked with had obtained low
scores on standardised psychometric and achievement tests. They were
representative of the children who are typically denied experiences to stretch
their minds, because of a concern by teachers over their lack of basic skills.
Despite these perceived deficiencies, however, thesc children succeeded over
time in learning to combine commands to create very complex designs. The
investigators believe that this programming experience became an empowering
one for the children for two reasons:

1 1t provided the children with an opportunity to excel in a task which was
cognitively demanding. They worked on tasks which, as a result of their low
test scores, these students would not have been considered competent enough
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to attempt in most schools. Although in one study the investigators were able
to show a relationship between Logo programming and improved performance
on a standardised mathematics test, that was not the major purpose of the
research. The investigators wanted to prove that certain children should not be
denied access to computer programming and computer literacy simply on the
basis of previous test scores. Access to computer literacy, as demonstrated in
these experiments, is a strong source of empowernment,

2 The investigators did not view computer literacy in the sense of students
becoming expert programmers, but in the sense of children becoming aware of
the fact that their ways of thinking, speaking, and writing could be mapped
onto a powerful piece of technology which allows them to have access to the
content of their thoughts. Using the turtle allowed the children to see the
connection between what they had envisaged in their minds and what they
actually drew on the screen. As described by a 6th grade student in the
SUNRISE classroom at Coombabah: /t’s like drawing things straight from my
mind. Like, whatever you think you draw.

Olson (1985) has suggested that to be intelligent in the society of computer users
is to be skilled in making one’s meaning explicit (p. 7). Through programming
students become more aware of the need to be explicit about the way they
communicate with the turtle, i.e. exactly how they go about tasks. This awareness
will lead our students to become more independent and self-directed in their
learning, and to take control of their own motivational, problem solving and
leaming efforts.

THE ROLE OF TEACHERS

As a result of the new educational technologies the work of teaching and the role
of teachers are likely to change with respect to curriculum content, classroom
management and student assessment. The computer is a power{ul tool and tool
box. Itis an instrument which facilitates the acquisition of knowledge and skills
in active ways. The student is provided with an environment which is conducive
to exploratory learning. Learning through exploration puis high cognitive
demands on students. At times this may result in inefficient and ineffective
learning strategies, where leamners flounder and do not use the opportunities the
classroom environment offers. This is why support is needed if learning with
computers is to be effective. Most of this support should be given by the human
teacher, although some can be derived directly from the computer software.

In describing children’s e xperiences with computing we must not lose sight of
the fact that successful acquisition of computer literacy depends not only on
changes in individual cognitive processes but to a large extent on the social
practices surrounding how the instruction is presented. The way computing is
taught in the SUNRISE classrooms at Coombabah, while not intentionally based
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on the work of Vygotsky (1978), could certainly be reconciled with his theory.
Vygotsky emphasised the role of social interaction in the modification and
development of metacognitive skills in children. Vygotsky’s concept of the zone
of proximal development was defined as

the distance between the actual developmental level as determined by independent problem
solving and the level of potential development as determined through problem solving under
adult guidance or in collaboration with more capable peers. (p. 68)

In the above noted stdies by Emihovich and her colleagues, adult guidance was
provided by tutors who helped the children understand the processes involved in
programming in order to bridge the gap between the child’s understanding of the
task, what was accomplished and the outcomes which were expected in the
classroom. This role is played by the teachers. Skilled and sensitive teachers have
always known that they must provide the scaffold to initially assist children to
understand what is required of them. A more critical aspect of this concept,
however, is that by providing a particular type of instruction, which might be
called mediated instruction, and which is often termned mediated learning, it is the
teacher who is able to help students to extend their performances beyond the
levels they could reach independently. In short, only teachers (and in some cases
more experienced peers) can help students cross the zone between what they
know and what teachers know they could do with assistance.

Mediated instruction does not mean the teacher is there to direct children to
execute specified tasks. Rather the teacher serves as a facilitator in helping the
child reflect and think about how he/she arrived at an answer, or how they
planned and carried out their ideas using the turtle. In this framework the role of
the teacher is critical, especially with young children, because the teacher is the
one who initially helps the student construct meaning out of an activity.

The need for collaborative interaction between students and teachers, i.e. the
need for a shared dialogue about learning, is one piece that was missing in
Papert’s early writings about the use of Logo. He relied too much on a stand
alone model of human/computer interaction derived from the ideas of artificial
intelligence (Al). In the AI models, children leam all they need to know from
highly interactive machines simply by engaging in the creation ol microworlds.

Although the quotations cited earlier from Papert’s (1987b) article suggest that
he recognised that Logo must be seen as a cultural process, his precise
interpretation o f the meaning of this is not clear. In contrast, it is clear that he saw
the teacher as having a peripheral role, if any at all. Papert is not alone in this
view. After reviewing the literature, Olson (1988) noted that most writing about
computers in the classroom is dominated by the Al view that teachers are a
hindrance to technological progress, and that the mindlessness of traditional
teaching will be replaced by students engaged in stimulating problem solving
activities alone at the computer. Olson disagrees with this proposition:
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Talk of thinking skills, of autonomy, of discipline, does not consider how school subjects
become meaningful for children. Is not the teacher the very resource students need to
construct meaning, because teachers are intelligent? Teachers really can talk back.
Furthermore, school subjects prowide teachers with tools for creating meanmgful contexts for
learning. Is talk of decoupling learning from tcachers simply to 1alk about making leamning
less meaningful? These are the issues that emerge from thinking that teachers can be
supplanted and school subjecis transcended. (Olson, 1988, p. 9)

The computer is no substitute for the individual, experienced teacher. Rather, it
offers a number of new teaching opportunities. In order to be effective, learning
with computers requires the presence of a teacher to monitor the performance of
individual students and provide both directive and non-directive support.

Approaches to professional training which view the teacher solely as a
bystander, as a technician or as a mere consumer of curricula that others design,
are likely to be completely inadequate for the preparation of teachers for
classrooms in which students leam with computers. More importantly, such
approaches are unlikely to provide teachers with a significant professional role in
shaping the future technological transformations of schools, which will be
adopted by futurc teachers only in so far as they are meaningf{ul and integral to
their teaching situations. Teachers must be encouraged to become partners in the
creative enterprisc of curriculum (including software) development.

As is stressed in later chapters of this book, ideally, teachers will be the central
participants in and builders of the future of technology in education, not solely
the recipients of decisions made by others, either in the area of training or tool
design. Teachers must be supported and encouraged to adapt cducational
computing to their own and their students’ purposcs, to explore the ways in
which technologies can alter what happens in the classroom, and to sharc what
they do and what works with other teachers. Their influence should be felt in
what is produced and marketed for schools during the process of software and
curriculum development, not after.

Professtonal development programs must support teachers to shape and engage
in experiments with technology in education. Some of the most imaginative and
successful uses of computers in classrooms today have come from teachers who
were willing to redesign leaming activities to take advantage of the technology,
or who have discovered new dimensions in the technology that cou Id be shaped
and revised for use in the classroom.

CONCLUSION

The use of personal computers in the pursuit of educational excellence in schools
is a new territory, which means that there is too little background in the literarure
(both empirical and theoretical) 1o give answers to all the issues and questions
raised here and in the body of this book. This should not discourage the reader,
but rather become a compelling moaive for deep refiection and consideration of
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the philosophical and pedagogical assumptions, educational goals and classroom
practices in the use of personal computers in schools.

As will become evident, the experiment conducted in the SUNRISE
classrooms at Coombabah Primary School has shown that personal computers
can be successfully integrated into classrooms. The observations made during the
1991 school year give some powerful insights into what can occur when teachers
teach students who have their own computers. This book discusses theoretical
and practical issues which arise when computers are introduced, and
opportunities offered to students and teachers through this technological
innovation.

However, predicting the long-term outcomes of new developments is difficult
in any field. During the past five years we have certainly witnessed important
changes in the use of computers in schools, but what does this mean in terms of
the potential implications of educational computing? We recognise that the
computer is an enabling tool which facilitates the execution of many routine and
non-routine processes in creative production, problem solving and learning.
Computers can facilitate the achievement of many valued leaming goals, but their
role is not a simple one. It is not sufficient to buy a personal computer and
software, place the student in front of the computer and have the computer work
its magic. Their is no magic in computing: rather, because of its interactive
aspects the computer allows the student a more active part in constructing
knowledge than paper and pencil could. Understanding the impact of personal
computers in classrooms means understanding the complex system of interactive
relationships between people, situations, tasks, social and cultural processes, and
the learning context of which the computer is an intregral part.

As Simon (1987) pointed out, the success of a major innovation is dependent
on and subject to the occurrence of a variety of concomitant events and
conditions. Consequently, the impact of the personal computer on classroom
learning and teaching cannot be assessed, or even considered, in isolation.
Computing in the classroom cannot be disentangled from the cognitive, social
and personal demands of the curriculum goals and instructional tasks which
teachers set for their students, or from the interests, motivations, skills,
knowledge, abilities and difficulties which students bring to the leamning
situation. Understanding the impact of computers in education mcans
understanding this complex dynamic system of variables as a whole.
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Cognitive Effects for Students

The use of computers in classrooms in general. and projects such as the one
conducted in the SUNRISE classrooms at Coombabah in particular, raise issues
of the following kind: What exactly does computer technology offer the
processes of education? What is unique about the function of the computer as a
tool of the intellect? How does or should the technology. as used in society.
influence what is done in schools with computers? How might information
technology redefine the very possibilities of learning and teaching? How can our
practices and our research contribute to the development of students and to
effective curriculum design? Or just simply: What is the use of computers in the
classroom? Some of these questions are analysed in this chapter and the next.

Computers are influencing, in a very fundamental way, the traditional
organisation and definition of many jobs und workplaces in industry. business
and the public sector. Workplaces are undergoing physical transformations as
well as changes in job specifications and job category distribution (e.g. Noyelle.
1984: Cyert & Mowery. 1987), and new social interaction patterns are brought
about by the electronic environment. Specific performance demunds are also
shifting, for example from manual to sensory discrimination, and towards the
processing of text. suggesting that technology is affecting basic psychological
activity (e.g. Martin & Scribner. 1991). The same is true for the classroom. i.e.
the predominant work environment for students and teachers.

A general view is that the availability and use of computers increases people’s
productivity and efficiency. Computers can extend. supplement and thus boost
human performance. An alternative implication of computing is that it can
provide a box of tools which are actually capable of changing the characteristics
of problems and learning tasks, and hence somehow lead to a restructuring of the
processes of learning and problem solving more generally. This latter attribute of
computing might well contribute new visions of the potential cogmitive benetits
of the technology.

The question arises: Might the learning of computing have positive effects on
students’ problem solving and reasoning? To answer this question, two important
and related questions need to be investigated: Which components of instruction
in computing could result in improvements in problem solving and reasoning
skills? Which sequential steps of mastery of computing skills might lead to such
improvements? Some reflections on the relationship of problem solving und
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computer programming, and a discussion of an initial set of steps towards an
elementary level of mastery in programming, described in this chapter, are a
preliminary attempt to deal with these questions.

Early Research

Two major influences appear to have contributed to the belief that programming
may spontaneously discipline thinking. The first is from artificial intelligence,
where constructing programs that model the complexities of human cognition 1s
viewed as a way of understanding these complexities of human behaviour. The
contention is that in explicitly teaching someone (or the computer) something,
one learns more about one’s own thinking. Papert (1972a) postulates that through
programming students would learn about problem solving processes by means of
the necessanly explicit nature of programming, i.e. as they aniculate assumptions
and precisely specify steps in their problem solving during programming. The
second influence is the widespread assimilation by educationists of constructivist
epistemologies of learning, most familiar through the work of Piaget (e.g. 1970
1972. 1973). Papert (1972a. 1980) has been a strong advocate of the Piagetian
theory of knowledge acquisition through self-guided problem solving
experiences, and has extensively influenced views relating to the benefits of
learning to program through learning without curriculum in a process that takes
place witheut deliberate or organised teaching (Papert, 1980, pp. 27-28). It
should be noted here that Piaget is not advocating the elimination of organised
teaching in schools.

For a long time there appeared to be a considerable gup between the rhetoric
about the overt and latent benefits of educational computing and classroom
reality. Grand claims have been made about the potentially positive implications
of educational computing as a tool of the intellect. Some of these claims are
supported by evidence gained from small scale studies conducted under almost
ideal circumstances, such as teaching by enthnsiustic experts who have generous
resources. More substantial claims for the effects of leamning programming on
thinking are exemplified in the writings of Papert & Feurzeig (e.g. Feurzeig,
Horwitz & Nickerson. 1981: Feurzeig, Papert, Bloom. Grant & Solomon, 1969;
Goldstein & Papert, 1977; Papert, 1972a, 1972b, 1980; Papert, Watt. diSessa &
Weir 1979) concerning the Logo programming language, although such claims
are not unique to Logo (cf. Minsky, 1970: Nickerson, 1982).

Ross & Howe (1981) have translated Feurzeig. Papert, Bloom, Grant &
Solomon’s (1969) four claims for the expected cognitive benefits of the
development of mathematical thought to the learning of computer programming
and proposed:
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that programming provides some justification for and illustration of, formal
mathematical dgor;

2 that programming encourages children to study mathematics through exploratory
activity:
3 that programming gives key insights into certain mathematical concepts; and

4 that programming provides a context for problem solving, and a language with which
the pupils may describe their own problem solving. (Ross & Howe. 1981, p. 143)

Papert (1972b) argued for claims (2) and (4) by noting that writing programs of
turtle geometry is

a new piece of mathematics with the preperty that it allows clear discussion and simple
models of heuristics [such as debugging] that are foggy and confusing for beginners when
presented in the context of more traditional elementary mathematics. (p. 252)

He provides anecdotes of children making spontaneous discoveries relating to
phenomena such as the effects of varying numerical inputs to a procedure for
drawing a spiral on the shape of the spiral. He concludes that learning to make
these small discoveries brings the child closer to mathematical thinking than
being taught new mathematical concepts. Papert (1980) discusses the pedagogy
surrounding Logo and he argues that cognitive benefits will emerge from taking
powerful ideas inherent in programiming, such as recursion and the concept of a
variable. in mind-size bites.

Feurzeig. Horwitz & Nickerson (1981) provide an extensive set of cognitive
outcomes expected from leaming to program. They argue that the teaching of
concepts related to programming can be used to provide a natural foundation for
the teaching of mathematics. and indeed for logical and rigorous thinking more
generally.

More Recent Findings

There is a considerable body of opinion which focuses on the real contributions
computers can make to education, tempered with an awareness of the barriers to
educational change which are met by all educational innovations. and the likely
slow rate of progress.

In a synthesis of the results of thirteen quantitative reviews of research into the
benefits of computer-based instruction. Niemiec & Walberg (1991) covered more
than 250 individual research studies and showed the typical and average effect of
computer-based instruction to be that it raises learning outcomes by .42 of a
standard deviation. Although differential effects were noted by the authors of this
analysis, they found that the overall effect of computer-based instruction placed
the students in computer-based instruction at approximately the 66th percentile of
the control group distribution.

Other relevant research projects, many of them conducted at Bank Street
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planning skills in Logo programming (e.g. Kurland & Pea, 1985: Pea & Kurland,
1984; Pea, Kurland & Hawkins, 1985), concern with cognitive demands and
consequences of learning programming (e.g. Clement, 1984; Kurland, 1984;
Kurland, Clement. Mawby & Pea, 1987), classroom uses of software such as
database management systems and word processors (e.g. Freeman, Hawkins &
Char. 1984), investigations into how teachers’ interpretive frameworks for
software are linked to how they reorganise classroom learning with new
technologies (e.g. Hawkins. 1983: Hawkins & Sheingold, 1987 ; Sheingold.
Hawkins & Char, 1984). and formative research aimed at the creation of
computer or multi-media instructional packages of an open-ended nature for
student learning in mathematics, science, languages and technology (e.g. Char,
Hawkins, Wootten, Sheingold & Roberts, 1983). In these studies the term
problem solving has a broader and deeper meaning than its often restrictive
educational association with mathematics implies. Computer environments make
it possible for students to experience some of the deeper ideas that underlie a
correct understanding of what human problem solving entails.

Some of the claims made in the literature suggesting that learning to program
can be expected to bring about fundamental changes in thought are summarised
below. Expected improvements include:

. rigorous thinking, the development of precise expression. and a recognised
need to make assumptions explicit (because programs operate on the basis of
specific algorithms):

. an understanding of general concepts such as a formal procedure. variable
function, and transformation (as these are used iu prograniming):

. the general idea that one can invent small procedures as buildiug blocks tor the
gradual construction of solutions to large problems (as programs are composed
of procedures. templates, etc.)

. greater facility with heuristics, explicit approaches to problems useful for
solving problems in any domuin. such as planning, finding a related problem.
solving the problem by decomposing it into parts. etc. (because programming
provides highly motivating models for the use of heuristic concepts):

. the general idea that debugging of errors is 4 constructive planning activity
applicable to any kiud of problem solving (because it is so integral to the
interactive nature of the task of getting programs to run as intended):

. generally enhanced literacy and metacognitive awareness with respect to the
processes involved in solving problems (due to the practice of discnssing the
process of problem solving in programming by means of the language of
programming concepts);

. enhanced recognition for domains beyond programming that there is rarely a
single best way to achieve a goal, and an understanding that different ways
have comparative costs and benefits with respect to specific goals (leaming to
distinguish between process and product).
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Clements & Gullo (1984) advance the following exploratory hypotheses in
relation to possible cognitive benefits of computer programming:

In Logo programming children invent. coastruct and modify their own projects:
therefore, Logo programaming might facilitae divergent thin ing.

2 Because Logo is designed to encourage children to reflect on how they think,
progrumming should lead them to develop metacognitive abilities, especially the ability
to realize when they do and do not understand instructions,

3 Similarly. Logo programming may develop retlectivity in children as they think about
their errors and how to cormect them.

4 If computer programming can allow children to master ideas formerly thought too
abstract for their developmental level. it may acceterate cognitive development,
incleding operational competence.

5  Finally. because Logo programming involves giving explicit spatial commands. it
should increase children’s ability to describe directions from their own and others’
perspectives. (Clements & Gullo, 1984, p. 1052)

It is possible. of course, that any benefits derived from computer programming
can be attributed to the interactive nature of computing, rather than to the
programming activities per se. It would therefore be necessary to provide a
control group with computer experience not involving computer programming.
Such experience might consist of using software containing word processing.
ready made databases and spreadsheets, or they might consist of computer
assisted instruction (CAI). Clements & Gullo (1984) set up such a study.

CAI has its roots in programmed Jearning and thus has a strong connection to
the behaviourist tradition. Emerging from three themes of learning theory. i.e.
individualisation, behavioural objectives und educational technology. many CAl
programs employ the approach of programmed learning. Thus. they share the
following characteristics: (a) they store a sequenced series of steps. often
providing alternative learning paths for individuals. (b) they otfer independent
pacing for individuals, (c) they provide students with controlled contingent re-
enforcement, and (d) they can evaluate performance quickly and accurately to
provide feedback on the degree of mastery.

Clements & Gullo (1984) compared a Logo group and a CAl (control) group
of students and the effects of each on 3rd grade children’s cognitive style
(including reflectivity, divergent thinking, etc.), metacognitive ability,
operational competence, and overall cognitive development. The two groups did
not differ significantly prior to treatment in the language and cognitive domains
as measured by the Peabody Picture Vocabulary Test-Revised Edition, PPVT-R
(Dunn & Dunn, 1981). The study revealed significant pre- to post-test differences
on the Tests of Creative Thinking (Torrance, 1974) for the Logo group on fluency
and originality, as well as on the overall divergent thinking score. while no
significant differences were found for the CAI group. They also found that in the
Logo group the latency time increased and the number of errors decreased. The
Logo group significantly outperformed the CAI group on two metacognitive
tasks. The ability to monitor one’s own thinking and realise when one does not
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understand are likely to be influenced by programming environments in which
problems and solution processes are brought to an explicit level of awareness,
monitoring and subsequent modification. Through consistent feedback in the
form of visual representation of the procedures and sequences of their own
thinking processes, the Logo students may have learnt how to monitor these
processes.

The scores on a test of describing directions were similarly affected. The Logo
group, being face to face with the turtle, practised orienting themselves to the
turtle's visual perspective. This skill is a prerequisite to the successful completion
of the Describing Directions Test in the Kaufman Assessment Battery for
Children, K-ABC (Kaufman & Kaufman, 1983). The directions of this test
involve left-to-right and top-to-bottom reversals. Research has shown that with
practice children improve on visual perspective taking (Flavell, 1977; Donaldson,
1978). No difference was found between the groups in two areas of cognitive
development -- operational competence (classification and seriation) and other
aspects measured by the McCarthy Screening Test (McCarthy, 1978).

Linn & Dalbey (1985) showed in a study involving over 500 pre-college
students in 17 classes that the form of instruction, the access to computers, and
the ability of the student influence cutcomes from programming instruction.
Specifically. exemplary instruction was found to move students further towards
mastery of component skills than do less effective or as described by Linn &
Dalbey. tvpical methods of instruction. Furthermore, both access to computers
and the general ability of the students were found to be related to progress in
tvpical classrooms. In exemplary classrooms. for medium and high ability
students. neither ability nor computer access outside of school were found to be
related to programming performance.

As noted previously, there is a widely held belief that computers will influence
how effectively we accomplish traditional tasks. supplementing or extending and
thus boosting human cognitive capabilities. on the assumption that the tasks stay
fundamentally the same. The central point made in the context of the Coombabah
classrooms and other projects where children learn with computers. rather than
about computers, is quite different. Here, the primary role of computing is seen
as one of changing the tasks and what teachers and students do, thus reorganising
or restructuring tasks and possibly mental functioning, not only by extending and
supplementing it. The predominant use of computers in schools today is with
software that aims to make long-familiar drill and practice activities. especially in
mathematics and language, more efficient and effective. Why not focus instead
on using software as tools to support and restructure the student’s thinking?

COMPUTER PROGRAMMING AND PROBLEM SOLVING

At the core of computer programming is that set of activities, involved in the
development of a re-usable product, consisting of a series of instructions, which
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make the computer accomplish a given task. As is the case in more general
theories of problem solving, cognitive studies of programming reveal a set of
distinctive mental activities that occur as computer programs are developed.
Some of these activities are involved throughout program development,
irrespective of whether the programmer is an expert or a novice, because they
constitute recursive phases of the problem solving process in any context and
theory of problem solving (e.g. Heller & Greeno, 1979; Newell & Simon, 1972;
Polya, 1957; Raaheim, 1974; Rowe, 1985, 1991a). They may be summarised as
follows:

understanding and defining the programming problem,
planning or designing a programming solution,

writing the programming code that implements the plan,
comprehension of the written program, and

program debugging.

N W

Pilanning

One of the claims made about the positive effects of programming ou thinking
has been in the area of planning. The assumption is that programming experience
will result in greater facility with heuristics, explicit approaches to problems
useful for solving problems in any domain. It is possible, however, that students
who can think logically. plan. and have acquired reasonable problem solving
heuristics develop programming skills.

One may raise the objection that it is possible to bypuss planning in program
development, i.e. one might first make an initial reading of the problem and then
compose code at the keyboard to accomplish the task. Although planning as one
proceeds is certainly possible in the production of some programs, it seems likely
that such attempts might create problems for the inexperienced progrumnier.
While expert programmers can draw on their knowledge of a vast range of plans
when creating a new program, the novice programmer has neither the
sophisticated understanding of programming code nor the experience of devising
the successful programming schemas which are necessary for engaging in
planning as they proceed.

Planning can be characterised as a process of revision. As a consequence of
considering alternatives, effective planners revise their plans. They alternate
between top-down planning strategies, which create a plan from successively
refining the goal into a sequence of subgoals for achievement in sequence and
bottom-up planning strategies, which note the emerging properties of the plan or
the planning environment and add data-driven decisions to the plan throughout its
creation (e.g. Hayes-Roth & Hayes-Roth, 1979: Pea, 1982).

In the Coombabah project, most children appeared to do little planning in their
programming work. Planning before writing an essay was insisted upon by the
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teachers, pre-planning before programming was mentioned by some teachers but
not insisted upon, and explicit pre-planning aids (e.g. worksheets) were not
provided. Students appeared to write and revise their code in terms of the
immediate effects that commands and sequences of commands produced.

Pea, Kurland & Hawkins (1987) found that students who had spent a year
programming in Logo did not differ on various developmental comparisons of
the effectiveness of their plans and their planning processes from students who
had not learnt to program computers. They concluded that learning thinking skills
and how to plan well are not intninsically guaranteed by the Logo programming
environment. Rather, the development of planning skills must be supported by
teachers who, tacitly or explicitly. know how to foster the growth of such skills
through judicious use of examples, student projects and direct instruction. This is
in contrast to the Logo instructional environment which Papert (1980) offers to
educators, which is devoid of curriculum, and lacks an account of how the
technology can be used as a tool to stimulate students’ thinking about such
powerful ideas as planning and problem decomposition.

Teachers are told not to teach. but are not told what to substitute tor teaching. Thinking skills
curricuia are beginning to appear. but teachers cannot be expected to induce lessons about
the power of planning methods from self-generated product-oriented programming projects.
(Pea. Kurland & Hawkins. 1987, p. 196)

Cohen & Feigenbaum (1982) define problem solving as a process in which a
sequence of actions is developed to achieve some goal. These authors understand
planning to mean deciding upon a course of actions prior to initiating the actions.
A plan may consist of an unordered list of goals or an ordered set of goals (first
do this, then do that, etc.). In a sense most of the research in artificial intelligence
can be subsumed under this broad concept of problem solving research.

Basic Skills and Their Application

In the development of human minds two broad classes of activity are of particular
importance: (1) activities which serve to equip children with a toolkit of basic
mental skills. and (2) activities which require the application of those skills in
generalised problem solving. Whereas the toolkit of the educated student will
include specific arithmetic and language skills as well as more general cognitive
skills. such as the ability to question and to categorise. the more widely based
activity of problem solving requires the manipulation of information through the
use of combinations of these and other skills. The overall aim is to provide
students with a possibility of improving their thinking abilities. This is achieved
by providing them with the basic skills, i.e. the cognitive toolkit, and with
experiences in the use of different combinations of the components of their
toolkit in problem solving exercises.
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Because programming involves solving problems, it is generally assumed that
learning to program, at least superficially, leads to improved problem solving
skills in students. Hence, in most situations where programming is taught,
teachers expect at the same time to improve students’ problem solving and
reasoning skills. In his seminal work Mindstorms Papert writes:

In my vision. the child programs the computer and. in doing so. both acquires a sense of
mastery over a piece of the most modemn and powerful technology and establishes an
intimate contact with some ot the deepest ideas from science, from mathematics. and from
the art of intellectual model building. {(Papert. 1980, p. 5)

In contrast, outcomes from actual programming instruction often fall short of
these expectations (e.g. Pea & Kurland, 1983; Dalbey & Linn, 1985).
Furthermore, cognitive research has shown that problem solving abilities appear
to be much more subject or discipline specific than had first been thought (e.g.
Larkin, McDermott, Simon & Simon, 1980; Linn, 1985a: Resnick, 1983). Thus,
the mechanisms that might lead to generalisation of problem solving ability from
one discipline to another require specification.

Programming a computer is a form of problem solving. Superficially, at least,
students who learn to program acquire reasoning skills and learn about problem
solving. Furthermore, certain features of the computer learning environment
demand rather complete and accurate solutions to problems. For example,
computers require precise input because they only respond to a limited set of
commands. Programmers must decompose complex problems into subproblems
and then generate sets of step by step instructions to solve the subproblems. In
addition, the learning environment of computer programming is interactive in
that by testing the problem solution, the problem solver can receive feedback
about how effective the solution is and can use this information to modify the
solution. Thus, writing a program requires the student to explicitly use some
potentially powerful problem solving skills.

Programming is also compelling as a vehicle for teaching problem solving
because many students are highly motivated to use the computer (e.g. Lepper.
1985). Programming sessions frequently allow students to try out procedures,
even when students have little idea of how they will use them. Lepper notes that,
among other things, the precision and interaction of the environment as well as
the potential for challenge and fantasy appeal to students.

Computer programming, therefore, seems ideal for encouraging problem
solving. But will the problem solving skills generalise to other areas of learning?
Cogmitive research has shown that learning is much more discipline-specific than
had first been thought (e.g. Larkin, McDermott, Simon & Simon, 1980; Resnick,
1983; Scribner & Cole, 1981). When students learn to solve physics problems
they learn about physics but not necessarily about problem solving in general.
Thus, when students learn to solve programming problems they may not
automatically or necessarily learn to solve other problems.
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Acquiring a Toolkit of Knowledge and Skills

The perception of a shrinking world is brought about largely by technological
change. Although itis not a new phenomenon, the exponential increase in
information and the associated accelerating rate of change in the latter half of the
twentieth century has increased the feeling of a shrinking world. Caught in an
information deluge from around the world, we must look for new tools to help us
cope. We need bigger memory stores, faster and more accurate retnieval systems
and, above all, the ability to sift and sort the information before we drown in it.
The computer is a tool designed to extend our overstretched human capabilities.

It can be argued that our future economic success depends on the degree to
which children are taught to be sufficiently flexible and adaptable in their
thinking and actions in order to handle the pace of change brought about by the
information age. Gagne (1970) has argued that the most important things learnt in
schools are intellectual skills, not pieces of verbalisable knowledge. This is the
distinction between declarative knowledge, i.e. to know what, and procedural
knowledge, i.e. to know how, both of which are central to the idea of a
generalised cognitive toolkit. However, it is the acquisition of procedural
knowledge which we should be looking for in classrooms that are dedicated to
flexible problem solving, even though Longworth (1981) paints quite a gloomy
picture. He considers that what today's children learn at school, at best, has a
useful life of half a generation, while at worst it is obsolete as it is being taught.
Competence with a variety of new technologies and their applications will
become more useful as we enter the hole in the wall society in which not only
cash but also information will be dispensed only to those who know how to gain
access to it.

There is strong evidence that the current emphasis in classrooms is upon
factual knowledge combined with a very limited structural organisation of
information, rather than upon information processing skills. In the area of
computer-based learning, drill and practice programs have so far tended to
dominate. Students and teachers are being tyrannised by curricula which fossilise
information into facts to be known, rather than into material to be manipulated
and thought about. Even powerful, open-ended tools such as word processors can
be used in a fossilised education if they are viewed as neat typewriters rather than
tools for text manipulation and information handling which allow us to explore
our own thoughts. A major aim of teaching computing in schools should be to
help our students to acquire a toolkit of cogmitive skills.

The value of the cognitive toolkit is that it frees the mind of its user for more
general problem solving activities. Children have little difficulty in acquiring the
subskills which form part of the toolkit, although the integration of relevant skills
may be another matter. The educator has the choice of which subskills to
emphasise, of course. and how to present them. Reciting multiplication tables, or
writing row after row of well formed letters of the alphabet presents the child
with subskills for his or her toolkit. Manv students are not motivated by this form
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of learning. Also, it is questionable whether these subskills should receive such
strong emphasis. They contribute little if anything at all to the development of
flexibie problem solving skills. They are part of an educational philosophy which
emphasises knowing what rather than knowing how, i.e. they assist the
development of declarative rather than procedural knowledge. Papert (1980)
points out that personal computers can be used to simulate environments which
provide children with the conditions necessary for the reorganisation of their
understanding of phenomena concepts. etc., and he argues that children can
acquire powerful problem solving tools very effectively by leaming to program.
By programming the computer to create graphic displays, abstract ideas can be
made concrete, and the means of manipulating the world can be made personal
and apparent.

Computer-based activities which can be used to facilitate the development of
the toolkit include the creation and interrogation of databases, the use of word
processing packages and Logo programming. The feature common to these tools
is that they are open-ended. In the sense that pencils, pens and typewriters are
open-ended. | would suggest that the most useful pieces of educational software
are open-ended tools in that they do not provide right or wrong answers but
opportunities for the development and exploration of ideas. The aim of these
activities is not an end in itself in most cases, but to provide general skills which
can be used in the solution of other problems. Component subskills of problem
solving activities are performed without much effort and attention because they
are highly practised. These over-practised skills are valuable, and computer
programs which facilitate the development of a cognitive toolkit of subskills are
to be welcomed. but they must be chosen with care. Practice does not necessitate
dnill and practice, and subskills can be acquired in the context of problem solving
activities such as simulation games and Logo programming.

The claim made for having children learn to program is that, through
interaction with the physical microworld, they will acquire a toolkit of general
problem solving subskills. Programming is a specific form of problem olving --
e.g. the problem might be one of how to get the computer to draw a spiral, or a
row of houses -- and the act of programming itself requires the use of a set of
subskills which are independent of any body of facts about the programming
language itself. Arguments supporting the view that certain subskills, which
ruight be developed by learning to program, will improve cognitive processing
and performance more generally include the following:

. Programming requires creative and critical thinking to be made explicit. There
is no magic button when it comes to giving instructions about the movement
of the cursor: it moves exactly as instructed and makes no assumptions of its
own. Imprecise instructions are not recogmsed, and reformulation of imprecise
commands is necessary.

« Progrumming provides an environment in which general concepts, such as
variable, function, transformation. and recursion. can be learnt and their
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consequences demonstrated. These powerful absmsc.t concepts can be seen in
operation through programs. Logo programs are partngulgrly v‘al.uable because
of their graphical output which can be said to make thlnlsxng visible. _
With problem solving through programming, it is possible to appreciate the
uscfulnes of heuristic approaches to a solution. These are the general problem
solving skills involved in planning the route to a solution, solving problems by
breaking them into smaller parts. and solving problems by ax}alogy. [n
particular, programming can foster the idea that proble'm ‘solvlng can be
_organised by parts. Small procedures can be seen as the building blocks from
which large solutions are derived. . .
The interactive process of getting a program to run as intended gives an
appreciation of debugging a less than desired §olutloq. Errors .becom.e
important and helpful aids to learning. They can be mfoymatwe as a diagnostic
means of locating the source of a student's difficulty with a task. The strategy
of using errors as a starting point for remediation and improvement can be
generalised to other problem solving tasks. .
The acquisition of the vocabulary of programming. made ne(;essary not oply as
a tool for thinking but also as a tool for communication with ot_hers --i.e.to
openly discuss the process of problem solving durin,_g programming -- leads to
stronger awareness of the processes of problem solving. Reflection bec?mes a
means of selecting and giving strength to the control processes Wth.h are
necessary in the choices between alternative routes to a .solutlon: and in the
reviewing of resources necessary for problem solving. Tl‘us reflectiveness and
awareness of process has been labelled metacognition, ie. k_noyvledge abogt
one’s own personal cognitive processes and others’, their llmltatxpns and their
applicability. Awareness of our ability to handle probiems includes Phe
knowledge of the ways in which we know ourselves to be capable of solvnr!g
tasks. and knowledge of the kinds of activities in which we must engage tn
order to find a solution. An important part of this awareness of pro?lem
solving strategies is the recognition that individual problems cgll for individual
solutions. The selection of the most appropriate solution will depend upon
cost/benefit analysis of the alternatives by the individual in a particular
context.

Such educational effects of learning to program are the powerful ideas to which
Papert (1980) refers. They are powerful tools because once they‘ have been
acquired they can be used over and over again. They are powcrful. m.tch same
way as being able to read is a powerful tool, because it allows th<': mt.imdual to
read a variety of materials for a variety of purposes and with 1mpprtant
consequences. They are also powerful in another sense, bec.ause by making the
suggested effects so explicit they have been made testable, i.e. we can evaluate
them. ‘ .
The essence of the claim made here is that programming trains people in
problem solving. The programmer must be able to formulate goals and routes to
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the goals precisely, to be able to apply a number of heuristics which apply to
many types of problems, and to appreciate the usefnlness of diagnostic errors.
Once these powerful ideas have been acquired through programming experience.
they can then be applied to other kinds of problems. They are generalisable tools
which can be applied to a variety of situations with and without computers.

Few of our students will need. as adults, to be able to program anything more
sophisticated than a washing machine or a video recorder, and there are very few
advocates of programming as an educational discipline in its own right. The
benefit of learning computer programming lies in the experience it provides of a
range of concepts which are a useful addition to our students' cognitive toolkits.

Papert (1980) goes further than this, however, and points to Logo
programming experience as a simulation of the kinds of interaction with the
world which can foster cognitive development. He suggests that the
reorganisation of young minds occurs through the discovery of regularities in the
world and through the testing of hypotheses about its structure. By exploring a
computer-based microworld, students can discover the regularities of that
environment, and will discover the effects of their own actions upon the
microworld. These interactions will produce successive reorganisations of the
child's understunding of how the world works. Programming could. thus.
accelerate a child's normal course of cognitive development.

Chandler (1984) is particularly concerned that children should not only be
aware of. and have access to, national and international databases, but that they
also need to be contributors to the store of knowledge they contain. He argues
that guided tours of someone else’s frame of reference are not enough. One of the
most effective ways of understanding any body of knowledge is to reconstruct it.
In some cuses this corresponds to the building of a physical model. or of a
computer model with, for example. Logo graphics, and in other cases this may be
the redescription or adaptation of a body of knowledge with a personal database.
Children need to create their own systems for communicating information with
one another. otherwise they will become passive, if not alienated. consumers of
the knowledge of others. Papert defined this as the power principle . The learner
must be empowered to perform personally meaningful projects. The premise that
the child’s cognitive performance will improve over a wide range of measures, if
the educational experience builds upon the child’'s own experiences, is one which
tinds ready acceptance among practising teachers and theorists alike. Papert
(1980) described this as the continuity principle.

Major Toolkit Applications

One might focus on three applications of problem solving in which the toolkit
provided by computing is of particular relevance. In the first application the use
of computers provides a vehicle for direct problem solving. The second
application arises when the computer is used as a tool for creating an obiect. idea.
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system, etc. The third application involves problem solving processes in order to
find new nses of computers by students. The three areas of application are
discussed in further detail in this section.

1 Direct Problem Solving Some examples of the use of computers for direct
problem solving are the use of Logo, adventure games and using the computer to
control and monitor external devices. The identification and nse of strategies in
computing can make it clear when students have engaged in different levels of
problem solving activity. It can also help students to invent their own problems
and adventures. A useful kind of activity for this is Lego-Logo.

Using Lego-Logo, students in the Coombabah project have built, for example,
cars which can go backwards and forwards, a barmer that goes up and down,
traffic lights which change, a drink machine that gives change, etc. The motor for
each model was controlled by the computer through relatively simple Logo
programming. For example, students worked towards achieving a sequence
where the car moved up to the barrier, which would then rise, allow the car
through, and then lower again. The students had to work through four major
stages: (1) to comprehend the requirements of the task, (2) to identify and use the
combinations of switch commands needed to operate the car and barrier, (3) to
convert these into flexible subroutines. and (4) to relate these subroutines to
analyses of the distance, times, etc., needed to solve the original problem.

The students structured each of these stages using processes which involved
activities ranging from looking at their brief user guides, through trying out
possible combinations of switches, to deciding on a sequence of ordered
experiments. After solving the original problem, the students were able to
provide observers with a detailed verbal description of the stages they had
worked through. The feelings of one student are reflected in the following
personal report:

1 think this project was about how to make things work [move]. It was interesting and tun. [t
was hard at first, because we had to find what every bit did. Then we had 10 think about what
we were going to do and make a decision. Then we did lots of test runs and calculations. In
the end we ended up with the car moving forward. a gate lifting. the car going under and the
gate going down. (Personal communication of a Year 6 student)

The use of programming processes and an appreciation of levels or stages are

very apparent in this student’s reflection on the problem solving to which he
contributed.

2 Creating Something When the computer is used to create some object, idea,
process, etc., it is important to alert students (and other users) to the constraints
imposed by hardware, software or both. The use of any type of technology adds
its own specific constraints to the realisation of particular outcomes. The
properties of the machine and/or software have to be analysed as a part of the
creative activitv. The use of problem solving processes for this analysis has led to
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interesting developments. In most instances, the students themselves have been
able to articulate the way in which the use of the technology affected the
outcomes of their activities. Some students have also been able to specify the
concepts involved and what they have learnt.

The following example might illustrate this application. A group of students
decided to produce a school newspaper by using a simple desktop publishing
package. They learnt about the structuring of the production process by means of
activities such as gathering information analysing and evaluating it, deciding on
what information to use and how to present it. However, these processes also led
them to new and important knowledge and understanding about ways of using
language. Two insights, in particular, were the direct result of the consideration
of constraints related to the technology. One such constraint was lack of space, as
the software was suitable only for articles up to the length of 60 words. This
forced the students to consider the style of writing which would be suitable. They
decided that they should use as few words as possible to convey ideas. One
student coined the phrase punchy style to describe what she perceived to be
required.

Considering the constraints of the technology led to the consideration of other
constraints such as the need to sell copies of the finished product.This meant that
the text had to be readable and easily understood by students at different year
levels. Another constraint was that headlines were compulsory. so these had to be
invented and designed to catch the eye of potential readers.

These constraints led to the students having to edit the work of other students
who had submitted articles. The idea of students editing and rewnting the work
submitted by peers would not have come up if it had not been for the constraints
of the situation. Working in a problem solving climate enabled the students to
make decisions naturally, and also to articulate how they reached them. Upon
task completion. the students were asked to reflect on their experience of
producing the newspaper and what they thought they had learnt. Many of the
comments related to setting out and other production components of the task. but
a number of students reported that they felt that they had learnt to work more
systematically, to plan and to think more clearly.

3 New Uses of Computers A third application involves using problem solving
processes in order to provide an alternative approach to new uses of computers
by students. At present the introduction of computers into classrooms is often
highly structured and prescriptive, with an emphasis on training rather than
understanding. Many guides for the use of computers in schools, such as
published user guides. provide step-by-step instructions without any explanation
and discussion of the principles. The result can be a lack of flexibility for the
learner because of a lack of basic understanding,

In a problem solving climate, the use of new technology is seen as a situation
to be dealt with by usual methods of finding information, thinking, making
decisions. monitoring and evaluation. Students learning to use new technology
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expect to gain information both from the teacher and peers, and to a lesser degree
from books and user guides. They expect to use trial and error methods for some
details, but tend to look for general principles. The natural processes of enquiry
and learning are thus perfectly appropriate, and can be expected to relate easily to
using the features offered by the new technology in the classroom context.

One aspect of cognitive and personal development which will be of increasing
importance in the future is the ability to be flexible in a rapidly changing society.
One way of encouraging such flexibility is to place more emphasis on the use of
higher order analytical thinking by students. The Coombabah SUNRISE Project
and other opportunities for learning with computers are certainly helping to
achieve this by fostering the bond between problem solving and computers in the
classroom.

STEPS TOWARDS INITIAL MASTERY OF PROGRAMMING

An arbitrarily selected set of steps towards initial mastery of basic aspects of
computer programming may actually suggest how links between problem solving
in programming and problem solving in other domains may arise.

Such a set of steps for programming instruction might offer guidance for
understanding what might constitute appropriate student experiences and also
provide a standard against which to measure instructional methods. These steps
are not intended to be an exhaustive list of all possible activities, but rather to
identify some of the activities involving considerable cognitive skill. The steps
descrnibe a direction which instruction might take, but it must be remembered that
gains in problem solving ability occur slowly. Introductory instruction can start
students off in the right direction, by making explicit the aspects of programming
that are likely to generalise to other domains. Table 2.1 summarises and describes
some possible steps.

Language Features

In order to be able to use the programming language being studied, it is important
to understand many of the language features or non-decomposable elements of
the language. In programming courses teachers typically introduce language
features, explain how they work, and have students use them. The teachers in the
SUNRISE classrooms at Coombabah explain the language features to the group
as a whole. then demonstrate how they work to a small group who become
experts. Rather than giving students formal practice in using the features, they are
introduced to them and then encouraged to explore them for themselves. When
difficulties arise, the students consult an expert and/or the teacher.

Students’ knowledge of language features could be assessed by com-
nrehension items which reauire the student to oredict how programs using certain
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Table 2.1 Possible Steps towards Initial Mastery in Programming

Step I: Command of the language.

The features of the computer language are the primirives or non-decomposable elements
of programming. For BASIC they include IF. .. THEN, GOTO. PRINT.etc. For LOGO
they include MAKE, SET, REPEAT, PRINT, TO, IF, etc.

Step 2:  Skills to design programs.

This requires the acquisition of a repertoire of templates and procedural skills. Templates
are fixed patterns of code (prototypes) using more than a single feature of the language.
They are employed in programs to perform commonly encountered tasks. Templates can
perform complex activities such as sorting or searching for words or numbers. and can be
used in many different situations. For example, rather than inventing a solution each time
sorting is required, a sort template is applied to each sorting problem. Procedural skills
are used to combine templates or language features to solve a problem. They include
planning a solution using available templates and fanguage features. testing the plan to

ascertain whether it accomplishes the objectives and reformulating the plan until it
succeeds.

Step 3: Problem solving skills which are transferable.

What has been learnt could transfer to a new programming language. a database
management sysiem. a computer controlled device. or even a subject matter like motion
in physics. One aim is to develop a repertoire of generalisable templates suitable for
adaptation to other tasks and contexts. Another aim is to identify gencralisuble procedural
skills for planning. testing and reformularing problems in a variety of situations. This

invelves identifying the isomorphism between procedural skills used for several types of
problems.

features will perform. In addition, language knowledge can be assessed by asking
students to reforniulate or change a language feature in a program so that the
program does something different. For example, students might change the
length of a loop, an arithmetic expression or content of a print statement. Thus,
comprehension and reformulation items can be used to assess understanding of
language features.

Students need to learn language features to be able to use the language.
However. such knowledge is not sufficient for improving problem solving. Many
students who have an understanding of the major language features are not able
to compose programs which contain groups of commands working in concert.
These students can copy programs, they can change print messages in programs.
they can modify games, databases, etc., and they can in other ways alter single
lines of programs. In spite of the limitations inherent in instructions consisting
solely of language features, the computer language is often the only topic
addressed in computer texts and courses. Such texts and courses of computing
emphasise learning of language features rather than how to use them to solve
problems. In the SUNRISE classrooms at Coombabah. students are encouraged
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from an early stage to write programs (even animated stories) by exploring,
ro g€
creating and combining procedures.

Design Skills

Design skills are the group of techniques used to combinfa language features tg
{orm a program that solves a particular problem. These include templates an
procedural skills. Design skills are essential in order for students to write

computer programs

Templates Templates are fixed patterns of code that use more than a su;gie
feature of the language. Templates perforrr} complex functions succ:'l as soiexng
alphabetically and/or numerically, counting the number of words 1r:ﬂz; ; ,
executing basic arithmetical functions, etc. Templates can be stored, calle ;al:-
and used each time a given task is encountered. Thf.:y perform a functlon 511m.
to schemata. and more specifically weak schemata in the thcoreqcul fom;u ation
of Anderson (1984)! and to plans in the work of Soloway & Ehrlich (198. ). |
When students have a repertoire of templates, they have a set.of ﬂe?uble an
powerful techniques which allow them to complete many ta._qks without inventing
new code. Well chosen templates facilitate good programming, be(.:al‘.lse th}:y. can
help to reduce the cognitive demands of pljogrummmg l?y providing of Vlt(}),l;
ways to decompose a task. For example, in L,ogo and in a number o ’0 ‘
languages. students can form a type of looping ten?plate that combines a
dec;sior:s based on the IF ... THEN language feature with thc GQTO fveature'.'A
specified action would be performed as long as the def:nsxon is affirmative.
Examples of problems which could be solved by using this type of template are
as tollows:

. read names if the last one has not been located,
. read scores which are smaller than 50 (< 50). o
. add water if the pool has less than 10,000 gallons in it.

This type of template offers a good way to manage flow-of-control. i.e. the orc‘i:.;
in which the computer executes statements 1n a program. Programs wi

sequential and organised flow-of-control are easy to uqderstf)nd and rel\‘nse.
Students can decompose tasks into pieces of the size of their available templates.

The theory is that if one has a strong schema. comprehension is principle driven and
predictions can be thought of as derived. With a weak schema comprehension is precedent
driven. Predictions are not so much derived as looked up. and generalisations are local in
scope and treated with caution. Anderson’s hypothesis is that the notion of a weak schema

gives the best account of the thinking of ordinary people in ordinary circumstances dealing
with ardinarv matters of knowledoa
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Then they can complete the task, by solving the problem using their templates.
Students who have a repertoire of templates can write more complicated
programs than those without such a repertoire.

Experts structure their knowledge of programming in templates (e.g. Atwood
& Ramsey, 1978; Kurland, Mawby & Cahir, 1984). As research in cognitive
psychology suggests (e.g. Chi. Feltovich & Glaser, 1980), the way knowledge is
structured and organised determines how it will be used subsequently. If
programmers develop a repertoire of effective templates they are likely to
program more effectively, and to identify and re-use algorithms for problem
solutions rather than re-invent solution paths over and over again. Students need
to recognise the importance of templates and to collect a powerful set of them.

Templates can be learnt from direct instruction. Some computing textbooks
emphasise their usefulness as a mode of acquiring and and organising
programming knowledge. However, only a small number of the students in the
Coombabah project look for books on computing in the library. They do not
make use of templates as frequently as they could. Although this group of
students may not be typical of other students leaming with computers, it must be
emphasised that teachers should motivate and encourage students to look not
only at one another’s programming but at books containing new ideas. Many
expert programmers report that they leam new templates by reading programs
written by others.

Students can often employ templates which they could not invent themselves.
Most of the Coombabah students know this. By using these templates they can
profit from the work of expert programmers and themselves solve more
interesting and complex tasks than would be possible if they had to invent ali
their own templates. Even it they do not fully understand a template initially, the
experience of using a well designed one will help students comprehend the
technique in the template and the role of templates more generally. Just as experts
learn templates from others, so can novices, thus increasing their template
repertoires.

Procedural Skills Procedural skills are used to combine templates and
language features, which are available to the programmer. in order to solve a new
problem. Procedural skills include planning the solution path, testing the plan and
reformulating the plan if any of the tests fail. Reformulating. previously
mentioned as a technique for testing knowledge of language features, can also be
used to modify longer sequences of code.

Programmers need a plan for combining language features and templates to
solve a programming problem. They decompose the problem into component
parts and plan how best to combine those parts. Once a plan is implemented, the
programmer needs to test the plan in order to ascertain its correctness. Testing
involves determining whether a program meets specifications by deciding what
data or other conditions might cause difficuity and then running the program
under those conditions to see whether it operates correctly. When the testing of a
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program reveals problems, the programmer decides whether it requires
refinement. Programmers reformulate programs to make them more adequate.

Planning Planning is required for the solving of complex tasks. Novices
rarely work on programs complex enough to demand planning. Programming
assignments which involve only linear combinations of single language features
often fail to illustrate the advantages of planning. Thus, programming instruction
must be carefully designed in order to ensure that students understand the
importance of planning and have the opportunity to practise it. Only then can
they gain knowledge about the conditions under which a template will function.
Planning is an important component of the behaviour of expert programmers. [n
some studies, experts spend much of their time engaged in planning. In contrast,
planning is not an aspect of novice behaviour (Dalbey, Tourniaire & Linn, 1986).
Similar differences in the time spent planning solution paths are reported for
experts and novices solving non-computer problems in physics (e.g. Larkin,
McDemott, Simon & Simon, 1980).

Testing Testing is an important component skill of programming that can be
enhanced by asking students to find out whether programs perform as expected or
intended. Experts and novices differ in this skill. Experts not only recognise the
advantages of testing their programs but are good at devising tests to reveal
possible problems. For example, experts tend to test the boundary conditions, to
ensure that no division by zero is possible. and to consider difficulties resulting
from interactions between parts of their programs. In addition, programs written
by experts tend to have built-in tests for potential confusions. such as tests to be
sure that the input data meet the problem specifications. In contrast, novice
programmers in Years 6 and 7 test only the obvious or usual forms of input and
may fail to test all of the code.

Reformulating Reformulating is required when students are required to
modify a program plan. It is another skill that differentiates experts and novices.
Experts are likely to respond to the results of tests by considering large scale as
well as minor reformulations of their programs. In contrast. novices tend to seek
localised remediation for their programs, perhaps never learning how to revise
larger programs. These efforts of novices often result in what experts have called
spaghetti code.

The acquisition of design skills can be assessed by asking students to write
programs to solve tasks. To require planning, testing, and major reformulations,
such problems must be cognitively demanding for the students. This means that
the tasks must be reasonably complex, challenging and, where appropriate, have
multiple solutions. To measure template acquisition, problems must require
commonly leamnt templates. Once a problem is solved, the program that solved it
can become a new template. As noted above, expert programmers use these skills
effectively, whereas novices often fail to plan their problem solutions, fail to test
their programs and are unable to successfully alter the programs that do not
perform the desired task.
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Problem Solving Skills

The major potential gain in these steps towards initial mastery of programming
consists of problem solving skills which could also be useful for the acquisition
of new knowledge and transfer of prior ieaming to new contexts. These problem
solving skills include both generalisable templates and generalisable procedural
skills, i.e. templates and procedures which are common to many formal systems.
They are generalisable in the sense that the characteristics applicable from one
formal system to another are made explicit and can be applied to new systems.
Learners who represent for themselves their programming knowledge and
experience in such a way that the elements common to several programming
languages are separable from those that are idiosyncratic to one particular
language will be more likely to acquire generalisable skills.

For example. templates such as sorting in one programming language can
often be used when programming in a new language. Generalising a sorz template
from one programming language to another may require substituting one type of
looping for another. The generalised template is represented in such a way that
the user knows that the looping structure needs to conform to the conventions of
the new language.

Generalised procedural skills consist of techniques of planning, testing and
reformulating which can be applied to several tasks and contexts. For example,
there are many similarities between planning a solution to a computer program.
an algebra word problem, and a geometric proof. Instructions which make these
similarities explicit and provide opportunities to use these skills tn more than one
formal system may well facilitate the acquisition of general problem solving
skills. As yet few programming courses offer opportunities to examine this
possibility. Studies of experts suggest that transfers of knowledge and skill are
achievable. The procedural skills of planning. testing and reformulating are
applicable both in learning new programming languages and in learning to use
other systems such as database management software. spreadsheets and word
ProCcessors.

General problem solving skills may be acquired when students attempt to
apply templates or procedural skilis learnt in one context to a new context (e.g.
Dalbey & Linn, 1986). Also. students may identify aspects of templates or
procedural skills that are central to their effectiveness as well as aspects that are
peripheral to their effectiveness. This knowledge then becomes general enough to
be used for problems in other programming languages and for non-programming
problems. The acquisition of problem solving skills can be assessed by asking
students to solve problems using an unfamiliar system such as a new
programming language. The set of steps of cognitive accomplishments that
culminate in technological expertise is a long one. Fairly complex problems are
required before students can be expected to use cognitively demanding skills
such as planning. Experience with several formal systems may be needed before
students actually acquire transferable problem solving skills.
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MAKING LEARNING WITH COMPUTERS COGNITIVELY
DEMANDING

Jerome Bruner (1966) argued that positive attitudes towards learning are
encouraged by the complexity and challenge of the task in hand. Complexity
encourages curiosity, and perceptual curiosity in turn generates a state of high
arousal or excitement which is relieved by the exploration of the stimulus.
Bruner’s challenge to educators is for them to find ways and means of fostering
the drive to achieve competence at a task. and to create in the student the need to
have mastery over the environment through at least some understanding of its
complexity.

There is a general demand for higher order cognitive outcomes from
schooling. Expressions of the desire to transform Australia into a clever country
call for the new basics of the 21st century, i.e. thinking skills that allow
individuals to cope with rapid technological. social and scientific advances, and
with the accompanying philosophical, economic, cultural and personal changes.
What is being emphasised in countless public statements and reports is the need
for teaching and learning which will foster problem solving and can prepare
students not only to deal with new technologies as they become available, but to
make these technologies part of the student’s personal repertoire of intellectual
tools. Learning with personal computers can help students towards these aims.

[t is easy to mistake sophisticated technology for sophisticated learning, and it
would be a mistake to assume that productive outcomes will necessarily emerge
whenever people use computers. There are many examples of complex
technology being used to achieve low level educational goals, and some uses of
drill and practice programs are a case in point here. The computer is a versatile
piece of equipment which can be used to promote sophisticated learning
strategies in which the machine. the student. or both. take a more active part in
the learning experience. Itis this very versatility which raises fundamental issues
about future directions of educational computing. The computer may be used to
great effect as a calculator, a teaching machine a processor of complex
information, a creator of microworlds or to control complex systems. In essence.
this means that the computer can support a full range of educational philosophies,
e.g. acting as a tutor for those who believe we should return to a traditional basic
skills curriculum or as a key factor in stimulating the dynamic processes of
creative writing, complex problem solving and other higher order cognitive
activities.

All too often we find students whose main motive for preferring to learn with a
computer is the ever-patient and generally non-judgmental response computing
appears to present to their mistakes. The practice of discrete skills is not
inherently wrong, in fact, practice is vital if skills are to reach the level of
automaticity necessary to allow the individual to focus attention on higher level
problems. If we must concentrate on the spellings of words and on the formation
of letters with a pencil. then we have less time available to think about the
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meanings of the sentences being composed. If the lower order skills are
automatised, the students’ minds become free to plan, create and review. Tedious
routine activities then take care of themselves, but only when they have been
practised and overpractised. In the first instance, drill and practice serves the
purpose of releasing our minds.

Dede (1986) suggested that instructional control strategies for the use of
computers in education form a continuum based on the balance between varying
levels of passivity of the computer and the child. At one end lies the directed
learning in which students are passive recipients of wisdom and unable to explore
the material themselves. At the other end lie the open-ended computing tools
such as Logo. data bases and word processing. These problem solving tools give
control to the learner but no longer provide built-in guiaance when the student
has difficulty, although they inform the user that an error has been made or an
inappropriate action has been taken. One end of this continuum will appeal to
those teachers who believe that there is a critical, generally agreed upon body of
existing prerequisite knowledge which all students need to be taught. The other
extreme will appeal to the teachers who believe in the need for the student to
discover his or her own truths, and to build up their personal knowledge with
varying degrees of support from the teacher.

Characteristics of Cognitively Demanding Activities

Several features of learning with computers are likely to increase the quantity and
quality of cognitively demanding activities offered to students. For example, the
Assessing the Cognitive Consequences of Computer Environments for Learning
(ACCCEL) project (Dalbey. Tourniaire & Linn, 1986) has identified six features
of leaming with computers which result in the capacity of such environments to
provide cognitively demanding activities. Three of these are characteristic of
many school environments. the other three somewhat unique to learning with
computers.

The first feature common to some traditional and some computer learning
environments is complexity. Computers can help students solve complex tasks.
For example, students can solve problems which require the management of large
amounts of information, such as plotting graphs or computing compound interest.
The second feature is challenge. The computer can challenge the student to solve
problems such as figuring out the best move in a game or determining the most
efficient path through a maze. The third feature is the provision of multiple
solutions to a question or problem. Students can write and compare several
programs which accomplish the same end. These three features are common to
computer learning environments but they are also characteristic of some
traditional learning contexts.

Three additional features of the computer environment are less characteristic
of other classroom learning: (1) the computer environment is interactive at all
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times. The computer can respond immediately and informatively to the learner’s
specific request or need. Thus students can try several approaches to
reformulating their computer program and determine whether each of the
approaches is successful. In contrast, it can take days or weeks for students to
receive responses to their homework or class assignments. (2) Computer
feedback is precise. It reacts to all input. Without computers, students frequently
receive rather imprecise feedback, e.g. an A, B- or a C. (3) Computer learning
environments are consistent. The same response is received for all identical input.
Moreover, for identical input the same response is received by all learners. In
contrast, teachers do not necessarily respond identically to the same student
reactions, either because they are rushed or distracted, or because they are
tailoring their responses to the perceived needs of the individual student. When
teachers behave as good tutors. their tailored responses to the student provide
advantages not availabie in most computer-based learning. On the other hand, if
teachers are distracted, their inconsistent responses can be less than desirable than
those characteristic of computers.

Currently the most cognitively demanding activity readily available for
students on the computer is programming. This situation is changing as new
software becomes available. Eventually, software which demands higher
cognitive skills, but is free from some of the drawbacks of programming, may
well become preferable to programming for fostering higher cognitive skills.
Currently, however, school students who have cognitively demanding
interactions with computers are usually engaged in programming. In spite of this
situation. much current programming instruction. including that provided in the
SUNRISE classrooms at Coombabah, lacks a conceptual framework, and is not
necessarily geared to fostering higher cognitive skills (cf. Linn, 1984). Apart
from the software manual, teachers in Australia and other Western countries tend
not to have textbooks for programming instruction: instead they often amass
materials somewhat haphazardly. Very limited funds have been available for the
much needed professional development of teachers in educational computing and
other areas of computer education, as many schools and regions have followed a
buy hardware now, plan for its use later approach. Before programming
instruction can achieve reasonable goals. this situation must be rectified. A
preliminary approach might be to identify some of the characteristic behaviours
of expert programmers, and to attempt to develop such behaviours in our novice
students.

Characteristics of Programming Experts

The contrast between good professional computer programmers and children
learning to program in school suggests a need for materials which can build up
knowledge and skills which might culminate in programming expertise. As
matters stand now, some staff teaching computing in tertiary institutions
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complain that what students have learnt in school actually interferes with the
ability of students to profit from tertiary courses in computing. Analyses of the
nature of expertise, the characteristics of current instruction in computing in
schools and tertiary institutions, and the potential of the environmeant in which
programming instruction takes place, need to be conducted before the usefulness
and relevance of school versus university and college computing can be
established.

The behaviour of programming experts contrasts sharply with the
characteristics of current instruction in educational computing. as revealed by
several studies of experts (e.g. Pea & Kurland. 1984; Linn, 1984; Jeffries. Turner,
Polson & Atwood, 1981). To develop the knowledge and skills which might be
prerequisites to programming expertise, students must leam the skills experts use
every day. Current instruction may not provide this opportunity.

One component of expertise is an extensive repertoire of programming
templates or procedures. Templates can apply to a whole program as exemplified
in an input-process-output template. As noted previously, templates can also
apply to a specific function of a program. Research in the USA and at
Coombabah has shown that both expert adult programmers and quite young
students who are experts in some aspects of programming can articulate their
templates, recognise the relationships between their templates and new templates,
and actively seek to create new templates or procedures.

Professional programmers use a variety of procedural skills. As noted above.
these are among the skills referred to as the new basics of schooling in many
recent reports. They are part of the set of thinking or problem solving skills
which individuals need to survive in our society. Important components of these
skills are planning and the ability to determine an appropriate sequence of
available procedures. In the past. investigations of expert performance in formal
systems. such as solving mechanics problems in physics. have proved themselves
to be informative for educators designing programs to foster these skills in
novices and to make the leaming of programming more cognitively demanding
(e.g. diSessa, 1982. 1986, 1988a, 1988b: Larkin, McDermott, Simon & Simon,
1980).

The literature dealing with the planning of solutions to programming problems
by experts indicates that experts engage in two complementary techniques: top-
down design and stepwise refinement (e.g. Brooks, 1980; Atwood & Ramsey,
1978; Jeffries, Tumer, Polson & Atwood. 1981). Top-down design is an approach
which decomposes a complex problem into subproblems. Experts can do this
effectively, we surmise, because they have a large repertoire of program
templates. Experts use their knowledge of templates to guide the decomposition
process. Top-down design is somewhat iterative in nature. After the initial
decomposition, each resulting subproblem may require further decomposition
until the task reaches a manageable degree of complexity. Experts proceed with
top-down design by selecting appropriate templates for each problem.
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Stepwise refinement experts engage in successive restatements of the problem
specification, with each step coming closer to machine level notation. The
original problem specification describes, in natural language, a process the
computer is to perform. Stepwise refinement means to translate the process
description, through incremental stages, into language, i.e. code, which the
machine understands. Experts can do this well because they are very familiar
with the language the machine uses. Experts know the degree of precision and the
degree of clarity needed to describe the process for a machine solution.
Ulsmately they generate unambiguous statements of their program design.

Characteristics of Students of Programming

Students who are just beginning to learn a programming language usually differ
dramatically from one another. There are many reasons for this which relate to
differences in motivation and interest, previous experience, ability and other
variables contributing to individual differences between students. Another
important source of variation in learning outcomes relates to the kind of
instruction which the students have received (e.g. Soloway. Ehrlich Bonar &
Greenspan, 1982). For example, Dalbey, Tourniaire & Linn (1986) observed 30
junior high school BASIC programming classes. Most were found to have
offered teaching which emphasised features of the programming language, and
often failed to provide instruction in how to combine the language features into
larger algorithms.

In this and other research it was found that students are introduced to a
language feature such as the PRINT statement, and then write programs using
that statement. Their understanding of the program is basically at the level of a
single line. They type in a line and get feedback about their use of the PRINT
statement. Students respond by typing in a different line which hopefully corrects
the mistake they have made initially. These students are engaged in drill and
practice on a language feature. Instruction rarely emphasises the templates which
experts use for solving programming problems. Students therefore fail to acquire
procedures which help them decompose problems and plan problem solutions.

Novice programmers are characterised by a rush to the computer. They
frequently attempt to go from a statement of the problem directly to trial and
error of program code without any consideration of how to design the code.
Novices appear to lack the tools necessary for constructing intermediate states
between the problem specification and the problem program code. They rarely
receive an opportunity to observe their teachers or expert programmers model the
use of planning.

The expert process of stepwise refinement appears not to be required or really
necessary for most assignments novices receive in programming instruction. It
appears that many students fail to grasp the notion that programs are detailed
process descriptions which can be refined out of natural language description.
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They presume that programs are assembled by piecing the language features
together. They fail to understand that the natural language problem description is
less precise and more ambiguous than a problem description in machine
terminology, i.e. code. They do not engage in the activities required for refining
the natural language statement of the problem into a statement which can be
decomposed and coded into a problem solution. As a result, when they are asked
to solve problems which are more complex than simple translations of known
language features, their solutions are often poorly organised, inefficient or even
incorrect. The top-down designs and stepwise refinement which experts use to
write programs are not taught or modelled by the teacher. As discussed in
Chapters 6 and 7, a conservative estimate is that 25% to 35% of the students in
the SUNRISE classrooms at Coombabah appear to be lacking the tools necessary
for constructing intermediate states between the problem specification and the
program code.

Explicit Intervention to Foster Higher Cognitive Skills

One method of intervention to counteract the above described lack of
programming sophistication in novices is to provide students with some abstract
templates which they could use for stepwise refinement of the problem
specifications. This would equip students with a mechanism for constructing a
problem solution that might be more detailed than the available problem
specification but less detailed than the actual language statements. Students
would thus be enconraged to consider an intermediate state between the probiem
specifications and the program code.

As noted above, most students move directly from the problem specification to
the keyboard. This could lead to frustration and inefficient trial and error
solutions. Coombabah students are being given tasks that can usually be solved
or partially solved. In some areas they ask each other and keep trying. Lack of
planning and inefficient solutions were certainly evident. The majority of
students did not appear to become frustrated initially. However, as will be
discussed further in later chapters, there was an indication of increasing
frustration with more experience, with ~ome Year 7 students becoming quite
alienated.

It should be noted that students basically appear to be very happy when
working at the terminal or on their laptops. They fail to associate their difficulties
in achieving a solution with their lack of planning. A general belief among
students is that more computing time is needed, rather than that they need to plan,
hypothesise, evaluate, etc., to solve problems effectvely.

Because of the nature of most of the instruction in computing, it is impossible
to emphasise planning until the students have acquired at least a reasonable
subset of the features of the computer language being taught. At Coombabah, the
teachers have tried to emphasise planning but they have not explicitly taught it.
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They did not provide abstract procedures which students could use to practise
refining the problem specifications, nor did they provide students with exercises
which required the translation of problem specifications into the provided
procedures or templates. Students need practice in coding their solutions from
templates as well as in mapping problem specifications onto templates.

The literature in educational computing shows that current modes of
instruction frequently fail to communicate the value of planning in programming.
This lack of appreciation of planning stems in part from certain characteristics of
instruction. (1) Students’ initial programming experiences do not require
planning, therefore the advantages of planning are not apparent to them. (2)
Students find the computing. i.e. interaction with the computer, very motivating
and they prefer to be interacting with the computer , even if they are not making
progress in solving the problems. Unfortunately, the interactive nature of the
computer learning environment is not being well channelled towards the
development of the higher cognitive skills such as planning.

One important reason why students fail to appreciate planning is that many of
them can solve even the most difficult problems assigned without planning.
Many students could recognise how to solve the problems which were presented
to them without spending any time in planning.

Our experience at Coombabah suggests two directions which teachers might
wish to consider in their endeavour to make instruction more cognitively
demanding for their students:

Rather than beginning programming instruction with drill and practice in the
language features it would seem quite appropriate to begin instruction with
comprehension of program code. Students could be given reasonably sized
programs (10-15 lines of code) and could be encouraged to come to
understand those programs. Those programs would demonstrate how planning
is used in progrumming. Students could see how experts use planning to write
a big program. Thus students would have a better understanding of the role of
planning in programming.

2 Structure diagrams could be used to help students comprehend a larger or
more complex program. Such a program could be represented using structure
diagrams. Comprehension of the program could be facilitated by using
structure diagrams to illustrate the templates or procedures used by the
programmer to construct the program. Instruction could then proceed by
demonstrating the top-down design and the stepwise refinements as used by
the expert programmer in the counstruction of a program.

Programming instruction has the potential of fostering the higher cognitive skills
asked for by many recent reports on the state of educational practice but, so far,
their potential is not being achieved. Instruction which builds sequences of
computing knowledge and skills culminating in the planning skills used by expert
programmers requires early and consistent emphasis on these skills. Teachers are
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needed who can demonstrate and model good programming. Texts are needed
which delineate the steps between problem specification and program code.
Research is needed to understand more clearly the sequences of activities which
will facilitate the desired leamming outcomes.

Metacognitive Outcomes

The impact of working with computers on the problem solving skills of students
may be increased if students had a greater awareness of the problem solving
procedures or strategies embedded in their work. Brown, Campione & Day
(1981) distinguish three types of training programs implemented by educators:

a Blind training in which the learner is induced to use a strategy without
concurrently understanding its significance.

b Informed training in which the learner is persuaded to use a strategy and at the
same time provided with some information as to the significance of the
activity.

¢ Self-controlled training in which the learners are not only persuaded to use a
strategy, but are also explicitly instructed how to employ, monitor, and
evaluate the strategy.

Of these three training methods. the seif-controlled method is by far the most
successful in terms of enhanced performance and transfer. It has long been
known that problem solving skills are likely to transfer to novel situations only if
the principles on which they are based are made explicit to the learner (e.g.
Lochhead, 1985; Simon, 1980). The selt-controlled method may thus also be
more effective in learning with computers.

One way to persuade students to monitor and evaluate their strategies while
working with or without computers is to encourage them to reflect on their
actions, for example by thinking aloud and by verbalising their ideas and
strategies. Verbalisation helps learners to externalise ideas and strategies. to
reflect on them and to elaborate them. Students could work in pairs or small
groups on a task and take turns in verbalising while the others listen and ask
questions. This forces both problem solvers and listeners to evaluate the
strategies used and to monitor plans and solutions closely.

Computer-based learning environments are particularly conducive to
enhancing cognitive and metacognitive skills as they provide the learners with
many opportunities to practise these skills and receive immediate feedback.
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CONCLUSION

It is possible to list some benefits which can be associated with learning with
computers. in some circumstances. None are guaranteed to automatically flow
from computer use, but many can be achieved through good teaching and the
modelling of effective learning with and without the computer. There is an
expectation that there will be: student access to learning resources and sources of
information which do not depend upon the teacher; an increase in the variety of
styles of teaching and learning: greater metacognitive awareness in students;
more student planning and implementing of their own work programs: greater
ability among students to use computers; and an improvement of skills such as
self-monitoring, generalising, theory building and verifying information,
concepts and ideas.

A number of commentators have offered the view (cf. Ridgway & Passey.
1991) that the experiences which students are oftered in schools often conform to
the school culture, and not to the intellectual tradition the educators purport to be
teaching about. So students can learn how to perform a set of mathematical
procedures. but not to function like a mathematician (e.g. Schoenfeld, 1985), or
learn scientific facts, but not how to function like scientists (e.g. Edwards &
Mercer. 1987). Computers in classrooms can actually offer the opportunity for
students to learn how to be mathematicians and scientists. The students will also
gain a deeper appreciation and understanding about the products of work in those
disciplines.

The real implications of computing in education are yet to evolve. Harry
Simon. in drawing an analogy between the introduction of the computer and the
invention of the steam engine and the motor car (Simon, [987). points out that
both the steam engine and the motor car were responsible for further
technological and scientific developments. but above all they opened up new
social worlds. in which people had to function. and for which they were required
to de velop appropriate skills. Many of the social changes now associated with the
motor car, even mediated by it were impossible to predict at the time of its
invention: for example, the suburban sprawl, environmental damage and huge
employment opportunities.

Major educational and social changes can be expected from the introduction of
computers, and these changes will be even larger as a result of the use of
computers in learning and teaching. We have to live with the fact that we do not
know what the real and best uses of computers in education will be, and adopt a
style of research and development which allows us to capitalise upon its as yet
undetermined potential in an opportunistic fashion.

Because the cognitive technologies which we invent serve as instruments of
cultural redefinition (shaping who we are by changing, and not just expanding
and supplementing what we do), defining educational values becomes a
foreground issue. The demands of an information society make an explicit
emphasis on general coenitive skills a orioritv. The urzencv of undating
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education’s goals and methods can only be met by an activist research paradigm
which simultaneously creates and studies changes in processes and outcomes of
human leaming with new cognitive and technological tools.

PART II

ACQUIRING COMPUTER LITERACY
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Curriculum Objectives

This chapter addresses the general question of what we expect to gain from the
introduction of educational computing into the curriculum. In considering
alternative instructional uses of this technology we will discuss both current
practice and future possibilities, and reflect on how educasonal philosophies and
our pesceptions of the human/computer relationship can affect the uses made of
hardware and software,

As noted previously, the effects of introducing computers into the classroom
are neither predictable nor controilable. The tools which manifest themselves in
computing are extremely versatile and can support many educational
philosophies and objectives, Educators must reflect actively upon which form of
educasion they are aiming for for their students. What is certain, however, is that
the computer literacy requirements for the average person will expand
dramatically during the 1990s. The least we should aim for might be to somehow
provide everyone with the minimal amount of computer knowledge that would
enable them to become computer comfortable. In this context the meaning of
‘computer comfortable’ is to allow people to be able to interact easily and
witheut fear with a computer at a level appropriate to individual needs.

EDUCATIONAL GOALS

Computer software can be described along a continuum of open-endedness. At
one end are the single purpose programs which fulfil only one kind of demand,
e.g. worksheets, drill and practice programs and many simulations. At the other
end are the open-ended tools such as word processors and programming
languages, with which any number of different ouicomes can be achieved.
Another way of describing this continuum is in terms of the purposes of
computing, i.e. for simple training and practice or for use as a ¢vol. The
training/practice software aims at a known goal or a well defined product,
whereas the open-ended computing tools are more like pencils, paint brushes,
hammers, chisels, etc., in that they are not designed for the achievement of a
particular product or goal. Rather, they are tools with which many different and
personal goals can be accomplished, and which can be adapted for many
purposes. Training/practice software leads to clearly identified correcr uses and
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answers, which reflect the acquired kmowledge and skills of the user. At the other
end of the continuzm correctness depends upon what use is made of the tool and
on the capabilities of the user.

Different educational goals are inherent in the use of these different types of
software. Teachers who are content to use computers as teaching machines, i.e.
as providers of automated practice and testing, tend to be identifying themselves
with the content-oriented curriculum, and with the view that the aim of learning
and teaching is primarily a matter of students' acquiring facts, This approach will
lead to the selection of programs which will help students know the facts that
teachers and society consider worth knowing. There is strong support for this
view in certain influential educational circles, but there are dangers in
concenwrating only on what? at the expense of sow?, i.e. knowing what to do
with the facts one has acquired.

There is litile merit in educating children to become walking encyclopaedias.
Rather, our society needs problem solvers who have access to both the
information relevant to a problem and the strategies for solving it. Computers can
remember (i.e. store and access) facts better than people can, §0 why not rely
upon computerised databases as sources of information and use people’s energies
for problem solving? More than any other educational innovation, the personal
computer is useful for both these purpaoses. It can store and assimilate, in different
ways, vastnumbers of facts and rules and it can assist in the development of
flexibility of thought. Qbviously, © make use of a iool one has to know what to
do with it as well as how 1o do it. The ideal philosophy for learning and teaching
with computers is probably somewhere between the two extremes. The computer
is capable of stimulating and supporting a great variety of educational goals.
What is important is that, before educational goals are established for particular
uses of computers, and before software is selected, educators clarify for
themselves their own educational philosophies. The choices educators make
about the use of computers in their classrooms may have profound effects, not
only on the cognitive development of children, but aiso on the nature of
education liself.

GETTING STARTED WITH COMPUTING POLICY

Every school and every classroom nceds a wriken Statement, no matter how short
or tentative, of what role it intends computing to play in its curriculum. Such a
statement should probably be part of the school’s long-range pian, but may differ
from school to school and within a school, and it will evolve with time. By
addressing the following questions, a school can begin to come to terms with
how it will view the role of computing:
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Is computer literacy important enough o have a place in the curriculum?
_Is computer literacy necessary for all students in this school, for selected
: ability groups or for students in certain subject areas?
~ :Which computer skills must students exhibit in order to be regarded as being
~ =%z7able to use the compuier as a tool?
Should the ability to write computer programs and to debug computer
;programs be considered a compenent o f computer literacy?
If the answer tc question 4 is yes, which computer language should be used?
Which computer related social and polisical issues should students be able to
analyse and evaluate?
Should computer training for computer literacy constitute a separate area of
leaming, or should it be integrated into existing subject domains?
;‘What knowledge do incoming students have of computers? How can the
- school’s curricula take differences between students into consideration?
At what stage/level should students start to acquire skills in computing? If
these skills are to be used as tools to support leamning in other areas, they will
nieed to be acquired early.
When and how will the plan to make computing part of the curriculum be
implemented?
How will feedback be secured and evaluated?
When and how will learning and teaching of computing be re-evaluated on
the basis of student, teacher and institutional experience with curriculum
reforms and in relation to the eveolution of new software?

computing policy may be written separately or be written into each
‘document in the different curriculum areas. Whichever option is chosen, the
‘major concemn must be that educational computing is perceived as something to
zassist reaching the goals set out in the school’s total curriculum policy. What do
We expect to gain from using computers in the school? Do we want students to
«leam about computers or with computers, or both? To some degree the answer to
Ihis question depends on how we define computer literacy.

'COMPUTER LITERACY

«Much depends on the definition of computer literacy. When an Education
‘Ministry has decided to introduce computers into primary as well as secondary
schools, it faces large bills for the hardware, software and other materials. In
addition it faces the costs of curriculum development, of professional
development and support for teachers, and of the assessment of student
achievement. It is obvious that the way computer literacy is defined not only
determines the contents of curricula and assessment, but also will have a
% profound effect on the tax-payer’s willingness to support the use of computers in
school,
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Computer Literacy and Other Literacles

Concern has been expressed as to whether the focus on computer literacy might
divert attention from or even conceal the need to concentrate on basic reading,
wriking and number skills. This concern is likely to be unfounded if computer
literacy is viewed as an emerging component of the complex concept lieracy as
used more generally. There should be no incompatibility, because, as it deyelops,
computer literacy will provide additional support and reinforce the need for the
more taditional types of literacy. Indeed, in aninformation or knowledge society
the ability to read, write and calculate will become more and not less important,
The introduction of computer competencies into a curriculum cannot supplant the
need for the more traditional literacies.

A report commissioned by the Club of Rome (Botkin, Elmandjra & Malitza,
1979} called for global educational reform to foster what it called innovative or
anticipatory leaming. Such learning is designed to prepare individuals to be able
to consider possible contingencies and the long-range implications of various
choices. Among learning activities particularly conducive to anticipatory leaming
are forecasting, simulations and modelling. Their use is made eagy and
inexpensive by low-cost personal computers. Such technigues emphasise the
future orientation of innovative leamning and the need for individuals to develop
the ability to reflect on the implications of different decisions and to evaluate
alternative futures, Anticipatory leaming skills should probably become part of
the basic skills of our students in the 1990s and beyond. These considerations
should strengthen our efforts to bring about curriculum reforms which address
computer literacy. They also help link the various dimensions of computer
literacy to each other and to traditional literacy skills.

There is an established field of research which compares preliterate and literate
school children to assess the postulate that literacy is a prerequisite of logical
reasoning. It has been argued (e.g. Olson, 1978) that literacy allows individuals
to master the logical functions of language and to separate them from the
interpersonal functions of language. Language literacy assists cultures towards
the development of formal reasoning systems. Will computer literacy manifest
itself in a similar way?

Qlson (1988) has argued that computers play three essential roles in students’
leamning;

they can provide rich databases which can be used by individuals as sources of
information and for the constructionof personal knowledge;

they permit individuals to organise knowledge in a new way; and

thmough interacMon with peers about goals, successes and problems in specific
compuing situations, computing allows for a greater understanding of one’s
own information processing and problem solying processes, and those of
others, It develops metacognitive knowledge and skills.
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Computer literacy is of practical importance for ail members of our community,

‘young and old alike. For example, all adults need to know enough about

computer systems o0 as not to be intimidated by an error on a bill resulting from
a cornputerised accounting system. Individuals need sufficient knowledge of
computers to be able to decide whether to acquire a machine for home or work,
and they need to learn how to evaluate when computer applications are helpful
and when not. Some of this knowledge can be acquired as a by-product of
programming and other computer uses, but most of this type of useful
information will not be learnt in this way. Indeed, one might argue that most of
what the ordinary citizen needs to know about computers might not be learnt
from hands-on computing experience.

Defining Computer Literacy

ERDU's NEWTECH/HITECH/INFTECH Glossary (Queensland Institute of
Technology,. 1985), one of the rare dictionaries, glossaries or encyclopaedias
containing the concept of computer literacy, provides the following comment on
the term:

An ill-defined term coneemed with computer familiarity, Problems arise in considerstion of
exactly what sidlls and knowledge should be possessed by peopla who, even though they
muy not actually work with computers, will be living their daily lives in a society dominated
by the use of electonic data processing. Opponents of the concept of computer iiteracy draw
analogies with, for example, the automobile: they argue that one may derive all the normal
benefits of personal wansportatien without any knowledge at all of what is going on under
the hood/bonnet. However, it is not unressonable fo suggest that anyone who draws such
simplistic analogies domonswates convingingly the need for computer literacy. (p. 16)

1t is not surprising that the term computer literacy shares the semantic ambiguity
of language literacy. The meaning of the latter term is restricted by some to
reflect the acquisition of simple reading and writing skills (a saarrow definition);
others understand literacy to be far more than the acquisition of such basic skills.

Literacy is not the simple ability to read and write: but by possessing and performing these
skills we exercise socially approved and approvable talents; in sther words, literacy is a
socially constructed phenomenon. (Cook-Gumperz, 1986, p. 1)

Researchers at the US Literacy Institute have suggested that there are a multitude
of literacies, each of which is an *integration of ways of thinking, talking,
interacting and valuing, in addition to reading and writing' (Education
Development Center, 1988, p. 4). Each literacy is embedded in particular social
setings, is shaped by children’s early experiences in the home and community
environmentis, and is modified by different literacies encountered daily in and out
of school. In short, in order for children to be successtul at school and in society,
they need to master a broad range of literacy competences (almost in the sense of
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being multilingual) in order to cope with the diversity they can expect to
encounter in written and oral communications across a wide armray of contents and
contexts.

Widely accepted definitions of computer literacy can be classified into
comprehensive and narrow definitions. Comprehensive definitions describe
literacy in terms of the compendium of knowledge and skills which ordinary,
educated people need to have in a particular domain (e.g. language, numeracy,
health, economics, etc.} in order to function effectively at work and in their
private lives in their culture or society for the remainder of this centry.
Obviously, a literate person can make use of a wider range of intellectual
strategies than someone who is not literate. The following examples are of the
comprehensive type, defining computer literacy as:

whatever understanding, skills and attitudes one neads to function effectively within a
given sacial role that direcly or indirectly involves computers, {Husen & Postlethwaite,
1985, p. B3

whatever a person needs to be able to do with computers and know about computers in
order % function in on information-based society, (Hunter, 1983, p. 93

that compendium of knowledge and sieills which ordinary educated people need 1o have
about computers in order to function effectively at work and in their private lives.
(Haigh, 1985, p. 161)

Comprehensive views of computer literacy go beyond the narrow definition
relating to a bady of basically technical information and include knowledge of
how computers work, how they are used, and their impact on society. Luehman
(1980), for example, believes that this body of subject matter should more
appropriately be termed computer awareness. He regards computer literacy as a
cultural phenomenon which includes the full range of skills, knowledge,
understanding, values and relationships necessary to function effectively and
comfortable as a member of a computer-based society. He stresses that the
computer literacy needs of any one individual will thus vary according to that
person’s particular involvement with computers. No single approach to computer
literacy can serve all audiences and contexts.

To make this comprehensive noson of computer literacy more operational,
Watt (1982) divided it inso four distinct but interrelated components:

The ability to control and program a computer fo achieve a variety of
personal, acadentic and professional goals: This includes the ability to write
programs in one or more computer languages, read, understand, and modify
more complex computer programs, t0 use 4 computer as a problem solving
tool, and to analyse information generated by a computer program {for
example, predictions about econpmic trends or other futures),

2 The ability to use a variety of pre-programmed computer applications in
personal, academic and professional contexts : This includes the ability to
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make informal judgments about the suitability of a particular software tool for
=4 particular purpose, and to understand the assumpiions, values, and
imitations inherent in a particular piece of software.

3+ The abiiity to make use of ideas from the cultures surrounding compiser

¢ programming and computer dpplications as part of an individual's collection
of strategies for information retrieval, communication and problem sofving:
This aspect of computer literacy corresponds to the effect on intellectual
functioring of learning to read and write, and is probably the most difficult to
incorporate specifically into educational programs since the effects themselves
are not yet well understood. However, the fact that these concepts might be
difficult to integrate into school programs at present does not make them any

“<less important to the functioning of a computer literate person.

4 The ability te understand the growing economic, social, and psychelogical
impact of computers on individuals, groups and society as a whole: This
inctudes the recognition that computer applications embody particular social
values and have different kinds of impacts on individuals and different
segments of society. It includes the understanding necessary to play a serious
role in the political process by which large and small scale decisions about
computer use are made, and to transcend the dependent roles of consumer or
vicsim (cf. e.g. Turkle, 1984; Weizenbaum, 1976; Wessel, 1974).

Some computer literacy objectives can be integrated into mathematics, social
studies, English, science, or other curricula. Others do not fit readily, for example
the fundamentals of a computer language and computer programming. Computer
literacy objectives which do not conveniently fit into existing disciplines can,
however, be taught through specially produced modules of basic computing
skills,

It would seem that a comprehensive definition of computer literacy addresses
at Jeast thice sets of issues:

1 using the computer as a tool;

2 determining the need for and, where appropriate, acquiring programming
skills; and

3 assessing the personal and societal implications of pervasive compuier use,

As individuals and educational institutions grapple with the implications of
computer literacy for the curriculum, each of these three issues requires attention.
The weighting of them and details of curriculum contents will depend on the
aims of specific courses, and whether computer issues and skills are introduced
into a curriculum through separate courses or through modifying existing courses
in traditional subject domains so that computing is totally integrated in the
subject and becomes a major tool for leaming.

The comprehensive view is that computer literacy is an understanding of
computers and computing that enables one to evaluate computer applications as
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well as to do computing if this is a personal need. This view of computer literacy
fits with the long-established tradition of scientific literacy and related
formulations such as technological literacy, geographic literacy, and economic
literacy, to name only a few, Scientific literacy is generally defined as the
knowledge about science which the lay person needs to function effectively,
Scientific literacy refers not only to learning scientific facts but also to one’s
understanding of the implications of science and science/society issues. Thus, it
is not surprising that we often see computer literacy equated with computers in
society and courses on the social role of computers.

The comprehensive view of computer literacy is also consistent with the
recommendations of the US National Council of Teachers of Mathematics
(1980). In An Agenda for Action they recommend that a computer literacy course,
familiarising the student with the role and impact of the computer, should be a
part of the general education of every student.

The narrow view is that computer literacy is simply a matter of using the
computer for particular purposes, i.e. doing computing. The advocates of this
view tend to define computer literacy as simply doing computing. They argue
that the most basic components of literacy in a language are that the literate
person lias the ability to read and write, that is to do something with the language,
not merely to recognise that language is composed of words, to {dentify a letter of
the alphabet, or to be aware of the pervasive role of language in society. Literacy
in mathematics means the ability to add numbers, solve equations, etc., i.e. to do
mathematics, is not merely to recognise that numbers are wriiten as sets of digits,
to recognise a formula or to be aware of the advantages of being able to do
mathemancs.

By analogy, computer litcracy must also mean the ability to de computing, and
not merely to recognise, identify or be aware of alleged facts about computers
and compusing. Luehman (1981} refers to the latter facts as Aearsay knowledge.
This category of knowledge, i.e. hearsay knowledge, the lowest in Plato’s
hierarchy, is essentially verbal. Its acquisition involves the student mainly in
encoding information and remembering it when an appropriate stimulus is
presented. It ig qualitatively different from the knowledge that comes from
experience, i.e. doirg writing, mathematics, or computing,.

The basic flaw in altempting to apply some of the objectives noted in the
literature as a standard for what should be taught to achieve computer literacy is
that, of the objectives provided, very few actually require the student to be able to
do anything. For example, in 1979 the Minnesota Educational Computing
Consorium (MECC) was awarded a large grant from the US National Science
Foundation and came up with 63 objectives. Only 12 of these 63 objectives
require the student te actually compute. Eight of the nine objectives in the
Programming and Algorithms section fall into this category, along with three of
the thirteen in Saftware and Data Processing. The other 51 objectives involve
nothing more than student acceptance of generally held views or hearsay
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knowledge about computing, such as might be acquired from a book (cf. Johnson,
Anderson, Hansen & Klassen, 1980).

Examples of items testing such generally held views about computing in the
MECC (1979) list are;

Identify the five major components of a computer.

[Correct answer: input equipment, memory unit, control unit, arithmetic unit, cutput
equipment.}

In addison to input and output equipment computers contain -

{Correct answer: memory units, control units, arithunesc units).

_Clearly, the student who has read and memorised the classical definition of a
" computer will score full marks on this ilem. Yet the problem is that months and

years can pass in the life of a computer user or even a professional compuier
programmier without any need to remember, make use of or even reflect upon the
fact that somewhere inside the machine lies an arithmetic unit and a few microns
away on the same chip lies a control unit, and that they are, logically at least,
distinct. A programmer could create an entire management informason system or
a data analysis package without ever calling on that piece of knowledge or
putting it to use. Except for a few who work at or near the hardware level, pcople
who do computing rarely use such general knowledge about computers.

An even greater concem about the use of objectives like those noted above
comes out of direct experience of working with children and adults who are
gaining hands-on experience in computing. After only a few hours of such
éxperience, they know enough to score near the top on the handful of test items
based on the dozen MECC objectives requiring that the student be able to do
computing, Yet at the same time these students tend not to have any idea about
whar arithmetic units or control units are, and what the difference between them
is. However, they do know about input, cutput and precessing because they
experience these things and have a need for words to communicate about them.
To clarify the difference between this general knowledge and knowledge that
comes out of practice, consider the different flavour of the following objectives
(which do not relate to general knowledge):

Follow and give correct output for a simple algorithm.

Meodify a simple algorithm to accommodate a new, but related task.
Develop an algorithm for solving a specific problem,

Design an elementary data structure for a given application.

Megative Aspects of the Narrow View

Narrow definitions of computer literacy suggest that hands-on computer
experience and computer programming are the only important components of
computer literacy. Those who promote this philogophy may unwittingly promote
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mindless or meaningless doing in addition to constructive experiences, Without
adequate direction, students who are doirg compittiing may actually be practising
non-rigorous procedural thinking, acquiring misconceptions, and otherwise
wasting valuable leaming opportunities. The typical doing computing approach
consists of teaching students to write a few programs, usually in BASIC. As
Papert (1980) points out, this strategy often results in student learning that stifies
creativity and suppresses motivation. It can also lead to awkward and poor
algorithmic thinking. Hands-on computer experience does not guaraniee
computer literacy.

Obviously, those who argue for the narrow view neglect the sewnantic ancestry
of the concept of literacy and preclude a broader understanding of computer
technology. There are very good reasons for people to both communicate with
computers and be knowledgeable about them. The solution lies in teaching
computing noi for its own sake but in providing students with constructive
experiences in the use of computers to meet the requirements in all subject areas
and in their personal lives.

In the brief time which is usually allocated to the running of a typical computer
course, the student can learn little about problem solving and algorithms. It is
also difficult to provide experiences with a variety of languages, and to build
bridges that will allow for the adaptation of what has been leant to other and real
world domains. Students may end up with limited and inefficient strategies for
problem solving, and if students only leamn about a single computer and software
system, they are in danger of developing a narrow conception of computing and
have difficulty in transferring what they have learnt even to other computer
environments.

INSTRUCTIONAL OBJECTIVES

The introduction of personal computers into schoolg has been justified mainly by
two arguments. The first argument relates to the need for societal and vocational
relevance of education. Computers play an increasingly important part in our
everyday lives, and our children should be educated in their use and in the
principles of their operation in preparation for their encounters with them in the
workplace and elsewhere. Those who support this view tend to believe that the
subject computing should be introduced into schools.

Although the parenial lobby strongly supports it, this view of educational
computing is limited, It regards hands-on keyboard experience as all-important,
stresses the amplification aspects of computers, and also educational uses for drill
and practice, but largely disregards the opportunities computers provide for the
development of the computer user’s improved power of thinking, problem
solving and leaming, These issues relate to the second argument.

The second argument revolves around the teaching of programming. The
assertion is that experience in computer programming will result in new ways of
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thinking, e.g. that the student will improve his/her power of formal reasoning,
will solve problems through heuristics and being placed in a position that
encourages recognition of flaws within any suggested solutions will become
more reflective and a better decision maker. This is a similar argument to that
‘'which has been put forward for the relevance of Latin by educationists in the
past. Some argue that programming is the new Latin, but both programming and
Latin will only be of use ouiside their own reskicted domains if there is a transfer
of skills % other domains of leamning.

A review of the literature and discussions with teachers provided some
information on how teachers view and use computers. Two distinct instructional
uses of computers, which reflect the above arguments for the introduction of
compuiing into schools, became evideni: computing as a new subject domain and
computing as an instructional tool for use in existing subjects. Obvious
differences will result from these uses with respect to instnictional goals, leaming
potential, demands on the teacher, pedagogy and curriculum implications.
Contextual factors influencing classroom practice and teachers’ personal theories
of computers and computing are the major determinants of preferences for how
computing should be integrated into the curriculum. The novelty and uncertain
status of computing in schools may make it problematic for teachers, particularly
those who are not volunteers for the teaching with computers, to decide which
position to take.

Both positions will be presented in the next section. Many aspects of the
curriculum are similar, Their stated educational goals appear not to differ. Both
aim to achieve computer literacy in students, though their respective definitions
of computer literacy and criteria for its assessment differ,

Doing Computing

Although there are no firm departmental or regional curriculum guidelines for the
use of computers in primary schools, junior or middle secondary schools, there is
a remarkable consensus among teachers and educational administrators as to
what doing computing as a subject means. Like any other school subject it has its
own terminology, its own underlying theories, sequence and scope of concepts.
The goal is computer awareness or literacy, terms which are sometimes but not
always synonymous,

The rationale is that students need to be prepared for the society of the future,

‘f.¢. the technological age. The theory of those advocating teaching computing as

a subject in schools is that exposure to the machine, software and peripherals
increases comfort levels of students until a certain proficiency level (commonly a
student’s ability to use computer software without the teacher’s assistance) is

‘reached. The usual method is hands-on experience.

For the classroom teacher there is an inherent probiem with the notion of
computing as a subject: it is new and often there is no place for it in the
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timetable. This means that computing has to be run as a concurrent activity with
other, more traditional school subjects. In fact, the teacher has to teach two things
at once. Doing several things at once may not be new (teachers frequently run
multiple activity groups), but lack of familiarity with computers and the fact that
there is usually little relationship between what different students or groups of
students are doing on their computers, and/or the rest of the class, raises
questions of how this can best be managed.

Given the very loose definition of computer awareness and its accompanying
rationale, any software that is crash-proof and user-friendly is suitable. This can
include utility programs, drill and practice, tutorials, adventure games, word
processing, etc. In most classrooms the only criterion is that the software should
require minimum support from the teacher who has to give so much individual
attention in a class where students learn with computers. This makes
programming, including Logo, problematic (cf. Chapter 4), Although
programming is often considered to be one of thie advanced stages of awareness,
it is not self-sustaining, It demands time and attention, and both are ata premium
for the teacher in the classroom.

Strategies for teaching students to use computers under these circumstances
usually include an initial teacher demonstration of aspects of the software on the
computer, allowing students to teach themselves through trial and error, using
supporting documentation, and peer tutoring using the few already computer
literate students who are found in most classes.

It is time-consuming for teachers to locate and appraise suitable software and
other computer-related curriculum materials, to keep up with the field and
provide the outside-lessons tutoring and remediation required by some students.
Keeping track of how well students are managing on the computer may also be
difficult. Ways of monitoring and evaluating the development of students’
computing skills are discussed in later chapters. The exact nature of computer-
related interruptions also needs to be clarified. The teacher must be in a position
to make immediate decisions about whether a situation can be left to resolve
itgelf or whether it requires teacher intervention, whether the problem is
mechanical or student-related, whether or not existing rules and procedures cover
the situation, whether the situation can be quickly resolved or whether it will
require extra time and effort. At issue is the teacher’s sense of control in the
classroom. Most teachers report that they alter the ways in which they organise
and teach lessons to accommodate computer use. Chapter 4 will provide further
details.

Currently, teachers are trying to cope with computers in the classroom against
a background of uncertainty. They would like to see departmental guidelines 0
both resolve some of their dilemmas and acknowledge that what they are doing is
of value, Most teachers admit that they do not know how computer use develops
thinking skills, and that they do not know how to measure such developments
should they occur, but they want to continue teaching with computers in the
classroom.
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Given the present unceriainty about the place of computers in school, the lack
of teacher training and the scarcity of resources, the decision to teach computing
as a subject may be inevitable for many schools, Teachers who have taught
computing as a subject are pointing out the problems and limitattons of this kind
of activity in which computer awareness is an end in itself. A certaln level of
computer awareness is necessary if the computer is to be used as an instructional
aid, but if we wish to develop the instructional potential of computers in the
clagsroom we need to look beyond minimal competency or awareness as the
major goal. The instrumental or tonl potential of computing should be addressed
early, when computers are introduced, so that the computer can become a
resource for students and teacher rather than an additional obligatory demand in
an already crowded curriculum,

In defining computer literacy it is useful to distinguish it from computer
science. Compuater literacy is not the same as knowledge of computer science. A
succinct distinction between the two can be made by suggesting that computer
literacy is that part of computer science which everyone should know about. As
noted above, those taking the comprehensive view commonly define literacies
(e.g. language literacy, mathematical literacy, science literacy) in terms of the
layperson’s perceived needs. In the same way computer literacy should be
thought of as the knowledge, understanding and skills the average citizen needs
to have with respect to computers. This implies that siudents should be taught
more than simply how to operate or program a machine. They also need to know
how computers can be used productively and what the major consequences of
computerisation are for a society. This is why it is so important to ericourage
computer use in all subjects.

According to the educational computing literature, the objectives of computer
literacy curricula range from those aiming to raise general awareness of
computing through skilful usage to the possession of broader understandings of
the personal, educational, social, economic and political contexts and
consequences of that technology in society. The type and amount of knowledge
one hag about computers determines the potential of that knowledge to be
personally, socially and politically empowering,

Computer Aweareness

This objecve aims to provide the student with some general information about
computer hardware, software, vocabulary, uses, history, social, economic and
political impact. Students may or may not actually see or use a computer, but if
they do, the use is usually limited to demonstrations. Teachers and other
instructors rely on a variety of sources of information to creale awareness about
computing, such as books, films and videos. Technical information and
noncontroversial commercial applications are emphasised. Much of the
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information which has been found useful in the classroom is produced and
provided by the computer industry.

Initially, teaching computing was for the most part teaching computer
awareness. This may have been appropriate at the stage when the technology was
novel and only few machines were available to be shared by large numbers of
students. Many writers concerned with the needs for curriculum aims in
computing started off with surveys of what had been taught in the Iate 1970s and
early 1980s. The courses tended mainly io convey information about computers
and computing, with little opportunity for hands-on experience. This state of
affairs certainly explains the reaction of Luehrman and others emphasising the
need for a hands-on approach. Even now most of the published educational
objectives relate to computer awareness. Computer awarcness is not the same as
computer literacy, though it might be regarded as an aspect of it.

The reasons for continuing to teach computer awareness are far more
compelling than the more formal rasonale on which its introduction tends to be
based. These reasons often relate to the desire to make the classroom a more
interesting and enjoyable place to be in, and for developing new relationships
through what is often a shared leaming experience between peers, or hetween
teachers and students. The building of these new social relationships in the
classroom is often regarded as the reward for the time and effort invested in
teaching with computers. Teaching computing thus takes on an affective, self-
concept building as well as instramental value. It makes a statement to students,
peers, parents, educational administrators and others about the kinds of
instructors their teachers wish to be, the kind of relationship they wish to have
with their students, the classroom atmosphere they wish to establish, and their
interesis. At the classroom level the specification of instructional objectives will
certainly be influenced by the decision made with respect to teaching computing
as a subject or teaching computing as a tool to be integrated into all areas of
learning.

Ability to Use Computers

Another objective of computer literacy emphasises the ability to use computers,
i.e. programming and applications dominate the curriculum. The hands-on

approach is stressed, because the aim is to train students to contrel the computer,

Programming, word processing and spreadsheets ars introduced in the elementary
grades and more systematically elaborated in the middle school and high school
mathematics and business educasion deparwnents.

The hands-on approach to teaching computing ¢an enable students to develop
considerable computing skills, including the ability to use graphics and word
processing. Students becom e confident in their interacion with the computer. But
demystifying what is generally a user-friendly personal computer contributes
little to understanding the impostance and potential of the technology for the
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individual. In fact, as noted in Chapter 1, a narrow focus on the technical skills of
using computers may lead the students to a false sense of empowerment.

The technica] focus shifts attention away from social questions and porirays computers as
something 1o le@n rather than as something fo think about , . . The computer is portrayed as
friendly and accessible . . . and the user is encouraged o think that all computers, even those
in large systems, are friendly and accessible. In this mamner, computers are further mystified
in the very act of demystification. (Noble, 1985, p. 72)

iMalkdng the Computer Part of Oneself

A third type of instructional objective is one which aims to have students make
the computer part of themselves, in their school and personal work as well as
social environments. The attainment of this objective is potentially most
empowering, yet it appears 0 be the least discussed in curriculum documents and
least experienced in schools. It introduces computing skills and knowledge
within a broader social context, stresses the implications of computer technology
and the empowering effects of such knowledge. In addition to some technical
knowledge, students need understanding and knowledge of who controls the
direction of computing, for what purposes, for whose benefit and whose loss.

One might argue that it is not easy, and in certain cases intellectually
improper, to inculcate beliefs and values about a subject which do not arise from
the student’s direct experience with the content of that subject. If one were
writing about mathematics, reading or writing, there would be little disagreement
about this point. For example, parents would be properly outraged if their
children were asked to spend four out of five days working on the beliefs and
values about the subject of matiematics, and to spend only one day on leaming to
do mathematics. However much we want our students to remember facts about
mathematics, and feel good about it, we know that these beliefs and values will
be short-lived if the students go out into the world with poor ability to do
mathematics. The same applies to all other areas of the curriculum, including
computing. In the future, most members of our community will have very real
practical needs for understanding computers.

Computer literacy will become as important as literacy in language and
mathematics. Like reading, writing and arithmetic, computing gives the student a
basic intellectual toolbox with inoumerable areas of application. Each one of
these tools gives the student a distinctive means of thinking about and
representing a task, of writing his/her thoughits down, of studying and criticising
the thoughts of others, of rethinking and revising ideas, whether they are
embodied in a paragraph of English, a set of mathematical equations, the
simulation of a social process or the development of a computer program.
Students need practice and instruction in all these basic modes of expressing and
comtnunicasng ideas. Mere awareness of these modes is not enough.
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General Objectives

As yet there are no generally agreed upon curriculum objectives for learning with
computers. As noted previously, the US literature contains various lists of fiems
based on chjeciives for compuser literacy (e.g. MECC, 1979; Johnson, Anderson,
Hansen & Klassen, 1980; Luehrman, 1981), often without any specification of
what the specifics of instruction actuaily are, Most of the objectives to be found
in the published literature are representative of the lower levels of cognitive
skills. Objectives covering deeperlevels of knowledge and understanding are not
sufficiently developed, hence ideas of minimum competency cannot based on
them,

‘The US National Commission on Excellence in Education (1983)
recommended that high school students should complete, among other things,
one half year of computer science. The Commission suggested that, as a result of
taking such a course, high school students should be able to:

Understand the computer as an information, computation and communication
device;
Use tI;e computer in the study of other basics and for personal and work

related purposes; and '
Understand the world of computers, electronics and related technelogies.

Some aspects of computer literacy might be achieved py requiring students to
take an introductory computer course and/or prqgraxymmg courses. For general
educational purposes it might be better to begx'n with the broader cu{nculu:x

aiming at general literacy. Such a curriculum will put pnmary emphasis on the
direct interaction between the student and the technology, with a goal to help
students not just to cope with the hard\lwa_sre ar;:;i nioftware but to master wholly

, expressive and problem solving skills.
ne#l?:agt:;mhgnsive approfch to computer literacy requires that many doxfmms
be included in a curriculum dealing with computing. Not 'all qf them will be
given equal weight by all teachers -- rather, the teacher will pick and choose
jate goals for pardicular studerts. o ’

ap;;‘x?gt)hrz pregsent Limepand in most contexts, any list of curriculum objectives wxli
be an evolving conceptual structure. Initial lists- may be a smorgasborq 0

objectives for computer literacy which requires qngomg 're.ﬁnement and updatmg%
In any case, the objectives will require ong'oullg revision to tfike accountig

changes in the tectmology itself. Whatever list is c‘onstructcd, it must prcl)\; d
guidance not only 10 curriculum but to those who wish 10 assess progress. ore
specific learning objectives and suggestions for 4ssessment are provided in

Chapter 5.

Curiculum Objectives 73

COMPUTER PROGRAMMING AND COMPUTER LITERACY

Programming

Programming is the process by which a computer is made to perform a particular
task. Programming involves the creation of a formalised sequence of instructions
which can be recognised and implemented by the machine. These instructions,
i.e. the program, are in themselves a static entity, but when executed, they resuit
in a useful means of information processing. All programs are concerned, either
directly or indirectly, with the flow of information. Data, whether stated
explicitly or made an intrinsic coruponent of the program, are used as an input
which is then processed or computed, to generate anoutput, All of the functions
performed by a computer depend, at some stage, upon a program.

The instructions are encoded into a specific programming language. Different
languages vary both in structure and in syntax. The choice of language depends
on both the application and the computer for which it is intended,

Broadly speaking, the components of a computer program can be categorised
into three kinds:

1 Commands which are responsible for the manipulation of data within a
system, They perform what is referred to as the actual computation and include
reading in values from the external environment, assigning values to variables
and sending data to the output device.

2 Commands goveming the flow of control through a program. While their
syntax may vary, virtually all programming languages embody four basic
structures: sequential commands or statements which are executed
cansecutively and once only, conditions which are used to select between
different sets of commands, depending upon the parameters specified within
them and which c¢an alter the sequence of execution, and the repetition of
commands. Frequently groups of commands need to be performed many times
during the execution of a program. This is achieved by creating a loop within
the program which retains control of the machine until a certain condition has
been fulfilied.

3 Procedures or sub-routines. These are sets of commands forming part of a
program which may be used more than once. A procedure is called into action
by using its name, and variable values can be used to show to what the
procedure should be applied.

The Value of Learning to Program

As noted previously, an essential question in operationally defining computer
liferacy is whether one must know how to program in order to be computer
literate. For many people the answer may be no. However, this does not dispose
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of questions relating to the value of programming as far as general education is
concerned. A growing body of opinion suggests that there are substantial
intellectual benefits to be derived from leaming computer programming. Such
basic concepts as iteration (i.e. a process which repeats the same series of
processing steps, e.g. repeated application of a self-contained routine) usually
programmed as a oop, recursien (i.e. the action of a routine calling itself or
being called by another routine, sometimes one that has itself been called . . .
until a predetermined value is reached), and similar systematic procedures are
more difficult to introduce 1o students outside the programming environment,

Problem solving skills are vital to everyone, and schooling at all levels should
improve the ability of students to solve problems. Learning to program a
computer in a suitable language can develop problem solving skills. Properly
done, developing a program is a process of defining a problem so that it can be
broken down into discrete components, none of which is too difficult to handle,
even though the entire problem may be quite complex. Computer programming
also introduces students to notions of complexity, interconnectedness, uncertainty
and the dynamics of a problem space.

Another useful intellectual by-product of leamning to program is developing a
technique for debugging, i.e. for detecting and correcting errors in a problem
solution or program. Because of the nature of the process, learning to program
involves making many mistakes and learning to diagnose and correct them.
Learning to program thus ¢ncourages the development of error detection and
cosrection techniques, and even more importantly, develops what some call a no
fault approach to making errors, In our assessment conscious educational
environment, individuals are usually embarrassed by errors and often attempt to
avoid thinking abouf them. This is unfortunate because it is important that we
develop the ability to tearn from our errors. Computer programming is an activity
which makes a strong positive contribution towards the development of this
ability.

Unfortunately, many of the general educational by-products of learning to
program are still very much hypothetical. Although many people who have leamnt
to program can testify to the value of computer programming, systematic
research to rigorously evaluate these hypotheses is still lacking. There is,
however, considerable support for the view that children who are leamning to
program establish a different kind of task oriented pattem in their personal
problem solving endeavours and in the interaction with their peers when they
work together in solving programming problems. Research has shown that these
pattems of cognitive processing can carry over into other classes, and suggests
that dialogue about problem solving and leaming processes ¢an transfer to other
areas of leaming. This is likely to have significant educational value. Indeed, it
may be that it is in communication, rather than (as often presumed) in
mathematics, that the compuier may eventually make its most important
contribution. The connectisn between computing annd communication is very
strong. More than a decade ago Seymour Papert suggested that the term corputer
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sclence is a misnomer because ‘most of it is not about the science of computers,
but the science of descriptions and descriptive languages® (Papert, 1580, p. 100).

Choice of Language

Assuming that leaming to program has educational value, what languages should
we teach? Many would suggest BASIC. However, BASIC is not really useful for
complex programs, nor does it have the characteristics that help develop problem
solving skills. Indeed, the convoluted logic usually required to work with BASIC
requires users to accommodate the requirements of machines and, in doing so,
might discourage the development of desired problem solving shills.

BASIC has become popular for two reasons: it does not require the user to
leamn a large vocabulary of computer terms and it rins on computers with limited
amounts of memory. Because the memory capacity of personal computers is
increasing substantially without much additional cost, limited memory no longer
serves as a limitation. Furthermore, the greater power of other languages rewards
us for mastering their somewhat larger vocabularies. If not BASIC, what
language then? There are several candidates, among them Pascal, C, L1SP, and
Logo. Of these four, Logo might be the best option for schools. Logo dialects are
now available for a wide number of personal computers.

The strongest assets of Logo might be that it was actually created in an
environment of Piagetian developmental psychiology and that it functions as an
interpreter rather than as a compiler (i.e. it gives the user immediate fecdback, as
BASIC does, in contrast to Pagcal, which is more complicated to use). Logo is
sometimes mistakenly described as a language for children, because it has been
used successfully with children. However, it is a fully developed language and a
powerful tool. It is discussed furtherin Chapter 4.

Interactive Software

Although the computer is not always thought of as a language t00l, it might
actually be one of the most useful recent innovations for developing language.
Using interactive software enables students to discuss, hypothesise, predict,
debate, test ideas and develop thinking skills in a medium which they find highly
mokvasng,

A few years ago one would have suggested that anyone wishing to use the
computer as a tool would have to leamn t0 program, but this may not be true any
longer. Today a variety of software packages exist, including hypercard, which
are powerful, easy to uge, require no programming skill and run on small
inexpensive laptop and desktop computers. These include adventure games,
simulations, word processing, spreadsheets, graphics packages and other
information retrieval and exchange devices.
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Adventure Games These are computer programs which are, in some ways, like
fiction books. However, an adventure game is planned in such a way that it
enables the user to interact with the story. There are many variations of games
which differ not only in complexity but in degree of difficulty. Adventure games
can basically be categorised into three difficulty levels:

Highly structured games: Here the students have a limited number of choices
to make at different stages of the game. Usually quite young children can
operate the game because the goals are basic with limited options to choose
from. These programs are suited to the lower primary level but are also useful
for older students who have had no experience with adventure games and/or
computers. Because a limited number of choices are required, these games do
not lead to much discussion among students, or to critical thinking,

Partly structured games: The students are able to use a wider range or more
open-ended options to reach their solutions to various problems 1n the game.
They are suitable for middle and upper primary grades. These games are more
open-ended thus offer more opportunity for discussion than the highly
structured games. They require the users to be more self-reliant.

Unstructured games: In these games the students themselves are required to
work out all aspects of the game. For example, in some games they may be
required to work out the rules and objectives, or how to solve the puzzles
without added information. Therefore, this type of game offers an excellent
opportunity for promoting discussion, especially for the older, more
experienced student.

Generally, the game provides the user with a scenario and then offers a choice of
actions. The resultant choice then sets the user on a course with many further
choices, More sophisticated games do not even offer choices but rely on the user
providing all the input.

Simulations A simulation is a computer program which simulates a real life
problem or situation. It enables the user to interact in various circumstances
throughout the program. The user’s actions have an impact on what occurs during
the simulation. These programs enable students to explore real world situations
which may be impossible to explore in any other way. Obviously, such programs
should not replace excursions, visits to museums and to industry, but be used in
conjunction with them where possible. For example a simulation based on
finding and feeding animals at the zoo could be used as preparation and follow up
to a visit to the zoo.

Word Processing Word processing is a term invented by 1BM to refer to the
process of creating and editing text electronically. Word processors enable the
user 1o type text and then manipulate it. The ability to easily change text formats
and styles makes this type of program attractive to all computer users.
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Many people equate word processing with typing on an advanced electronic
typewriter, but this is actually a poor metaphor. Both word processor and
typewriter use a keyboard to enter information, but after that there are only
superficial similarities between the two. The word processor allows the addition,
deletion and movement of words, phrases and whole blocks of text. Because it is
SO easy to restructure text it is preferable to think of text processing rather than
word processing. A word processor could be regarded as more analogous to a
cassette recorder than to a typewriter because they share the facilities of fast
forward and fast backward searches, easy editing, and cutting and pasting.
Essentially, they are both tools to manipulate ideas, operating in two-dimensional
space, whereas the typewriter works in a linear mode only. The word processor is
a tool of considerable power and there are a number of valuable learning
activities which can be performed even with the least sophisticated word
processing package.

Because students in virtually any subject area or discipline need to leamn to
write, word processing skills can be of great value to nearly every student.
Furthermore, word processing software can support the process of teaching
English composition by simplifying the mechanical tasks of correcting errors and
rearranging text, thus allowing students to concentrate on the more complex
aspects of writing. Used in this way, word processing can effectively introduce
students to the computer as a tool and can become a first step towards achieving
wider computer literacy.

Spreadsheets Spreadsheet software automates the process of producing reports
with columns and rows of information. Almost any application which displays
numeric information in a table, and needs row and column totals and/or
percentages, may be prepared by spreadsheet software packages. Spreadsheet
software is valuable particularly when such tables need to be updated regularly,
because totals and percentages can be recalculated automatically. Budget tables
whichmust be revised frequently are natural applications, as are decision making
procedures using what if experiments. Issues relating to the value of this software
as amediator of cognitive development will be discussed later in this chapter.

Graphics Packages We are living in a world which has become increasingly
visually oriented. Diagrams and charts have become common forms for
displaying information. In the past, the main limitation to using graphics was a
lack of the necessary talent to draw them. Now there are a variety of graphics
packages which will create pie charts, bar graphs and scatter plots quite easily on
paper as well as on screen. They constitute a growing resource that can make it
easy to create high quality graphics without programming skill and at minimal
cost. This type of package can be useful in a large variety of domains and
courses.
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use an editor successfully, and to cope with input and output devices. Teachers
must not restrict themselves to the use of readily available software that avoids
the use of these skills. A foundation set of skills needs to be presented in a
manner that allows the ready transfer of what has been learnt among various
computers which students might be expected to use in different contexts and in
an assortment of subjects.

The ultimate goal is to make students self-sufficient in the way they use
computing tools on a daily basis, equipped to solve problems and to learn how to
work with new software and computers. The module needs to work for teachers
who are not computer specialists. In addition, the module should impose a
minimum of overhead in class time. This might involve some restricted time for

independent study and practice. Above all, the introductory experience should be
pleasant and inspire enthusiasm.

The Development of Reading Skills

Personal computers are an enabling technology. They help the user to collect,
organise, store, retrieve and deliver information. One of the most commonly
available information handling devices in the classroom is the word processor. As
noted above, the word processor is more than a device to produce fancy printing.
Word processing is one of the most open-ended and flexible tools with which
students can think about the structure and purposes of language. That the word
processor is a tool for writing is obvious, but it can also be used as a tool for
developing reading skills. In fact, it can be used totally without writing on the
part of the user.

One of the views currently held by teachers of reading is that children should
develop writing skills as a way of developing their reading, in other words
students should be encouraged to write to read. This statement may appear
contradictory, but it is based on the sound leaming principle of using the child’s
own knowledge as a starting basis for development, and for learning by doing.
An adult who keys in a story which the child tells him/her, and then provides a
print-out, produces reading material for the child which is personally relevant.
Because the poor reader is reading materials in context, and is therefore more
likely to be successful when the context has saliency, this personal relevance
encourages the development of reading skills.

When employing this approach to the teaching of reading, the role of the adult
is critical. If the adult takes an active part in the writing process then the whole
social balance will have changed and the child defers to the authority and wishes
of the adult, thus losing the all-important personal involvement and/or the
motivation for story production. The adult helper is there as a medium through
which the child achieves his/her story goal, not as a judge or assessor.
Collaborative writing between adult and child may follow later, when the child

“has sufficient skills to feel confident of sharing the task with the adult.
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The use of specific word processing features such as FIND and FIND AND
REPLACE offer opportunities to praciise reading for meaning and for more
general vocabulary development. These commands allow students to reconstruct
the text,

The role of the word processor in developing infarmation handling skilis and
as an introduction to information handling packages may not be immediately
obvious, At all levels of education, and in many work situations, there is a
frequent need to summarise a text. One interesting reversal of this is to provide
students with a summary of text, or with a piece containing only key content
words, and asking the students to reconstruct the passage in their own words. The
texts written by different students can then be compared or related {o the original,
The latter activities can encourage students to focus on the structure of text, and
to consider what is or is not redundant. Active language games which require
rethinking and editing as the writer goes backwards and forwards in the text
provide useful experiences in the manipulation of language. The word processor
allows for repeated revision without penalty. The non-linearity of such exercises
benefits students' language facility, their ability to comprehend and create text,
and to generally think more flexibly.

The creative teacher can thus use the word processor in many different ways:
as an electronic worksheet for basic skills practice, for the development of
advanced mading skills, for the decading of text, to develop an understanding of
story structure, and to encourage planning and self monitoring. The word
processor can support reading and writing, of course, but it is also an organiser of
thought, a notebook, and a trial ground for the exploration of ideas,

The Development of Writing Skills

Writing with the computer is a valuable activity for individuals of all ages.
Papert’s description of an alienated writer who moved from total rejection of
writing to intense involvement (accompanied by rapid improvement of quality)
within a few weeks of beginning to write on a computer makes convincing
reading (Papert, 1980, p. 3#). Sharples {(1985) goes further, offering an
explanation of children’s use of few of the high-level skills of editing and
revision when writing with pencil and paper;

To be a writer is empowering yes every word that a child forns on paper is confinmation of
inferioriry. However carefully and neatly a child may write, the result is a poor subsatute for.
adult typsface, If we want children to become adult writers, we should equip them with adule
writing tools. (Sharples, 1983, p. 10)

This statement begs the question of how any child ever leamt to write, but it does
make a useful point, Children tend to be involved in the technical details #f text
production, which leaves limited cognitive capacity for the higher level ¢reative,
organisational and other more demanding activities of writing. If our minds are
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trapped by decisions about spellings or grammar, they cannot be used for the
consideration of story, plot or even idiom.

Using the word processor allows the writer to ¢concenirate on the process of
writing, i.e. the acts of drafting, editing and revising the text. Daiute (1985)
suggests that writing on a word processor is more like talking than writing; in
other words, it is an interactive exchange between writer and the tool for writing.
Text is entered into the machine, which then displays the writer’s ideas for
congideration. If, on reflection, things do not ook right, modifications can be
made. The tool responds and a new, clean version of the student’s thoughts
appears on the screen.

Writing is a multilevel complex process, in which the student writer’s
attention tends to be directed to the lowest skill components which pose
performance difficulties. The notion that novices attend to different aspects of
performance in problem solving and other cognitive activities than experts is well
recognised:

Writing is & communicative action that results from multiple cognitive processes that operate
simultanecusly, producing text through their interaction. For example, there are processes
that draw a letter on paper, end those that select and organise ideas. While an expert writer
can operate competently on these many levels, a navice tends to become lacked into more
local levels, a phenomenon called downsliding . . . (Levin, Boruta & Vasconcellos, 1983,
P 220)

One area of concern relates to transfer of training, the exchange of skills between
the two media for writing, from pen to machine and back again. Salomon (1988)
has shown that children who have been taught writing skills, such as redrafting of
text using the word processor, do transfer those skilis to pen and paper
production. Our experiences in the SUNRISE classrooms at Coombabah support
this finding. When asked to draft and write an essay using paper and pencil, the
students proceeded in similar ways as they did in computing, and the products
were certainly comparable with those of students who do not learn with
computers.

Finally, it must be recognised that all iechnological innovations evolve over
time to reflect the needs of users as well as new developments. Over time
technological innovation is cumulative. One change does not always replace
another. Rather, innovations overlap to form the complex combinations of old
and new technologies so often encountered in modemn society. Many existing
technological innovations are under review 1o revise more suitable and improved
applications. This state of flux requires constant monitoring and adaptation of
curricula relating 5o the use of technology.
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TECHNOLOGY AS A MEDIATOR OF COGNITIVE
DEVELOPMENT

The theoretical framework for this endeavour stems from the work of Vygotsky,
who first introduced the concept of mediated activity into the psychology of
thought and language (Vygotsky, 1978). Unlike other approaches to mental
functioning, Vygotsky's sctivity theory views cognitive and motivational
processes as embedded within larger activity structures whose goals they serve
{for expositions of activity theory see Kozulin, 1986; Wertsch, 1985). Activity
structuares involve mediarors, i.e. tools and symbol systems which have deep
implications for the way in which intellectual tasks are accomplished. Thus, this
theory suggests that the introduction of new systems and {ools into learning {or
work activities) can be expected to change the intellectual aspects of these
ackvities. According to the theory, however, the nature of these new infellectual
demands cannot simply be projected from a study of the tools themselves, The
demand characteristics of the tools are not all built into the 100ls themselves,
Many of them stem from the way the new tools are utilised, i.e. the functional
purposes they fulfil and the way tasks involving them are structured and socially
distributed. A cognitive analysis of the impact of new technologies, therefore,
must be concerned with the varieties of ways with which such technologies are
drawn into ongoing activities.

A concrete example relating to literacy may help to illustrate the difference
between more standard approaches to cognitive development and the activity
approach. A writing system is readily recognised as a form of intellectual rool
which mediates a multitude of social practices in a culture, including educational
activities, work activities, recreational activities, and the like, Here is one
technology that scholars have long agreed has cognitive imiplications. A long
tradition within scholarly disciplines, and more recently in anthropology and
psychology, has thought to derive these implications from studies of the
properties of writing, such as the fact that writing objectifies language, is
composed of units that are not marked off in speech, etc. {e.g. Goody, 1987).
This school of thought has put forward claims that the intrinsic properties of
writing systems, especially alphabetic scripts, promote abstract and logical
thinking among those who master them. Literacy programs have often been built
around the understanding that literacy both requires and fosters specialised higher
order ways of thinking,

Empirical work, much of which was conducted within the Vygotskian
framework (e.g. Scribner & Cole, 1981), disputes this postulate. Studiés of
literacy in various cultural and community set¥ngs demonswate that there is no
hard and fast relationship between literacy and cognitive implications.
Intellectual implications of literacy are variable, and often contingent on the
functions whieh are being served by writing. If literacy consisied only in rote
memorisation of a sacred text, its intellectual consequences would appear to be
limited to specific roie memorisation skills (e,g. Schieffelin & Gilmore, 1986).
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On the other hand, literacy which serves multiple communicative purposes
appears to foster skills in organising and expressing complex information in
instructional situations, although it has little impact on memory skills.

The proposition that introducing a writing system into a society has a fixed set
of cognitive consequences in all places at all times is an argument in the
technological determinist vein. In contrast, the activity theory approach assigns a
leading role 1o

organisational structure of the society adopting writing {is writing the
prerogative of a priestly class or available to people in many social groups?),
specific practices in which writing is introduced as a2 mediator (is it confined ©
private uses or does it figure in trade, government, and everyday life?),

+ the individuals who are recruied to literacy in the conduct of these practices
(do all participants become literate or do some serve as representative
scribes?), and
the conditions under which they use it (is text easily produced?).

Since in the modemn world there is considerable communality in the functions of
literacy across various societies, we might expect such communality to be
reflected in like cognitive correlates. It would be misleading, however, to argue
backward from discovered similarities in the consequences of literacy to conclude
that these are all inherent in the properties of the writing systems. The properties
of writing systems have certain potential effects on social and psychological
processes, but the realisation of those effects in turn depends on existing,
historically created social and psychological factors. The relationship is
reciprocal and not one way.

The above framework, illustrated with respect to traditional literacy tools, can
guide our approach to new technological systems more generally and to learning
with computers in particular. The general message is that the unit of analysis for
cognitive studies of computing cannot be restricted to the technology itself, nor
to isolated tasks removed from the context of their performance. Such analyses
would provide only partial and possibly misleading information for policy
makers, curriculum developers and teachers who are concemed with defining
educational goals for the future,

Research conducted overseas and in Australia into the gffects of the computer
on students’ cognitive development has too often tended to regard the computer
as a single factor of change introduced into a classroom, which is presumed
othenrwise to remain the same. In other words, the computer is perceived as an
independent variable the net effects of which can be controlied and quantified, In
reality, there are no net effects. The introduction of computers into a elassroom is
far more than a treatment. The characteristics and potentialities of the computer
become inextricably intertwined, not only with the way students might go about
leaming and problem solving tasks, but with the tasks themselves and the whole
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conizxt of learning and teaching, It is not the features inherent in the tool but how
students and teachers use it that determines the effects of computers in education.

Software Can Restructure Cognitive Processes

How can computer-based technologies fundamentally restructure the way
humans think? Three examples will be discussed in some detail, and othgrs
mentioned, in which software has qualitatively changed both the content and
flow of the cognitive processes engaged in human problem solving. In particular,
what the student does and when he/she does it -- in other words, the component
mental operasions that a person contributes to the computer-aided probliem
solving efforts -~ can undergo substantial change in comparison with the
operation of these processes in traditional problem solving environments,

Electronic Spreadsheets A first example of software programs for personal
computers which can restructure, and not merely supplement and thus boost,
mental functioning is the electronic spreadsheet. The screen image of an
electronic spreadsheet physically resembles a ledger sheet, with cells organised in
rows and columns. But the resemblance ends there, In an electronic spreadsheet,
one can place a numeral, a ¢calculation, or a formula in the formula area of any
cell, which can subsequently be edited, copied or moved. The results of
calculations in the formula area appear as the content of the cell. The most
dramatic difference between electronic spreadsheets and static paper spreadsheets
is that one can change cell entries and see the repercussions of that change
recalculated immediately throughout the total spreadsheet. Many lines of thought
can be simultaneously activated in the form of dynamic /éviag plans, and their
outcome compared in terms of crucial variables. This whar if property has
dramatic consequences for the cognitive activities of, for example, budgeting
(and financial modelling) and other forms of hypothesis testing.

Before 1979, in ledger sheets representing financial quantities, formulas
relating these quantities and change over time were either recalculated by hand
after every change, or modelled with mainframe programs under the control of
data processing departments, Executives responsible for financial planning were
not directly and personally involved in these operations. Personal computer
budgeting has become a highly creative means of generating and testing various
scenarios in complex financial situations for what could be, given different
hypothetical assumptions. The effort required to formulate such scenarios in the
past and to update them gegularly made such explorations not feasible, except in
limited fashion by mainframes controlled by data processing departments, not by
the execusives themselves.

In terms of the restructuring metaphor, the tool (personal computer) has altered
the mental work of budgeting. The task has changed: now the predominant
component mental operations for the financial planner are planning and
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hypothesis testing by means of interactive development and testing of different
models for budgets. The temporal sequencing of mental operations in the
functional system for budgetary thinking has also changed: now the planner can
opportunistically and flexibly test hypotheses in the model virtually wherever and
whenever he/she wants. For example, any hypothesis on relationships between
cells can be tested by modifying formulas and observing the recalculated results.

Beyond the quantitative increase in efficiency (some estimate saving ratios in
budgeting to be 80:1) business planners now run vast numbers of complex
experiments of hypothesis comparison and they can include many more variables
than they could in the past. They also have a better understanding of the
interdependencies of the component operations than before this electronic tool
was available,

Furthemmore, this tool has qualitatively changed the organisation of budgetary
jussification and argumentasion. Electronic spreadsheets are now commonly used,
unlike anything before, to quantitatively justify business decisions in group
discussions by on-line comparisons with alternatives. The dynamic waat if
capacitles of such a system make it possible to display immediately the
consequences of different approaches to a problem that may be suggested during
a board meeting of a company.

Finally, at the institutional level, the personal computer electronic spreadsheet
has decentralised financial planning. Everyone can piay with it. The number of
mediating links between planning and tessing financial models has been reduced
rather than increased by the technology, and executives report feeling more in
control of their futures.

Probliem Solving in Mathematics Similarly to the spreadsheet users,
mathematics educators argue that the use of symbolic manipulation programs
such as muMATHS, MACSYMA,REDUCE, MILO and MATHEMATICA for
doing algebra leads to a profound shift in the functions and structure of
mathematical thinking from mechanical operations to problem solving operations
{e.g. Amold, 1991; Conference Board of Mathematical Sciecnces, 1983; Fey,
1984; Goldenberg, 1988; Grace & Cassidy, 1990; Beid, 1988, 1989; Maurer,
1984a, 1984b; National Science Board, 1983}, These personal computer
programs and others can easily accoraplish the solving of complex numerical and
algebraic equations, factoring of polynomial expressions, evaluation of definite
and indefinite integrals, differentiation of elementary functions, solution of
aquation systems, and simpiification of equations, even those with radicals
{(Kunkle & Burch, 1984; Wilf, 1982). What are the implications for how student
users of such programs think mathematically? A student using such a program is
likely to spend time primarily on algorithm design and search (i.e. solution path
finding) of appropriate operators, rather than engaged in the mechanics for
calculating numerical expressions.

Consider the task of solving linear equations. Search is not a central concept in
algebra instruction today, but a central insight of cognitive science is that
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effective problem solving skills in mathematics fundamentally involve search,
i.e. knowledge about when to select which subgoals, and in which sequence. In
most classroom instruction in solving algebra equations, the teacher selects the
operator to be applied to an equation, and the student carries out the arithmetic.
The pedagogical flaw in this method is that students do not know when to select
the various subgoals {e.g. Simon, 1980) when solving equations independently,
even if they know how to execute subgoals {e.g. to do the arithmetic once the
operation has been selected).

Algebraland (1.3. Brown, 1984b} is an electronic system for helping students
understand algebra by doing algebra problems. The task for the stadent might be
to solve the equation 5(2+x)=20 for x. A series of windows provide the student
with a choice of algebraic operators, a solution path record showing all the
intermediate expressions, and a search space recording all the steps explored by
the student. After selecting an operation and where to apply it, the student can
execute it. This creates a second algebraic expression. The search space is
represented graphically as a tree which displays solution paths with all the
backiracking poinis and problem solving moves made while trying to solve the
equation. The program performs all the tactical, algebraic operations and
arithmetic calculations. Students can select the operator and its scope of
application, effectively eliminating £rrors in arithmetic or in the application of
operators, and are thus left free for the real mental work of search and operator
evaluation.

Operators are alsoprovided for exploring solution paths, There is an UNDO
operator which retums the equation to its immediately preceding state and a
GOTO operator {not on the menu) which returns to any previous state. Siudents
can also back up a solution path by applying the inverse of a forward operator
(e.g. selecting DIVIDE after they have just applied MULTIPLY).

Because the windows show every operator used and every state the equation
was transformed into, students have valuable oppostunities to leam from specific
paths of their problem solving, and they can play with possibilities. They can
explore the search paths of their solution space, examine branch points on one
stem where an operator was used which led down an unsuccessiul path, and on
another stem try an operation started down a path toward solution,

The above described leaming activities are not possible with traditional
methods for learning to solve equations. Algebraland and similar software offer
new opportunities for different forms and types of learning through problem
solving which were not available in static, non-computer-based symbolic
technologies for solving equasons.

In summary, these types of computer environments emphasise a procedure thatg
is diametrically opposed to the traditional instructional methods. Using this type
of software the student chooses when 1o apply operators, and the computer
carries out the mechanical procedures to transform the equason. Students are thus
challenged by the problem of search for and discovery of a path of operations that
will lead from the initial problem state to the goal of solving for the unknown x.
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Learning effechve search skills in algebra equation solving is not a trivial task.
‘The cognitive technology of the type of Algebraland reorganises the learning in a
way that appears to highlight more fundamental skills to be leamt, If introduces
students to the functional system of mathemasical thinking for the equation
solving task. Similar reorientations are evident in artificial intelligence tutors in
the programming language LISP (e.g. Anderson & Reiser, 1985} and geomenry
proofs (e.g. Boyle & Anderson, 1584). The required compaonent operations are
redirected, Calculation of arithmetical operations is eliminated, but students can
now analyse and leamn from an explicit written history of their problem solving
moves in searching for the path of operators. This type of software with its focus
on problem solving strategies (as the crucial human component in equation
solving, finding geometric proofs, erc.) thus provides students with the
opportunity to become familiar with the idea of search, to understand the
importance of search in a specific case, and to learn how to improve their search
strategies.

The consequences for mathematics education, and for what mathematical
thought requires, which result from these new cognitive technologies are
remarkable: studenis need to leam, and can leam among other problem solving
skills, how 1o search effectively. And ‘although estimation skills are still central,
error-free computation of sequences of operations on numbers and formulas is no
longer as important as mental activity in mathematical problem solving’ (Pea,
1985, p. 173).

Writing with Qutliners and Idea Organisers Two dramatically different
kinds of computer-based writing technologies will be described. Both of them are
designed to better serve the externalisation and revision of thinking processes
facilitated by written language (cf. Pea & Kurland, 1987a).

The first type of tool is an outlining program. It provides a rich technology for
interactively creating and revising a structured top-down pian of a written
document. Several commercially available examples for personal computers are
Thinkeank (Living Videotext) and Framework (Ashton Tate). Their essential
propexty is the capacity they afford the writer of portraying an outline at different
levels of detail without revising the content of the document. With this facility
one can quickly flip (usually in a keystroke or two} between different
perspectives on the document, analyse part-whole relationships, and make and
test revisions for their goodness of fit. Teachers using such programs report
greater experimentation among students with alternative organisational
structures, and vastly more attention during cycles of revision to how the details
of the text contribute o the purposes of the whole document.

Notecards (1.S. Brown, 1984a) is a minicomputer tool created at Xerox PARC
with a different orientation from the above described outlining program. It
encourages bottom-up discovery and definition of relationships among ideas
which the writer may have in mind iniiially only haphazardly, or which do not
yield easily to top-down structuring eatly in the writing process. Through cycles
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of shuffling and filing of notecards according to categories the writer can define,
one can progressively discover idea structures during writing, which are based on
ideas collected from texis and their annotations and linking by various relations
{e.g. the rhetorical relations of evidence, comment, argument), which can then be
reorganised into a map around which text can be generated. VanLghn (1985) has
described in vivid detail his experiences with the powets of Notecards as a tool or
organising process for the analysis of a complex text. He describes how, by
explicitly tagging the nature of relationships between argumentsand evidence
with Notecards, he found loopholes in the intricacies of his own competitive
argumentation for specific assumptions in his highly complex Al model of
leaming to subtract (Vanlehn, 1983).

In both the above described cases, structurally distinctive features of the
writing technologies provide the possibilities for reorganising one’s writing
processes and for trying out different cognitive activities during writing. The
closing of the temporal gaps between thought and action, between hypothesis and
experiment, which these technologies facilitate, and the rapid cycles of create-
test-revise which they thereby make possible {much like the bases of spreadsheets
and mathematics software) appear to have deep qualitative effects on how
problem solving in writing is accomplished. Such processes are not anticipated or
captured by the amplifier metaphor of computers and computing,

Other Examples Other examples of computer-based technologies which could
lead to the reorganisation and not just amplificarion of human problem solving
processes include:

complex planning aided by project management software and planning
programs,

interactive computer programming, particularly in exploratory programming
environments, such as InterLisp D (g.g. Sheil & Masinter, 1983),

using computer databases (including icon-based graphic database systems, €.g.
Filevision for Macintosh) and graphing software as tools for exploratory data
analysis, for organising data, and for framing and testing conjectures of
patterns among variables in the data (e.g, Conference Board of the
Mathematical Sciences, 1983; Steen & Albers, 1981; Tufte, 1983; White,
1981), and

using simulated microworids to explore principles of Newtonian mechanics
(diSessa, 1983) and systems of mathematics {Abelson & diSessa, 1981) in
infuitive rather than formal tenms.

Further examples, less accessible today to schools because they tend to run on
supermicros or minicomputers, but equally dramatic in their cognitive
implications for reorganising mental processes are:
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+ powerful simulation programs, often incorporating highly realistic graphics,
for exploring the workings of complex systems, such as electrical systems {e.g.
SOPHIE: 1.S. Brown, Burton & deKleer, 1982) or physical plants (e.g.
STEAMER: Hollan, Hutchins & Weitzman, 1984}, and
Al programs such as expert systems and knowledge-based intelligent futors.

Expert systems (e.g. Davis & Lenat, 1981; Feigenbaum & McCorduck, 1983;
Hayes-Roth, Waterman & Lenat, 1984) ar¢ programs which emulate reasoning
processes of experts in the field, and are used to support and guide com plex
problem solving. For example, they can dovetail the decision making processes
of humans in medical diagnosis, design of new chemicals, computer-assisted
design and manufacturing, automated factories, industrial scheduling, etc.

Knowledge-based intelligent tutors {e.g. Sleeman & Brown, 1982) build
detailed models of student understanding and embody in their interactions a
theory of tutoring, Issues concerning the broader relevance of these types of
cognitive technolo gies for the future of human leaming and development are
discussed by Pea (1985).

In the above described examples, computer technology has come 10 provide
cognitive power tools which can improve certain cognitive processes in such
significant ways that, once the tool is understood and used regularly, the user
feels bereft if it is not available. The computer has opened up new possibilities of
thought and action without which one comes to feel at a disadvantage. For an
increasing number of people computing has become an indispensable instrument
of cognitive activity, and not merely an occasional tool (cf. Minsky, 1583;
Simon, 1677).

Software can offer far more than an enhancement in the efficiency of mental
operations or an increase in problem solving skills. The quantifiable products of
human problem solving have indeed been enhanced, as even the amplification
metaphor would lead us to observe, but the software has also restructured the
thinking activities involved in such a4 major way that computer users come to
develop new methods of thinking about their mental tasks and discover not
previously thought of ways of using the computational tools. Thus, there are
eimergent properties of computer-aided thought that are unrecognised if ong only
subscribes to the amplification metaphor of computing.

Deepoar Consequences of Cognitive Restructuring through
Computing

On the whole, education has not accommodated itself to the strong benefits of
these latest technologies. Instead, it has tended to assimilate the computer to its
traditional fact-oriented agenda. For the most part, computers are not being used
to extend and redefine the student’s powers of thinking and expression. A major
reason for the prevalence of fact-oriented computer-assisted instruction in schools
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today is probably a commitment of the majority of educationists to the
amplification metaphor of computing. Where efficiency and speed in achieving
already defined and easily measurable educational objectives are the goal, drill
and practice software (offering more exercises in less time) is a logical choice.
Although a number of educators have begun work aimed to remediate this
situation, less effort is being devoted to thinking about the ways in which
computers can help serve as cognitive technologies to restructure both the
cognitive processes of students (and teachers) and the broader context of the
educational environment. Many schools now aim towards computer literacy of
their students, butleaming and teaching is often about computers rather than with
the computer.

What alternatives are there? Before attempting to find answers to this question,
the present context must be examined briefly. The restructuring perspective of
educational computing, unlike the amplification perspective, is non-committal
with respect to whether the consequences of restructuring of mental activities are
positive or negative, developmental or regressive. Here, as in the study of child
development, developmental progress is separate from the march of time.
Development is an evaluative concept, not a descriptive one. In contrast, the
amplification metaphor seems to carry with it the idea that faster and more
efficient is better, i.e. the technology offers a means which is regarded as being
more adequate to the task in hand.

The restructuring perspective is more problematic. How do we want the effects
of computing to manifest themselves? What shape do we want these effects to
take? Television, for example, has opened up new global channels of visual
communication and tremendous educational potentials. At the same time, some
believe that this medium has hampered written language literacy because so
much of the children’s time is spent listening and viewing rather than engaging in
other literacy activities, Similarly, Plato’s familiar critique of written language in
the Phaedrus, which suggests that the technology of writing will weaken people’s
memories, makes clear the dark side even of a most important technological
advancement. Both the positive and negative outcomes of a new technology must
be considered.

Thus, it is important to go beyond the recognition that cognitive technologies
can restructure mental functioning to arguments supporting specific ways in
which they should do so. Such arguments must be theoretically and emnpirically
grounded in our best guesses and our best psychological analyses about what our
students will need to know about and do with computers over the next two
decades, and ideally during their lifetimes.

Education, whether formally or informally acquired, is by its very nature a
moral activity, in which choices are made to direct the paths of learning to
socially valued goals. What should be the deeper aims of learning and
development in computing, and how can education support these processes?

Which of our current learning objectives (many of them historical remnants of
curricula defined in the 19th century) are still valuable and which ones are not?
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There are some aspects of our students’ world that demand our attention, and that
appear to warrant anovel approach.

Looking to the Information Society What should education be like in the
information age? We and our students now live in a society which is increasingly
dependent on computer-stored information and knowledge, on the use of
computational tools for transactions with that information, and the requirement to
understand and manage its complexities. A defining feature of this new society
has been the information explosion. Knowledge obsolescence is a problem in
most fields, and government and private industry need to spend millions of
dollars to re-educate employees. Herbert Simon (1987) has pressed the point that
in this information age knowing has become redefined as a verb describing access
to knowledge rather than of possession of information. To know is no longer to
have knowledge in one’s own memory, but to be able to effectively search for,
find, and use the information one needs for particular purposes.

This paradigm shift has profound consequences for the goals of schooling, for
the emphases of curricula, and particularly for the creation of appropriate roles
for computer-based cognitive technologies in leaming and teaching. Although the
current uses of computers in education are leading to documentable restructuring
of both mental activities and the contexts of leaming, they are often unproductive
when measured against the criterion of helping students acquire transferable
knowledge and skills which will be useful in different contexts and/or over a long
period of time. This is why we need to analyse our values with respect to
education. Which explicit educational goals are 1nost central, and with respect to
which purposes? Answers to such questions are necessary to inform the choice
and design of cognitive technologies for education.

With our predominantly fact-oriented curricula, we are hardly preparing our
children for the life-long leaming the information age requires. Regardless of our
media, our aim should no longer be the hopeless task of pouring streams of facts
through a straw into the child’s memory well, in the hope that the well-bucket
will come up full with what is needed. Instead, we can work to help students
learn for themselves how, where and when to seek out, organise and use
information for different purposes. With this orientation, education becomes a
process of enabling independent, critical and unique thinkers to take initiatives
individually and collaboratively to pose and solve problems, and to apply and
develop their leaming and thinking skills while accomplishing required tasks.
What is required is that we assemble a new vision for education in an age of
technology that recognises and takes account of the causal powers of the
individual (cf. Harre, 1984; Harre & Madden, 1975). It appears that knowledge of
facts will still be useful, but as usable materials about events and problems and to
help guide actions, not as ends in themselves nor as inert memory entries to be
accessed at the time of assessment and then forgotten.
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Emphasis on Cognitive Skills  An explicit coguitive skills emphasis is central
o the issues considered above, For the reasons described, it seems that a
productive approach for cognitive technologies in education will begin to

1 define the cognitive skills children will require, so that they can begin to be in
coniro] of their own leaming and information management, and

2 design and create new technologies to help support the attainment and use of
these skills.

The leaming of such skills would thus become more explicit rather than a tacit
objective of education, as many ideas in educasional computing have been in the
past. Among other aims which I se¢ as central in the forms of information
literacy (vather than restricted to computer literacy) called for today are:

A strong emphasis on cognitive skills relating to information management,
rather than acquisition (e.g. Hawkins, Mawby & Ghitman, 1987), including
the formutation of questions and the posing of problems, flexible strategies for
information retrieval, information schematisation and inference, information
synthesis and integration.

A renewed emphasis on writien communication and ¢ritical inquiry skills,
including the evaluation of arguments as well of sources of information and
claims io knowledge.

Metacognitive and self-regulatory skills such as planning shead, com-
prehension monitoring and evaluation, cognitive resource management oy
control {e.g. Schoenfeld, 1985}, and learning how to learn (e.g. Dansereau,
1985; Weinstein & Underwood, 1983).

Strategies for creative thinking and inventive problem solving (e.g. brain-
storming, problem decomposition, hypothesis formation and testing, and
debugging approaches to a task} and systematic decision making metheds {e.g.
decompositional approaches to comparing utilities of choices, such as cost-
benefit analysis) which can crosscut knowledge domains,

Peer teaching and cooperative group problem solving, and the practice of
negomation skills.

Why are these types of skills important? They are important because they appear
to characterise the cognitive performances of expert problem solvers in many
disciplines, as the AI and cognitive science literature attests (e.g. Barr &
Feigenbaum, 1982; Brown, Bransford, Ferrara & Campione, 1983; Greeno &
Simon, 1988) and because they are high-yield skills which can be expected to be
useful throughout the life span, unlike the traditional fact-oriented curriculum,
These broad sets of skills can also crosscut the too often segregated domains of
the traditional curriculum, and one would hope that new cognitive technologies
developed to support them could be used throughout schooling,
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A skills-oriented approach does not mean, however, as some thinking skills
programs assume (e.g. de Bono, 1985; Feuerstein, Jensen, Hoffman & Rand,
1685; Whimbey & Lochhead, 1980), that these skills can be effectively taught
(i.e. for subsequent use) without strong emphases on domain-specific
applications. Method without content is ineffective. Schoenfeld’s research (1985)
on keaching and swident learning of general heuristics such as draw a diagram for
mathematics problem solving makes this clear. One must ask: what kind of
diagram? Similarly, Soloway (1988) demonstrates the centrality of domain
specific knowledge for leamning general problem solving heuristics for writing
Pascal computer programs, such as break the problem inte parts (which he refers
to as Descartes’ divide and conguer heunistic). He finds that without prior
experience in solving problems in a specific domain it is very difficult to identify
the subproblems into which one would break the problem. The application of the
general heuristic needs to be guided by its prior historical applications in the
specific knowledge domain under consideration.

It appears, thus, that general skills can be an instructional goal, but that they
must be learnt through content-driven examples {cf A.L. Brown, 1985; Glaser,
1984). It seems quite likely that effective computational tools can be devised for
learning and practising such skills through problem solving across different
content domains.

Software to Promote Transferable Cognitive Skills Many forward-looking
educators and schools have begun to help students acquire the thinking tools used
by aduits to solve problems in such disciplines as business, history, mathematics,
and science, e.g, software for graphing, database management, word processing,
and spreadsheet software. The difficulties of integrating adult versions of these
tools (i.e. programs designed for different users and different purposes) into the
curriculum have become obvious. Versions of these tools which are specifically
designed for children have begun to appear during the 1980s, including the
widely used Bank Streer Writer (Kurland, 1987) and the Quill writing system
(Rubin & Bruce, 1988).

For example, in school studies conducted by Char and colleagues from Bank
Street College, New York (Char, Freeman & Hawkins, 1985; Hawkins, Char &
Freeman, 1984), it has been found that the powerful information handling tools
provided by database management programs require new skills (in problem
definition, planning for searches of the databases, etc.) which many middle
school students have not yet acquired, and thateven some highly creative
teachers who deeply value critical inquiry and information literacy are unsure
how to teach these skills. How can technologies for education serve not only as
tools for thinking, but as tools for thinking skills to develop?

Currently, there are no computer programs available which explicitly aim to
tutor the development of thinking and mefacognitive skills which are so
important for life-long learning and problem solving. Although curricula for
thinking and problem solving skills, such as those of Venezuela’s Project



94  Leaming with Personal Computers: Issues, Observations and Perspectives

Intelligence (Hermstein, Nickerson, de Sanchez & Swets, 1983}, which was
developed with the assistance of Harvard University and Bolt, Beranek &
Newman, have proliferated in the 1980s (see reviews in Nickerson, Perkins &
Smith, 1985; Segal, Chipman & Glaser, 1985), we find no computer-based
system for achieving these aims.

Several projects under way at Bank Street College, New York, may contribute
to visions of what is possible. In one, Pea and colleagues are building and testing
software tools for helping children engage in critical inquiry and construct a
personal perspectve about various topics, particularly in science, throughout the
curriculum. In a second project the same group is building and testing a software
environment to encourage the development and use of systematic decisicn-
making skills, including problem definition, analysis of alternatives, evaluating
attributes of alternatives, and various heuristics for comparing choices.
Paramount in each case is the creation of both effective and enjoyable tools for
learning by doing and student understanding of how to proceed, which will
transcend the specific problem domain under study. The belief of Pea and his
group is that if they create useful tools for thinking in these ways, the new visions
of education described earlier will at least become possible because they are
technically feasible.

We require cognitive technologies for education which embody an explicit
knowledge transfer architecture, i.e. transfer activities are part of their very
structure. Pea and others are exploring this approach to instructionat design in a
current research and development project on cognitive skills. In the design of
IDEA (Integrated Decision Envisioning Aid), a specific domain of decision
making -- family planning -- is used to introduce generalisable aspects of
systematic decision making skills (e.g. goal monitoring, constraint planning,
defining the space of alternative choices, analysis of attributes of aliernatives,
plan evaluation and monitoring). Muliiple examples of the application of each
targeted general decision making method are provided by the software. In this
way the leamner can at any time explore or be guided to leaming generally ugseful
aspects of methods which he/she is learning to apply in the specific case. One
might expect that by combining the functions of a domain-specific problem
solving tool with those of a general thinking skills coach, an effective program
for learning complex thinking skills will emerge.

CONCLUSION

Weneed to design and engineer environments for the wansferable leaming that an
information age requires. More specifically, to inform education effectively,
theory and practice will need to be unified through the intervention of research-
informed slectronic leaming systems which can be used in educational seifings.
As Greeno (1985) argued: ‘Important advances in instructionat technology and in
basic cognitive science will occur as an integrated activity’ (p. 2).
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Research and development activities can be united in the creation of
educational sofiware prototypes and prototypes of curriculum activities, which
are designed and built by inkerdisciplinary teams of researchers, educators and
software developers, and progressively modified in response to formative testing
with students. These prototypes can provide sophisticated leaming environments
for students and simultan@ously serve as research tools for determining how skills
and knowledge develop with these new cognisive technologies. I would argue
that such technologies might serve as the educational infrastructure linking
information processing research to educational practice, which Champagne &
Chaiklin {1985) suggest is necessary for cognitive science studies to have
significant classroom applicability,

Some readers may disagree with the emphasis on the positive effects of
computers as reprganisers of mental functioning. The reason for highlighting this
implication of computing is that I believe that in the absence of prototypes
guided by positive visions of what could be, it is unlikely that we will ever learn
what education cait become. Just as a child needs 1ools to think (Papert, 1980) as
he or she learns to define and solve problems, so do we, as we work to reshape
the aims and methods of learning and teaching with computers, in response to the
challenges of an information society. We need to create a plurality of prototypes
of electronic leamning environments to work with, whose effects, positive and
negative, can be empirically examined, reshaped, reassessed and debated, rather
than the anmchair inspired critiques of computers in education that have tended to
overemphasise the long-term benefits of currently available software.

John Dewey (1915} criticised American education at a stage when it had yet to
adapt to the changes brought about by the Industrial Revolution: “The primary
waste is not money or resources but human life, the life of the children while they
are at school, and afterward because of inadequate and perverted preparation’
(p. 59).

As in Dewey’s days, we are now in need of fundamental change, guided by
research on student learning with emerging cognitive technologies and by
communal dialogues about redefining educational aims. Everyone is a
stakeholder in this enterprise of reform. Students, teachers, parents, researchers,
industry and business, and policy makers all stand to gain or to lose. Working
together to shape the technologies which will reorganise human thinking, we may
be able to create a new system of education which addresses and fosters the
creative spirit and flexibility of the human intellect, that builds on and discovers
new worlds of cognition, action and play, made possible by the remarkable
symbolic powers of computers, and that yields resilient adults who are ready to
meet future worlds more radically different than we can even begin to imagine at
this stage.
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Teaching and Learning

What type of learaing environment does one create to maximise the opportunities
for learning and personal development of students who have their own laptops or
pave ready access 1o desktop computers? It may seem somewhat impertinent to
include a chapter on aspects of teaching in a book which is likely to be read by
experienced teachers, but discussions with teachers from schools in a number of
states have shown that working with computers forces teachers as well as
students to reconsider many of their existing ideas about leaming and teaching, as
well as about the relationship between students and teachers.
When personal computers are introduced into a classroom, they are viewed as
a ool for leamning. It is expected that leaming with computers will allow students
to take more responsibility for what and how they learn. Some people might
Interpret this as an extreme form of discovery leaming. They believe that it is the
teacher’s job to set up the hardware and provide some occasional maintenance of
the equipment, give students basic instructions on the use of their laptops, and
tl}at from then on learning will take care of itself. It is not difficult to see why this
view prevailed. As was noted in previous chapters of this book, the philosophy of
Logo is child censred. It emphasises leaming much more than teaching, Students
are expected to work on their projects and teachers are advised to consider their
Interventions carefully. But does not mean that teachers should not intervene at
all, or that the teacher is unimportant even in the Logo classtoom. On the
contrary, the teacher’s role is vital, and it involves teaching and not just
managing the classroom. It is certainly appropriate to give information or to
suggest a particular action for some students. Different approaches will suit
different needs and situations, so what follows will not suggest hard and fast
rules. What is clear is that ‘computerised information storage and retrieval is
capable of offering liberation from cluttered brains and thus glving freedom to
coggemrate on the development of Mexible thinking skills’ (Chandler, 15984,
p- 56).

The teacher plays the strongest part in the creation of a computing culture for
his/her classroom. This culture needs 1o comfortably support all the students and
the te.acher. Teachers who are planning 1o teach students with computers need to
examine their own attitudes about computers in society, personal computing and
c?mputing in the classroom, acknowledge for themselves the areas creating
distress and identify the areas which they believe can be addressed with

Teaching and Leagming 97

optimism. Major prerequisites for the teacher are enthusiasm, knowledge, some
experience, hardware and, most importantly, time.

Cne theme which will run through much of this chapter is that of control.
Traditionally teachers have control over almost everything that happens in the
classroom, from deciding what is learnt, arid in what order, to organising seating
arrangements and rationing paper and pencils. Using computers provides an
opportunity to encourage children to take responsibility for their work. Handing
over, sharing and accepting control can be difficult for teachers and students, In
this chapter an atiempt is made to highlight some of the special features of the
teacher’s role in teaching children with computers which can help the process of
sharing control. Some of the suggestions made may already be part of the
reader’s teaching style, others may be less familiar, We shall first consider some
philosophical points, briefly introduce Logo and then turm to issues relating to
classroom organisadon and the interaction with the students.

PHILOSOPHICAL ISSUES

Piaget (e.g. 1952, 1954, 1973) stressed that the principal goal of education is to
create men and women who are capable of doing new things, not simply
repeating what other generations have done; men and women who are creative,
inventive and discoverers. The second goal, he suggests, 1s to form minds which
can be critical, which verify, evaluate and not just accept everything they are
offered. In other words, Piaget asks that educason should produce independent
thinkers and leamers.

What Is Independent or Self-regulated Learning?

The terms independent leamning and self-regulated leaming are regarded as
synonymous here. Both imply that students themselves take charge of their
cognitive efforts, and that to a large extent they manage their cognitive skills,
abilities and motivation. Independent leamers are motivated to succeed and/orto
avoid failure. Independent leamning combines cognitive strategies, knowledge,
skills and motivational states in ways that develop coping tactics and thus
preserves feelings of self-worth in students. As they become more independent,
learners develop confidence in their leamning and problem solving abilities.
Confidence in the ability to regulate their own learning enables individuals 1o
attack challenging tasks and to persist in the face of difficulties. This confidence
distinguishes mastery-oriented students from students who avoid failure by being
passive or defensive about learning tasks; it also helps to establish motivation, to
take risks in problem solving, and to expend the effort and perseverance
necessary for difficult tasks,



%8  Lcaming with Personal Computers: Issues, Observations and Perspectives

Independent learners approach tasks strategically. From a repertoire of
previously acquired knowledge and learning strategies they have learnt to select
those which are likely to be appropriate to a paricular task and siteation. They
can evaluate tasks, plan various options and modify their cognitive strategies. In
sum, independent learners are aware of effective learning and problem solving
procedures (because they have prior experience in their use) and are able to take
control of their actions.

Another way of describing the characteristics of independent thinking and
learning is as a set of cognitive preferences, or characteristic ways in which an
individual conceptualises and deals with his/her environment. Independent
learning is a way of approaching tasks, issues, ¢tc. ~- a preparedness to organise
information and experience for oneself, and a conviction that certain stralegies
are important, effective, efficient, worth some extra effort and instrumental to
success.

Conceived in this way, independent thinking and learning become a set of
information processing habits. Not simply habits in the technical sense of
learning theory (as they are not directly responsive 1o behaviourist principles of
acquisition and extincson); instead they are more generalised habits of thought;
not just a tendency to use specific behaviours that have become relatively
enduring or automatic through repeated performance, but rather the enduring
structural and functional bases for such behaviours. Defined in this way,
independent or self-regulated learning involves both dispositions and
abilities/skills, which teachers encourage and facilitate in their students.

It is now generally accepted among educalionists that leaming is a continuing
process of information acquisition, transformation, association, storage, retrieval
and evaluation. Continual interactions and restructuring of perceptions,
knowledge, experience, emotions, motivations and interests take place within the
individual as he or she adapts to the demands of the environment or adapts the
environment to his or her needs.

All human beisigs have the power to further develop their intellectual strengths
throughout life. However, there are two prerequisites for this:

1 The individual must be motivated to continue learning and to exercise his or
her intellectual abilities, and . o

2 The individual needs to have the basic knowledge and practical skills in how
to go about these cognitive activities.

Teaching is one of the most powerful mechanisms for facilitating and developing
independence and self-regulation in cognitive behaviour. The meaningful
communication with adults, peers and the broader environment is as essential for
the development of both these prerequisites as for general intellectual growth.
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Goals and Assumptions

‘Teachers foster independent thinking and learning by encouraging students to
participate more actively in the communication process of learning/teaching and
by guiding them towards assuming control of how they (the students) process
informasion.

The goal of such teaching is based on assumptions which differ somewhat
from the assumptions which have traditionally provided the framework for the
teaching of subject content. Here are examples of the assumptions made by
teachers who encourage independent thinking and self-regulated leamning in their
students:

There are large individual differences in abilities, skills, interests, motivations,
thinking and learning strategies in the students in the class; what works for one
student may not work. for another.

Students may ultimately learn to learn and think independently, but not merely
because the teacher taught them. In a very real sense, students must teach
themselves, i.e. they must find out for themselves what method of problem
finding, problem solving and leaming work for them. All the teacher cando is
to provide every possible means to facilitate the construction of knowledge by
the students for themselves.

Some teachers arg so preoccupied with the evaluation of learning outcomes
(i.e. the correct answer attitude) that they ignore the processes which are
taking place during problem solving and leamning. In independent learning it is
the way the student goes about a task and the related thought processes that
count. Very often there are no immediately scorable answers. Ultimately,
students who think and plan well will be in a position to generate good
answers. However, good answers are not necessarily the result of good and/or
independent thinking.

For centuries thought was regarded as something that originates in the
individual 's mind, i.e. inside the individual, and is then expressed socially.
Moze recently we have come to recognise the importance of social interaction
in the formation of personal ideas. Thought emerges, to a large extent, as &
social process and is internalised by the individual only after it has been
expressed soclally. A substantial portion of our ability to think thus originates
outside ourselves, Interaction and interchange of ideas in discussions with
others is essential. This is true at all levels of development. Learningis sbout
communicating ideas and restructuring personal knowledge, attitudes, etc., as a
result of such communication.

. To enhance independent thinking and self-regulated leamning we need 1o serve

not strictly as teachers, but as models and facilitators, or as communicazive
{earners (Black, 1988). We must recognise that we too are learners, and that
we encourage independence in our students by fostering and taking part in
collective efforts to idensify questions and possible answers.
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Class discussion is more than a peripheral part of the curriculum. To the
contrary, class discussion is a legitimate and integral end in itself, because it is
in such discussion that ideas are produced, shared, reflected upon and
internalised. The intellectual development of the individual is enhanced as a
result of the group’s producing a best possible collective product. How often
do we become aware of how difficult it is for members of a group to identify
who first had which idea?

Hence, to accomplish the gpal of enhancing independent thinking and self-
regulated leaming in our students we need to abandon some of the assumptions
of traditional instructional design, which is rooted largely in behavioural theory,
in favour of new designs, which tend to be rooted in cognitive theory. We
abandon assumpiaions such as:

The teacher is the trainer and the student is the leamer.

Leaming is a task for the student, and (in school)} only for the student.
The only thing that counts is the correct answer.

Class discussion is primarily a means t© an end,

In stressing the social and communication aspects of learning, learning to leam
and training for cognitive independence, I do not wish to give the impression that
the teacher’s mle is in any way diminished. The aims may have changed, but if
anything, more is required of the teacher.

A dominant focus in learning and teaching is on changing students’
perceptions of agpects of the world around them. The way in which they think
about parsicular phenomena is at the core of education. However, learning in any
discipline involves more than the student making sense of his or her personal
perceptions and experiences; it also invol ves being initiated inte ways of seeing
which have been established and found to be fruitful by the cultural, social,
academic or s¢ientific community. Such ways gf seeing cannot really be
discovered by the Jearner -- and if he/she happens to come across or hit upon such
consensus viewpoints he/she would be quite unaware of the status of the ideas. It
is the teacher who introduces ideas and viewpoints from the outside weorld of
leaming into the class discussion. Even more importantly, in most situations only
the teacher can provide feedback as to the consensus and stafus of these ideas.

Meaningful Tasks

A central theme in Dewey’s writings (e.g. 1902, 1938) on education is the notion
that classroom activities must be related to the child’s experiences, interests and
goals. This was a radical view for an era in which didactic teaching was the most
acceptable method of instruction. Although the general notion expressed by
Dewey has found wide acceptance in Australia and other Western countries in
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recent decades, many teachers are experiencing difficulties in implementing it,
because of limited resources, materials and training. It i s an expectation for many
peoplein the field of educational computing that the personal computer can be a
resource for engaging children’s interest and fostering more active, creative and
independent learning. This expectation is based on two assumptions, namely that
children are intrinsically motivated to work on tasks which are meaningful to
them, and that the most effective educational environment is one which provides
meaningful tasks, that is, tasks which embody a function or purpose that is
understoed by the students.

While some children enjoy leamning about a particular topic for its own sake,
inmost cases facts and skills are best leamt in ¢connection with wider concepts
and ideas which give them meaning and significance. In this way, not only are
students motivated to master the facts and skills, but they have a frameweork in
which to understand the logical, scientific, technological, social or cultural
significance of the facts and their relationships to other facts.

The above assumptons leave two fundamental questions unanswered:

1 Where do the goals which interest the students come from? Are they
inventions of the students, or are they imposed by the teacher?

2 What is the relationship between the goals which students work towards in the
classroom and the tasks with which they will be confronted in the world
outside school?

Dewey regarded the extremely child-oriented approach as as unsuitable as the
traditional view that the teacher must impose the classroom tasks. The teacher
has very important responsibilities, which include suggesting tasks and
presenting to the students alternative interpretations of problems. In many
respects Dewey’'s approach is more consistent with the socio-historical approach
to child development described in the writings of Vygotsky (1978) and Leont’ev
(18%1), in which the importance of the teacher/student interaction is emphasised,
than with the universalist approach of Piaget which de-emphasises the cuitural
context, i
Meaningful tasks may come from a variety of sources. One source is the pool
of spontaneous ideas children themselves have. Most children have one or more
topics which they simply like. However, for most topics in classroom learning,
this source may not be the most important. Teachers can make classroom tasks
meaningful by showing students their significance in terms of a variety of uses
for the skills involved. The functional learning environment created in this way
can be a simulation of the real problem (e.g. role-playing a business transaction
as a context for doing arithmetical calculations), or it can be a real problem (e.g.
actually having a stall at the school fete to raise money for another computer).
The functional learning environment can also be of a more abstract nature (e.g. a
geometry problem can provide a meaningful context for calculating the size of an
angle). A teacher can create interesting functional learning environments by
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crossing traditional discipline borders (e.g. by showing how geometric concepts
such as triangles can be used in geography to solve navigation problems),

An approach to the second issue, i.e. the relationship between classroom and
real world goals, is closely relaked to the first. It would be reasonable to suspect
that transfers of leamning from one domain to another and the usability of school
learning in later life are inseparable from the variety of functional learning
environments in which they are embedded. Being able to see the same fact from
multiple perspectives {e.g. recognising the different uses that can be made of a
tool} engenders a flexible approach to acquiring knowledge that would otherwise
be absent. This flexibility makes it possible to adapt knowledge to new functional
environments that cannot be specifically anticipated in the classroom.

Personal computers can play a useful role in functional learning environments
because of their capacity for simulation and because they themselves are
important tools for the solution of a variety of interesting real world problems.
Computers do not function on their own. A teacher must build the bridges
between the tool, the school task, the thinking skills, and their functional
significance for the culture beyond the classroom.

The teacher’s role in educational computing is to provide an environmant
which is in sympathy with the child’s level of development in order that
appropriate intellectual leaps can be made as efficiently as possible. The teacher
has a far more active role in classrooms operating according to the principles
advocated by Piaget (1973), Vygotsky (1978), Leont’ev {(1981), and Bruner
(1983) than in the traditional classroom. For example, the teacher’s role might be
considered as one designed to provide & scaffold for children’s problem solving
{(Wood, Bruner & Ross, 1976). Here the teacher is a key interventionist,
providing help when the student is in difficulty, standing aside when he/she
succeeds, and generally supporting such abilities as to select, remember and plan

which might as yet be underdeveloped in the students.

These ideas have had profound influences on the organisation of modern
classrooms, and they also provide the basis for an equally dramatic
reorganisation of thinking about the use of computers in classrooms. In place of
drill and practice, Papert {1980) offers a Piagetian vision of cognitive
development driven by interaction not so much with the total world itself, but
with a simulated microworld accessed through the Logo programming language,

Constructing Knowledge

It has long been recognised that learning (with understanding) involves the
structured organigation of a knowledge system in which concepts take their
meaning from the theories in which they are embedded. Central to this
perspective is the historically important view that leaming comes about through
the learner’s active involvement in knowledge construction. Within this broadly
constructivist perspective, learners are thought of as puilding mental
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representations of the world around them which they use to interpret new
situations and to select actions within them. These mental representations or
conceptual schemmes are in tumn revised in the light of their fit with experience.
Learning is thus seen as an adaptive process, in which the leamer’s conceptual
schemes are progressively reconstructed so that they are in keeping with a
continually growing range of experiences and ideas. It is an active process of
sense making over which the leamer has some control.

In so far as it views leamers as architects of their own learning through a
process of equilibration between knowledge schemes and new experiences, this
perspective reflects and builds on Piagetian views. It differs from Piaget,
however, in two significant ways. Instead of focusing on the development of
general logical capabilities, this theoretical position emphasises the development
of domain specific knowledge structures. In addition, whereas the emphasis in
Piagetian theory has been on the personal construction of knowledge through an
individual’s interaction with the physical environment, the current constructivist
perspective also acknowledges to a greater extent the social processes in
knowledge construction both at the level of the individual and within the
community of experts. The writings of Vygotsky have been increasingly
influential in shaping thinking about these social and cultural influences. What is
internalised by the child during leaming is not what the experts say, but a version
of the intera ctions that constitute the joint activity. Thus, without coercion, these
interactions guide children towards the cultural interpretation and significance of
the tasks in which they are engaged (Newman, Riel & Martin, 1983).

The essence of this school of thought is that the human intellect develops
naturally through interaction with the environment, Through this interaction the
child discovers the properies of the world and the characteristics of his/her own
relationship with the world. The contention is that interaction is of prime
imporiance, because it is the only way in which we can come to understand our
personal world and leamn how to operate within it and upon it. The reality which
we come to understand is, under this theory, a personal construction, and the
process of construction is fostered by interactive experience. Cognitive
development is seen not as the product of an accumulation of facts, but as being
driven by the individual’s interactions with the physical and social environment.
According to Piaget’s theory, learning is under the control of the learner and
knowledge and skills cannot be taught directly. Self-directed thinking, learning
and problem solving, through actions in the world which teach us by means of
{eedback which they generate, is the essence of this view of development, It is a
view which transfers readily when we consider the impact of computers in the
classroom, for here we can provide children with & rich microworld which they
themselves can explore with ease and little risk.

If education is to be effective, it must take into account the student’s
contribution to the learning process. Educators must consider how learners
interpret the accepted body of knowledge, including both content and technique.
A fundamental principle of cognition is that leamning requires knowledge. Yet,
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cognitive research also shows that knowledge cannot be directly given to
students. Before knowledge becomes truly generative (i.e. knowledge that can be
used to interpret new situamons, o solve problems, to think and reason, to leam)
students must elaborate and question what they are told, examine the new
information in relation to other information, and build new knowledge structures.
Educators are thus faced with a central problem: how to help students get started
in developing their base of generative knowledge so that they can leam easily and
independently. Teachers and curriculum developers will have to leam more about
what students understand, and then apply what they find out, to improve
teaching.

Problems to be solved have to become the students’ own. How individuals
perceive tasks ig influenced by their own generalisations and extensions of the
information they are given by others. By the time this point is reached the
students are no longer working on the teacher’s problem; rather they are
exploring their own. In shost, they are doing mathematics, writing, logic, literary
interpretation, etc. The task as given by the teacher may be seen as a springboard
for discussion (including amplification) of ideas such as establishing subgoals,
working backwards, assuming you have a solution and determining its properties,
exploiting extreme cases, solving the problem in more than one way,
generalising, and creating one’s own problent. It is up to teachers to:

help students understand that a problem is not a problem until one wants to
solve it;

build a suppottive classroom atmosphere in which students will be prepared to
tackle the unfamiliar and not feel threatened when they experience difficulties;
allow students to pursue their own paths towards solution and assist them,
when necessary, without giving the answers away;

provide a framework within which students can reflect on (i.e. think about,
discuss and write about) the processes involved and thereby learn from
expesience;

talk to the students about the processes involved in doing and using
mathematics, science, geography, writing etc., so that they can build up a
vocabulary for thinking and learning about it. Students learn much more
effectively when the teacher draws their attention explicitly to the strategies
and processes involved.

To attain this goal teachers need not only a clear conception of what is to be
leamt but also 2n ability to see this knowledge through their students’ eyes. More
specifically, this ability includes the following:

Knowledge of students’ typical interpretations of questions, instructions,
procedures, and vocabulary at given ages and levels of achievement.
Knowledge of individual children’s unique interpretations of these same
topics.
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. Knowledge about how to introduce formal domain knowledge by building on
students’ existing abilities, by helping them io generalise informal knowled ge
to new and abstract situations, and by encouraging the formation of
connections between what the student knows and the abstract representations
of, say, mathematics.

Constructivism has multiple roots in the psychology and the philosophy of this
century, These include the developmental perspestive of Jean Piaget, the
emergence of cognitive psychology under the guidance of such theorists as
Jerome Bruner and Ulrick Neisser, the constructivist perspective of philosophers
such as Nelson Goodman. Central to the vision of constructivism is the notion of
the organism as an active agent, who does not merely react or respond to stimuli
as in the behaviourist view, but engages and grapples with his/her context, and
seeks to make sense of things.

In parmicular, learners do not just take in and store up given information. They
make tentative interpretations of experience and go on o elaborate and fest these
interpretations. Even when the learning process appears to be relatively
straightforward, for example when learning a short poem or anew word in a
foreign language, constructive processes operate. A pproximate mental structures
are formed, elaborated and tested, until a satisfactory structure emerges.

The main thrust of Piaget’s work has been to map out distinct stages of
development and to describe ways in which the child constructs a view of the
world which either accommodates existing cognitive structures so that they fit
with new knowledge, or assimilates incoming information so that it fits existing
structures, The view is strongly individualistic and constructivist; the impact of
this theorising upon educational practices is best exemplified by individuals
engaged in discovery leamning, Piaget makes some reference to the significance
of collaborative work and the importance of cultural contexts, but these themes
were not part of his research. In contrast, Vygotsky (1978) has argued that
leamning and cognitive development result from a process which is essentially
social rather than individually based. The nature of education is to share
meanings and interpretations of what happens in the world by an elaborate
communication process. Essentially the skilful teacher provides tasks which lie
within the leamer’s zone of proximal development and provides enough support
to allow the leamer to succeed. As a result of assistance received on tasks which
lie within the zone of proximal development, the child learns to internalise the
processes offered by the teacher, so that the nature of what is leamnt, and the
cognitive development which results, will be determined by the environment in
which leaming takes place. Vygotsky also talks about the zone of proximal
development in interactions between a child and more able peers.

Vygotsky's approach has been contrasted both with approaches in cognitive
science (e.g. Edwards, 1990) and with Piagetian theory (e.g. Smith, 1989). Piaget
is seen to offer a biological view of development, and Vygotsky a social view.
One might view a Vygorskian perspective as one where the leamer is led towards
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some view of reality held by the tutor, while the neo-Piagetian view is of leamers
who work together to negotiate a joint view.

All these approaches share a view that knowledge is socially constructed, and
all are consistent with general constructivist views (e.g. Neisser, 1976; Berger &
Luckman, 1967) that humans interpret the world around them and build theories
(though often implicitly) about all aspects of their lives. At any time these
implicit theories shape the way the world is viewed and the way events are
interpreted. Constructs about events or people can be changed by evidence,
discussion, reflection or direct teaching, and it is almost certain that no twe
people will see the world identically. Failure to take account of current
constructions, and the way they might be modified, is likely to lead to a failure to
modify these constructions at all.

If leamning has this constructive character inherently, it follows that teaching
practices need to be supportive of constructions that occur. The critique by
constructivists of conventional teaching practice is that it is not supportive
enough of the constructive processes which need to take place irn the minds of the
leamers.

A considerable amount of computer-based instructional material is currently
available to teachers, much of it of either the tutorial Computer Aided Instruction
(CAI) or Intelligent Computer Aided Instruction (ICAI) kinds. These materials
implicitly build on the view that knowledge exists in some absolute sense, that
the structures imposed upon the world by current educational frameworks are
correct, that knowledge is acquired by individuals, who accept the structures
within which it is presented, that the endpoint is acceptance of some abstract
intellectual structure which will be similar across leamers, no maiter what the
original context of leaming, and which can be applied to a range of domains. This
view conflicts with constructivist ideas and with evidence from cognitive
psychology. Ridgway (1988) discusses the associated pedagogic problems.

LOGO

The computing language used in the SUNRISE classrooms at Coombabah is
Logo. A strong view exists in the educational community in Australia and
overseas which suggests that Logo creates a good environment for programming,
and encourages good programming techniques. However, BASIC shares these as
well as other characteristics of LOGO, including its versatility and availability,
An initial aim of the SUNRISE project appears to have been to answer some
questions about the cognitive and social impact of Logo in a Year @ and Year 7
classroom. An interwoven theme was how student and teacher assumptions and
understanding concerning the nature of programming and its requirements
changed as they became increasingly familiar with the programming culture
emerging in the classroom. In this section we reflect on haw our observasons
enabled us to look more closely at the distinction between the cognitive skills that
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might be practised through some uses of formally elegant symbol systems such as
Logo and the way in which it evoked particular practices in the classroom,

During the first year of the SUNRISE project at Coombabah {cf. Ryan, 1991),
teachers intended the computer activities to be largely child-initiated, so as to
encourage the child-centred, Piagetian learaing without curriculum advocated for
Logo (Papert, 1980). While the teachers in the first year gave students some
simple instruction in Logo during the first weeks and occasionally held group
sessions to introduce new aspects of Logo during the vear, their self-defined role
was principally that of constructively responding to students’ questions and
problems as they arose. Students’” primary activities were the creation and
development of their own computer programiting projects.

The second year appeared to differ from the first in that at least two of the
teachers decided to take a more directive role in guiding their students’
explorations of Logo. These teachers gave more regular group instruction to
introduce key computational techniques, and to demonstrate how they work in
procedures. Students were required to complete specific assignments which
required familiarity with Logo concepts and basic prograniming skills.

Many educators have been focusing on the use of computers for drill and
programmed instruction ~- to provide individualised practice and instruction in
usual curriculum areas. In the SUNRISE classroonts at Coombabah the teachers
have agreed, informally among themselves, on additional aims which involve
making use of computers:

to provide an environment in which leaming can be intrinsically motivating
and fun;
to allow students to discover, explore and create knowledge;
tc help develop skills of thinking and problem solving;

« to make some of the most powerful ideas of the developing computer culture
accessible and tangible to students at an early stage of their schooling.

A most striking impression the visitor to the SUNRISE classrooms gains is that
of the powerful motivation which the computer displays, especially the graphics
can create. Every bit of the student’s attention is focused on the screen. And this
powerful motivation is waiting to be hamessed towards intellectual growth and
learning,

What Exactly Is Logo?

Logo is a computer language which was developed to provide an environment
which allows learning to take place as naturally as possible. Seymour Papert and
his colleagues Bolt Beranck, and Newman, and later ai MIT, set out to create a
computer language which would combine the capabilities of artificial intelligence
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with the theories of Jean Piaget in order to allow a leamer to build his own
intellectual swuctures through estimation, interachion, experience and revision.

Logo is one of the most powerful of computer languages avajlable for personal computers
teday. The power of & computer langunge does not come from what you can do with it. Any
program you con write in Lago you can alse write in BASIC, Pascal or FORTRAN, Rather
the power of a computer language is related 1o what You think with it. Less powerfnl
languages, like BASIC and FORTRAN, force you to attend to lots of details, such as where
you must put a semicolon or how long a ward can be. Logo has s few simple rules of syatax
which are applied uniformly, which makes it sasier to focus on the task at hand. (Frisndly,
1988, p. viii)

Logo is a list processing language which can be used to achieve a number of
purposes, for example text processing, interactive simulation and music
production. The language is probably best known for its graphic capabilities.
Logo graphics have been used for many mathemasical purposes including the
acquisition of geomewy and mental arithmetic skills, as well as the appreciation
of general heuris#cs for problem solving such as breaking problenis down into
subproblems. Different versions of Logo graphics are available, and have been
extended beyond the production of graphical displays on the screen to more
concrete manifestations as turtle graphics. For example, a robot, which can look
remarkably like a turtle, drags a pen around a piece of paper on the floor.
Instructions to move the pen are given through the computer in the usual way,
but the product is directly accessible in the form of a pen and paper drawing
produced by the turile. Lego-Logo is a further extension of this directly
accessible manifestation of programnming, Robots, small machings, etc. arg built
with Lego. These are connected to the computer, and their movement or
operation is directed through programuning instructions from the keyboard.

According to Papert {1980) Logo is an environment in which children can
leamn fundamental mathematical concepts and powerful problem solving methods
without the intervention of teachers. Papert takes his inspiration from Piaget, who
has argued forcefully that ‘each time ong prematurely teaches a child something
he could have discovered for himself, that child is kept from inventing it and
consequently from understanding it completely” (Piaget, 1570, p. 175).

The Logo language is designed to provide an environment in which self-
directed and independent learning are encouraged. The leamners themselves
should be in charge of

sening a problem to solve,

making choices,

playing with the problem, experimeniing and trying on¢ solutions,

bullding on what he has already done to do something more. (Harper, 1289, p, 1)

One of the most popular aspects of Logo is that it allows for the creation of
graphics effects with repeated sections, such as the petals on a flower, or trees in
a forest. To produce a shape, the turtle follows commands to move forward by a
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stated distance, and to turn right or left a stated number of degrees. Combinations
of commands can be given names, and then be used as procedures within other
parts of the program by reference to these names. So, if the student wants to draw
a flower with a number of petals, the inswruction for a single petal would be given
a single name, together with an instruction for moving to the starting point for the
next petal, and then in order to draw all the petals with one instruction the student
would give a repetition instruction. Once the flower is complete, then all of the
instructions necessary for the flower could be given one name, and this single
instruction would produce a complete flower. Similarly, a paich of flowers could
also be drawn by 3 single instruction which called upon the procedure for each
flower, and so on. The claim is made by Logo theorists that the experience of
debugging is of particular benefit for the development of more general problem
solving skills.

Evaluation of Logo Effects

Papert and his colleagues claimed that experience with Logo benefits children’s
cognitive development. As was noted in Chapter 2, attempts to evaluate this
claim have brought mixed results. Seong support for the assertion was provided
by Robert Lawler (1985) whose book Computer Experience and Cognitive
Development describes the extensive case study conducted on his six-year-old
daughter over a period of six months. Lawler himself acted both as personal tutor
and evaluator, He concluded that the effect of this experience with Logo allowed
his daughter to demonstrate behaviour typical of a child in Piaget’s stage of
formal operations, i.e. far beyond the expected attainment of an average six-year-
old. The examples of her problem solving, planning and debugging activities
which he presents are certainly impressive.

Early evaluations related principally to the Brookline project (Papert, Watt,
diSessa & Weir, 1979) and the Bank Street studies (Pea & Kurland, 1983; Pea &
Sheingold, 1987). The Brookline project report contains positive evaluations
which are themselves difficult to assess, but the Bank Street research found no
differences between a Logo group and a control group on a non-programming
planning task. The failure to find improvements in planning is important, because
this is one of the few direct tests of the claims regularly made for the benefit of
learning to program. Finlayson (1984) and Clements & Gullo (1984), discussed
in Chapter 2, described clear benefits of Logo experience for the development of
mathematical thinking skills. More recent studies have confirmed the positive
effects of Logo programming for the early development of mathematical
concepts (e.g. Hughes & Macleod, 1986; Robinson & Uhlig, 1988).

Not all evaluations of Logo have found positive effects. Pea & Kurland’s
review (1984) comes to the conclusion that the idea that programming experience
can transform children’s minds is itself a form of naive techno-romanticism, and
after reviewing a number of Logo evaluations Simon (1987) agrees. Whereas
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most recent reports {e.g. Underwood & Underwood, 1990) de not support such a
scathing dismissal, some caution in the acceptance of all claims by the
proponents of Logo is warranted. Certain benefits can be observed in children.
These include students’ ability to generate creative ideas, the development of
spatial skills and improved numerac¢y, There are studies which have shown
positive transfer from Logo debugging to other debugging tasks (e.g. Lawler,
1985; Klahr & Carver, 1988}, and also studies which show improvements in
specific mathematical and spatial abilities after learning to program (e.g.
Clements & Gullo, 1984; Finlayson, 1584; Hughes & Macleod, 1586; Robinson
& Unlig, 1988).

As with many applications of computer-based learning, one of the greatest
attractions of Logo is the motivation that it generates in the children using it
{Lepper, 1985; Hughes & Macleod, 1986}, Mostly this is measured by time-on-
tagk. Obviously, claims for educational benefits must be based on measures that
are more profound than the latter if we are to improve the quality of students’
cognitive skills and not omnly their powers of concentration.

A review of the literature relating to uses of personal computers as aids to the
development of children’s thinking revealed that learning to program with Logo,
using databases (e.g. Underwood, 1988; Underwood, 1989; Underwood &
Underwood, 19903, and using problem solving games and simulations, can each
be seen to produce changes in the ways in which users think about their worlds,
There is no curriculum as such in the use of these programs: these applications
are educational tools with open-ended uses. Irrespective of the specific
educational goal, what is acquired by the student is procedural knowledge. In the
case of database and simulation activities some investigators have found sudden
and strong developments in hypothesis testing, categorisation and questioning
skills of students (Underwood & Underwood, 1990}. Most of the gains noted
here and in Chapter 2 were observed after only a short period of computer use,
Education is a long-ferm activity, but educational research projects relating to the
use of computers in schools tend to look for changes after a few months of
experience with the computer. Unfortunately, our empirical study in the
SUNRISE classrooms at Coombabah was no exception to this tendency, As
Snow & Yallow (1982) have shown, the impact of any one educational treatment
may not manifest itself for several years, and equally may continue ¢ show an
effect when students have moved from one school to another. It is impossible to
decide whether any of the studies reporied in the literature would have come up
with any long-term changes in the cognitive development of the children who
participated. The measures just were not taken. It is unfortunate that so few
research projects look for changes over the course of several years rather than
weeks or months.
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Teachers faced with the task of integrating computers into learning and teaching
for the first time will find themselves in diverse and perhaps initially
uncomfortable roles. I addition to more traditional activities, such as being an
instructor, demonstrator, evaluator, etc., they will take on such jobs as technician,
timekeeper, solver of management tasks, observer, collaborator and model
leamer.

The role of the teacher . . . is facilitator and co-learner, rather than the source of ail
knowledge. There sre a number of ways o orgenise a classroom [with computers] io support
this role and produce a suitable learning environment. These ways include demonstrations,
peer tutoring and group work, {Quecnsland Department of Education, 1588, p. 3)

Teachers share in the process of learning with their students, They seek
information from their students, abserve and document observations, and extend
ideas. Two of the teachers at Coombabah have recently reread Papert’s work, and
they read some journals relating to educational computing, particularly on the use
of Logo. On the whole, teachers introducing computing into their classrooms for
the first time are faced with enormous time pressures and are finding that the best
they can do is just to implement what they know.

Hardware

An obvious aspect of the teacher’s role in a computer-rich classroom is that of
managing the hardware, i.e. the computers, printers, disk drives, floor turtle, etc,
It is quite natural for teachers who are unfamiliar with the machinery to be
nervous, and it is important that they allow themselves enough time to become
confident. 1t also helps to show the students how to use all the facilities they
need. Technical assistance should be available to teachers at relatively short
notice, otherwise much teaching time will be wasted by the teacher in the role of
novice technician.

Students will need time to get over the novelty of using the computer, printers,
etc,, particularly when they are also getting used to the freedom to choose what
they will work on. Time will have to be apportioned for this purpose. The printer
is a valuable device and it is good to encourage students to print out their
procedures, so that they can study them more intensively than they could if they
were displayed on the screen. Some teachers report that initially, whenever a
student wanted to print out a procedure, the printer was already occupied by other
groups using it to get (several) copies of pictures they had drawn. It is perfectly
reasonable for students to take away a copy of a screen picture they have
designed, but this is very time-consuming. It might be tempting to limit this
particular use of the machine, but planning might make it possible to allow things
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to progress more naturally. Gradually students will become tired of printing out
everything. They will learn to discriminate.

Resources

Among the reseurces in the classroom should probably be a handbook on Logo,
BASIC or whatever computing language is being used, which is written in a way
that is accessible to the students, This is imporiant if we want the students to
answer some of their own questions independently. Some manuals start with a
tutorial section which the reader has to work through, This is not likely to be
helpful in the clagsroom. The aim should be to provide a resource which could be
picked up for just a few minutes and then replaced when the required informasion
has been obtained. A home-made booklet with explanations which are short and
to the point might be the best idea. An example of the use of a primitive need
only be given, if its sense cannot be conveyed in any other way, The manual is
meant 10 be used as a reference, either to remind the student of the syntax of a
particular word or when a new word looks as though it might be appropriate for a
pariicular task in hand.

In the SUNRISE classrooms at Coombabah the students are given page by
page explanasons of commands with which they make up their own manuals, As
a consequence of this, the presentation of the manual might be quite dry and the
students are not as involved with it as they would be if it were more contexfual,
Students need to be taught to use available resources. For this reason, it might be
best not to use manuals or handbooks for the first few weeks of the school year.
In the early stages students really need only a few commands, and the teachers
can provide the format for the use of these by designing a large poster. Booklets
and handbooks can be kept in a cupboard and introduced slowly, i.e. whenever it
seems appropriate for particular students. Wzll posters can be used to illustrate
essential early commands and to display students’ work regularly. The latter
might include screen dumps together with computer code, to encourage students
in yet another way to develop projects.

Curriculum

In planning classroom experiences aimed to develop independent thinking and

self-regulated learning with or without computers, it is important to consider the

developmental levels of the students, the mode in which information will be
presented, and the subject malter that is to be acquired eventually,

As in all instructional planning, leaming tasks in computing generally move
from those requiring simpler operations to those which are more complex, i.e.
from more concrete and observable to more abstract dimensions, and from an
emphasis on working with known materials towards creating or inventing new,
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previously unfamiliar approaches. Seme aspects of independence appear to
develop slowly and experientially, but their development is facilitated by tuition
and practice. The same applies in leaming with computers.

Learning activities can be developed which cover a wide variety of areas. For
example Friendly (1988) demonstrates a range of ¢ducational domains which can
be explored concretely in a Logo leaming environment. These include generasive
grammars, physical laws of motion and mechanics, artificial intelligence and
robotics, and the ideas of calculus. Some of these seem to be quite difficult. The
important characteristic of Logo as a tool for learning is that it allows difficult
concepts to be defined as procedures which make the computer actually do the
thing which the concept means. The important characteristic of Logo for
educational purposes is that it provides the means to c¢reate concreie, often
graphic, models of leamning domains, which can be manipulated by the learner.
Such simulations, often referred to as microworids, show how the rules or laws of
a particular system work. Students are encouraged to ask What would happen if
changed the rules? and can thus come 1o understand ideas and theories which can
go far beyond what would traditionally be expected at school level.

Students can learn new ideas from one another either by looking at wall
displays or one another’s screens or by listening to pesrs describing.new projects.
Sometimes it is necessary, however, for the teacher to introduce a new idea,
because none of the studenis stumbled across it or asked a question which
allowed the teacher to introduce it to them within the context of their work. For
example, a teacher who was teaching a group of able 12-year-olds with Logo for
three weeks found that none of the students were using variables. The teacher did
not want to have a formal class lesson, where the students had to listen before
they would do some horing exercises, but he did think it worthwhile to bring the
idea of variables to the students’ notice. The teacher’s resolution of the problem
was @ spend ten minutes without computers, explaining to the class how to write
a procedure with inputs. He did not dwell on technicalities at this stage, but
stressed how an input made a procedure more flexible than it was before. In other
words, the teacher gave the students the ideas which they could use later,

Planning is another activity which is best encouraged away from the machines.
Professional programmers probably spend more time with paper and pencil than
they do at the keyboard. Students need to be encouraged to plan their work, but
there are dangers in overemphasising this. The students are leaming o program
and so they will need to make mistakes. It is often easier to explore different
possibilities at the keyboard. When students leamn new techniques they need to
praciise them before they can use them efficiently, and this is not possible
without the computer. We have seen students spending a long time planning a
drawing in their exercise books only to reject the plans altogether when things
went wrong, However, it is useful for the students to do a quick sketch before
they start to type. The teacher should make it clear that the children do not have
to be bound by every line of their sketch but that it makes working much easier.
It is not uncommon to see two children having a debate because they are working
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from different mental images of what it is they want to draw. Their sketch will
focus their collaborative activities.

Lesson Format

Organising lessons in which students are working on computers will involve
making considerable changes to what might be the normal classroom routine.
This is equally true for lessons in a computer room, in a classroom with a limited
number of machines or in a situation in which every student has his/her own
Japtop.

Clearly, leamning with personal computers is not compatible with traditional
didactic methods of class teaching, but fits naturally into a situation where
students are working on their own and/or in groups. Handling a lesson where
students are working in this way does present quite different problems to those of
talking to the whole class. Many teachers have found that there is a danger of
getting caught up with the problems of one group at the beginning of the lesson,
so that other groups do not settle down properly. It can be helpful to make a
deliberate effort to deal only with immediate problems in, say, the first ten
minutes of a lesson, until all student groups are settled and able to get on with
their work. Often, the initial problems in any particular lesson will be technical
ones which might or might not be dealt with quickly without absorbing too much
of the teacher's attention. Getting students settled and working quickly is
important in order to establish a good working atmosphere, which will later allow
the teacher o spend longer periods giving more concentrated attention to groups
who need help and advice. Teachers also find that they need to train students to
recognise when the teacher is involved in a discussion with a particular group, 80
that they do not interrupt as soon as they come across a problem. A3 the students
become more experienced, they realise that they can solve many of their
problems without the help of the teacher by talking to other students.

Tracking Student Learning

Much can be gained by the teacher who requires each student to keep a diary of
process notes (e.g. Rowe, 1989), queswons and descriptions of achievements and
problems encountered during computing. The teacher reads these reperts
regularly and responds. The diaries provide a valuable vehiele for keeping track
of progress, and for allowing learning pattems to become visible. Simply
describing a problem will often allow a student to understand the task more fully,
and thus be able to solve it. Diaries provide direct access to remediation. They
enable students to formalige their own thinking, to identify errors and learn from
them, and to express their difficulties exactly when they are asking for help.
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Student diaries of their computing efforts provide the teacher with a sense of
being incharge, of knowing what is going on, and & means of keeping records of
student work. They provide a means for maintaining a personal relationship with
each student on a daily basis, Since the teachers are usually also siill acquiring
programming skills, the student diaries can become the source of a sense of
comfort. They can show the teacher what he/she needs to learn, i.e. what the
teacher’s own homework will be.

Beyond this, the student diaries of computing provide both students and the
teacher with the assurance that they are part of a collaborative learning
experience. The students recognise that the teacher is working with them,
Confidence about this alleviates for studens and teachers feelings of insecurity or
anxiety which might otherwise be present in the initial stages of teaching and
learning with computers. Most educators agree that anxiety interferes with
leaming. As will be discussed in Chapters 6 and 7, feelings of insecurity and
computer anxiety were observed even among the more experienced students in
the Coombabah project.

Teachers must make sure that back-up copies of all the students’ disks are
made, to protect the students from work loss due to damage or filing mistakes,
and to enable teachers to see the pattern of the work of individual students so
they can plan tasks which meet their developmental needs. By examining the
work on the back-up disks the teacher can also determine whether a programming
problem should be solved with direct assistance by providing a tool which the
student may not yet be ready to invent, or whether the student should be
encouraged to persevere on his/her own.

Examination of the disks, outside school hours, allows the teacher time to
work on programming probiems by trying out the programs the student
attempted, and trying several plans and solusion paths, away from the stress of a
class period. Inevitably, examination of the disks forces the teachers 1o think
about their own next learning steps. During 1992 teachers in the Coombabah
project examined back-up disks rarely, if at all. They had not set out to evaluate
students’ progress in computing, but had decided to restrict themselyes 1o
assessment of skill and knowledge development in subject domains. As a result
of this policy both students and teachers will have missed out on valuable
opportunities for leaming. Assessment and evaluation are discussed further in
Chapter 5.

During the actual class time the teacher walks among the students and
observes, admires, comments and answers questions. The teacher can collect
small groups of students around a common interest problem. Sometimes he/she
will ask a student to share some work with the whole group as a teaching
example or model of problem solving,

The words a teacher uses are important. Instead of providing a solution for a
student immediately, the teacher might say: Describe the problem. Tell me what
happens, What did you want to happen? Try it now and shaw me, or Teach me
what you did. These types of response are important for several reasons. They
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give both the teacher and the student time to reflect on the problem, and they
require a verbal description on the part of the student. The act of describing
something accurately diminishes personal emotion and allows the describer to
see more clearly what has actually happened.

If, after the student has described the problem and neither teacher nor student
know how to solve i, teacher and student can write a plan together in English
words. Such a plan would specify exactly what the student wanted to achieve and
perhaps include an example, which, if it is too difficult, can be substituted by a
simpler one. Teacher and student together can write a superprocedure before they
invent subprocedures, always making very sure that the first step is one the
student can solve sucecessfully.

Other tasks for the teacher include collecting, displaying and identifying
resources, Many teachers use bulletin boards to stimulate the leaming process.
The teacher might post a weekly or daily mystery procedure, a new command
with definition and examples of use, a challenging programming ides, a template
or procedure to copy and try out, or a chart of strdents’ names indicating their
specific areas of expertise in order to make peer tutoring possible for every
student, Sometimes the teacher might post an interactive program for students to
copy, use, then medify and make their own.

Copying among Students

In the classroom everything students do on their computer is to some extent
public. One cannot cover up a screen in the same way as some students hide their
written work from one another. When learning with their own computers, it is
easy and natural for students to look at, and to comment on, each other’s projects,
and so to learn from one another. The teacher can encourage this by giving space
for wall displays of children’s work and other stimulus materials. The
relationships between students are different from those in a more conventional
classroom. The students tend to share ideas and knowledge in an environment
which does not continually stress competition.

For some teachers, the thought of students having access ta each other’s work
in this way may raise the problem of copying. A certain amount of copying, and
the right sort of copying, is perfectly healthy. Encouraging students to leamn from
each other is, in a sense, encouraging them to copy. Some students at Coombabah
learnt about variables by copying a program directly from a wall display.
Students often copy something that looks atiractive, and then they make it their
own by adding to it or changing it.

Too much copying is unhealthy: it tends to stop students geiting involved with
their own projects. As with using the printer, studen(s can learn to be more
discriminating in the ways in which they use each other’s ideas and procedures. It
is important that they are given the time and the guidance to do this
constructively. The teacher’s first instinct may be to try to impose his/her own
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roles about copying, but this will not necessarily achieve the result of helping the
students to develop a responsible attitude. Probably the students will still copy,
but they will become more devious and copy in less obvious ways.

The fact that the students are permitted to use the compuiers during breaks and
lunch hours, and take them home, brings further benefits but increases the
oppartunities for copying.

Learning Contracis

This strategy requires students to enter into a contract to carry cut certain learning
tasks. Some of these tasks might be classroom based, others are carried out
outside classroom periods at school, at home or in the community with students
performing useful leaming and service projects. Learning contracts allow
students to become more self-directed and independent in their leaming. They
can also offer them the chance to explore, leamn and practise real life skills in a
meaningful context.

The contract approach recegnises that there are students with a wide range of both academic
and personel/social sbilities. By working through individual or group contracts, students ars
enabled to develop their abilities in relation o thelr own needs. Negotiation with students
about the contracts and the types of activities they are going w0 be involved in is an important
aspect of the strategy. Students need to feel responsible for their own leaming. There is also
an inherent motivation to work when studems feel there is an element of choice. There
shonld be negotiation between the teacher and the group, and among individual mermbsers of
the group. (Queensland Education Department, 1588, p. 8)

In its publication Practical Computer Methods: Guidelines, the Queensiand
Department of Education (1988) outlines the steps to follow in presenting a
coniract system to students, and presents sample contracts and projects.

Fostering Probtem Solving Skilis

‘When one considers problem solving with and without a computer, it becomes
evident that teachers may need to focus on similarities between programming and
problem solving sithout computers. Similar components will have to be made
explicit and practised. Those who believe in an isomorphism between
programming and general problem solving ability tend to assume that the
similarities in processing outweigh the dissimilarities and are sufficient to assure
transferability. This assumption is yet to be tested. At present there is liftle
historical, theoretical or empirical support for it

Some create a one-te-one correspondence between programming and problem
solving processes by noting similarities in requirements. For instance, both
involve specific directions, planning, hypothesis formation, goal-oriented
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behaviour, subgoal decomposition, and means-end analysis, monitoring and
evaluation, so that discrepancies between what is obtained and what is intended
can be eliminated. Unfortunately, there are also dissimilarities in the two
processes which detract from successful transfer. For example, computer
programs typically have perfect access to previous information while humans
tend to lose information over time. Further, computer programs are rigidly
sequenced and, once begun, continue to execute a routine to its conclusion, In
contrast, human problem solvers ar¢ easily distracted by external stimuli and by
ideas unrelated to the problem at hand.

Why are some studenis unable to ¢ope with the problem solving skills
necessary to write Logo programs needing more than three procedures? Burrowes
(1985) believes that some students are generally weak in problem solving, have a
poor self-image, or perhaps feel defeated by the educational establishment. When
attempting to increase students’ problem solving skills, one must also recognise
the precursor skill of problem posing. Problem solving emphasises goal directed
activity at the expense of exploratory behaviours. Exploratory work with Logo
often leads to problem posing, which in turmn can result in more goal directed
problem solving. Sometimes students move directly into problem solving mode
without having really understood what the task might require. Also, cognitive and
affective variables cannot be separated. The processes of problem solving,
program design and other creative work need like ail academic leaming to be
viewed in the context of the student’s motivation, interests and feelings about
computing and the classroom culture.

Collaborative Learning

The teim collaborative learning is an wmbrella term which covers such activities
as learning in pairs or small groups, cooperation and collaboration. Strictly
speaking, the meaning of the three terms differs. Smat! group simply refers to a
reduction in the size of groups or dividing the class into groups. Cooperation (an
antonym 1o campetition) means to help one another to do whatever is required for
the group to succeed (e.g. Slavin, 1985, 1986). Coilaboration refers more to the
human relationships in the classroom which ate expected to help students become
more active, autonomous, responsible and self-directed in their learning
(Whipple, 1987). Cooperation is, obviously, a prerequisite for collaboration,
According to Whipple (1987), Chung (1991) and others, important characteristics
of collaborative classroom activities are:

teachers and students are active participants in the learning process;
collaborasion reduces the distance between teacher and students;
collaboration creates a sense of community in the classroom;
knowledge is created, not wansferred;

collaborasion locates knowledge in the group as well as in individuals.

Teaching and Leaning 1319

Johnson & Johnson (1989) point out that the processes of interdependence,
interaction and integration must be operating in the classroom if collaborative
learning is to be successful. Students must see themselves as positively
interdependent so that they take a personal responsibility for their contribution to
the achievement of group goals; and they must engage in considerable face-to-
face interaction in which they help each other, share resources, give constructive
feedback and advice to one other, and be sensitive to feedback from others.

One way in which the teachers at Coombabah foster these processes is through
the identification of class experts, who have been coached by the teacher or
trained themselves in the use of particular procedures, pieces of software, etc.
While this instructional strategy certainly fosters interaction and interdependence
between students, it is not well received by all students. Many of them
complained that the same people are selected to be experts, and that most
students do not have g hope of becoming experts. These status differences might
well be counterproductive for the learning climate of the class as a whole,
Coliaborative leaming and students’ becoming responsible for their own learning
are fostered by having students rely more heavily on their peers than on the
teacher for solving problems and evaluating outcomes. Students can be
encouraged to seek help from peers and only after having done so to ask the
teacher for assistance,

During collaborative learning students share, rather than compete for
recognition of their efforts, They monitor and evaluate leaming processes, rather
than hurry to finish tasks quickly. The small group provides safe opportunities
for trial and error activities as well as for asking questions and expressing
opinions. In small group work more students have a chance to contribute ideas.
The group also acts as a motivator and provides students with many opportutities
to take on the role of reacher as well as leamner. The system of teachers selecting
and training experts may not be the best way of fostering truly collaborative
leaming,

Quite apart from the practicality in situations where there are insufficient
machines for each student to have their own, the advantages of computing with
one or more partners are great, Discussing ideas with others is an important
aspect of any learning situation. Putting ideas into words is not just a prerequisite
for such discussions but a valsable way of clarifying what and how one is
thinking for oneself. The experience of starting to explain something, only to
realise that one has not understood it oneself, is a common one.

Thinking aloud (e.g. Ericsson & Simon, 1984; Rowe, 1985) can be a powerful
way of exposing one's own misunderstandings to oneself and within a small
group. It also provides a means of sorting out the confusions by talking them
through. This activity is much less threatening, and more meaningful, when the
person being talked to is a fellow student, who is not expected to already
understand what one is trying to explain, rather than a teacher, who might be
expected to know all the answers. Sharing ideas gives the opportunity to learn
from others and to see many different views of a problem.
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We observed that when students in the Coombabah project were working on
Logo, it was natural for them to share their views, problems and achi¢vements
with their partners, However, forming stable working relationships is not
something that all children take to naturally. The literature suggests that girls may
be more comfortable in collaborative work groups than many boys. The literature
would suggest that, typically, the girls formed more stable partnerships while the
boys tended to change partmers more often and were often keen to work on their
own. This was found not to be so at Coombabah. Girls did not appear to form
more stable partmerships than the boys, nor did boys change their pariners more
frequently. It was observed, however, that more boys seemed to have a
preference for working alone than girls. The class experts often preferred 1o work
on their own until they had worked out a new procsdure.

For the teacher to determine the partnerships among students woild be
missing an opportunity to encourage the students to take control, Sufficient time
must be allowed for the students to choose their own pariners and to change them
as they desire. Also, implicitly teachers might get over the message that working
with a partner is useful and important, and occasionally talk more explicitly to
students who are having difficulty settling into partnerships.

Inevitably there will be some students who prefer to work on their own some
of the time, particularly as they ecome more experienced as programmers, and it
reasonable for a teacher and peers to respect this. In Coombabah we observed that
often pairs of students who are experienced programmers, preferred to work on
their own, but chose to be sitting near enough to one ancther to look at each
other’s screens. Although they were working on separate projects, they discussed
their work and offered each other help and advice.

intervention

A common misapprehension has grown up, especially in the Logo community,
that in order to encourage students 1o work independently the teacher should not
intervene at all. I do not agree with this view, because I regard the teacher’s input
as a vital component of the student’s learning. The non-intervention view has
resulted from a genuine concern that some teachers might play far too dominant a
role in the students® work, and that the teacher’s intervention can inhibit the
students from developing their own understanding. A useful strategy for teachers
is to stop and think before intervening, giving the students time to think out their
own solution paths and giving the teacher a chance to work out an appropriate *
reply before jumping in, It is important to spend time just watching and lstening
when students are working at the keyboard, to find out exactly what they are
doing, before deciding whether intervention is necessary or appropriate.

It is often tempting to try to introduce a new command or technique before
students are ready for it, or to correct an exror rather than suggesting how students
could solve the problem for themselves, Actually, studen® working on their own

Teaching and Lezrning 121

pmjects in computing often reject suggestions when they are made, only to come
back to them some time later, Students learn new ideas when they are ready for
them, and in a large classroom it is hardly possible for the teacher o ascertain the
needs of each student at exactly the right time. If the teacher’s interventions are
based on the students’ own progress, but without any pressure for ideas to be
taken up immediately, then students can make the ideas suggested to them by the
teacher their own whenthey are ready to do so. It is im possibie to make hard and
fast rules, but the suggestion of never touching the student’s keyboard is a good
starting point. Obviously an exception to this would be if there is something
wrong with the disk and the teacher wishes to get the student back to work
quickly. Even in such a situation the ideal response would be to help the student
fix the problem herself/himself by verbal suggestions which the student might try
on the keyboard.

Holding back from intervention to allow students time to find their own
solutions, to develop their own projects and to control their own pace of work is
often an important patt of the teacher’s role. It takes time for students to become
committed to the work they are doing. At the start of a new project students
might work at a relatively low level before they are ready to tackle the more
difficult aspects. Students with their own laptops and L.ogo projects are able to
learn in a natural way because they have control over what they are working on,
and because they can control when they tackle difficult ideas.

Miswkes. Another way in which students can take contrel of their own work in
computing is in judging their own success or lack of success. Because students
have set their own goals, and usually have instant feedback on their actions from
the computer, the need for the teacher 1o say that something is correct or wrong is
much reduced. In fact, a teacher might well be embarrassed when he/she says
That is nice, commenting on an attractive display on the screen, and is wld by the
student No, this isy’ t what I wanted 1o do at all. Students who are used to having
their work marked by teachers may take some tfime to get over regarding errors as
wrong and something to feel embarrassed about. They will need encouragement
from their teachers to change this feeling. Promoting debugging as a respectable,
useful and at least mildly enjoyable activity is one way of developing & positive
attitude to making and correcting mistakes. Using the term bugs instead of
mistakes is likely to help overcome existing prejudices.

An important feature of Logo and other software is the error messages which
appear on the screen if a command is typed which the computer cannot interpret.
Unfortunately, these messages are often not read by novices, or they are found
difficult to interpret. In the early stages of computer use most error messages tend
to reflect typing errors. Learning to read and interpret error messages is an
important step for students in leaming to program and in taking responsibility for
their own work.

Asking questions. It is often easier to make interventions in a relaxed way by
asking questions. When students are involved in their own projects, it is clear that
they themselves know what they are aiming at and that the leacher is on less
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familiar ground. This is the reverse of the traditional classroom situation and can
lead to noticeable changes in the dialogue between teachers and students.

In traditional classrooms, the purpose of almost all the teachers’ questions is
not to get information but to test what students know. Questioning becomes
ritualised by both teachers and students and loses its potential as a teaching
technique, or even as a normal means of interaction between people. In
computing environments the teacher is more often genuinely asking for
information {e.g. How did you draw that part? Which procedure draws the eyes?
How will you get the turtle back to the right place?} and the students realise this,
Questioning becomes the basis of a conversation rather than an interrogation.
Asking appropriate questions can be a powerful way in which the teacher
encourages students to explore extensions to their projects, and to introduce new
challenges.

TEACHING TO FACILITATE INDEPENDENCE

Teachers are able to touch students in many ways, They implement educational
policy and curriculum content. Even more importantly, they establish the
educational climate, and structure learning experiences. They have almost
complete power over the processes which take place in the glassroom, and in the
final count these processes contribute more to education than does drill and
practice. One of the most important goals for the teacher is that of encouraging
students i become responsible for their own leaming,

Teaching and learning with computers provides the potential for natural
human relationships to develop between teacher and students as they collaborate
to solve a problem that arises in one of the students’ projects. As noted above, the
role of the teacher becomes more like that of a collaborasor, and their authority is
baged on their knowledge and ability to help, rather than on personal and
professional status. When the teacher is seen ay cooperating in students’
activities, rather than judging them, the relationship between students and teacher
can begin to approach the ideal described by Jerome Bruner in Toward a Theory
of Instruction:

I would like to suggest that what the teacher must be, to be an effective competence model,
is a day-to-day working model with whom to interact. It is nat so much that the teacher
provides a model to imitate. Rather, it is that the teacher can become part of the student’s
intemnal dialogue -- somebady whose respect he wants, someone whose standazds he wishes
ta1 ake his own, (Bruner, 1966, p. 124)

One factor which contributes to this more natural relationship is that the teacher
is often talking to students individually, or in small groups, rather than to the
class as a whole. This obviously requires a different manner and tone of voice,
and it is made easier if the teacher can sit with the students rather than standing
over them. Of course this could lead 1o problems if the teacher’s attention is
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completely taken up with one group, to the exclusion of the rest of the class.
Simple strategies such teachers sitting in such a position that they do not have
their back to the rest of the class when talking o a group ¢an help to maintain
contact with all students.

What is being said in the classroom and how it is being said, and what students
and teachers do in the classroom, greatly affects learning. Certain teacher
behaviours have a particularly strong and direct influence not only on student
learning and educational achievements, but also on motivation, self-concept,
social relationships and how students think about learning itself in and beyond
school.

Many of the teacher behaviours which have been shown to invite, enhance and
maintain high levels of communication among students ¢can be seen as falling
into one or more of the four following categories:

1 Structuring the classroom flexibly to allow for individual, small group and
total group interaction as may be required. Managing the resources of time,
space, materials, energy, interest and motivation to facilimte participation in
the communicative process by all students. Making thinking for oneself and
raking charge of one’s own learning an important and acceptable educational
objective for each student.

2 Questioning 10 help students acquire new and access previously acquired
information and experiences {input), attaching thatinformation to previously
acquired knowledge and restructuring and transforming it into meaningful
relationships (processing), and applying what has been acquired, restructured
or processed in other ways, in a variety of different, including novel situations
foutpur).

3 Responding to make students aware of their ability to think and learn
independently, helping them extend the power of this indepetxlence and, above
all, maintain their interest in continuing to acquire more effective ways of
leaming.

4 Modelling of the types of behaviours you wish your students to acquire. As
part of the day-to-day activities in the classroom, speak about and demonstrate
the strategies you yourself use as you go about cognitive tasks, and encourage
class discussion about the strategies different people are finding effective {or
not effective).

Structuring the Classroom

Structuring the classroom refers to ways in which the physical environment of
learning, environmental resources such as time and materials, and human
resources such as energy, interest, motivation, etc., are used. Every classroom is
structured in one way or another, either consciously or unconsciously, either
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directly or indirectly. Even an #nstructured classroom imposes a structure to
which and within which students and teachers react and interact.

Structuring the classroom for high levels of communication should be
conscious, deliberate and clearly based on the desired objectives for the students,
Having planned in advance which leaming tasks are to be accomplished and what
types of interaction are to be achieved, the leacher may wish 10 state some ground
rules, describe and explain the objectives, place limits and constraints, and create
an organisational pattern which he/she expects might best accomplish the desired
objectives. Research has shown that allowing students to work cooperatively
promotes more independent thinking and higher reasoning strategies than do
more competitive and individualistic leaming situations. In fact, most successful
programs designed to develop higher order thinking skills prescribe cooperative
leamning activities, It was found that the social setting provides occasions for
modelling and practice. Skilled thinkers (often the teacher, but sometimes more
advanced studentis) can demonstrate desirable ways of attacking problems,
analysing text, or constructing arguments. Students can scaffold complicated
performances for each other, Each one does part of the task, and, by working
cooperatively, students can arrive at solutions that one student could not manage
alone at that parsicular stage. In addition, mutual criticism during shared work
provides the feedback that can help refine or restructure individuals’ knowledge
and skill.

Teachers who encourage and promote independent thinking and learning tend
to provide a classroom climate where:

the smdents are able to see themselves as being in the decision making role,
the studenw decide on the strategics they will use to accomplish given tasks,

. the students detesmine the correctness or incorrectiess of an answer based on
data they themselves are producing and are able to validate,
the students are involved in sefting their own goals and means of assessing the
accomplishment of those goals.

Also, the reward system in such classroowmns is intrinsic rather than extrinsic (i.e.
derived from internal motivation to learn, an intellectual curiosity about
phernomena, a swiving for competency and accuracy, a sense of responsibility to
be a productive member of a community of learners, and a desire 0 emulate
significant respected others).

Questions and Answers
Aspects of teacher quessoning which have been found to have significant effects

on iniMang real commuuication in class include the types and levels of questions
asked, teacher wait-time (i.¢. the pause between the end of a teacher’s question
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and the beginning of a student’s response, or after a student's response and
teacher feedback), and teacher follow-up to student answers,

Dillon (1984) made the distinction between two types of classroom interaction
to which he refers as recitation and discussion. Recitation is totally teacher-
centred and characterised by recurring sequences of teacher questions and student
answers, in which students recite what they have leamt previously or what they
are currently learning in response to the teacher’s questioning. Real classroom
comimunication, however, involves group interaction in which students discuss
what they know as well as what they do not know or understand. More than one
point of view is brought forth and considered. The teacher acts as a facilitator by
creating a non-threatening atmosphere of equality for students, by providing
clarification and guidance, by unobtrusively moving the discussion into desired
directions, Capable adept use of discussion is a most important tool for the
facilitation of independent thinking and leaming.

Students who are working on their own projects can solve many of the
problems themselves or through discussion with peers, but sometimes they will
demand help from the teacher. A teacher who is less familiar with working with,
for example, Logo may feel unsure about the best way to respond to these
requests, because there is a tension between wanting to help the students get on
with the job, and wanting them to think about solutions themselves, The most
appropriate strategy in any particular case will naturally depend on the
circumstances. The following examples illustrate this for some typical questions:

How can one move the turtle without drawing lines? This type of question is
straightforward. The student knows exactly what he/she requires, The
knowledge sought is not linked to any conceptual understanding, and there is
no way the students could work it out for themselves, There is a Logo
command to lift the turtle’s pen, and the teacher’s response must b % provide
this information or to direct the students to a resource, e.g. the handbook, from
which they can find out.

How do we draw a circle? This request is less straightforward and there are
several possible levels of response. Because the teacher’s aim is to encourage
problem solving and independent learning, he/she would regard this problem
as one the students could work out for themselves and encourage them to do
so. Pretending to be the turtle would help students to understand the need for
short forward movements, alternating with small turns. This involves either
implicitly or explicitly refusing to answer the question directly. How a teacher
does this will depend on the students involved, and the teacher’s personal
style.

How does REPEAT work? Here the student knows the purpose of REPEAT,
but needs t0 be reminded of its syntactic form. Again, the most appropriate
responsc depends on the student and the circumstances in which the question
is posed. A straightforward answer way suffice, as most students will not need
much encouragement to explore commands of the form REFPEAT I00{FD 100
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RT 155]. Any activity of this nature will provide plenty of practice with the
command and will allow students to discover a number of mathematical
relationships at the same time.

Deflecting questions which students should answer for themselves can have
positive effects in terms of encouraging independent thinking, but it can also be
disconcerting for the students. To them, asking how to draw a circle may not
seem any different from asking how to raise the pen, and the teacher’s behaviour
in answering one question directly but not the other may appear inconsistent
and/or obstructive. Some students’ answer to the suggestion of walking like a
turtle etc., when they have asked for help in drawing circles, might be to make
the wheels a different shape. There are countless questions students ask when
their work is important to them. The teacher’s response may be to give them
information, or to create a situation where the students can discover a solution for
themselves. What is important is that the students feel free to ask questions.

Positive and Negative Responses

The way in which the teacher responds to and interacts with students in the
classroom determines the degree of trust, warmth, openness, rapport and
psychological safety in the classroom. It also strongly influences the preparedness
of students (especially the more reticent ones) to take risks in trying out new
ideas and computing strategies.

Some teacher responses such as criticism (and other ways in which students
are put down) and praise result in the termination or temporary closing down of
communication with the student. Other responses result in extending or opening
the communication process. Examples in the latter category are acceptance, the
use of silence, clarification and facilitation.

Criticism This is the expression of a negative value judgment. There is an
abundance of research evidence to show that criticisin does not promote
cognitive or affective learning, and that it lowers students’ self-esteem and
achievement. When a teacher reacts to a student’s performance with brief,
negative words such as poor or wrong, he/she is likely to terminate interaction
with the student as well as the thinking process of the student. More subtle and
less negative signals of the inadequacy of a response might be You are almost

right, can anyone add to this answer? or You are getting close. Ridicule, sarcasm -

and other responses which are designed to put the student down should be
avoided at all cost. Criticising students and making them feel a failure certainly
does not enhance thinking and leaming,

Responses which are more useful than criticism in promoting student thinking
and learning tend to be the ones which represent extending and opening
behaviours. Prominent amongst these are the appropriate and not too frequent use
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of praise, large amounts of acceptance, clarification, facilitation and the skilled
use of silence.

Praise Praise might be seen as the opposite of criticism. It manifests itself in
the expression of positive value judgments such as good, excellent, very useful,
great, etc. While most educators strongly advocate the use of praise to reinforce
desired behaviours and for the building of self-esteem in students, there are some
problems related to the indiscriminate use of praise. Praise builds conformity and
it is thus less useful where our goal is diversity. The effect of praise on some
students is to make them dependent on others for their feelings of self-worth
rather than on themselves. Also, praise, like criticism, tends to terininate the
interaction between student and teacher. It is important for teachers to recognise
this, and use praise judiciously with those students and in relation to those
objectives for which it is suitable (e.g. with reluctant and unmotivated students,
young children in rote learning of low level cognitive tasks).

The teacher’s long-term goal should be to decrease the use of terminal
behaviours including praise and criticism. Teachers can replace their habit of
offering praise too frequently with an enlarged repertoire of response behaviours
which have been shown to be more conducive to developing student thinking,
learning and self-esteem. Amongst these are acceptance of a variety of views,
clarification, facilitation and silence.

Acceptance This term describes responses which are non-judgmental and non-
evaluative. Neither words nor gesture, posture, etc., give clues as to whether the
teacher regards the student’s response or idea as correct, good, bad, worse,
better, etc. Alternative ways of reacting to a student’s answer are by
acknowledging it, paraphrasing or summarising it, applying it or comparing it
with anotheridea.

The intention of acceptance is to build a psychologically safe classroom
climate in which students can take risks, feel that they are entrusted with the
responsibility of making decisions and can explore the consequences of their own
actions. An atmosphere of acceptance encourages students to examine and
compare their own views, feelings, reactions, values and criteria of success with
those of other students as well as with those of the teacher. Even when students’
views, feelings, etc. differ from those of the teacher in a seemingly unacceptable
way, the teacher can still accept them temporarily, because he/she realises that
only the student is able to modify them. The task of the teacher is to provide
information and to guide the discussion in the classroom in such a way that it
facilitates the processes which lead to students’ modifying their feelings, criteria
for action, etc. making them more consistent with reality and the demands of the
task or the situation.

The classroom where independent thinking and learning are fostered is one
where a spirit of inquiry prevails. Student questions and intellectual challenges
are valued. The teacher admits uncertainty: We are not really sure how evolution
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comes about, I am not sure about my interpretation of this poem, I continue to
find new things in it. In this way the teacher emphasises education as an
exploration of the unknown, as well as learning what is known.

Teacher acceptance encourages problem finding on the part of students. In
many classrooms quick answers and solusons are sought, encouraged and valued.
In an independence oriented classroom, students are taught and encouraged to
identify problems, to wonder and to speculate. The unthinking person may
observe graffiti and either smile or frown. The thinking person wonders why in
Europe graffiti is so often political while in the USA it is more commonly
scatological and in Australia childish. The teacher nurtures a problem finding
disposition by encouraging students to ask questions of their own, not just
answering the questions posed by others. Here are some data about income
distribution in Australia, what questions could we ask? We' il be looking at the
role of the nuclear family in Aboriginal communities, what questions world you
like 10 have answered? Note that acceptance can be demonstrated in different
ways, €.g. it can be quite passive, active or even empathic.

Passive acceptance refers to instances in which the teacher merely receives
and achnewledges what the smdent says, without making any value judgment. It
shows the student that his/her response has been heard. Examples of passive
acceptance behaviours teachers can use are: That is one possibility, I understand,
Could be, Hmm. Non-verbal passive acceptance behaviours include nodding of
the head or writing the student’s statement on the blackboard.

Active acceptance refers to instances in which the teacher demonstrates an
understanding of the student’s response. The teacher actively accepts by
reflecting (not merely repeasing}, extending, building on, comparing or giving an
example based on the student’s response. While rewording the student’s
response, the teacher strives to maintain the intent and accurate meaning of the
student's idea. Acfive acceptance is stronger than passive acceptance because the
teacher not only acknowledges that the student’s message has been received, but
also that the intent of the message has been understood.

Empathic acceptance is an acceptance of feelings as well as the preducts of
thought. It means that the teacher not only hears the student’s ideas but is also
sensitive to the emotions underlying or accompanying these. Teachers can show
empathy when they express similar feelings to those of the student from their
own experience. Empathic acceptance daes not mean that the teacher condones
acts of aggression or destructive behaviour, Rather, it demonstrates an
understanding and acceptance of the emotions that produce such behaviours.

Clarification This is similar to active acceptance in that both behaviours are
concerned with the teacher’s understanding of the student’s idea. While active
acceptance conveys that the teacher undersiands, questions of ¢larification
convey that the teacher is seeking undesstanding but requires more information.
Nearly 30 years ago, Flanders showed that student achievement is higher in
classes where teachers use, build on, extend or clarify studenis’ responses. When
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teachers encourage students 10 elaborate on their answers and use other methods
of clarification, students tend te increase the consistency of their thinking, i.e.
they become more task oriented and purposeful in their problem solving and
learming,

One of the most compelling reasons why teachers should make frequent use of
clarification is that it contributes to the development of students’ metacognitive
skills. There is a high correlation between the degree of metacognitive awareness
and the level of performance on complex problem solving tasks. Students
become better problem solvers and leamers if they are able to become aware of
and talk about the strategies and steps they use in their problem solving and
leaming.

Some students follow computing instructions and perform tasks without
asking themselves why they are doing what they are doing. They seldomly, if
ever, evaluate their own learning strategies or the gfficiency of their own
performance, They have virtvally no idea what they are doing when they perform
a task, and are thus unable to explain the strategies and steps they used. When the
teacher asks students to explain their work, i.e. to show how they arrived at a
solution or to share their rationale for a certain procedure, the teacher causes the
student to use metacognition. For 40 years research evidence has been building
up for the view that thinking and talking about thinking leads to more thinking,
Causing students to talk about their thinking and learning processes during and
after performance enharnces their ability to think,

Facilitation Facilitating the acquisition of information, knowledge and skills is
a basic aim of teaching. To do this the teacher must be sensitive to and able to
perceive students’ n#eds, provide information and make it possible for students to
do so themselves. Knowledge of results, i.e. feedback, is the most important
variable governing the acquisition of skill, but also in the development of
independent learning dispositions and habits of thinking., Note that there is a
difference between rewards and feedback, Rewards can either control behaviour
or give information about competence. If students perceive the teacher’s praise as
controlling, their intrinsic motivation is likely to decrease, If, however, students
perceive rewards as providing feedback about their skill or competence, intrinsic
motivation is likely to increase.

Silence Silence and waiting time are important aspects of teacher/student
interaction. Many classreoms could do with a more deliberate pace rather than
encouraging impulsiveness. The teacher asks a question, expects an immediate
answer and calls on the first student who puts up his/her hand. Such rapid-fire
recitations can be usefnl in several ways. They facilitate the assessment of a
single student’s knowledge, permit rehearsal of facts and keep students attentive,
However, if the aim is to develop problem solving and thinking, as when leaming
with computers, this style of interaction is counterproductive. Students need time
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to deliberate, i.e. to reflect about alternative possibilisies, to weigh the evidence
and to come fo a tentative conclusion,

Research has shown differences in student behaviour in traditional ¢lassrooms
where teachers waited after asking a question or after a student responded.
Teachers who wait just a short time, i.e. one or two seconds, tend to receive from
their students short, often one word, responses, Teachers who wait for longer
periods tend o elicit responses based on more complete thought, and in whole
sentences. Also, there is an increase in the creativity of responses as shown by the
more frequent use of descriptive and modifying words, and an increased
speculativeness in students’ thinking. Interactions among students in the group
are increased, the number of gquestions students ask increases and, most important
of all, reticent, shy and slower thinking students begin to coniribute. The same
processes are likely to operate in the classroom where students learn with
computers.

Teachers ean comimunicate their expecta®ons to students through the use of
silence. Teachers who ask questions and then wait before they invite a student to
answer show that they expect an answer but also that they have faith in the
student’s gbility to answer, given sufficient time. Teachers who ask a question of
a student, wait only a short time, and then give the answer, call on another
student or give a hint, only demonstrate to the student their belief that he/she is
really unable to answer the question, i.e. is considered too poor a student to offer
an answer or to reason independently.

Modelling

How do students choose their models and how do they know what to emulate?
Teachers and some class experts provide immediate models. In addition,
however, students need to be presented with models and case studies of
successful experts in compuking and other domains. Students can leam a great
deal through the direct observation and the study of detailed accounts of peers
and adults (including their teachers) struggling with problems. This allows them
to observe, discuss and understand why certain processes are operating
differently in different situations and with respect to different tasks. They will
leam that creative thinking and independent leaming habits are not limited to a
given age group, to certain occupations/professions, to particular ethnic groups or
social classes, or to scientific and other scholarly effort. They need to observe
that the best thinkers, including their teachers, more experienced students,
parents, and significant others can be wrong, and that the path to success is often
uncertdin and may be full of torture.

Modelling by the teacher serves io share with students not only what the
teacher might be thinking about the content to be learnt, but perhaps more
impertantly, information and feelings about the processes of learning and
problem solving.
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CONCLUSION

The implications of teaching to facilitate independent thinking, problem solving
and self-regulated learning, with and without computers, include the
enhancement of communication processes between peers, and between students
and teachers, an enrichment of teacher conceptions of individual differences
among students in modvation, interest, leaming style and information processing,
previous experience and behaviours, an improvement of instructional methods,
and the broadening of educational goals and outcomes. This type of teaching
leads to new kinds of educational structuring which extend beyond the
boundanes of the classroom and school, The teaching and learning advocated in
this chapter is characterised by shared knowledge among teachers and leamers,
students and teachers sharing planning and control with respect to the content and
processes of leaming, and students accepting pérsonal responsibility for their
leaming as members of a community of inquiry and leaming.
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Assessment and Evaluation

ASSESSMENT VERSUS EVALUATION

In educational contexts, assessment, as an aspect of evaluation, if not a
prerequisite for it, involves gathering and transmitting information which is
relevant to and assists in making certain kinds of decisions.

The Encyclopaedia of Educational Evaluation (Anderson, Ball, Murphy &
Associates, 1975) defines assessment as a process for gathering information
which can meet a variety of evaluation needs. The process of assessment involves
multiple indicators and sources of evidence, and in this sense is different from
testing.

Assessment, as opposed to simple one dimensional measurement, is frequently described as
multitrait-multimethod; that is, it focuses upon a number of vaniables judged to be important
and utilizes a number of techniques to assay them . . . Its techniques may also be multisource
. . . andfor multijudge. (Anderson et al., 1975, p. 27)

Assessment is the process of collecting and organising information or data in
ways that make it possible to judge or evaluate performance, the operation of a
program, etc. Assessment data of any kind are no more than indicators of a
phenomenon. The evidence associated with such indicators must be unambiguous
to the extent that the context and means of its collection are understood by the
students, parents, other teachers and whoever else might wish to use it.
Assessment data provide evidence, but the evaluation of that evidence can still be
open to interpretation as different people might form somewhat different
judgments conceming the implications of the data.

It therefore seems appropriate . . . to limit the term assessment to the process of gathering
data and fashioning them into an interpretable form; judgments can then be made. ..
Assessment, then, as we define it, precedes the final decision making stage in evaluation.
(Anderson et al., 1975, p. 27)

Hayman, Rayder, Stenner & Madey (1579) suggest that for assessment to be used
effectively, four criteria must be met:
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1 The information resulting from the assessment must reduce uncertainty. If
uncertainty is not reduced, no informasion is provided by the assessment.

2 A proper format must be chosen for representing, transmitting, receiving and
relating assessment information.

3 The recipient must understand the meaning of the information. In other words,
the information must be accessible to the intended user.

4 The information must be capable of motivasing human action.

IMPORTANT ISSUES

The goal of introducing computers into the classroom is to assist with the
intellectual development of students. Assessment and evaluation of student
progress is an integral part of this process of development. Evaluation is needed
not only to judge the intellectual and personal development of the students, but
also to determine the effectiveness and validity of curriculum content, classroom
organisation and the teaching strategies used.

How can learning processes and educational outcomes in computing be
evaluated? At present, there appears to be some disagreement and uncertainty
about what is to be expected from students who are learning with computers.
This uncertainty is the reason for the current lack of agreed curriculum guidelines
and criteria for student assessment. Individual teachers thus need to clarify for
themselves what they expect to achieve through the use of a computer and the
computer-based activities in the classroom. In learning with computers, as in all
other areas of education, assessment is a positive aid to leaming and instruction.
The important components which need to be evaluated fall into six broad
categories: computing skills, knowledge, awareness, attitude, leaming processes
and learning outcomes.

Assessment should have both formative and summative aspects. The process
skills used by students to complete tasks are at least as important as the final
product of an assignment. Learning outcomes may show whether a student has
acquired certain facts, rules and procedures. However, measures of leaming
outcomes do noi provide any information about the way in which the assessed
knowledge and skills have been acquired, nor do they tell us what prevented a
certain individual from developing the required knowledge or skills. The major
purpose of formative assessment is to provide diagnostic and remedial feedback
to the student; in addition it will provide information which will update the
student’s profile of skill and knowledge development for the teacher. Assessment
should be concemed with the qualitative aspects of the learing process as well as
the final outcome.

Some aspects of computer awareness can be assessed through written or oral
procedures, even by means of multiple choice tests. Student attitudes to
computing can be assessed by talking with individuals or groups of students and
through questionnaires. However, the physical handling of the hardware and
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software, and computer programming, are best evaluated through the observation
of performance and the evaluasion of the workability, efficiency and effectiveness
of the final outcome or product. The most revealing way for students to
demonstrate their abilities and skills is through practical application, This
encourages them to display theirknowledge and skills in the planning, design,
creation and appraisal of solutions and other cognitive outcomes. Thig also
allows the observation of student attitudes, leaming styles and other personal
characteristics, their ability fo concentrate, persevere and apply themselves to
tasks, their capacity to work with others and on their own.

In classrooms where students are working with computers, we are likely to see
a lot of group activity and discussion. Students move about the room to watch
other students, to ask for assistance, to debate and argue their view. Students gain
valuable insights through listening to the comments of others about their work
and ways in which it could be improved. Pieces of work at various stages of
completion are evident in the classroom. Because students may work on
individual or group projects for hours, days or weeks, they are engaged in a
variety of activities as shey experiment, develop ideas, test new theories, plan and
draft solutions, revise and refine their work. Through these activities, students
show their understanding, difficulties, and their developing knowledge and skills.
Self-evaluation (written or oral) is an excellent method of enabling students to
reflect on their learning.

As with other areas of leaming, how computing knowledge and skills develop
should be monitored regularly and as an integral part of ¢lassroom leaming and
teaching. Much information can be gained quite quickly by the teacher by simply
talking to the students about their work, what they have learnt, enjoyed or
disliked. At this time teachers would also discuss with the student how they think
the student is working, decide whether quality and quantity of work is of an
agreed standard {and if not, to try and find a solution with the student to
overcome the problem). Assessment whichoccurs within the context of learning
has a certain naturalness about it. Realistic competence is displayed by the
students as members of a community of learners, in conirast to the
decontextualised, isolated, and competitive character of testing as it is often
carried out, As members of groups and the broader classroom community,
students leam to assess their own performance and development, and they come
to rely on group feedback and peer commentary about theirideas and work
strategies (in addison to feedback from the teacher) as fonms of assessment. They
leam to understand the importance of the part individuals play in group work, and
they learn to evaluate their own contribution and that of others. In these contexts,
students are able to mondtor their performances and observe the performances of
more competent as well as less competent peers more consistently than is
possible in situations where leaming and problem solving proceed individually
and silently, and where all that matters is the answer orend product.

As noted in the previous chapter, students can be encouraged to ke¢p a
personal and/or group record of their daily progress. In a special computer diary
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file they can describe what they did, as well as noting comments and thoughis
about some of the decisions and choices they made while wriMng a procedure, or
during the creation of a story. Sometimes students might be given an opportunity
to write a small reflective piece in which they review their past work and might
begin to develop a sense of their growth and leaming over fime. The latter is an
impostant dimension of formative assessment.

As noted above, assessment and evaluation need to be formative and
summative, but above all they need to be continuous. A balanced approach io the
evaluation of learning in all areas of the curriculum requires the collection of
many kinds of evidence over a long period of iime, i.e. the whole texm or school
year. Assessment ghould identify strengths and weaknesses, and point to how
learning processes and learning outcomes of students can be improved (cf.
criterion 4 noted above). Assessment includes describing and monitoring student
progress, and making summary statements of achievements in terms of both
learning processes and outcomes. Both of these should be based on previously
determined goals and on specified work requirements. Judgments of capabilities
could then be guided by the outcomes described for each band of schooling (e.g.
lower primary, upper primary, lower secondary and upper secondary),

Over the past five years, most State Education Departments in Australiahave
produced charts listing goals for attainment in educational computing. At present,
there is little communality between these charts and no followup as to the
usefulness of the goals themselves is available. Faving declared technology
education as one of the eight mainstream areas of learning in the Hobart
Declaration in April 1989, the Australian Education Council has mounted a
major National Technology Education Project. The resulting Metional Statement
on Technology Education for Austratian Schools is expected to include detailed
statements of goals and expected achievements. The document should be released
in the near future. In the mean#me, the following generally agreed upon broad
aims might serve as initial expected outcomes for primary and lower secondary
school students,

EXPECTED OUTCOMES

Two quite basic outcomes of educational computing can be expected in primary
and lower secondary school classrooms:

students will come to feel confident and comfortable about using the computer
as a leamning tool; and

2 they will use this tool regularly across the curriculum to achieve learning
objectives and to solve problems in the context of their daily classroom
activities.
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Indicators which could serve as evaluative measures for (1), i.e. to assess the
extent to which students are confident and comfortable in using computers as
tools, might be as follows:

1-0  student does not use the computer;

1-1  student uses computer only when directed and for limited purposes, e.g.
drill and practice;

1-2  student uses computer regularly with guidance from the teacher;

1-3  student uses computer in group situation, interacting productively;

1-4  student confidently uses software or procedures written by others in

various domains and for various purposes;

1-5 student is able to match a particular software application to his/her specific
need;

1-5  student takes initiative to use computer appropriately;

1-6  student uses the computer for his/her own explorations;

1-6  student explores computer use for for divergent purposes.

Indicators for (2), i.e. to assess the extent to which students regularly use
computers to solve problems across the curriculum, might be:

2-0 no problem solving use of the computer;

2-1 attempts to use computer for problem solving in one or more areas of the
curriculum;

2-2  computer used regularly for problem solving activities in a particular arca
of the curriculum;

2-3  student displays an ability to select a software application or module
which matches his/her problem;

2-4  student uses subject specific problem solving procedures in mathematics,
science, social studies, language, etc., and is able to help peers with this;

2-5 student tries to use computer for problem solving across the curriculum,
e.g. attempts integrated use of applications such as word processing,
graphics design, databases, writing of procedures, information processing
(i.e. retrieval, analysis and presentation);

2-6  student uses computer across the curriculum to process information by
organising, manipulating, analysing and synthesising information, and is
able to help peers.

MONITORING PRODUCT AND PROCESS

In addition to the above discussed broad outcomes of learning with computers,
there are more difficult issues of assessment and evaluation. Key questions
include:
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1 How can we assess or evaluate the outcomes of work in educational
computing? What are the criteria for assessment?

2 How can we assess the processes of thinking and problem solving taking place
during computing, rather than facts and final solutions?

3 What is the final solution if leamners are working with programs and in media
which invite them to retumn and encourage further editing?

4 How do we assess the work of individuals when the work is collaborative?

With respect to questions 1 and 2, it is obvious that all leaming and teaching
must include monitoring. Further curriculum preparation and planning depends
on the results of the ongoing monitoring of what has been covered. The
techniques outlined later in this chapter will be applicable for courses in
computing as a subject as well as for the evaluation of the development of
computing knowledge and skills in integrated courses.

There are many factors to be considered in monitoring both a course in
computing studies and the use of computers as a tool integrated in subject areas.
In both cases monitoring helps ensure that the requirements of the syllabus are
met. Objectives, perspectives, content, approaches to planning units of work and
different teaching techniques must all be considered.

In the absence of a formal curriculum statement and syllabus, teachers will be
setting their own goals and devising suitable learning sequences for their
students. These will relate to the broad areas of computer awareness and attitudes
to computing, knowledge about computers and computing, and computing skills.
Whether computing is taught as a separate subject or is integrated into other
subject areas, the processes involved in leaming computing and in learning by
means of computing include the following:

analysis of the topic or task,

comprehension of what is required,

finding out facts, rules, etc., which might apply,
planning,

preparation and presentation of information,
use of software and hardware,

design of solution,

execution of task,

self-monitoring and evaluation,

sensitivity to feedback.

The problem of monitoring is not so much a matter of evaluating what is done
but rather with finding methods of keeping track of what is happening as leaming
and teaching evolve., Whether a curriculum is written down in its entirety before
teaching any part of it, or developed as teaching proceeds, there must be careful
documentation and monitoring of all the parts.
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Different teachers will have different strategies to monitor progress throughout
their teaching. Some will prefer to have pages in a book, or computer records that
allow portability, others wall charts of various sizes so that the whole course can
be seen at a glance, This is a matter for individual preference. The only necessity
is that there is monitoring. A later section of this chapter entitled Evaluating
Progress provides specific suggestions as to how such monitoring could be
accomplished.

With respect to questions 3 and 4, concern has been expressed (e.g. Heppell,
1989) that we have not yet fully appreciated the significance of the non-linearity
of working with computers. In particular, it could be argued that we have not yet
developed a language for the use of such non-linearity. In our attempts to
evaluate the work of students who use computers we behave as though we are
evaluating the outcomes of working with pen and paper technology. We look for
originality, for first drafts, and for work that has been completed or preplanned.
Unfortunately these terms are less useful in the computing environment, because
they prevent us from actually making use of the freedom provided by the
medium.

The facility to return to a piece of work, to re-use, build upon and modify
previously produced material is a major benefit of the computer. It is not just
labour saving in the conventional sense of time and physical effort, but it allows
all learners to build upon a store of personal as well as collective past experiences
and ideas. This is an ability that experienced leamers have in abundance. The
reworking of ideas and knowledge is an essential part of Bruner’s (1966) spiral
curriculum. Whereas linear curriculum models forge limited links between pieces
of knowledge, engendering perceptions of completion and closure, in the spiral
curriculum knowledge has multiple links and is constantly growing in an
associative network and is therefore more readily available to use.

Should we reward students who use all the search, sort and graphical tools at
their disposal, or those who ask good questions and achieve relevant and useful
answers? Even here we are concerned with summative evaluation, the end-
product of the learning experience, rather than formative evaluation of the
process of learning. A Logo case study described by Hoyles, Sutherland & Evans
(1986) shows how we can be misled by an evaluation which is restricted to the
end-product. It reports the work of pairs of children over an extended period of
time. While most pairs in the class had both successes and setbacks, two boys
continuously produced exciting visual patterns using recursive procedures.
Further analysis showed, however, that the complex patterns of one week varied
little in structure from those of previous weeks, even though the patterns were
often visually dramatically different. The boys were manipulating variables in a
procedure by handle turning. What is even more disturbing is that they had
borrowed the initial procedure that was being manipulated from a neighbouring

group in the first week of the project. Summative evaluation of their work
marked them as being highly successful, but more careful evaluation of the
processes they were using revealed that the two students were stuck in their own
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procedural loop, trapped by initial success and now unwilling or unable to
experiment.

Heppell (1989) argued for a technological solution to assessment in which the
computer would keep alog of the investigative strategies of the leamers. What is
suggested is not a skills tick list so much as a monitoring of an ongoing process.
This method of monitoring could go a long way towards forcing students and
teachers to focus on process, although the logged data would still need very time-
consuming evaluation. In some instances the computer can be set up to manage
simple instruction, e.g. to keep track of students’ performances on drill and
practice activities. Other computers are set up for diagnostic testing. The hoped-
for outcome of these measures is to free the teacher for more essential work.

Computer-based activity of the more open-ended variety can provide teachers
with new insights into what their students can do. Anecdotal accounts have for a
long time described how teachers have learnt new things about their students’
capabilities as a result of observing them interacting with the computer and peers
(e.g. Bums, Cook, Dubitsky, 1982; Papert, Watt, diSessa & Weir, 1979).

With a greater emphasis on skills of abstraction and comprehension, what
student achievement consists of and how it is measured will need to change
(Fredericksen, 1984). For example, the advent of the pocket calculator has meant
that mathematical operations and estimation can be emphasised over calculation.
Word processors have resulted in a new emphasis on the writing process, as
opposed to spelling and the forming of letters. Programming will allow the
observation of students’ planning, monitoring, problem solving and decision
making skills.

Determining whether a student is a good problem solver who can imagine
multiple solutions, plan solution strategies, and estimate outcomes is very
different from counting how many problems a student can answer correctly in a
given time, A composition may no longer be judged simply by the number of
spelling and grammatical errors it contains.

Intelligent computer systems, which are presently being developed, will make
it possible in the future to promote and diagnose student performances in new
ways. Based on the student’s performance, these systems might prompt the
student to reconsider an answer, demonstrate a different process for solving a

particular problem, or ask the student to indicate why he/she thought a particular
response was correct. Other types of intelligent systems might help teachers
understand how students leamn and solve problem by analysing students’ errors
(e.g. Burton, 1981; Ohlsson, 1986).

GROUP WORK

Learning with computers usually involves a considerable amount of group work.
Formative as well as summative evaluation of group work is important.
Assessment at various stages of a group project provides the teacher with more
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opportunity to observe the contribution of individuals to the group effort than
assessment of the final product can.

In the assessment of performance on tasks tackled by collaborating students
the same mark might be given to each of the students in the group. Where this ig
unsatisfactory, the contribution and achievement of individuals to the group
effort could be estimated as well. For example, a common mark might be given
for the preduct of the group's work, but in addition individual members of the
group might be awarded marks above or below this group mark, according to the
level of their contribution. The assessment of the contribution of individuals is
judged on the basis of observation by the teacher, group discussion and
subsequent peer assessment, or a combination of both. Our research in the
SUNRISE classes at Coombabah showed peer assessment to be objective and
highly consistent with teachers’ judgments. The latier observation is supported by
the literature relafing to peer assessment.

Some criteria for the assessment of the processes of group work might be
provided by answers to the following questions:

Did everyone contribute?

Was there a group leader?

Did esperts in different aspects of the task emerge?
Did everyone have an opportunity io contribute?
Did everyone choose to contribute?

Did students take furns using the keyboard?

Did e students sclect one keyboard operator?

Was there evidence of group planning and decision making?
Did the students vote on how to proceed?

Did some students loge interest or show frustration?
How did the students evaluate their work?

1t is also possible to focus on the performance of individual students within
groups:

Did Student X contribute to the whole group’s activity or task?

Did Student X show that he/she is able o listen to others as well as talk?

Did the student share in the more difficulr as well as in the easy aspects of the
task?

Did the student show self-motivation?

Did the student accept respensibility for his/her own suggestions, actions, etc.?
Does the siudent perceive the project to be hisfhers?
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DIFFERENT ASSESSMENT PROCEDURES

Standardised tests of computing are not currently available, Even if such tests
became available, they would be of limited value for the assessment of process
skills. More suitable alternative methods of assessment include direct
observation, screening procedures, informal interviews, structured interviews,
situational try-outs, work samples and analyses of tasks and learning contexts.
Each has advantages and disadvantages, and requires differential time
commitments and varying levels of expertise on the part of the teacher ufilising
the method.

Direct observation can be spontaneous or syseematic, During spontaneous or
non-systematic observation, the teacher makes notes of behaviours that appear
important at the time. Systematic observasion focuses on one or more previously
specified behaviours. These target behaviours are operationally defined and then
counted in terms of frequency, magnitude or duration. The latter procedure is
used extensively in applied behaviour analysis and for purposes of behaviour
modification.

Screening procedures consist of short and easily administered inventories,
questionnaires, check lists or rating scales which provide some initial information
about the characteristics, i.e. attitudes, feelings, knowledge, or skills, of an
individual student or a group in relation to a variety of leamning topics or areas.
Screening instruments are often constructzd by teachers to cover a particular
context of leamning or student behaviour. Screening can be quite efficient but the
accuracy of the information obtained in this way can be unreliable.

Informal interviews have much in common with direct observation. The
teacher asks questions and discusses the variables o be assessed with the student,
produces notes and might make a report of the interview.

Structured interviews require considerable preparation and planning in
advance. The areas focused on may be general or quite specific. The success of
this approach depends on the skill of the interviewer in choosing and correetly
phrasing the relevant questions, and the ability of the person being interviewed to
understand the question and provide answers, An advantage of structured
inferviews is that they assure that every student is asked the same questions in the
same sequence. This facilitates comparison between the responses and reactions
of different students and helps to provide a more valid picture of the
performance, knowledge., attitudes, etc., of the class as a whole. Structured
student interviews are particularly valuable when the teacher’s major aim is to
evaluate a teaching program or module.

Sireational try-outs are based on the assumption that the best estimate of an
individual's skills and abilities comes from direct observation of that individual
in specific leaming or problem solving situations, rather than from a test or
indirect report showing what has been leamt in the past. Situational try-outs can
provide process as well as outcome information. Peer teaching is the suitable type
of situational try-out in the classroom, Students take turns at being the teacher. A
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considerable amount of information regarding the student’s knowledge about
how to learn, practise or go about a certain problem is made explicit by this
method. Asking more experienced students to explain to their less experienced
peers how they would handle a variety of computing tasks forces these experss to
make explicit what they know and how they go about their work, They could also
be asked to teach less efficient programmers to produce more effective programs.
In devising their instructional plans, students should probably be advised by their
teachers. By observing students’ questions, leaming processes and solution paths,
valuable insights into the processes leading to their performance outcomes can be
gained. Obviously, after this type of peer teaching adequate debriefing
compensating for poor instrucion must be provided by the teacher,

Work samples are easily obtained from the students or their parents, The
information soughit in this method relates to the number, types and patterns of
errors as well as successes. Work sample information can be used o develop and
modify ieaming procedures which can correct or circumvent the difficulties
experienced by the student.

Analyses of tasks and learning contexts focus on the demands made of the
student rather than on the student’s skills and personal characteristics. Task
analysis identifies the major component skills and appropriate sequencing
required to eomplete a given task. An analysis of the learning context is
applicable to any classroom, social, leisuzge or family sesing. It aims to identify
the most important characteristics and components in a situation, i.e. the major
demands, swesses, obstacles or barriers it might produce for a particular student.

In summary, the followirig means of monitoring student progress in computing
as well as in particular subject areas have been found useful by teachers:

work records, work samples and folders of completed work;
student diaries or joumals;
practical performance tasks;
observation and interviews;
observation of peer feaching;
group and peer evaluation;
checklists;
« leaming contracts,

PROGRAMMING RELATED EVALUATION

Many methods can be used for the evaluation of a student’s or group of students'
planning of a computer program. For example, all activities attempted might be
listed by the student or studerts in an activity book. The ieacher meets with
individuals or groups of students on a regular basis 10 comment on, accept or ask
for revision of the work as it is presented by the students.
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Although in computing assignments and computer-based project work the
students might be free to choose the order in which they complete activities, it
should be made clear, early in the school year or term, that they will need to
justify the time that is spent on each acsivity. Not all students might be expecied
to complete every activity, but they need to be encouraged to select those
activities they choose to complete and then persevere with their selection.

Sources of information which can provide evidence of student performance
and achievements include:

« Student diaries of thoughts, plans and descriptions;
descriptions and analyses of techniques used;
sketches of ideas and products, designs and plans;
listings of information sources used, with justifications for their selection;
working models and their modifications;
errors made and their correction;
protocols produced from recordings of discussions between students, thinking
aloud and interviews;
videotaped records of problem solving activities;

The collection of exemplar, not only of students’ programming efforts but also to
accompany the student profiles and attainment levels, will assist in comparing the
performances of students at different points of learning. Exemplar of students’
work can also help teachers who are novices to educational computing o validate
their expectations, and they are crucial if we want to avoid a narrowing of the
curriculum content and of teaching methods. Exemplar can provide directions
leading to more reliable methods assessment and intervention than, for example,
statewide testing programs. Exemplar can take various forms, such as

« wriiten case studies, showing a range of a parécular student’s work and his/her
development of leamning over time;
portfolios illustrating the work of a number of individual students on the same
topic;
videos, portraying various leaming activities.

TEACHER RECORDS ON STUDENT LEARNING

Having documented information relating to the strengths and weaknesses of
individual students, their progress inknowledge and skills in computing and
subject areas, and characteristics of cognitive and personal development, the
teacher is in a position to develop comprehensive individual profiles for all
students in the class. These profiles include quantitative as well as qualitative
information, gathered by both formal and informal methods, on the performance
and leamning processes of individual students.
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Table 5.1 Class Record of Informal Comments

Week Ending
Student 23 93 163 233 303 &84 134 204 374
Frank A. ++ + + =+ o+
Mary A. + -+ + + + +
Ivan A. + ++ + + +
Ann D, + + *+ + S S
Michelle E. b + 4+ + + +

Record sheets for informal comments. Quick, anecdotal comments resulting from
observaiions of individual students can be recorded on file cards, accompanying a
classlist on a large sheet of paper, or in a computer file containing a clagslist and
individual students’ records. As all the names are on the same list, it is easy to
quickly identify the students who have not been observed. The system might be
setup in such a way that there should be at least one comment on each child each
week. Commments may be both behavioural and conceptual. An example is shown
in Table 5.1. The plus signs (+) indicate the number of comments made on the
student in the particular week. Table 5.2 contains examples of records of informal
comments on individual students.

Objectives

Whether to fulfil the requirements of a course or to assess whether students have
leamt what they were expected to leam, certain objectives must be formulated.
Where computing is taught as an integrated course with content areas, the
objectives of learning computing should, ideally, be brought together with the
objectives of the subject area.

A variety of ways could be used to monitor which objectives have been
addressed as teaching proceeds. One way is to state which objectives are being
addressed within each unit or topic of work. Another is to list all of the
computing objectives, leaving space to write in which units of work have
addressed them. Obviously, many objectives will be addressed on many
occasions,

Suchlistings of objectives could be in the form of a table. Alternatively, an
objectives wheel, as shown in Figure 5.1, could be used. The completed wheel
contains all the learning objectives near the circumference. The learning
objectives which have been addressed can be indicated for each unit of work.
This type of record makes it easy to see whether any objectives are being
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Table 5.2 Sample Records of Informa! Comments on Individual Students

Franok &, Mary A. Ivan A. Michelle E.
282 13 6.3 262
Hesitant on his own, Using 2 hands to Suill quiet. Participated in
but working well with type on keyboard. decision making
Jim. 113 in her group today.
43 Can save work,
2.3 Very keen, takes 1.3
Developing confidence, work home % 16.3 Reviews group's
very keen, fries to do complete, Keyboard skill work frequently,
things by himself. poor.
83 83
6.3 Prefers o work by 223 Creative idens.
Produeed excellent herself, Developing
work. confidence, 123
Enjoys problem
12,3 153 283 solving.
Able to load program Producing excell. St timid,
by himself first time. work. 163
4.4 Good organiser, but
20.3 233 Helped Jane 1o tends te dominate
Uses dictionary. Helped Amn ieday. load program. 2roup.
253 134
Worked continuously Types with both
for more than 10 min, hands now.

neglected and gives a clear indication of how they are all being addressed.
Obviously, the number of wheels required will depend on the number of
objectives and the number of units of work.

Objectives wheels could be developed for computing knowledge and skills in
combination with different subject domains, such as mathematics, social stadies,
lIanguage, etc. It is possible to place ene 01 more subject areas on one wheel
depending on the choice of subjects, or else a number of different wheels could
be developed for sets of units within each subject area. A blank wheel is provided
for duplicadon in Figure 5.2.

Helping students to become proficient and knowledgeable computer users
requires that a balance between practical skills and knowledge about computers
and computing be maintained. The actual numbers of objectives covering
different areas will be determined by the orientation of the course or syllabus.
Obviously, more class time might be spent on some objectives than others. For
example, write procedures may iake longer to achieve than use a range of
compuier equipment safely in the classroont or identify the components of a
typical system.
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While all objectives need to be addressed, many will be taught by
concentrating on others. It is only necessary to ensure that all are addressed, not
that each one has a specific aciivity related just to it, or that all are given an cqual
time allocation.

Each time a new unit of work is prepared, it is essential that teachers identify
what objectives will be addressed so as to monitor progsess towards satisfying
the learning objectives.

Tools

Monitoring the use of basic tools available through computing is simple but
important. Most teachers’ learning objectives would suggest that a1l should be
used. 1t is easy to neglect one or more tools or to overemphasise one unless there
is some formal means of recording the attention given to them, A grid can be
drawn up as shown in Table 5.3, and an indication of the unit, pari of the unit, or
subject area which uses the tool can be noted on such a grid.

Table 5.3 Record of Tool Use

Tool

Duz-  Spread  Word Program-  Impli-
Unit bases sheet Dictionary Simulation  ming catians

History
Social Studies
Maths.
Science
Language
Speliing
‘Writing
Reading
Music

Projects
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As unifs of work are developed it is important to record the content that has been
covered in such a way that it is easy to identify what remains to be done. This
will then assist the development of further units of work. One way is to keep a
historical record of the content of a particular unit of work. This is particularly
necessary when urits cut across multiple topic areas and include parts of the core
knowledge and skills of computing. Again a chart would accomplish this.

Listing all the content to be taught and then indicating when it has been
presented is another way of monitoring learning objectives. For this purpose a
large wall chart, a series of charts or a computer file which is accessible to the
students as a read only file could be used. An indication of the type of the unit of
waork could be used beside each tool. This would help to show the links between
different subjects. Altematively, or as well, the date on which the unit was taught
could be indicated. Such charts could also be used as devices for planning.

EVALUATION

Evaluation is concemed with educational improvement in the areas of programs,
organisation, leamning and teaching strategies, assessment procedures, resource
usage and all other aspects of the curriculum. A system of evaluation needs to be
established and incorporated into learning and teaching computing, whether this
takes place under the umbrella of computer studies or is integrated into all subject
areas of the curriculum. The evaluation procedure needs o be simple and
ongoing. The information collected only becomes useful if it is analysed,
interpreted and appropriate change decisions based on it are made and
implemented. The total process of evaluation is slow and gradual, but it does
provide directions for possible change.

Perhaps the most important part of designing assessment and evaluation is
specifying exactly what their purpose is. The purpose will determine the scope of
the evaluation and direct limited time and other resources towards importang
targets. The purpose of the evaluation will determine for whom I will collect the
information, who will be affected by and informed of the resultant decisions.

The following are some of the questions one might answer before committing
oneself to certain assessment and evaluation procedures:

1 What am I trying to evaluate?
the appropriateness of objectives;
. the relevance of topics;
» the effectiveness of teaching strategies;
the appropriateness of assessment procedures;
student progress.

2 How will I collect the information?
« questionnaires;
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interviews;

observation -~ checklists;

diaries -- teaching records, student records;
student projects;

formal tests -- analyse results;

peer assessment;

student’s self-assessments.

3 When will I collect the information?
during a lesson;
during the teaching of topics;
at the end of each topic;
at the end of each term or year;
by the end of each week,

4 How will I document the information for myself?
charts;
classrecords;
records on individual students;
records on groups of students;
description of critical events;
descriptive record of each lesson/day/week.

S How will I report the collected information?
in a written report;
informally in student interviews;
informally at a staff meeting;
at a parent-teacher meeting.

CONCLUSION

Current standardised tests do not provide information about thinking processes
which a student might be using in his/her attempts to solve a problem, so they do
not help in the diagnosis of misconceptions or other specific sources of difficulty.
For the assessment of computational learning no such tests are available at all.
Different assessment procedures are needed which focus on specific higher order
thinking skills and which provide information about such thinking processes-as
the individual leamner’s representation of the task in hand, his/her construction of
a mental model, the generating of hypotheses, the identification of a solution
path, the planning of steps towards solution, and the self-monitoring of the
application of solution strategies. Such assessment can yield diagnostic
information that can help guide instruction that is tailored to the needs of
individuals with respect to learning processes and the development of
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understanding and knowledge. In addition to alternative assessment that taps
cognitive strategies and component processes of leaming, there is a need for the
assessment of metacognition. This is of particular importance for educationally
disadvantaged students. Traditionally, at all levels of the educational system,
programs designed to serve students with temporary or more basic learning
difficulties have focused on basic skills training and remediation. However, a
growing body of research indicates that many of these students perform badly
because of an impoverished or underdeveloped repertoire of problem solving,
leaming and study strategies. To diagnose these difficulties better, we require
assessment of the student’s employment of metacognitive strategies in planning,
monitoring, revising, etc. their leaming performance.

Muldple choice format can be used to do more than measure the recall of facts.
For example, it can be used to assess the student’s understanding of a statement
or argument, and to evaluate the student’s ability to check the consistency of
information, arguments, etc. However, the limitation of multiple choice questions
for the assessment of problem solving and thinking processes is obvious.
Problem solving skills such as the identification of reasonable alternatives, the
monitoring of solution processes, etc. require responses constructed by the
student, Written or verbal responses are needed not only to assess these skills, but
to probe the depth of the student’s understanding of arguments, problems,
complex situations and his/her ability to understand and think about even more
complex messages than are used in multiple choice items. Open-ended test items
seem a reasonable way of dealing with the assessment of problem solving,
thinking and learning processes, but such testing is very expensive, A
compromise could be multiple choice items which include the use of open-ended
questions that ask why a given multiple choice option was selected and by
following multiple choice tests with interviews.

Other methods which have been used successfully in research and could be
used in the assessment and mediation of higher order cognitive processes of
students learning with computers include interviews by teachers, student diaries,
direct observation of student problem solving, student dialogue, role playing,
peer teaching. Eventually, computer simulation (focusing attention on the
information and strategies which a student uses to solve problems, including the
way he/she attacks the task, the number of hints needed, the efficiency of the
solution path, etc.) and intelligent tutoring systems can be added to the list of
feasible approaches to the assessment of higher order processes. The long-term
aim should be a completely integrated leaming and assessment environment in
which students are given precisely specified cognitive feedback as part of
assessment-based instruction.

As we design settings where teaching and assessment are integrated, the
instrumental importance of learning as a basis for future learning will be
emphasised. Students learn to read so that they will be able to learn through
reading and so that they can acquire and interpretinformation. We leam to write
so that we can organise our thoughts and communicate them to others, and so that
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we can clarify ideas and build persuasive arguments. In science, students leam to
think systematically and critically about our physical and social world, and to ask
questions. Students learn computing so that this powerful tool becomes part of
their repertoire of instruments, skills and knowledge that allow them to function
in and eventually contribute to society as a whole. In focusing on the
development of such enabling competencies certain standards will apply, just as
they do in current achievement testing, but the types of skills, knowledge and
understanding which are agsessed, and the way in which knowledge is exercised,
will lead to different criteria for evaluation.

PART IlI

THE EMPIRICAL STUDY



6

Observing Characteristics of
Learning with Laptops

Chapters 6, 7 and 8 provide the bulk of information resulting from an empirical
study of 115 Year 6 and Year 7 students who have their own laptop computers
for use in school and at home. Chapter 6 describes the objectives, design and
conceptual framework of this study. An initial attempt is made to investigate
gffective uses of personal computers by students. The chapter also reports on
significant student feelings and attitudes to computing, computer awareness and
knowledge, all elicited through questionnaires. Finally, it is shown how the
students assessed their own attitudes to computers, and computing competence
for themselves and others. Chapters 7 and 8 deal with individual differences and
gender differences respectively.

OBJECTIVES

The empirical study described here has two major and severe limitations: (1) It is
recognised that with increased availability of personal compuiers, improved
software and related curriculum materials and teacher education in computer use
in classrooms, the informaon presented may become outdated quickly; and {(2) a
study based on cbservations made on 115 students from two classes in one nen-
randomly selected school certainly lacks reliability and thus generalisability.
Nevertheless, in view of the current large knowledge gap in the area, information
on leaming and teaching with computers in Australia must be disseminaied even
if the findings may be timebound. The experiences and reactions of even an
unrepresentalive sample of students and teachers are not only interesting and
informative fer teachers and administrators who are planning to embark on
similar projects at this stage, but they raise questions that must be addressed in
research and in practice.

The objective of the empirical study was to describe and discuss a frequently
advocated approach o educational computing as it operated in a not unrypical
classroom during 1991, and to highlight and illustrate some of the issues raised in
the chapters attempting to characterise major dimensions of today’s state of the
art in educational computing in Year 6 and 7 classrooms. More specifically, the
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descriptive study focuscs on the attitudes, koowledge, abilities and achievements
of Year 6 and Year 7 students who work with their own lapisps. In addition, the
learning practices and preferences of smidents who are considered by their psers
and teachers as particularly effeciive in learming with their laptops, as well as of
those students who appear not to be comfortable with using their computers, were
observed. In this study the focus was on student characteristics, but some
consideration was given to instructional characteristics which might influence
individual differences and learning outcomes.

Instruction in the SUNRISE classrooms at Coombabak would be influenced by
such teacher characteristics as teachers” attitudes to learning and teaching with
computers, their knowledge of computers and computing, their subject-matter
knowledge, and their attitudes to the role of computers in society. Though the
major concern of the 1991 Research Project related to the students, teacher
characteristics are related to student learning processes and outcomes.

DESIGN AND CONCEPTUAL FRAMEWORK

The empirical study sought to describe student learning in terms of certain
relationships among several sets of variables:

. Student ability/intelligence;

. student feelings, reactions and attitudes {including anxiety and enthusiasm)
towards compusers and computing;

. student knowiedge of computers and computing;

. attitudes to learning and problem solving;

. student perceptions and expectations of their teachers;

. student use of laptops for problem solving and learning;

. developmental differences;

. sex differences.

An initial conception of this system of variables is sketched in Figure 6.1 in
which the boxes identify the types of variables and the arrows indicaie functional
relationships.

Leaming context, especially subject domains, teacher characteristics and other
unidentified variables, and student perceptions of teacher expectations, ace likely
to influence student attitudes and learning processes as well as learning
outcomes. Attitudes to computing and general intefligence are likely to influence
the development of both computer knowledge and subject-matter knowledge.
Availability of a family computer at home was expected to influence attitudes
and knowledge about computers and computing at least initially.

One might reasonably expect that the greater the student’s subject knowledge,
the greater the integration of laptop use with learning. In addition, it seems
plausible that students who are knowledgeable about computers would use their
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Figure 6.1 Preliminary Conceptual Framework

laptops somewhat differently from less knowledgeable students. The more
knowledgeable students, for example, might make foller use of the computer’s
capabilities than less knowledgeable students. We asked students how familiar
they were with the hardware and software. We also found out whether they
served as a resource person or exper: with respect to certain uses of computers for
others in the classroom. The causal links between student characteristics,
classroom contexts, teaching and laptop use cannot be disentangled in our data,

Attitudes and knowledge were expected to be interrelated, and ability,
perception of teacher expectations, attitude and knowledge were expected to
distinguish among patterns of learning with laptops. Ability and educational
achievement were regarded as related and were expected individually or joinily to
influence computer knowledge, subject-matter knowledge, attitudes to computers
and leamning with laptops. Finally, different pattems of learning with computers
were expected to lead to differences in student outcomes.
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DATA COLLECTION
Guiding Principles

The general principles guiding the data collection were that the research be
relational, leamer-oriented and naturalistic. The major brief from the Queensland
Department of Education was that the study describe patterns of learning with
laptops and make recosnmendations for improving resources for teaching,
curriculum materials and professional development. This implies that the study
should relate pattemns of learning practices to characteristics of students and
leaming contexts, Furthermore, because the study was concerned with learning at
school, it was conducted in the students’ classroom. This allowed the observation
of relationships among variables as they coexist and interact. Only anecdotal
information was gathered from parents at a parent mezg#ing.

However, conducting research that is both relasional and naturalistic implies
some conflict among research goals. Describing classroom phenomena without
intruding and changing the nature of the classroom as it is observed reguires an
ungbtrusive, responsive research style. Describing relationships among variables
with exactness and precision would have required some control over the research
setang.

These conflicts were handled by using a research design that employed both
quantitative and qualitative techniques. Data collection procedures emphasised
non-reactive measures and systematic observation in addition to formal
quantitative measurement procedures. The primary method of data collection was
through structured and semi-structured but open-ended interviews. Extensive use
was made of questionnaires which contained both open-ended and multiple
choice items to elicit information with respect to key variables under
investigation, In 2 number of case studies it was observed how individuals used
their laptops in work on given tasks. We also compared students’ problem
solving efforts with and without computers.

Methods and Sources of Data

Informal interviews with the teachers provided most of the data directly relevant
to their views regarding the uses of personal computers in instruction. Teachers
were asked about their general instructional decisions and practices, petsonal use
of computers, and their attitudes to lesson planning, presentation and assessment,
They were also asked to make suggestions for improving teachers’ knowledge
and skills in computing and the guality of curriculum materials designed for
teaching with computers. Information about the teachers' views on these matters
and their experiences and attitudes to computers will be found in Chapters 4, @
and 10,
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Table 6.1 Methods and Sources of Data

Conceptusl variable Method Source of data
computzr knewledge interview gtudents
questionnaire
observation
structured tasks
teacher judgments 1eachers
subject-matter teacher judgments eachers,
knowledge 1e51s, interview students
aititude to computers questionnaire students
interview
computer use inervisw students
abservation teachers
questionnaire peers
leaming decisions interview sdents
and practices observation
ability tests smdents
educational achievement teacher judgmers teachers
tests students
abserearion
interview
classtoom context observation students
interview teachers
questionnaire peets

The interviews, observations, questionnaires and tests provided data on
specific indicators of the sets of conceptual variables of interest (see Figure 6.1).
The overall data collection effort is summarised in Table 6.1, which identifies the
conceptual variables, and specifies procedures used to collect data from
participans.

Most interviews were conducted by a single interviewer, Irene Brown. Laurel
Bomholt! and Helga Rowe conducted some interviews. To establish reliability
each of the transcripis of interviews and the problem solving studies were scored
by at least two of the researchers. The interviews were structured by Helga Rowe,
who also chose and produced tests and questionnaires with the assistance of
Isabel Lesman

Dr Laurel Bornhoit from the Education Faculty of the University of Sydney visited
Coombabah on two occasions.
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To obtain the information necessary to examine this preliminary
conceptualisation we collected background information on the students involived
in the study, including measures of ability and previous school achievement, This
was followed up with a set of structured and open-ended questionnaires,
interviews and observational studies of student problem solving and learning,
More specifically, for each component in Table 6.1 we collected data on s¢veral
variables. For example, we administered two different IQ tests, sought icachers’
ratings of student achievement in addition to test results, and discussed sample
guestionnaire responses and observed ciassroom behaviours with individuat
teachers.

THE SAMPLE
Total Sample

The study was conducted with 56 Year 6 and 59 Year 7 students from
Coombabah State Primary School, at the Gold Coast, Queensland, Australia.

In Queensland students do not start high school until Year 8. The total sample
of 115 students consisted of 60 boys and 55 girls. On 30 January 1991 the
average age of the sample was 11 years 2 months (Standard Deviation (SD) 8
months). The average 1Q estimated by WISC-R was 104 (SD 12). Qther
characteristics of the sample are summarised in Tables 7.1 to 7.4 in Chapter 7.

Of the students, 62 (i.e. 54%) had had access to family computers at home. 31
boys (i.e. 52%) and 31 girls (i.e. 56%) had access to family computers at home.
Whether students had access to family computers at home or not magde no
difference to the feelings, attitudes and achievement assessed in the present
study. Providing each student with his/her own laptop appears to haye cancelled
out differences resulting from differential access to computers, It is interesting,
however, that there was no difference between students whose family owned
computers and those who did not at the beginning of the schoo! year in which the
students first obtained their Iaptops.

Year 6 Sample

The Year 6 sample consisted of 30 boys and 26 girls, a total of 56 students. On
30 January 1991 the mean age for the Year 6 sample was 10 years § months (SD
4.9 months). The average IQ was estimated to be 106 (SD 12). 32 of the students
(579%) had access to family computers at home, i.e. 15 boys (50%) and 17 girls
(65%).
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Year 7 Sample

Thé Year 7 sample consisted of 30 boys and 29 girls, a total of 59 students. The
mean age for Year 7 students was 11 years 8 months (SD 4.8 months). Their
avérage IQ was estimated to be 103 (SD 12). 30 Year 7 students (51%) had
access to family computers at home, i.e. 16 of the boys (53%) and 14 of the girls
(48%).

Differences between Year 6 and Year 7

Year 7 students were on average one year older than the Year 6 students and their
average 1Q was lower by 3 points. This IQ difference accouns for only 20% of
one 3D of the WISC-R and is thus neither statistically nor psychologicaily
sigoificant. No Year 6 student had previous school computer experience, All of
the Year 7 students had been participarnts of the Queensland SUNRISE Project at
Coombabah Primary School during 1990. They thus had one year more
experience with camputers and computing than the Year 6 students.

EFFECTIVE USES OF LAPTOPS
Selection of Effective Users

R1 versus RS students: Year 6 and Year 7 students were asked to write down
the names of the students they regarded as the best students in computing, and
teachers were asked to rank students in each class according fo the effectiveness
of their use of laptops. It was suggested that the top mosteffective students, no
more than 20%, be classified in category R1 (i.e. Rating 1} and the bottom 20%
be classified in category R5 (i.e. Rating 5). Aitempts were made fo rank the
middle 60% into categories 2 to 4, but the agreement between teachers with
respect to these rankings was low. A reason for this was that while R1 students
tended to be regarded as experts in computing in many if not all areas, and R5
were students who appeared not to cope well with computing, the middle group
contained a number of students who were expert in specific areas of computing
or had produced one or just a few exemplary pieces of work. Hence the rankings
of the middle group were not used in the study.

* For the purposes of this study students were classified as R1 if the judgment of
teachers and peers agreed. Membership of the RS group was based on teacher
Jjudgments only, The author believes that it is unethical to ask peers to identify
the worst students, Some of the characteristics of the R1 and RS groups are
provided in Tables 7.3 and 7.4 in Chapter 7.

One aspect of this study was to seek to describe ways in which students
nominated as gffective laptop users used their computers in different subject areas
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and more generally. For this purpose we had to enumerate certain attributes of
leaming with computers. These attributes would then serve as the initial basis for
describing patterns of computer use among students. The patterns were later
described further (and validated) on a set of additional pedagogical variables, In
this section an attempt is made to define these attributes of computer use for
leaming and to identify measures of them.

ATTRIBUTES OF COMPUTER USE FOR LEARNING AND
THEIR MEASUREMENT

An important prerequisite for this part of the study was to decide upon a working
definition of the aiiributes of computer use for learning, so that they could be
measured and used to distinguish empirically among patterns of learning with
computers in different subject domains. This definition focuses on how students
integrate computer activities into their schoolwork. This is likely to be influenced
by a conscious or unconscious theory of schoolwork and learning in addition to
attitudes, feelings, self-image and other less cognitive variables. This conception
guides the selection of the attribuies of leaming with computers, including
decisions which students must make about when and how to use the computer,
and linking computing with other activities at school and at home, as well as
modes of learning. Sensitivity to feedback is of particular importance.

A useful framework for building a definition can be derived from theories of
leaming and problem solving which emphasise decision making and judgment
{see e.g. Shulman & Elstein, 1975; Bruner, 1966, 1987; Bruner & Haste, 1987).
This framework can help to define leaming with computers becausc it can
suggest specific learning decisions that are likely to be made in relation to
computer use and learning tasks in which computers play a role. The basic
promise of the decision making approach is that it conceptualises learning as an
ongoing process under the active direction of the learner. Learning is
multifaceted, containing feelings, atiitudes, content, goals, activities and methods
orchestrated by the leamer in order to provide a flow of activity towards expected
and/or not expected outcomes. Students’ plans are a central focus of this
conceptualisation. In formulating and evaluating plans, learners integrate
information about the leaming task, the context within which it is presented or
presents itself, the teacher’s behaviours and expectations, and peer and other
adult models in order to reach judgments or decisions that guide learning
processes. Also, learners £an monitor ongoing processes. If problem solving and
learning activities proceed as planned and feedback appears to be positive, the
leamer concentrates on maintaining the current direction. If activities are not
going according to plan or some disrapiion occurs, they activate a routing for
handling the disruption. A final aspect of monitoring is when students evaluate
the outcomes of their work in orger to come up with an improved plan.
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Defining Attributes

In this attempt to define attributes of computer use for leaming, the assumption is
made that computer use fits within students® ongoing planning and decision
making. Another assumption is that students can make reasonable choices among
alternative approaches to learning for reaching one or a combination of learning
goals, and among the modes of using computers {e.g. drill and practice,
construction, simulation), given their lmowledge of the subject area in which the
task is presented, their knowledge of compusing, their own skills and experience
in the area, and perceived teacher expectations.

One might assume that effective learners with laptops will make reasonable
decigions about using their computers and the sofiware available to them to
accomplish their leamning goals, the structure of their learning processes. the use
of their subject-matter knowledge in the domains of their curriculum, and that
they make use of the advice of teachers and peers and other resources in the
classroom. Once planning decisions are made, the learner tries to carry out the
plan. Finally, effective leamers must be able to monitor what they are doing, be
sensitive to feedback, take remedial steps when warranted, and evaluate their own
performance.

This conceptnal framework implies that success in leaming with computers
depends strengly on studenis” planning and decision making that is linked to self-
monitoring, evaluation and feedback-based repair strategies. In general, this
framework suggests that the use of computers by students in their daily leaming
activities should be defined as the degree to which computer activities are
integrated into planning processes for leaming, in the sense that computing is
related to other learning strategies and tasks. A reasonably general definition of
effective computer use by teamers which takes into account the elements of
planning, monitoring and feedback might be as follows:

Effective computer use by learners involves the appropriate integration of
computing activities with the ongoing curriculum and personal legrning goals,
which can change and become refined on the basis &f feedback that indicates
whether desired outcomes or part-outcemes have been achieved,

The above definition contains a number of conceptual components, i.e. leaming
goals, ongoing curriculum, computer-based activities, appropriate integration,
and feedback. These are explained in Table 6.2, Each component in tum contains
specific, measurable indicators, which, together, might constitute an operational
definition of certain attributes of leamning with computers. These attributes and
their indicators are briefly described in Table 6.3.

Learning goals. The focus on the personal goals of learners is a direct result of
choosing a decision making framework which assumes that students’ behaviours
are purposive, i.e. goal oriented. In order 1o determine the appropriateness of
leamning strategies used to meet these goals, teachers must endeavour to
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Table 6.2 Components of Effective Computer Use by Students

LEARNING GOALS

a  Achievement
1 Mastery of basic skills and procedures
2 Acquisition of subject matter concepts

b Motivation
¢ Social
ONGOING CURRICULUM

a  Snbject matter
1 Content analysis
2 Major topics
b Course materials
1 Tangible/Demonsiations
2 Informastion sources (bouks, disks, manuals)

COMPUTER-BASED ACTIVITIES

a  Modes of cemputer use

1 Drill and practice
2 Computer tuterial
3 Simulason

4  Microworlds

S  Games

Learning in pairs or groups
¢ Imposing time restrictions on oneself

APPROPRIATENESS OF INTEGRATION

a  Conwibution of computer to leaming goals
b Coordination between the curriculum and computing
¢ Smategics for selecting computer activitics

FEEDBACK

Mouitoring of own progress

Comparison with class stundards {performance of peers or teacher expectations)
Changes in cornputer-based activities

Direct feedback from teacher or expert peer

Q0 o P

understand the nature of the objectives which different students wish to
accomplish.

Leamners’ goals may include outcomes that are academic, interest-based and
hence motivational, social, or some combination of these, Academic goals
include the acquisition of computing or subject-matter-based Mowledge or skills,
Motivational goals include increase in personal interest in the subject-matter and
positive attitudes to leaming, teachers, and the leamning environment generally,
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Indicators of Effective Laptop Use

Source of Information Definition

LEARNING GOALS
mastery interview degree to which student uses laptop to
reach basic skills goals
cognitive interview degree to which student uses the computer
to help in problem solving und learning
motivason intarview degroe to which student uses the laptop for
self motivation
fnanagement interview degree fo which student uses laptop to
maintain a system for hisfher work
compuling interview whether student views use of laptop as a
goal in itself
ONGOING CURRICULUM
leaming facts inicrview how extensively does the studen{ use
laptop?
ceordination interview hew well dees student coordinate com-
puting with other tearming activities?
inmtegration interview student rating of extent to which hefshe has

integrated Japtop work with ether activities
non-schaol leaming questionnaire whether student uses computer for more
than schwol work

COMPUTER-BASED ACTIVITIES

N of modes questionnaire number of different modes of leaming used
on laptop {e.g. deill and practice, writing,
daiabase, simulation, computation,
problem solving)

sooial prefereace questionnaire does student prafer to work slone, in pairs,
groups?

time resiyiction questionnaire does student impose time restriction for

laptop use on himsclffherself?

APPROPRIATENESS OF INTEGRATION

PEIC. SUCCESS interview self-rating of success in using laptap for
learning
SUCCRSS teacher judgm teacher rating of success
FEEDBACK
change use interview does student modify steategies on the basis

of compnter-based feedhack?

Social goals relate to cooperation or team work among students. One of the most
complex tasks faced by the teachers is that of balancing the multiple goals within
2 lesson. Personal computers add an extra order of complexity into this balancing
act.
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To understand leaming with computers, we need to determine the absoltute and
relative importance of these learning goals for the students. Questionnaire items
and interviews with individuals identified some of the learning goals for
computing and other subject-matter, and the degree to which the computer is
perceived to facilitate the achievement of the latter. Specifically, the
questionnaires and interviews sought information about the extent to which
students felt the laptops helped them master basic skills, acquire new concepts
and knowledge, increase their liking of curriculum subjects, and increase their
motivation for learning in different domains. This information provided the basis
for a rating of the extent to which students perceived the laptop to have helped
them reach their goals. The measures are defined in Table 6.3.

Ongoing curriculum. The student’s goals are pursued in the context of an
ongoing curriculum that is communicated through a variety of teacher-initiated
activities and demands. Shavelson & Stern (1981) define the curriculum to
include: (1) subject-matter, i.e. the major content areas and important concepts
that are taught within each content domain, and (2) materials, tools, etc., i.e. the
things that students observe and/or manipulate (drawing equipment, calculators,
set exercises) as well as textbooks, maps, etc. These components are important to
note because they define the range of activities in which the laptops can
potentially be integrated. For this assessment, use of laptops was viewed in
relation to students’ planning decisions for coordinating laptop use with the
various activities occurring in the classroom.

Computer-based learning activities. This component relates directly to the
learning technology. The decision making perspective suggests that during
planning, students will make important decisions, i.e. choices among possible
computing activities.

One important distinction can be termed the mode of computer use. This refers
to the selections computer users make among forms of available applications,
such as drill and practice, note taking, calculation, databases, games,
microworlds, etc. A second dimension relates to whether students prefer to work
by themselves, in pairs or in small groups. A final distinction relates to the
allocation of time. Students might allocate themselves time for certain activities
or for total computer use in, say, a subject area, a moming or an evening,

Interviews and observations provided information on the different modes used
by students, and the number of different modes used by individuals served as a
measure of variety of computer uses. The integration of the computer into the
students’ leaming tools was measured in terms of the flexibility with which
students used their laptops. For example, students with numerous leaming goals
in a range of subject areas would put the computer to a variety of altemative uses.
In addition, information was collected on the student preferences for working
alone, in pairs or in groups of more than two students.

Appropriateness of integration. The various components described above
come together in considering the integration of computer use with learning, and
the appropriateness of the various forms of integration. Integration of computing
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‘into learning activities can occur with respect to personal learning goals as well

as the curriculum. For example, the fact that students have numerous personal
léarning goals implies that the computer might be put to a variety of alternative
uses. In a sense, appropriateness of integration implies appropriate, flexible and
well orchestrated use of the computer as an important instrument, tool or set of
tools.

Feedback. The decision model of learning indicates that students’ evaluation
of their own work and, if necessary, modification of learning strategies relative to
their goals is an important part of leaming.

PATTERNS OF LAPTOP USE

The operational definition of personal computer use for learning identifies a
number of dimensions of laptop use, but it is not yet clear how independent these
dimensions may be of each other. If they are closely related to one another in
practice, it would be possible to identify a continuum of practices and to order
students along that continuuin. In other words, if students who establish multiple
goals for laptop use are also those who integrate and coordinate the laptop with
the curriculum and other classroom activities, use multiple modes of learning
appropriately, and modify their leaming practices based on feedback, distinctions
among conceptual dimensions would not be as important. A single dimension
might then be used to describe students’ use made of laptops in learning.

Alternatively, some students might integrate and coordinate laptop use to
master basic skills, using it mainly for drill and practice activities, while others
might use the computer for enrichment, using a variety of learning modes with
only loose coordination of laptop use with other classroom activities. Yet others
might use the computer solely for word processing and/or as a calculator. In this
case the conceptual distinctions among the dimensions would be important, and
the manner in which the students use their computers could not be described
simply on a single dimension. Rather, pattems of use, some possibly more valued
than others by teachers, would describe the differences among leamers.

In order to examine the underlying relationships among the measures of the
attributes of laptop use defined in Table 6.3, some correlations were calculated
between them, The results tended to point to a multidimensional rather than a
unidimensional interpretation of successful laptop use. All but two of the
correlations were less than .20 in absolute value. Coordination and leaming facts
correlated.

Grouping of Students by Laptop Use

Recognising that effective students used their laptops in more than one way, an
attempt was made to devise an initial set of categories with which to describe
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patterns of laptop uses by leamers. The author recognises the potential pitfalls of
creating categories and labels, especially on the basis of largely qualitative data
and for the description of a rapidly evolving phenomenon such as learning with
personal computers; but her belief is that the benefit of possibly capturing
variations in leaming patterns among effective laptop users on the basis of some
initial groupings outweighs the potential harm of creating an image of leaming
with computers that would stifle its evolution. The grouping serves as a short-
term initial snapshot of descriptive information which may or may not prove
useful to teachers and software developers. Everyone neads to keep in mind that
educational computing is changing rapidly and that students learning in
environments such as the Coombabah one are changing even more rapidly,

Methodologically, we used profile matching, as the sample was too small for
cluster analysis (see Shavelson, 1979), to group together students with similar
repertoires of use, and attempted to distinguish them as clearly as possible from
students with other repertoires. On the basis of this qualitative matching four
possible groups were identified. Group A (n=22), for the purposes of this study
labelled orchestrators, represented the widest variety of learning applications
closely linked to teacher and task demands, personal aims and skills, personal
leaming style and the current social demands of the ¢lassroom. Their attitudes to
and uses of their computers reflect a hammony created by appropriate and flexible
application. They made the computer part of themselves. Group B (n=31),
labelled amplifiers, capitalised on available software and procedures written by
others, and as a consequence, integrated computing with subject-matter and other
classroom activities least of any of the groups. They use the computer to amplify
their existing skills, but view it as an adjunct, i.e. a non-essential but at times
useful or convenient accessory. Group C (n=26), here labelled machinists, used
the computer to selectively augment learning in mathematics (used as calculator)
or writing (used as typewriter). When pressed they would use whatever Logo
options were in their repertoire with varying success. Group D (n=23), labelled
perseverators tended to make use of procedures and programs written by others,
They used thege over and over again, and spent much time on the same task or
activity, Group D used the computer mainly for drill and practice, particularly in
practising spelling and multiplicasion tables. The groups are described further in
the next section.

Orchestrators. This label was applied to Group A because students in this
group appeared to be able to intertwine learning goals, subject knowledge and
basic skills with computer knowledge, skills and use in harmony with each other,
They used all their knowledge and skills flexibly and appropriately to méet a
variety of task demands in different curriculum and leisure areas. These students
can coordinate computing with textbooks and other inswuctional aids. They are
sensitive 1o feedback and reflective. They have a good self-image of themselves
as students, and show a positive attitude to computing, learning in curriculum
domains, their peers and teachers. Group A students report that computing is
useful, interesting and gives them control over their own learning. Not
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surprisingly, the majority of students rated by peers and teachers as the most
gffective laptop users in their classes showed Group 1 profiles.

Amplifiers. Group B students regarded the computer and computing as another
area of leamning, i.e. an instrument which amplified the curriculum. These
students were certainly prepared to use the computing procedures and software
components supplied to them for much of the ongoing curriculum and/or to
master basic skills. They used their computers less than the students in Group A
and they tended to regard and use computing more as an end in itself than as a
tool which helps accomplish goals. On the whole, students in this group were less
positive in their attitude to computing. In particular, they were mote critical than
the students in groups A, C or D of teachers’ lack of detailed knowledge of some
aspects of the technology. These students believed that teacher should have all
the answers.

Machinists. The students in Group C tend to view the computer as a non-
essential accessory. They felt that the computer is most useful in mathematics
and for writing and thus used their laptops largely as calculators and typewriters.
These students used their computers more selectively than students in Groups A
and B and less frequently. They seemed not to have changed the way in which
they use computers from the time they started using them.

Perseverators. The number of students in this group, Group D, was small.
These studens used the computer for a very limited range of purposes and they
tended to repeat the same task or work at the same content for long periods of
wme. They often copied procedures developed or used by other students in the
class and used them over and over again. Group D students appear not to be
interested in developing higher order skills for themselves, they are perseverating
users of the ideas of others. They were very happy when instructed to use the
computer for what is usually termed drifl and pracrice, Students in this group
appeared not to develop personal learning goals and plans.

Indications of Patterns

Patterns of laptop use varied among the sample of 115 students. Roughly 19%
were orchestrators, 27% used their laptops for amplification and enrichment,
23% were machinists, and 20% appeared to use their laptops for drill and practice
only. Thirteen students, i.e. 11% could not be classified within the limitations of
this framework.

The variations between students in their use of computers, which are here
reflected by group membership, may be associated with student characteristics
such as their attitudes to computers, their knowledge of the subject-matter, their
knowledge of computers and computing, personal goals and experience with
computing, their general intellectual ability and educational achievement.
Variations may also be associated with student-teacher relationships, feedback
from teachers, student perceptions of feacher expectations, reinforcement



170 Leaening with Personul Computers: Lssues, Observations and Perspectives

provided by teachers to individual students and the inferaction of any or alt of
these with temporary or more permanent environmental factors, Variations may
also be associated with low reliability of student responses to questionnaire
items, bad sampling of observations and other variables related to the approach of
the investigators.

Individual differences among students in their attitudes and knowledge,
however, do not and cannot account for all the systematic variability in leaming
with computers. There are instructional, curriculum and contextual factors that
encourage, discourage, or set limits on the kinds and range of purposes for which
individual students employ laptops. Perceived teacher expectations and policies
also influence computer use by students. For instance, class experts were always
orchestrators, The students who complained that only selected peers were given
instruction in certain procedures so that they could become class experss and
teach others tended to be in Group D.

Classroom Organisation

The way in which classroom teachers implement an innovative educational
program has profound effects on that program’s impact and longevity. According
to the literature (e.g. Berman & McLaughlin, 1978), the esscntial ingredient of a
successful implementation is teacher support. Means of achieving the latter are
discussed in Chapter 9. The organisation and composition of students in the
classroom profoundly affects instructional processes and oulcomes (e.g. Borko,
Shavelson & Stern, 1981; Busstein, 1980; Barr & Dreeben, 1977; Walberg, 1976;
Webb, 1980). To what extent are variations of student learming with computers
related to classroom organisation and student composition? Was Lipkin (1982,
p- 7) correct in warning that ‘the urban, low-income minority student . . . is more
likely to be provided with drill and practige . . . while middle class students are
more likely to use it for more creative purposes relating Lo problem solving and
discovery*? These variablcs could not be investigated within the constraints of
this empirical study. There appeared to be little variationin SES and there were
very few children from minority backgrounds in the classes at Coombabah.

Ability level was associated with variation in laptop use. Specifically, students
of above average ability tended to be orchiesirators and seeking the acquisition of
new skills and eoncepts which they could integrate with their knowledge of
Logo. As the ability level decreases, laptop use tends to be for amplification and
as machinists. Students with low ability tended to be perseverarors (i.e. members
of Group D} and use the computer mostly for drill and practice.

Although there is substantial evidence that low achieving students need
instruction and practice in basic skills, if this is all they receive in relation to
computing, their encounters with computers clearly distinguish them from
average or above average siudents. Put another way, studenis of low ability (and
minority group students) might well get the message that eomputers are there o
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drill them while other students might learn that the machine can serve a variety of
functions including programming or as a tool for problem solving, depending on
the student’s goals and needs. The important challenge for low ability students, as
for everyone else, is not learning how 10 use the latest piece of hardware or
software but asking how and when it should be used.

OTHER STUDENT CHARACTERISTICS
Feelings and Attitudes

The feelings, attitudes, knowledge of computers and computing, learning and
problem solving, perceptions and expectations of teachers, etc. reported in this
section were measured on the basis of a series of questionnaires. The
questionnaires were administered twice: in April 1991, i.e. two months after the
childrenin Year 6 had obtained their laptop computers and approximately 14
months after the students now in Year 7 had obtained theirs, and again at the end
of November 1991, when the school year came to a close. A few items were
altered in the second administration. Consistency of mesponses was tested for both
the April and November data by correlating the student responses to parallel
items which were either phrased slightly differently or asked in rgverse. The
consistency of responses for these items ranged from .60 to .87 in November and
from .68 10 .82 in April,

Students nominated as unusually successful leamers with computers held
uniformly positive attitudes regardless of their other interests, sex or year. Indeed,
60% of all students were extremely positive towards computers and indieated that
all schools should provide computers which students can use at all times. Over
90% of the sample stated that personal computers are as important £o students as
textbooks. In April more than 80% of the students (in November 70% of Year &
and 65% of Year 7) indicated that once they start working on their computers
they find it hard to stop.

Underachieving and low ability students. A popular myth is that
underachieving and low ability students have negative attitudes towards
compung. This simply was not true in the sample of 115 students in the eurrent
empirical study. 77% of the students of below average ability and achievement
reported that ising compuiers is fun and 23% found it to be fun at least
somertimes, 85% of these students were very interested in learmning about
computers and regarded computers as as important as textbooks. The enthusiasm
for computers and compuiing of the students of low ability and achievement did
not differ from that of their peers either in April or in November, Computer
anxiety was as prevalent amongst them as in the higher achieving students, but
the level of computer knowledge and skills of students of below average
intelligence was lower than that of their peers with higher IQs.
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Underachievers. This term i8 often used to describe students of average or
above average IQ whose school performance and general educational
achievement are below average. On the basis of this criterion, five per cent of the
students in both years could have been classified as underachievers. We analysed
questionnaire responses, data obtained in interviews and observations of these
students and found that they showed very positive attitudes to computing, They
showed higher levels of effort, intrinsic motivation and task interest when
working with computers than in their work without computers. It certainly
appears that computing in the classroom might be used to maximise the
underachievers’ motivation to leam. Two of five underachievers in Year 6 were
judged by peers and teachers to be performing very well in proegramming, and
were selected into the R1 group. Computing can provide extra motivation for
these and other students and thus enhance their general academic performance,
However, the ¢ffectiveness of efforts to coordinate the computer and schoolwork
to maximise leamning outcomes for underachieving students is unclear. The
underachievers were not found among the orchesirators, and rarely among the
amplifiers. An explanation for this finding may lie in the restricted teaching
styles applied in these classrooms, or it may be an effect of specific requirements
of Logo programming. Both have implications for integrating computing with
instructional and learning goals.

Anxiety In April 40% (37% of males and 44% of females) in Year 6 and 54%
(63% of males and 45% of females) in Year 7 reported that the computer does not
scare them al all, In November 30% more of the students in Year 6 and 20%
more of those in Year 7 were not scared at all. The increase in students not scared
among Year 7 girls was 269%. This means that through being accustomed to the
computers some fears are alleviated. However, in both classes there are 25 to
30% of students who are still scared of their compuiers.

In April 51% of Year 6 students (57% of boys and 44% of gixls) and 35% of
Year 7 students {(37% of boys and 41% of girls) felt that using personal
computers makes students nervous. The prevalence of this feeling was reduced by
30% for Year 6 and by 20% for Year 7 in November. In April 56% (57% of
males and 56% of females) of Year 6 and 25% (30% of males and 21% of
females) of Year 7 students reported that their computers used {0 scare them. In
November 62% (60% of males and 64% of femnales) of Year 6 and 37% (31% of
males and 43% of females) of Year 7 reported that they had initially been scared
of their computers. The increase in the perceived anxiety of the Year 7 females is
likely to be the result of an increasing decline in feeling comfortable with
computing in this group. They report not to be coping, they feel that they have
been left behind and that they are now so far behind, especially in procedures,
that they can no longer caich up.

93% of Year 6 and 78% of Year 7 students reported in April that when they
first had them they were frightened that they may break their computers. This
fear was reduced by 20% for all groups by November. 65% of Year 6 and 36% of
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Year 7 students reported in April that they are still frightened that they might
break their computer. In November this fear was reduced by 30% for Year 6 and
by 10% for Year 7. One quarter of the studens are still frightened that they might
break their computers. This group may be made up of the generally more anxious
children. On the other hand, these students may show a healthy concern for
expensive property or they may fear that a damaged computer might not be
replaced for them,

Enthusiasm  All students but three Year 7 girls reported in April that they liked
using computers. All males expressed the same enthusiasm in November but only
96% of Year 6 and 93% of Year 7 girls expressed this. In April 84% (83% boys
and 84% girls) of Year 6 and 80% (87% boys and 72% girls) felt computers are
fun, In November 85% of Year 6 and 70% of Year 7 (86% boys and only 54%
girls} students felt computers are fun. Year 7 students are becoming more
doubtful about the joys of computing, especialty Year 7 girls,

In April 879% of Year 6 and 83% (87% of boys and 79% of females) of Year 7
students reported that once they start working on the computer, they find it hard
to stop. By November these percentages were reduced for Year 6 to 71% and
Year 7 65%. Even Year 6 students who have been using computers for a year less
than Year 7 and have not been part of the traumatic beginnings of the project
during 1989 (cf. Ryan, 1991) are less keen at the end of the year. Another
explanation of this reduction of the initial enthusiasm may be that the students
may be approaching a more realistic view of computing, However, if this were
the case why would Year 7 students also become less enthusiastic? One would
have expected them to have become reasonably realistic about computing by the
end of their first year of laptop experience. Computer users in the outside world
do not appeaar to be becoming less and less enthusiastic over the years of
computer use.

In April only one girl in Year 6 and 20% of boys and 24% of girls in Year 7
wished that they did not have © take their computer home at night. In November
13% of boys and 20% of girls in Year 6 and 24% of boys and 43% of girls in
Year 7 wished that they did not have to take their computer home every night.
This is another indication of the decrease in enthusiasm and lessening of interest
particularly of Year 7 girls. This contrasts with the finding that there was no
significant reduction between April and November in feeling glad to be leaming
to use computers (96%-100% in all groups), and in the judgment that most
students in the class really enjoy using the computers (90% and more),

Nearly all Year 6 and Year 7 students disagreed with the statement I would be
happier to be in a class where they do not use computers in April. The view of
Year 6 students did not change during the school year, but 17% of males and
11% of females in Year 7 stated in November that they would be happier in
classes where no computers are used. In April 85% of Year 6 and 81% of Year 7
stated that they would be very unhappy in a school where there are no computers.
For Year 6 the feeling did not differ in November, but for Year 7 the enthusiasm
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is reduced significantly. Only 67% (72% of boys and 61% of girls) would feel
unhappy in a school without computers. The perception that computers make
more mistakes than clever humans is slightly down from April in hoth classes.

Support for the statement When f am an adult [ will get a job where [ can use
computers was slightly higher in November for Year 6 (76% vs 70% in April)
and lower for Year 7 (58% vs 64% in April), again mainly as a result of the
decreased interest of Year 7 girls.

In April Year 7 students were probably more knowledgeable and thus realistic
than Year 6 students. Then 83% of boys and 100% of girls in Year 6 and 73% of
boys and 72% of girls in Year 7 felt that the computer is their friend and helper,
In November 87% of boys and 88% of girls in Year 6 and 83% of boys and 75%
of girlsin Year 7 felt this way.

Self-image and Confidence In April 62% (73% of boys and 48% of girls) of
Year 6 and 71% (77% of boys and 65% of girls) in Year 7 agreed with the
statement When | am working with compusers ! know I will get the work done
well. In November agreement increased to 78% (80% of boys and 76% of girls)
in Year 6 and 79% (86% of boys and 71% of girls) in Year 7,

In April only 10% of Year 6 and 20% of Year 7 students believed themselves
1o be not the type to do well with computers. In November this fack of confidence
increased to 189 and 32% for Years 6 and 7 respectively. At the beginning of the
school year nearly all students agreed with the statement / am sure { will do
better and better with computers, but there was a significant reduction in this
confidence over the year in Year 7 boys and girls.

In April most students in both years felt that sone students in their class are
finding computing more difficult than they do. There was a significant decreage
in this view in Year 7 in November. The confidence of these students in their
own computing is waning. And yet, in November 53% of Year 6 (47% of boys
angd 60% of girls) and 79% of Year 7 (86% of boys and 71% of girls) still
believed that personal computers will make better thinkers of students; in April
64% of Year 6 and 81% of Year students held this view,

By the end of the 1991 school year 62% of Year 6 and 70% of Year 7 (76% of
males and 64% of females) believed that Every schoolchild and adult should be
able to use personal computers. In April only 36% of Year 6 and 52% of Year 7
had agreed.

Knowledge of Computers and Computing There was a significant increase
(13%) in Year 7 males feeling that computers are not as intelligent as pedple,
Year 6 felt this less songly than Year 7.

In April 51% of Year 6 and 95% of Year 7 regarded the computer as a tool just
like a hammer or a lathe. By November Year 6 agreement increased by 20% for
both boys and girls and Year 7 remained much the same.

About 33% of all the students did not believe, in November, that one can use
computers without understanding how they work; in April 45% of Year 6 and

535,
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54% of Year 7 held this view. Year 7 boys in particular are realising that the
f mher they get in their computing the less frequently they will be able to use the
computer routinely, i.e. without understanding. After only one year of laptop use
ear 6 have not yet come i this realisation. .

In April 89% (93% of boys and 84% of gids) in Year 6 and 73% {80% of beys

-and 65% of girls) in Year 7 felt that Using the computer makes mathematics

) ‘learning easier. In November 10% more Year 6 students but 10% fewer Year 7
" students (16% fewer Year 7 girls) agreed with this.

Children who use computers do bester in their schaghvork, In April about 20%
of Year 6 and only 10% of Year 7 felt this would never be true. In November
there was no ¢hange for Year 6 but Year 7 disenchantment with the tool
increased to about 20%. ¥Year 7 females did not change their mind: they still
believe in November as strongly as in April that students who use computers will
#0 better at school. As will become evident, Year 7 girls in this sample are less
realistic about what computers might do for them than their peers and the Year 6
students. They are also clinging to the view that their laptop might help them
from failing in their school work.

Most students students believe that Personal computers are as important to
studenss as texthooks. There was a strengthening of this belief between April and
November for Year 6 and a weakening for Year 7. Also, agreement with the
statement Legrning to work with computers is just as important as reqading,
mathematics and spelling in April was 81% for Year 6 and 83% for Year 7; in
November this supportt decreased to 76% for Year 6 and 67% in Year 7 (only
61% of Year 7 girls ageeed).

Learning and Problem Solving In April more than 70% of students in both
years believed that using computers makes learning more difficult., This
propor#on was reduced by 30% for males and Year 6 females and by 10% for
Year 7 females. In April 89% (93% of boys and 849 of girls) in Year 6 and 73%
(80% of boys and 65% of girls) in Year 7 felt that using the computer makes
mathematics learning easier. In November 10% more Year 6 smudents but 10%
fewer Year 7 students (16% fewer Year 7 girls) agreed with this, This finding
was supported by the results of a similar item referring to schoohvork rather than
to learning. In April 75% of Year 6 and 74% of Year 7 felt that at least
sometimes using computers makes schoolwork more difficult. In Novembers
these percentages were reduced to 46% for Year 6 and 65% for Year 7, though
79% of Year 7 girls in November believe that to be at least sometimes true.

There was no change in the students’ response to the statement Computers are
better than books between April and November for Year 6 (85% yes) but a 13%
decrease for Year 7 (80% to 77%), also a 20% decrease for Year 7 girls.

In April 89% (93% of boys and 84% of girls) in Year 6 and 73% (80% of boys
and 65% of girls) in Year 7 felt that using the computer makes mathematics
leaming easier, In November 10% more Year 6 student but 10% fewer Year 7
students (16% fewer Year 7 girls) agreed with this.
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In Apri} about 20% of Year 6 and only 10% of Year 7 felt the computer would
never be the cause of a student doing better in schoolwork. In November there
was no change for Year 6 but 20% more Year 7 students than in April held this
view, Year 7 females, however, did not change their minds: they still believe in
November as strongly as in April that students who use computers will do better
at school,

In all groups 90% and more of the students would like to know how the
computer works, No difference in this curiosity was observed between April and
November.

Even though Year 7 students are becoming somewhat less excited about
computing, a larger number of them than Year 6 understand (even in November)
how some people can spend 3o much time with computers and enjoy it. ¥0% of
Year 7 males (a 30% increase from April) can understand this. One might infer
that the enthusiasm for and appreciation of computers and computing is still very
strong in these students but that they feel limited in what they themselves can do.
More focused teaching might be an answer.

In April 76% of the students in both years were reading books about
computers and computing. November showed decreases of 16% and 23% for
Year 6 and 7 respectively. In April 36% of Year 6 and 38% (57% boys and only
219% girls) tried to find books about computers and computing in the library. In
November there was a 14% increase in this for both boys and girls in Year 6 but a
decrease of 12-14% for Year 7. In April 76% of the students in both years were
reading books about computers and computing. November showed decreases of
16% for Year 6 and 23% for Year 7.

Figuring out what wentwrong in my computing is interesting. In April 71% of
Year 6 and 47% of Year 7 agreed with the statement. In November 36% of Year
6 and 35% of Year 7 agreed. This ime it was not due to Year 7 girls only, though
their agreement dropped by as much as that of Year 6 boys and girls (27-30%).
This finding suggests that students may not have been given sufficient help
and/or feedback from teachers when figuring out where they went wrong.

Children who use computers do betier in their schoolwork. In April about 20%
of Year 6 and only 10% of Year 7 felt this would never be true. In November
there was no change for Year 6 but Year 7 never responses increased to about
20%. Year 7 females did not change their mind: they still believe in November as
strongly as in April that studens who useé computers will do better at school.

In April 51% of Year 6 and 63% of Year 7 indicated that having got used to
working with computers they would find it difficuls to work without them. In
November the attitude of Year 6 had not changed substantially, but 20% fewer
Year 7 students felt they would find it difficult to work without computers.
Observations showed that the Year 7 students and some Year 6 are becosning
frustrated with their lack of ability to control their computers. A considerable
number of students are starting to do things without their computers. The novelty
has certainly ron out.
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.. A popular myth suggests that providing students with laptop computers will
reduce, if not stop social interaction and collaborative learning in the classroom,
The 1135 students in the current sample were unanimous in their view that using
laptop computers does not stop students from discussing work with other
students.

Confrol An important aspect of laptop ownership and other modes of easy
access to compuiers for students relates to the control students perceive
themselves to have over their own leaming processes. Approximately 80% of the
students believe that using laptops puts them in charge of their own work, There
was a 20% increase of this view for Year 7 between April and November, no
difference for Year 6.

In April 75% of Year 6 and 80% of Year 7 students felt they had control of
what the y do when they use the computer. There was an increase in this view in
excess of 10% (20% for Year 6 females and 14% for Year 7 females) by
November. Leaming has taken place. Students are developing their skills and are
becoming surer of themselves in most areas. In April 98% of Year 6 and $0% of
Year 7 saw themselves as the boss of my computer. In November there was a
10% decrease in this attitude, showing either that the students are becoming more
realistic about their expectations of success with computing, or that some of the
weaker students have experienced failures and disaster. This point is discussed
further in the analysis of the feelings of students in different 1Q categories.

62% (73% of boys and 48% of girls) of Year 6 and 719 (77% of boys and
65% of girls) in Year 7 reported in April that when they are working with their
computers they know that they will get their work done well. In November the
proportion of those holding this view increased to 78% (80% of boys and 76% of
girls) in Year 6 and 79% (86% of boys and 71% of girls) in Year 7.

Favourite Activities Using Computers In April 27% of Year 6 students chose
subject specific and 73% programming activities, in Year 7 32% chose subject
specific and 68 % programming activities. In November, however, in Year 6 the
subject specific preferences increased by 12%, Logo programming preference
decreased by 26% and using the computer to play games increased by 14% {from
zero in April). For Year 7 in November both subject specific and programming
preferences decreased by 6% and 5% respectively, while play increased by 11%
(from zero in April). An inieresting observation is that in Year 6 significantly
more girls than boys prefer Logo programming, while in Year 7 significantly
more boys than girls prefer programming to subject specific activities, One
reason for this finding may be that Year 6 girls were the group with the highest
intelligence in the sample. The more intelligent student may feel more challenged
by Logo programming, not only because of its novelty.
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Help Studenis in both years discuss computers and computing with peers and
adults in and out of school. They ask for help from friends, parents, and other
adults as well as their teachers.

Between April and November a 20% decrease was observed of Year 6 students
discussing how they feel about computing with their friends; no difference in
Year 7. Girls talk to their friends more than boys and Year 7 girls more than Year
6 girls. There was an increase of 20% for Year 6 and 30% for Year 7 between
April and November of the number of students who discuss computing with
members of their family. The increase for Year 6 girls is 30% and for Year 7 girls
43%. i is possible that due to school parent meetings, parents have become more
interested in what their children do. Another possibility is that students are
becoming desperate enough in their search for help that they are trying their
families. The latter hypothesis finds some support in the fact that 22% more Year
7 girls, the weakest group in computing and the most alienated, are approaching
their families. There is a 20% increase between April and November in Year 7
students overall seeking help from adults other than parents or eachers.

There was a decrease in Year 7 in the proportion of students whose friends
help them with their computer work. There was difference in Year 6, and a
decrease in Year 7 (not statistically significant), of those who help others in their
cornputing. This may all be part of an increasing alienatiorn.

Students’ Expectations and Perceptions of Teachers In April 78% of Year 6
and 71% of Year 7 felt that at least sometimes A computer is g bit like teacher.
In November, there was a 10-15% decrease in this belief for all groups. Are the
studenw beconting realistic or disillusioned?.

Between April and November there was a 20% increase in the belief that
computers can teach better than teachers for Year 6 and a 20% decrease for Year
7. At the end of the 1991 school year 32% of Year 6 and 16% of Year 7 students
{28% for boys and 4% for girls) believed computers 1 ®ach better than teachers.

Students who use a personal computer need less attention from the teacher.
Nearly 60% of the students agreed in April and November, the only change being
that the stronger support for pften in April became sometimes in November.
However, 62% of Year 7 girls felt in April (but only 36% in November) this
could never be so. These students realise that they are in frequent need of
assistance from the teacher. In April22% of Year 6 and 47% of Year 7 stated that
it is difficult for teachers in the SUNRISE classroom to find the time to teach, In
November 57% of Year 6 and 44% of Year 7 expressed this view, i.e, a
significant increase in Year 6 and no significant change in Year 7.

In April 31% of Year 6 and 71% of Year 7 indicated that Keeping computers,
printers, etc. ln working order takes a lot of the teachers’ time. The November
data showed no significant change from this in Year 6 but a 20% decrease in
Year 7. Does this mean that the teachers are now more effective in their
maintenance of the technology? Is the ¥chnology in better shape? Or have these
students adapted to the sitnation?
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All teachers should know how to use and program computers. There is a
stronger agreement with this statement for males in both classes and an increase
(not statistically significant) between April and November in all groups. Most
students believe that Students can teach teachers things about computing. There
was a 17% increase in the proporsion of Year 7 males and 3% increase in Year 7
females between April and November. The students are very aware of the fact
that the teachers are not very far ahead of them in computing experience and that
they are lacking much expertise. The weaker studenis appear to be becoming
somewhat insecure, Most students enjoy teaching the teacher. But each class has
about 10% of students who do not enjoy teaching the teacher. They may be just
not good enough to do so.

Conclusion Students in both years have certainly improved in computer
awareness and in the knowledge and skills relating to computing. In April
expectations were high in both classes, During the year students became more
realistic and eritical of the SUNRISE offerings. By the end of the year a Iarge
number of the Year 7 students were unhappy about the prospect of another year,
their Year § and first year at High School, in the project. Many of the students
feel that they are missing out on certain leamning and social activities which their
friends in the non-SUNRISE class experience. It is difficult to judge how realistic
these feelings are; what is clear is that they are widespread.

Surprisingly, the feelings and attitudes of Year 6 and Year 7 students are very
similar, despite the fact that the Year 7 students have been in the project for 12
months longer than the Year 6 students. In Chapter 7 the feelings and attitudes of
the students will be discussed in relation to ability and achievement,

STUDENTS’ SELF-ASSESSMENT OF ATTITUDES
AND COMPETENCE

A structured interview was devised to find out how the students themselves felt
about computers and computing, and how they assessed their progress in
compusing in a mumber of subject areas. The interviews were carried out during
the second term of the 1991 school year. Each student, individually, was asked
the same set of questions in the same order by Irene Brown, who at this stage was
well known by all students. Sometimes the interview took a few minutes,
occasionally it led into other questions or explanations. The students were very
cooperative and answered all questions readily, Each answer was recorded on
audiotape, transcribed and coded. Results for each year level and gender were
computed and compared. Some of the answers of Year 6 students reflect their
more limited experience with computers.
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The Interview Questions

The students were asked whether they used the computer for fun and if so exactly
how they used it. They were also asked what they did on their computer at home,
It was expected that responses to these questions would show whether students
view the computer as something to be enjoyed and explored. With the SUNRISE
classroom’s emphasis on discovery learning and exploration, it could be
postulated that students with a positive attitude towards the computer in terms of
exploring and having fun would be learning more effectively. In asking the
students what they do at home on the computer, insight can be gained as to
whether they see the computer as a tool to develop their skills, a tool fo help get
required work done, an object 1o explore and learn from, or something with
which to interact with others -« all or some of these. Answers also reflected
variations in involvement in procedure writing. The children were then asked
how they were getting on in different subject areas using the computer, as well as
in typing and specifically word processing.

It is necessary to understand here the way the computer is used in the
classroom. Computing is by no means an isolated subject; nor are typing skills
and computing abilities presented as ends in themselves. The laptops are
available to all students at all times, and are used as a tool to carry out
schoolwork. Thus the computer is used in social studies for storing information,
word processing and databases as well as graphics and animasion. In mathematics
it is used for calculations and to explore numbers and shapes. Inlanguage it is
used as a word processor, with the addition of graphics and animation. The focus
is seldom on computer programs for themselves. Even when a new procedure or
concept is introduced, either by a teacher or a student, the emphasis is usually on
the usefulness of that procedure. For example, the students are introduced to
animation and then required to produce, over a period of weeks, an animated
story. This time line allows exploration and practice with the new idea, but with a
goal in mind and an end other than merely leaming to program the computer,

The students were asked to explain how they knew that they were or were not
doing well in the different subject areas, and from this was inferred their way of
measuring success, Are you doing well in mathematics on the computer? was
usually answered by a ves or no. The next question was then simply, How do you
know? Answers reflecting the teacher’s evaluation, other students’ contments, or
an individual’s own assessment were given, Occasionally the student said he/she
did not know, at which point they were prompted with How could you tell if you
were doing welf or not?

The chiléren were asked to name a student whom they considered o be doing
well in: the particular subject area and why they thought he/she was doing well:
How do you know? Some students were also asked how they thought the person
they had named had come to do so well and whether they thought they could
learn to do as well as that person.
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Finaily the students were asked a general quesion about what they thought
as the most important reason for doing well in schoolwork and why leaming
was important.

Responses to Questions Relating to Computer Use

énestion 1: Do you use your computer for fun?

Yes Sometimes No

% % %
Year 7 Boys 53 40 7
Year 7 Girls 62 31 7
All Year 7 58 38 7
Year & Boys 63 37
Year 6 Girls 52 40 8
All Year 6 58 33 4
Total 58 37 5

The answer to this question showed very similar results for both year levels, and
for boys and girls. Over half of the students responded yes, roughly 40% gave a
qualiﬁed answer, such as often or yes, sometimes. The latter response for some
may reflect more of a concem not 10 give an unconditional answer than showing
any difference in attitude towards the computer. Only six students answered 7o to
this question, and of these four are having difficulty in leaming 1o write
pracedures, but the other two are successful by their own, as well as teacher’s and
peers’ standazds.

Question 2;: What do you do on your computer for fun?

Make up games Play games  Graphics Writing Mazes

% % % Fo %
Year 7 Bays 7 20 13 3
Year 7 Girls 59 21 21 PAS
Al Year 7 &8 20 17 12
Year 6 Boys 40 30 23 7 33
Year 6 Girls 16 36 36 28 32
All Year 6 29 32 29 16 32
Total 49 26 23 14
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Despite the open-endedness of this question, the answers fell into the
following broad categories: make up games, play games, graphics (i.e. picture or
shapes), writing stories or letters. At the time of interviewing the Year 6 students
had only just begun to learn how to make games; to voluntarily make games at
this stage is certainly a reflection of their interest in exploring, They had also just
started playing with and adapting mazes, so many of them chose this activity.

There were obvious gender differences in the answers to this question. More
boys than girls made games in both classes, more girls than boys did writing and
graphics. This confimmed the kind of gender differences that the teachers reported
to have observed: The boys do more exploring, while the girls take more time to
present things nicely. Implications of these gender differences are discussed in
Chapter 8.

Question 3: What do you do at home on your computer?

Homework Typing  Shapes  Pictures Programs Stories Games

% % % % %o % %
Year 7 Boys 87 67 77 50 87 67 7
Year 7 Girls 72 52 38 34 55 34 52
All Year 7 80 60 58 42 71 S1 64
Year 6 Boys 70 80 20 27 7 10 23
Year 6 Girls 92 80 24 20 24 12 4
All Year 6 80 80 22 24 15 11 24
Total 80 69 40 33 4 32 45

Question 3 was asked to find out what students did when given total freedom in
choosing how to use their computer. 80% of students in both classes reported that
they are using their computers for homework set by the teacher. This obviously
meets teacher expectations. 60% of Year 7 and 80% of Year 6 students used their
computer at home for typing practice. Apart from these two almost compulsory
activities, Year 7 students engaged in a far greater variety of computing activities
at home than Year 6 students. For all activities mentioned, significantly more
(13-50%) Year 7 boys than girls were engaged. For example, half the girls said
they made games, whereas three quarters of the boys did. Of particular interest is
that even for typing and story writing, activities which according to the research
literature are generally preferred by girls, the Year 7 boys use the computer.more
at home than the girls. This finding further supports the view that the Year 7 girls
in this sample are much less interested in computing than Year 7 boys and Year 6
girls and boys.

The picture was different for Year 6. When the interview was carried out with
these students, programming was still quite new to them, so it is understandable
that fewer activities were mentioned. About a quarter of Year 6, both boys and
girls, said they were making games. About the same number were making shapes
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’;%i%'and pictures, and a smaller number were writing stories or letters. A quarter of
“the girls and a significantly smaller number of the boys were writing programs.
" The finding that fewer Year 7 than Year 6 students practise their typing at

““home may be explained by the fact that by having been in the SUNRISE program

for one extra year, the keyboard skills of Year 7 students might be more advanced
than those of Year 6 students. Students are encouraged by their teachers to
practise their typing at home. Year 6 students can be expected to be more
compliant at this stage than Year 7, who altogether are less enthusiastic about
their computing.

Responses to Questions Relating to Compsetence

The students were then asked to assess their competence in computing in several
subject areas. This was done in order to gain an indication of the students’
progress in these areas as well as to ascertain how they might assess their
progress. The four areas explored were typing, procedure writing, mathematics
and, for Year 6, stories, for Year 7, databases.

In the SUNRISE classrooms all students are encouraged to develop their
keyboard skills and are provided with a typing tutor. Year 6 students are given
time each day to practise typing, and students in all the elasses are encouraged to
practise at home and to keep a record of their progress on charts in the classroom.

Although procedure writing is not focused on as a subject in itself, it is part of
all subject areas. Programming comprehension and efficiency certainly improves
performance in all subject areas in the SUNRISE classrooms. Stories and
databases were chosen as specific language areas to investigatc, as much of the
work in each is word processing. At the time of the interviews, each Year 6
student was involved in a language contract to make an animated story. This
involved both writing a story and wrising procedures for animation. When asked
Are you doing well in writing stories on the computer? and How do you know?
the answers sometimes showed that the students were thinking more about the
animation than the language aspect. For example there were several answers like
Because it works, or It does whas [ want it to do.

The Year 7 students did not have a specific language project at the time of
their interview so it was decided to ask them about their work in making
databases. This also involvcs some procedure writing but much of the work is in
word processing. Again, responses showed that students were thinking about the
procedure writing aspect of creating the databases.

The final area of investigation was mathematics. The students were asked Are
you doing well in mathematics with the computer? Answers reflected that the
students thought about mathematics skills as well as programming skills, both of
which are important in completing work in mathematics in these classes.
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Responses to the questions were divided into four alternatives: Yes (with no
qualification), Yes qualified (including responses such as yes, OK or most of the
time), OK and Na.

Question 4: Are you doing well in typing?

Yes Yes, qualified OK No

e % % %
Year 7 Boys 43 20 17 26
Year 7 Girls &5 10 17 ¥
All Year7 S4 15 17 14
Yoar 6 Boys 63 17 7 13
Year 6 Girls 68 16 16
All Year 6 63 16 11 7
Total 60 16 14 11

Over half the students gave an unqualified yes to this question, and three-quariers
of responses were definitely positive. The answers did reflect gender differences
at both year levels, but more so in Year 7. Fewer Year 7 boys gave a qualified yes
% the question, and more boys said no at both year levels. There were no Year 6
girls who said they were not doing well at typing.

Question S: Are you doing well in writing procedures?

Yes Yes, qualified OK No Don’t imow
% % % % %
Year 7 Boys 56 30 7 7
Year 7 Gicls M 10 31 24
All Year 7 46 20 19 15
Year 6 Boys 46 10 27 13 3
Year 6 Girls 28 40 24 8
All Year 6 38 24 25 1l 2
Total 42 22 22 13 1

In the total sample fewer than half of the students were confident enough 1o give
an unqualified positive answer to this question. Girls in both Year 7 and Year 6
were much less likely to say yes, and in Year 7 much more likely to say no, a
gquarter of the Year 7 girls doing so.
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Question 6: Are you doing well in making databaseststories?

Yes Yes, qualified OK No Don't know

% % % % %o
Year 7 Boys 77 7 17
Year 7 Girls 75 7 7 10
All Year 7 76 7 12 3
Year & Boys 53 20 20 ?
Year 6 Girls 64 16 8 4 8
All Year 6 58 18 15 2 7
Total 68 12 13 4 4

Three-quarters of the Year 7 and more than half of the Year 6 students responded
1o this question with an uneualified yes, and over half of the Year 6 students did,
In general both boys and girls, at both levels, were confident about their
competence in creating databases or stories, although several students, all girls,
felt that they are not doing well in making databases/stories. These results reflect
the generally positive artitude towards word processing. When asked to identify
the best thing about using computers many students commented on the fact that
they did not have to use paper and pencil, and that erasing was easy.

Question 7: Are you doing well in mathematics with the computer?

Yes Yes, qualificd oK No Don’t know
% % % % %
Year 7 Boys 43 17 23 13 3
Year 7 Gizls 44 7 s 24
All Year7 44 12 24 13 2
Year Six Boys 70 13 13 3
Year 6 Girls &0 16 20 4
Al Year § 65 15 16 2 2
Total 54 13 i 11 2

Year 6 students felt much more confident about doing well in mathematics than
Year 7. On the whole it appeared that the Year 6 students were enjoying using the
computer in mathematics, and were finding this subject easier than in previous
years, For the Year 7 students both difficulty in understanding mathematicat
processes and difficulty in writing procedures hindered them. A number of Year
7 gids tended to classify themselves, £ m just not good at mashematicsiwriting
procedures. One-fifth of Year 7 students (25% of the girls) said they were not
good at mathematics on the computer.
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In a comparison of the results of both year levels, boys and girls, {see Figure
6.4) Year 6 students are shown to be much more confident in mathematics and
typing but less confident in the other areas. Giils are & ot more confident than
boys in typing and much the same in the language area of databases and stories.
However, boys are more confident in procedure writing and mathematics, The
area of least confidence is procedure writing, and generally most confidence is
shown in databases/stories.

The groups showing the most confidence in each subject area are the girls in
typing, the boys in procedure writing, Year 7 students as a whole in databases,
and Year 6 students as a whole in mathematics.

Figure 6.2 shows the answers to the question ‘Are you doing well in . . .’
across the subject areas and gives interesting comparisons. The Year 7 boys, in
all subjects apart from typing, are more likely than the girls to claim they are
doing well. This was parscularly marked in procedure writing, where the girls
were least confident, Mathematics is the area of generally least confidence and
databases of most confidence.

Figure 6.3 shows smaller differences across the subject areas for Year 6 than
for Year 7 students. Procedure writing was the area of least confidence. Girls,
particularly, were unwilling to say without qualification that they were doing
well in this area,

How the Students Measured Success

A suestion asked of students with respect to each subject area was How do you
know yeu are deing well? The responses provide some indication of how the
students measured success, and how this measuring differs according to the
subject area.

In ryping over half the students at both year levels based their self-evaluation
on the results shown by the typing chart, Their achievement with respect to
typing speed, accuracy, figures and graphs served as measures of success. The
Year 6 girls particularly were aware of their exact typing speed. The Year 7
studens also compared themselves with others and with how well they had done
previously. A number of the Year 6 students said they did not know how to tell
how well they were doing.

The criteria for success in procedure writing were rather different, By far the
most common criterion for success was simply whether or not the procedures
work. This was referred to by two-thirds of the Year 6 students but not quit¢ one-
third of the Year 7 students. At this stage of their development, whether
procedures work or not would probably be the only available measure for Year 6
students, whereas the Year 7 students could be much more aware of the quality of
a procedure. These students, therefore, used measures such as improvement,
comparison with others, their own understanding, and others” comments or help.
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Both Year 6 and Year 7 girls (18%) used subjective measures, such as their
ability to understand, more than the boys did (7%).

The third area investigated, databases or story-writing, showed different
measures for different groups. 60% of the Year 7 girls commented on whether the
procedures worked -- whether or not they could make a database. One-third of
the boys at that level used teacher gradings as a measure of success. At the Year 6
level one-quarter of both boys and girls depended on what peers said to know
how well they were doing, and 15% did not know how to tell. It should be noted
that their animated story project had not yet been marked by the teacher so they
did not have access to this type of feedback. More than one-third of all the
students relied on some specific aspect of the task to measure success, €.g. they
had a lot of information, their animation was good, and so on.

Mathematics was another subject area in which the students could use
immediate results to measure their success. Being able to do the work or write the
procedures accounted for over one-third of the Year 7 students’ answers, whereas
one-fifth of Year 6 students referred to whether their procedures worked. A
quarter of the Year 6 boys relied on getting the answers right. Apart from these,
the Year 7 students compared themselves with others or their own previous
success. Year 7 boys relied on grades given by teachers, and the girls at both
levels on their ability to understand. Again, there were a number of Year 6
students who did not know how to tell how well they were progressing.

Table 6.4 shows the results across the four subject areas. Year 7 students
compare themselves with others and with previous ability, whereas the Year 6
students seldom refer to these measures. Year 7 boys refer to outside measures,
such as grades received from teachers, far more than any other group of students,
and girls at both levels use a subjective measure, such as their understanding,
more than the boys do. Obviously, Year 6 students are still learning how to
measure success, more than Year 7. In each subject area an average of 10% said
they did not know how to tell if they were doing well or not.

Identification of Competence in Others

In a third aspect of the questions relating to specific subject areas, the students
were asked to name a peer whom they judged to be doing particularly well,
Response differences related to the varying number of people named, gender
differences, and the tendency to name the recognised class expert.

In all subject areas there was a tendency to name someone of the same sex.
Thus if someone of the opposite sex was named it could be assumed that he/she
was doing particularly well. From this it is evident that girls are seen as doing
much better in typing. Over 60% in both years named a girl as being good, over
80% of the girls named a girl and 40% of the boys named a girl in both classes.
This was the only subject area in which this happened. In the other three areas
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Table 6.4 Student Measures of Success

Typing Procedires Stories/DB Mathematics

Y7 Y6 Y7 Y6 Y7 Y6 Y7 Y6
% % % % % % % %

Objective e.g. marks, report 58 51 3 2 19 4 14 5
I am improving 11 - 12 2 - - 7 2
Better than others 7 - 10 - 7 - 7 -
Subjective e.g, I understand - - 14 12 - - 14 1
Others say so - 7 10 4 13 25 - -
Others help me - - 12 2 - - - <
Ican/can’tdo it 8 6 29 67 37 6 39 33
Some specific aspect works - - - - 10 27 - -
Don'’t know - 11 - 4 3 15 - 13
Other 11 11 - 9 12 15 - 15

50% - 70% named someone of the same sex. In mathematics, however, a third of

~the girls named a boy as being particularly good.

Table 6.5 shows how frequently a boy or a girl was nominated as an expert in
the four subject areas. There were differences between the year levels in the

‘ nominations of girls or boys, the exception being in typing where girls were
- nominated by the students in both years. Year 7 consistently favoured boysin the

other three subject areas, especially in writing procedures, where 80% of the Year
7 students nominated a boy. Year 6 favoured girls in these three areas although in

- mathematics the proportions were fairly close.

These results reflect students’ perception with respect to class experts. As an

instructional method SUNRISE teachers have devised a scheme called the
- experts scheme whereby the teachers will work with a small group of students on

a new procedure or concept. These students then become the experts in that

- procedure and become a resource for the other students. One boy in Year 7
. consistently writes superior programs and is recognised by the teachers and
: students as the class expert. In the Year 6 classes there is a girl who had been

recognised in previous years as a quick leamner. This reputation earned her a place

- among the experts in early procedure writing, and was subsequently recognised
- by many students as the Year 6 expert.

In the naming of those doing well in writing procedures the same Year 7
expert was named by over 60% of both boys and girls. The Year 6 expert was
named by 60% of the girls and 25% of the boys. These students gained the most
marked support, but the two experts were nominated in other subject areas as
well. In database wriing, stories, mathematics and typing about a quarter of the
students in each class named these experts. An exception was found in
mathematics, where only 13% of the Year 6 boys nominated this particular girl,
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Table6.5 Percentage of Students who named a Boy Expert or a Girl Expert
in four Subject Areas

Typing Procedures Stories/DB Mathematics

Boy Git Boy Gid Boy Gil Boy Gid
% % % % % % % %

Year 7 24 63 80 17 53 2 69 3&
Year & 13 67 20 51 18 36 18 26
Boys 33 43 €5 14 55 5 35 12
Girls 1 39 33 2 14 a2 32 53

and in typing, where the same percentage of Year 7 students named the class
expert while $0% of them nominated two gixrls instead.

The number of different students nominated varied according to the subject
area. In typing only one-fifth of the students at each year level were nominated.
In all the other subject areas one-third of the students were nominated. The
criteria for doing well in typing appear to be clearer and also more public (there
are wall charts of progress), Less than half of the students at each year level were
nominated more than once, while 309 of Year 7 and 20% of Year 6 were
nominated more than three times, The results of these nominations coin¢ided in
most instances with the teachers’ assessments of which students were progressing
most successfully.

The Year 7 students appeared to be much more aware of those doing well in
each area, Only an average of 5% said they did not know whom to nominate, bug
23% of the Year 6 studenis gave a don’t know response. This was particularly
obvious in story writing where ncarly haif of the Year & students did not know
whom to nominate.

Agreement between Self-assessment and Peer Nominatians

As each person had been asked earlier in the interview how well they thought
they themselves were doing in each subject area, it was possible to check whether
the students’ self-assessment agreed with the peer nominations, Of those
nominated as doing particularly well, 92% of the Year 7 students and 80% of the
Year 6 students assessed themselves as doing well, or gave a qualified Yes
answer.

The final question asked in each subject area was how the student knew that
the person they had nominated was doing well, Table 6.6 shows the criteria the
students used in measuring success in their peers. (If students said they did not
know who was doing well they were not usually asked how they would hnow
who was doing well.)
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Measures of Success of Others

Typing Procedures Stories/DB Mathematics

Y7 Y6 Y7 Y6 Y? Yé Y7 Y6
% % % Yo % %6 £ %

Objective e.g. marks 22 42 - - - - - -

1 work with them/ 31 24 13 18 26 27 24 7
see them

They're goodf i5 15 8 4 7 4 - 3
they know

Does good work - - 44 31 14 2 3 10
Teaclier's somment 10 4 - - - - 14 -

They help me - - 14 16 17 2 16 11
Some specific aspect 8 . 12 16 25 15 17 5
Other 10 4 - 7 7 11 9 17

Criteria for Judgment

Typing appears to be the only subject area with clear objective criteria by which
the students can measure their own progress and that of others, Most measures of
the compctence of peers were subjective, e.g. [ work with them, I see their work,
they know what to do; They are good. Girls used this 1ast judgment twice as often
as the boys did. Does good work was fairly general, as were They write good
procedures; They make good databases, and in mathematics They ger the
answers right.

1t appears that at the stage of interviewing the Year 7 students relied more on
teachers’ grades and judgments than the Year § students did. The students who
relied on teachers’ judgments commented on the teachers asking students for
their results or answers, or the teacher commenting on someone’s work, Many of
the students judged how good others were by how much they could help them
when they experienced difficulties. With the emphasis in the SUNRISE
classroom on cooperative leaming, the students leamn a lot from each other, and
ask each other for help. It appeared to be difficult for both Year 6 and Year 7
students to judge the success of others in mathematics. Responses were varied,
and students tended to feel that there are no clear ways of knowing how someone
else is getting on.

Some differences could be observed between boys and girls and the two year
levels. For example, Year 7 girls were much less aware of speed and accuracy
results in typing thun the other students.

Most of the Year 7 students were asked how they thought the peers they had
nominated came 1o be s0 good at typing and at writing procedures. For typing
almost all of them answered that it was by practice. When asked if they thought
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that they personally could become as good at typing as their nominated peer the
girls were much more confident than the boys -- only 45% of the boys compared
with 65% of the girls felt they could become that good at typing. This may be due
to the fact that the top typists in the class are girls. The response was different for
procedure writing. Success here was attributed to learning from others, from the
teachers, from the manual and by practising. Less than one-third of the students
thought that they could be as competent as the person they had nominated. Again
there was a suggestion in the responses that if the person nominated was of the
same gender, the student who nominated him/her was more confident that he/she
could also succeed.

General Questions

Question 8a:What is the most important reason for doing well in your

schoolwork?
Marks  Edu- Pass Be better Don't
Job report  cation grade Learn Achieve Besmart  Uni know
% % % % % % % % %
7B 63 17 7 3 7 3 . = %
7G 62 10 10 - 7 3 5 -
7 63 14 8 2 7 3 3 = 3
6B 40 13 13 - 10 3 - 3 3
6G 40 24 4 8 16 - - 8 -
6 40 18 9 4 13 2 - 5 2
687 52 16 9 3 10 3 2 3 5
Question 8b: Why is it important to learn things?
Teach Good at Pass Know Know Be Don't

Job  other Marks things grade specifics things smart know Other
% % % % % % % % % %

7B 3 7 : 7 s 0 10 10 3 13
70 8 7 3 i 3 10 10 3 10 7
7 35 7 2 3 2 10 10 7 710
6B 57 5 5 5 - 10 10 5 . 5
6G 29 5 5 5 2 4 28 . -4
6 4 5 5 5 5 2 19 2 . 9
6&7 9 6 3 4 1 i 14 5 4 10
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The interview finished with a general question about schoolwork and leaming,
The students were asked what they thought was the most important reason for
doing well in schoolwork and why learning was important. The most frequent
single reason given was for a job. More than 60% of the Year 7 students and 40%
of Year 6 gave this response. Other reasons given by more than one-eighth of the
students were for good marks or to receive a good report and in order o learn.
Other reasons were to get an education; to pass the grade; to achieve; to be
smart and to be a better person.

More varied answers were given to question 8b than 8a. In response to
Question 8b a little over one-third of the students said for a job, but other
responses referred to teaching other people (including children), being good at
things, knowing things, including specific examples such as reading and using
money. Again, there were references to marks, passing grades, and being smart.

CONCLUSION

This interview provided rich insight into how the students themselves used the
computer and how they viewed their progress in computing. The questions
concerning how much the students use the computer for fun showed a majority of
students enjoying computing and exploring with it. Almost all of the students use
the computer for fun at least sometimes. While 80% of the students used the
computer for homework and typing practice at home, a lower proportion engaged
in exploration. Most of the Year 7 boys were involved in making games at home,
while fewer girls were involved in this sort of activity. At the stage of
interviewing the Year 6 students seemed to be less able to engage in such
activities as making games and programming. The much higher confidence in
programming shown by the boys may be related to their higher involvement in
exploratory activities at home.

Students were asked to comment on how well they were doing in computing in
each of four subject areas. Answers here differed according to class level and
gender. The Year 7 students as a whole were most confident in making databases
and least confident in mathematics. At both year levels the girls were more
confident than the boys in typing but the boys felt that they excelled in procedure
writing. The Year 6 students showed less variability across the subject areas, with
procedure writing being the area of least confidence. They were much more
confident in mathematics than Year 7, but less confident in the language area.
Performance on standardised tests of educational achievement (without using
computers) had shown that achievement in language of Year 7 was relatively
lower than the achievement of the students in Year 6. With and without
computers the Year 7 students probably feel less confident in language skills as
they realistically assess their abilities.

In asking how the students knew that they or others were doing well, criteria
for success were sought. Again, responses differed according to the subject areas.



196 Leaming with Personal Computers: Issues, Observations and Perspectives

Typing was the area in which studenis seemed most clear of their progress.
Certainly typing is the activity in which the most immediate and consistent
feedback is provided. Suggested measures of success in the other areas varied
from external measures such as teacher assessment and marks, to feedback
(comments) obtained from others, i.e. both peers and teachers, to quite subjective
measures, such as I just think I'm good, I understand it, or comparative
judgments, e.g. I'm better than other people; I' m bester than I used to be.

The students were asked to name a peer whom they considered to be doing
well in each subject area. Although some named a friend rather than an expert,
overall the people named consistently were recognised also by the teachers as
those students who were most successful. Students at both year levels tended to
name a peer of the same sex, although the Year 6 students, in contrast to Year 7,
recognised a girl as the class expert. In Year 6 girls were nominated more
frequently than they were at the Year 7 level. An important finding was that if the
person nominated as successful was of the same sex the student was more likely
to be confident of their own possible success in that area.

The students nominated most often shared certain characteristics, While, as a
group, they were not necessarily more successful than the other students in typing
and mathematics, they were seen to be very successful in procedure writing, and
databases or story writing. As a group they also used the computer for fun
especially for making games in their spare time,

From these results it appears that the key area for judging success in oneself or
other students is procedure writing, i.e. programimning. While typing gave some
confidence and fluency, and mathematics and language skills were important in
certain subject areas, it was procedure writing which appeared to be the mnain
criterion for the perception of overall expertise.

Students’ self-assessment in the area of procedure writing was compared with
their performance on several programming efficiency tasks. Of those students
who performed well in these tasks (the top quarter of each level) two-thirds had
said that they were doing well in programming. Apparently they perceive their
performance accurately. However, of those who performed poorly, about half (a
little under for the Year 7 students) also said they were doing well, or reasonably
well. A similar pattern was found when students’ self-assessment was compared
with the teachers’ assessment of them. Students whom the teachers perceived as
doing well saw themselves as succeeding, while a proportion of those seen by the
teachers as performing poorly perceived their own performance as quite
acceptable. It appears then, that those who can perform well perceive correctly
that they are doing so, but other factors are taken into account by those who are
performing poorly. This is not unexpected when one understands the kinds of
criteria the students are using to judge their own success. For example, students
who perform poorly, but can see that their performance or understanding has
improved since last year understandably comment that they are doing well.

7

Individual Differences
in Attitudes and Learning

This chapter shows how individual differences such as ability, measured
intelligence, and competency in computing can relate to students’ feelings and
attitudes about educational computing, knowledge, self-concept, expectations and
perceptions of teachers, etc. The second part of the chapter discusses findings
relating to the students’ demonstration of their knowledge and understanding of
computer programming. The chapter concludes with a brief demonstration of the
interaction between students who were engaged in a collaborative programming
assignment.

ABILITY AND INTELLIGENCE

The literature suggests that intelligence and general ability strongly influence
achievement in computing as they influence learning in other educational areas.
The following section summarises the intelligence test performance of the sample
and reports on the feelings, attitudes and perceptions of the students in different
1Q classifications.

For these analyses students were classified into 3 groups according to their IQ.
The Above Average category contained the students whose IQ was 110 or higher.
The Average category covered the IQ range 90 - 109, and the Below Average
category contained the students whose IQ was 89 or lower. The three categories
used here are based on the traditionally and widely used intelligence
classification, which was initially devised by David Wechsler. The Average
category covers the same range as Wechsler’s. Because of the small sample size,
the top and bottom categories used by Wechsler were amalgamated for the
purposes of the present analysis. Table 7.1 shows the mean IQ and standard
deviations for the total sample and various subgroups. Table 7.2 reflects the
proportions of students in the sample in different IQ categories.

Regardless of year level the girls tended to obtain higher IQ scores than the
boys. In the total sample the average IQ for girls was 107 (SD 11) and for boys
102 (SD 12, p<.0S). Year 6 girls showed the highest average 1Q, i.e. 108 (SD 12),
followed by 106 (SD 11) for Year 7 girls, then Year § boys with 104 (SD 12) and
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Table 7.1 IQ Levels of the Sample

N Mean Standard Decviation
Total sample 115 104.13 12.13
Year 6 56 105.75 12.17
Year 7 59 102.59 12.00
Girls 55 106.51 1146
Boys 60 101.95 12.41
Year 6 girls 26 107.54 11.90
Year 6 boys 30 104.20 12.38
Year 7 girls 29 105.59 11.17
Year 7 boys 30 99.70 12.24

Year 7 boys with 100 (SD 12). None of these differences are significant. The
differences between mean IQs for gender within Year were not statistically
significant (p>.05).

The percentage figures in brackets below the intelligence categories indicate
the proportions expected to occupy these categories under the theoretical normal
curve.

Feelings and Attitudes of Students in Different IQ Categories

Anxiety As was reported previously, understandably, all students were more
anxious that something might happen to their computers, and about computing
more generally, in April than in November. In April about a quarter of the
students of Above Average and Average 1Q but43% of those in the Below
Average IQ category reported to still be feeling nervous when they are using their
computers. In November only 6% in the Above Average IQ group and 17% in
the Average and Below Average groups reported feeling nervous. In November
63% (April: 58%) in the Above Average, 81% (April: 40%) in the Average and
77% (April: 64%) inthe Below Average groups stated Computers don't scare me
at all. There was certainly a highly significant reduction of anxiety among the
students in the Average range and less anxiety in the Below Average range of
general ability. The specific fear of physically damaging the computer was
reduced by 31% for Above Average, 21% for Average and 41% for Below
Average students between April and November. In November 21% of Above
Average, 25% of Average and 23% of Below Average students are still
frightened that they might damage their computers.
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Table 7.2 Proportion of Students in Different Intelligence Classifications

Q
2130 120-129 110-119  90-109 80-89 70-79  s69
(22%) 6.7%) (16.1%) (50%) (16.1%) 67%) (2.2%)
Sample N n % n % n % n % n % n %
Total 115 3 3 8 7 24 21 66 57 12 10 2 2 0
Girls 55 3 5 3 5 13 24 32 58 4 7 0 0
Boys 60 0 5 8 11 18 57 34 8 13 2 3 0
Year 6 56 1 2 6 11 14 25 29 52 6 11 0 0
Year7 59 2 3 2 3 10 17 37 63 6 10 2 3 0
Year 6 Girls 26 1 4 2 8 7 27 14 54 2 8 0 0
Year 6 Boys 30 0 4 13 7 23 15 50 4 13 0 0
Year 7 Girls 29 2 7 1 3 6 21 18 62 2 7 0 0
Year 7 Boys 30 0 1 3 4 13 19 63 4 13 2 7 0
Above Average Average Below Average
(25%) (50%) {25%)
n % n % n %
Total 115 35 30 66 57 14 12
Girls 55 19 35 32 58 4 7
Boys 60 6 27 34 57 10 17
Year 6 56 21 38 29 52 6 11
Year?7 59 14 24 37 63 8 14
Year 6 Girls 26 10 38 14 54 2 8
Year 6 Boys 30 11 37 15 50 4 13
Year 7 Girls 29 9 31 18 62 2 17
Year 7 Boys 30 5 17 19 63 6 20

Enthusiasm Our data show no significant differences with respect to the
enjoyment students experience in using their computers between April and
November and across IQ levels; nor was there any difference in the curiosity of
students about how the computer works. Over 80% of the students felt high
enjoyment and curiosity. However, 11% of students in the Above Average, 25%
in the Average and 46% in the Below Average range still cannot understand how
some people enjoy spending so much time on computing.

In November 13% more of the students in the Below Average IQ range than in
April, and thus the same proportion as in the Above Average and Average range,
regard their laptop as their friend and heiper. The proportion of students who
report that they are finding it hard to stop working on their computers once they



200 Learning with Personal Computers: Issues, Observations and Perspectives

have started dropped by 2€% for the Above Average, 14% for the Average and
18% fer the Below Average groups between April and November.

The proportion of students who stated in November that they would not be
unhappy to be in a class without computers was 10% higher than in April. 26%
of Above Average, 20% of Average and 39% of Below Average students still
fee] thatthey would not be unhappy in a class without computers. This view may
result from different reasons for the three groups. Above Average and Average
students may have tealistically assessed that they would be able to function
equatly well in a class without computers. Other observations suggest that the
Below Average and some of the Average students may actually prefer a class
without computers as they are finding it difficult to cope with the programming
aspects of computing.

In all IQ categories only about half of the students looked at books about
computing outside the classroom in November, i.e. 25% fewer than in April.
Over 60% of the students never 1y to find books about computing in the library.
The latter figure has not changed significantly from April. This state of affairs
might suggest that the students are gaining sufficient information in the
classroom; it might also be an indication of a weakening in interest in computing
over time. The latter explanation finds support in the finding that in the Above
Average and Below Average groups inferest in figuring out what I did wrong in
my computing was reduced by close to 50% and in the Average group by 14%
between April and November.

Self-image and Confidence Although not statistically significant, a higher
proportion of students in the Average range than in the Above Average and
Below Average groups belteve swongly that when they are working with their
computers they will o particularly well in their work. It is likely that the students
of Above Average and Below Average intelligence have learnt about the
limitations resulting from insufficient skills on the part of the computer operator.
They may also be more realistic abgut the technology than their peers in the
Average group. A considerable number of the students in the latter group
understood deing well as relating io typing and typed presentation of work, rather
than to more general aspects of the curriculum.

More students in the Above Average range than in the other two groups
believe that they will do better and better in computing, with the Below Average
students being most doubtful about their eventual improvement. In November
only 6% (April: 12%) of Above Average, but 33% (April: 46%) of Average and
38% (April: 22%) of Below Average students felt that they ate not the type to do
well in computing. However, a significantly lower proportion #f Below Average
students than students in the other groups report getting annayed with their
computers. This again shows the realism on the part of the Below Average group,
who obviously appeared to have had higher initial expectations of computing
than experience bore out. Very few students in the Above Average and Average
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groups, but 23% in the Below Average group believe that some studentsin
class are finding computing even more difficult than they themselvesido v

In November 6&% (April: 53%) of Above Average, 56% (April:39%):of
Average and 85% (April: 55%) of Below Average students discussed how they
feel about their computing with their friends. Significantly fewer students in the
Above Average range (and 30% fewer than in April) than in the other groups
discuss computers and computing with members of their family, while
approximately half of the students in all groups talk about their computing with
adults other than parents and teachers. For the Below Average students this
constitutes a 23% decrease between April and November. 1t is likely that these
students have fallen behind their peers so much that they are lacking the
confidence required to discuss computers and cemputing with adults.

Knowledge of Computers and Computing Between April and November the
propertion of students who felt that using the computer is time-saving fell by
17% inthe Above Average and 12% in the Average groups, but increased by
25% among the Below Average students. During the same period agreement with
the statement Learning to work with computers {s just as importart as reading,
mathematics and spelling fell by 10% in all three IQ groups, while support for
the statement Every school child and adult should be able to use personal
computers fell by 20% in the two upper IQ groups and by 40% in the Below
Average group. It would appear that as computing is becoming niore difficult
(perhaps because the relevant skills at this level are largely cumulative and it is
thus easier to fail behind), students are rationalising their positions. Yet all
students believe that computers are becoming increasingly important in people’s
lives and will be of utmost importance 10 our society in the future; and 89% of
Above Average, 34% of Average and77% of Below Average students agree that
computers have improved people’s lives.

However, fewer students in the Below Average range {and with a further 10%
reduction between April and November) than in the other groups would like to
know how the computer works.

Learning and Problem Solving Between April and November there was a
20% increase in the proportion of students in the Above Average range and no
change in the other groups in the feeling that when working with cemputers they
will get their work done well. But there was a 21% reduction in the Above
Average, a 10% increase in the Below Average and no change in the Average
group in the view that the laptops allow students to work independently.

In November 69% (April: 59%) of Above Average, 47% (April; 18%) of
Average and 62% (April: 59%) of Below Average students reported that
computing often or sometimes makes schoolwork more difficult. A total of three
students in the Above Average and Average groups but a quarter of the Below
Averape students denied that computing is at least sometimes kard work.
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In November the number of students in the Above Average range who found
that computing makes learning in mathematics easier was 20% lower than in
April. There was no change in the other IQ groups, In November 31% of Above
Average, 16% of Average and 24% of Below Average students believed that
computing does not make it easier to learn mathematics. Judging more generally,
20% of Above Average, 14% of Average and 17% of Below Average students do
not believe that computers make a difference to learning, i.e. that children who
use computers do better in their school work. In November 29% (April: 49%) of
Above Average, 64% of Average and 69% of Below Average students believed
that computers make mere mistakes than clever humans. There was no difference
in this view between April and November for the latier two greups.

More than 50% of the studentis in the Above Average and Average groups are
finding computing most usefii in mathematics, while 31% of the Below Average
group hold this view. 23% of Above Average, 17% of Average and 31% of
Below Average students are finding the computer most useful in social studies,
and onty 17% of Above Average, 8% of Average and none of the Below Average
students chose writing (i.e. word processing) as the area in which they are finding
the computer most useful. Other subject areas were mentioned by individuals
only. A mere 2, 10 and 3 students in the Above Average, Average and Below
Average groups respectively are finding the computer useful in all their
curriculum subjects.

A significanfly larger proportion of Below Average than Average and Above
Average students believed in April that the computer is a just like a hammer or
lathe. In November 83% of Above Average, 88 % of Average but only 75% of
Beiow Average students topk this view.

Control As noted above, between April and November there was a 21%
reduction in the Above Average, a 10% increase in the Below Average and no
change in Average groups in the feeling that the 1aptops allow students to work
independently, 884 of Above Average, 83% of Average but only 69% of Below
Average students believe that working with their computer puts them in charge of
their own work. The laser proportions represent a 10% increase in this feeling of
control since April for the Above Average and Average groups, but a slight
decrease for the students in the Below Average range. 87% of Above Average,
88% of Average and 92% of Below Average students believe that they have
control over what they do when they are using a computer, For the Below
Average group this constitutes a 35% increase in the feeling of control compared
with the data collected in April. Similarly, only 9% of Above Average and 6% of
Average, but 31% (an increase of 24% from April) of Below Average students
feel that they are never the boss of their computer.

Favourite Activities Using Computers Students were asked to name their
favourite activities in computing. The responses were classified into two types:
computer programming related activities and acuvities relating to specific subject
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centent. In November 62% (April: 78%) of Above Average, 45% (April: 71%) of
“Average and 67% (April: 60%) of Below Average students named programming

related activities, In November 18% of Above Average and 12% of Average
students, but none of the Below Average students, named playing games. This
1atter activity was not mentioned by any of the students in April.

When asked What are the three best things about using laptops? in November
74% (April: 91%) of the responses of Above Average, 81% (April: 82%) of the
Average and 77% (April; 93%) of the Below Average students were related to
learning, knowledge and skill development; 49% (April: 37%) of the responses of
Above Average, and 31% (April: 29%) of the responses in the two other groups
related to the more pleasing physical presentation of work done on the computer;
31% (April: 11%) of Above Average, 20% (April: 17%}) of Average and 23%
{April: 7%} of the Below Average students stressed the time-3aving and other
convenience aspects of computing, and 40% of all students noted that computing
is fun (without qualification}, Only 21% (April: $%) of the Above Average and
2% (April: 9%) and 8% (April: 7%) of Average and Below Average students
respectively recognised computing as an asset for the future, increasing job
opportunities, etc.

When asked in which subject area they enjoy using the computer most, 49%
(April: 12%) of the Above Average, 33% (April: 13%) of Average and 39%
(April:29%) of Below Average students named social studies, next came
language, then word processing. Only 3 students in the Above Average, 5
students in the Average and 2 students in the Below Average groups named
mathematics. This latter finding is interesting when one remembers that more
than half of the students in the Above Average and Average groups and 31% of
those in the Below Average group believe that the computer is most useful in
mathematics. Recognising the usefulness of the tool is obviously not the same as
liking the work to be done with it.

In Nevember only 6% (April: 41%) of Above Average, 9% (April: 20%) of
Average and 15% (same as in April) of Below Average students stated that they
enjoyed using the computer in all subject areas. Two students in the Average
group said they did not like using the computer in any subject area. There is an
obvious need for teachers to make students more aware of the advantages of
computing in aceuiring subject related knowledge and skills. No significant
differences were found between the IQ groups with respect to the subjects
students report to be liking less now that they are working with computers.
Science is the subject nominated as being liked less by the largest proportion of
students at ali 1Q levels, and next comes mathematics.

Help As noted previously, students in the SUNRISE classes are encouraged to
cooperate and collaborate with their peecs. This includes seeking assistance from
and providing help to peers. Between April and November there was a significant
reduction in the amount of help which students in the Above Average group
perceive to be receiving from their friends; in the Average group there was no
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change and for the Below Average group there was a small increase in the help
received. This finding is not surprising, as it might be expected that the
computing skills of many of the students in the Above Average group are
stronger than those of students in other groups. The Below Average students are
likely to feel an increasing need for assistance and obviously receive it.

With respect to providing help to others few of the Below Average students
saw themselves as helping their friends in April while 85% of Above Average
and 70% of Average students helped their friends. In November this difference is
no longer significant and three-quarters of students in both the Average and
Below Average groups are helping friends with their computing while 91% of the
Above Average group do. Many of the students in the top ability range are
regarded as experts and expected by their teachers to do a considerable amount of
the teaching.

The self-reliance of students in the Above Average group is also reflected in
their reactions to specific problems. Irrespective of specific subject contents most
of them keep trying and when really unable to solve the problem ask someone for
help (rarely the teacher) and very few of them give up. Approximately 50% of the
Average group also keep trying and then warch someone else working on the
task. Except in the area of computer programming these students ask for help
significantly less frequently than those in the Above Average and Below Average
groups. Unfortunately, the vast majority of students in the Below Average group
just keep trying without success. On the whole only 15% of them ask someone
for help (in this case mostly the teacher). However, half of the students in this
group ask for help (from the teacher) when they encounter difficulties with
programming. The picture is different with respect to technological problems.
When the printer, disk drives, etc. cause difficulties 66% of Above Average, 62%
of Average and 83% of Below Average students seek the teacher’s help. There
has been no significant change in these pattern, of seeking help between April
and November.

With respect to problems encountered in mathematics 40% more of the Above
Average and Average students seek help from a friend rather than the teacher in
November compared with April. Less than 10% of the Above Average and only
11% of the Average students ask the teacher for assistance. Equal proportions of
the students in the Below Average group turn to friends, class experts and the
teacher. The pattern of asking for help in science is very similar to that in
mathematics.

In writing (word processing) and reading students in the Above Average and
Below Average groups ask family members for assistance more frequently than
the teachers. Students in the Average group ask their teachers in these areas 10%
more frequently than family members. Class experis are asked less frequently
than family members in all groups.

Students’ Expectations and Perceptions of Teachers In November 29%
(April: 32%) of Above Average, 19% of Average (April: 36%) and 17% (April:
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57%) of Below Average students stated that the fact that students have their own
laptop computers does 7ot mean that they require less attention from the teacher.

«The widespread fallacy that technology might actually replace teachers or at least

reduce their importance in the classroom is not supported by these students. The
large decrease in the perceived need for teacher assistance among the students in
the Average and particularly Below Average groups is interesting, as many of
them also report not to be coping well with computing. At the same time 62%
(April: 42%) of Above Average, 42% (April: same) of Average and 46% (April:
36%) stated that computers will never replace teachers. Might these students have
given up on their particular teachers?

Half of the students in the Above Average and Average groups and 80% of
those in the Below Average group feel that it is difficult for teachers to find the
time to teach students. There was a significant increase in this feeling in all
groups between April and November. At the same time all groups report that the
teachers are spending less time keeping the equipment in order in November than
in April. Could it be that the teachers, who are obviously more experienced in
November than they were in April, are less sure of what and how to present to the
students as the project continues? Lack of pre-service training and staff
development opportunities might be catching up with them.

There is a highly significant increase, between April and November, among
Above Average and Below Average students in the view that reachers should
know all the answers about computers and computing. 67% of the Above
Average, 81% of the Average and 92% of the students in the Below Average
group wish that the teacher could answer more of their questions. One quarter of
the students in all groups believe that computers can teach better than teachers.
All students believe that computers can help students and teachers to work and
learn together, and that students can teach teachers things about computing.
However, while all but a few Above Average and Average students (at least
sometimes) enjoy teaching the teacher something new about computing, 31% of
the Below Average students, who report to have been able to teach their teacher,
just do not enjoy it.

Conclusion It is obvious that the students are less excited and perhaps more
realistic about their laptops in November than they were in April. A major
concern is that the Year 7 students, who have been part of the project for two
years, are becoming increasingly despondent about a number of major aspects of
their experience in the SUNRISE classroom. There is no decrease in enthusiasm
regarding computers and computing per se -- rather the students are becoming
increasingly more dissatisfied with their personal experiences in educational
computing.

Many of the students in all three intelligence categories appear to need and
expect more assistance with their computing from their teachers, although the
Below Average students might require such assistance most of all.
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Computer awareness is high in'all groups, but there are indicatiens of higher
tevels of frustration among students than expected, Students still haye =

considerabie enthusiasm for and faith in computers in themseives, but personal
application is lower than might have been expected. The fact that significantly,
fewer students, even in the Above Average IQ group, look for library books on
computers and computing, and that fewer students are interested in reading books
about computing in November than in April -- even though there is a belief that
the teachers are unable to answer sufficient questions relating to computing -2
might well be interpreted as a lack of commitment on the part of the students to

their compukng.

Educational Achievement

Towards the end of Term 3 a small battery of standardised general achievernent
tests was administered to all students in the sample and to 60 Year 6 and 59 Year
7 students in parallel classes which are not part of the SUNRISE project and thus
do not use laptops in their work. The reason for this assessment was to provide an
estimate of the relative fevels of achievement attained by students in the
SUNRISE project with respect to basic learning areas, It was regarded as
important to establish whether the Year 6 and Year 7 SUNRISE students
happened to be a particularly advanced group, or whether they were actually
pretty comparable with students in other schools. A second, perhaps even more
important reason, for this assessment was to investigate whether, when required
to perform without their computers, children who have permanent access to
computers for all their work will show that they have developed traditional
{iteracy, numeracy and writing skills.

The tests used were those that make up the ACER Australian Cooperative
Eutry Program (ACEP} (ACER, 1991), a secure battery prepared by ACER
annually and used for a variety of purposes. All tests in this program are
administered under standard conditions, and coded and scored at ACER. Norms
are available fer special populations and more general samples in most Australian
states. The tests have not been used in Queensiand before. The battery was
administered by Irene Brown, assisted by the teachers, under the required
standard conditions. All tests but the essays were machine scored at ACER. The
essays were scored by two markers from the usual ACEP team, i.c, each essay
was assessed by two examiners independently.

The ACEP battery aims to assess performance in six areas 4s follows:

1 Reading. In this test students are required to read short passages on different
topics, and answer questions about each passage to show that they understand
what they have read. The student chooses between four alternative answers for
each question,
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Humanities -~ Comprehension and Interpretation. Students inspect printed text
and pictorial material and answer questions by choosing from four alternatives.
The content of the items is drawn from areas such as English, art, history,
geography and social studies. No prerequisite factual knowledge is assumed.
Mathematics Comprehension. Students are asked to solve a number of
problems using the information given in the question and to apply the basic
mathematical skills which they have acquired at school. No complex or
difficuli calculations are required.

4 Language Usage. Spelling, word usage, sentence construction, punctuation
and capiialisation are assessed.

5 Mathematics Achievemens. The content of this test relates to three areas: (a)
basic number operations, fractions, decimal fractions and percentages; (b}
measurement of the length of line segments and the area of the region enclosed
by regular figures: and (¢) the interpretation of simple graphs.

6 Written Expression. One topic is set for all candidates. Within 25 minutes
students are asked to plan their response as well as to write about the topic.
Planning space is provided as well as 1Y/2 pages of ruled paper for writing.
Students are not asked to make their piece of writing a special length. The
directions ask for clear, lively, vivid and interesting writing.

In the total group of 233 students (i.e. 115 SUNRISE students and 118 non-
SUNRISE students) the mean scores of Year 7 students in all six areas of
assessment were higher than those of the Year 6 students, but these differences
were not statistically significant. There was no significant difference between the
levels of performance of the students in the SUNRISE and non-SUNRISE
classes. In the non-SUNRISE group the mean scores of the girls were higher than
those of the boys, and often sigaificantly so. An exception t¢ this occurred 1n the
test of Mathemaiics Comprehension, where the boys performed better than the
irls.

¢ In the SUNRISE group, Year 7 students o#ained higher total scores than Year
6 students, and the mean total score for girls was significantiy higher than that of
the boys (p<.5). Girls performed better than boys within each year 1n all areas
except in the test of Mathematics Achievement, where Year 7 boys performed
significantly better than any other group. Year 6 girls performed marginally
better than Year 7 boys in language usage, written expression and mathematics
cemprehension . As noted above, Year 7 boys tended to obtain the highest scores
in mathematics achievement; they also obtained marginally liigher mean scores
in reading and in the hAumanities.

The gender differences noted above are found in all samples with whom the
ACERP has been used. They reflect general trends in educational achievemert in
our society, which actually increase with the age of the students.

The mean total performance and the average in each assessed area of the total
sample and the subsamples was at the upper end of the average range. Only in the
weaker students did performance in computing correlate with achievement test
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performance. What is interesting and important is that, on the whole, the‘i
SUNRISE students performed no better or worse than the students in the classes

not provided with laptops. This suggests that the enrichment provided by learning
to work with computers does not disadvantage the students when they are
required to work without computers. Other tests, especially longitudinal
measures, would have to be used to assess pesitive generalised achievement
outcomes resulting from the availability of laptops.

R1 Versus RS Students

As was reported previously, peers and teachers ranked the students in each class
according to the effectiveness with which they used their laptops. R1 students
were judged to be the best students in computing by teachers and peers, while the
RS category contained the students whom their teachers judged to be doing badly
in cemputing.

Of the 115 students in the SUNRISE classrooms, 27 (23%) were categorised
as R1, 30 (28%) were rated as RS, and 58 (50%) were given a middle rating. As
can be seen in Table 7.3, the proportions of students in each rating category did

not differ significantly between the Years. Table 7.4 shows the mean 1 for
students classified as R1 and RS.

Gender Differences  As is shown in Table 7.4 more boys than girls were rated
to be doing well (R1) and doing badly (RS). The trend of rating proportionately
more males than females as ejther 1 or 5 was similar within year levels, the
exception being the larger proportion of Year 7 girls than boys who were rated as

doing badly (RS). The implications of these gender differences are discussed
further in Chapter 8.

Differences in Feelings and Attitudes of R1 Versus RS
Students

Anxiety There were significant differences between R1 and R3 studeats with
respect to manifestations of computer anxiety. At the beginning of the school
year 50% of the total sample were still scared that they might break their
computer. Even though Year 7 students had been using computers for 14 months
longer than Year 6 students at that time, their anxiety level was higher than might
have been expected. At the end of the school year about a quarter of all students
were still frightened of their computers. RS studenis appeared to be less anxious
than their peers, Only 18% of RS students reported anxiety about their computers
in November, This shows that the reasons behind reported anxiety may differ for

individual students and groups. It might also suggest that R3 treasure their
computers less than R1 students,

Individual Differences in Attitudes and Leaming 209

Table 7.3 Ratings for Student Achievement in Computing

Rating
Ri RS R2-R4
5% (50%)
27 (23%) 30 (26%)
-‘I‘auﬁb 16 EN%} 18 (30%) 262: (r;?é‘?;))
(?;:11 g?: 11 (20%) 12 (22%) (
28 (50%)
23% 15 (27%)
‘;earg ii 224%3 15 (25%) 30 {(51%)
ear
0 (33%)
5 g (271%) 12 (40%) i :
3::'22%: 5 El!%} 3 (12%) 18 (69%)
v 6 (53%)
27% 6 (20%) 1
“f’eu’;bg{: 2 221%; Yy (31%) 14 (48%)
ear7 g

Table 7.4 Mean IQs for R1 and RS Students

N Mean Standard Deviation
13.02
&1 Total sample 27 i(ﬁgé e
R5 Total sample 30
13.67
13 114.38
1 Year & i
;5 Year § 15 94.60
14 113.29 12.88
R; zw; 15 93.87 8.340
RS Year
R1 Year 6 girls 5 115.60 13.23
o 113.63 X
R 2 120,17 11.51
A 108.13 1195
R1 Year 7 boys 8
10.39
i 3 96.00
o 8.76
%3 zz g%}ays 12 g:;g o1
RS Year 7 gitls 9’ o g
R5 Year 7 boys &

: . . c

Some students would feel 2 certain amount of am_uety ab'ouz being ,res%c)?es;t?;ei;{; ;

ap expensive piece of equipment. They are tak:‘ng t{ng It)gre:;;s] d:zm o
i i jth care very seriousty. er t

warnines to treat their laptops wi _ ' B e in
I il do things their owners had 1 31

ve a fear that the computer Wikt df g i "
t;311@1* words, these students are anxious pecause they feel that they are not 1

control on their computers.
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In April 36% of Year 6 and 29% of Year 7 R1 students and 47% of Year 6 and
33% of Year 7 RS students reported that computers stiil frighten them, In
November the proportion of students still apprehensive about the hardware
reduced significantly among Year 6 R1 students and for all RS students. In
November 23% of Year 6 and 29% of Year 7 R1 students and 14% of Year 6 and
21% of Year 7 RS students reported that the computer still scares them.

In April 68% of R1 reported not to be scared at afl, while in the rest of the total
sample only 37% reported not to be scared at all. In November one quarter of
both Year 6 and Year 7 students reported still to be scared of their computer, 26%
of R1 and 18% of RS students reported still to be scared.

Approximately half of all students are still frightened that they might break
their computer, 71% of Year 6 RS as against 54% Year 6 R1, 40% of Year 7 &S
as against 29% of Year 7 R1. These fgures probably reflect a reasonable concern
on the part of the children for expensive property.

After two months of the 1991 school year 7% of students in Year 6 who were
classified as RS (this reduced to 71% in November), but only half of the Year 6
R1 students (54% in November), reported that personal computers used to scare
them before they got used to them. In the total sample of Year § and 7 students
40% (in November 49%: 37% of R1 and 54% of R5) reported to have been
scared initially while 57% of RS in the total sample reported to have been scared.

Enthusiasm  The school reports that approximately 10% of the students chose
to leave their computers at the school overnight because they do not wish to use
them at night, in some cases because they are frightened thart they might be
damaged on the way home. In April nearly one-third (this reduced to a quarter in
November) of the Year 7 RS students did not like the fact that they are
encouraged to take the computer home at night. In April R1 students took their
computers home every night and were very happy with this arrangement. In
November 30% of Rl and 25% of RS students wish that they did mot have 1o take
their computer home every night. The majority of R1 students who object to
taking their computer home at night are in Year 7.

Among R1 students 77% (November: 70%) in Year 6 and 64% (November:
68%) in Year 7 indicated that they would be very unhappy in a school without
computers. In April all RS students indicated that they would be unhappy in a
school without computers. In November 79% of Year 6 and 57% of Year 7 R5
students felt they would be unhappy in a school without computers. In the total
sample in April more than 80% of students indicated that they would be unhappy
in a school without computers, This proportion reduced to 74% in November.

There was ne significant difference between R1 and RS in April in response to
the statement When { am an aduit I will get a job where I can use computers. In
November 77% of R1 and 86% of RS in Year 6 felt they would. But only 31% of
RS5in Year 7 did {85% of R1 in Year 7). This is another indication of the
alienation of Year 7 students observed throughout the smdy.
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« The same is borne out by the fact that in April 31% of R1 (25% of Year 6 and

6 and 33% of Year 7) students tried
. 4% of Year 7) and 45% of R5 (57% of Year .
‘ ;3: f;nd books about computing in the library, but in November 58% of R1 and

509 of RS in Year 6 try to find books, while only 21% of R1 and 7% of R5 do 1n
fYear 7. ‘

In April all R1 students in Year 6 and 79% of R1 students in Y:ca.r 7, anq 80%
oF RS stadents in Year 6 and 73% of RS students in Year 7 found it interesung to
)ﬁgure out what went wrong with their computing. In November 92% of R1 am;l
79% of RS in Year 6 found this interesting, while only 64% of Riand 71% of R
in Year 7 did.

Self-image and Confidence Inboth years the conﬁdgnce of stud‘ents5 zhtatd télet)s'
would get their work done better with a computer was high. In April RS § }:5 a1111 y
tended to be even more confident than R1 studeptsg the confidence in ‘
Year 7 R1 students was reduced in November. Itis likely .that R1 stude{zts wdef:e
more realistic from the beginning, while RS students might have beh%; u;
certain magic powers of the computer. In the total sample, close t[ﬁ ‘ ;)k
students believed in April that the computer would cauge thc_:m to do .elr wc;z :
well, This proportion rose to 77% in Noverfxber. Despite high enmu??sms,s L
students appear to be more realistic in their assessment ?f t.he usefu ni o
computers than RS students. This view is supponked by the finding that ove: %
of R5 students in both Years 6 and 7 felt that ch'.lldren who use computers f’f erf
do better in their schoolwork while R1 studen'ts in both years and the m;ﬂc;nlt:; od
the total sample felt this to be true sometimes, In Nevember 100% gf bot ' bnut
RS in Year 6 reported that using the cczln(';;.sclincr makes mathematics easier,
5 of R1 and 71% of RS in Year 7 did.
Omliﬁl’?:v:mber 439 of RS students but only 7% of R1 students fee! that meéy arE:1
not the type to do well with compute;s. fIrl Ilf)e toi_acll ;ﬁ:;ple 18% of Year 6 an
f 7 expressed the same lack of selt-coniy .

32;013;;':3:5111 agout using computers and the percePtion of %he power of
computers thus did not appear to berelated 1o level of ac_hze?’eme nt in computing,
but confidence and self-image with respect to expe{use in computer use ;rteli
Also, there was definitely a decrease in enthusiasm during the schc?ol year t:nd oo[
Years, particularly in the academically weaker students an@_t@ose \fwho a n{ln
kept up with the rest of the class with respect to the acquisition of computing
knowledge and skills.

Knowledge of Corputers and Computing {n April most studex'\t(si felft bthf;
computers ate as intelligent as people. However, m.November two-thir sdo | g )
R1 and RS in Year 6 disagreed with this view, while all R§ stude:n“ts anc a \ uS
one R1 student in Year 7 think that computers are semetimes a3 intelligent a
peozieieast 90% of students in all groups agreed that most p‘eo.ple‘;fnbtht;:1
community do not understand what computers are about. The majority of bo
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R1 and RS students and the total sample regard computers as less intelligent than
people, but in Year 7 significantly more RS students than R} students regard
computess as more intelligent. In November 77% of R1 and 71% of RS in Year 6
felt that people are more intelligent than computers and all R1 and all but one RS
in Year 7 did. Everyone in Year 7 and but only 20% of RS in Year ¢ disagreed
with the statenient that computers will control the universe.

More R1 students than R3 believe that working with the computer helps them
in their learning, and a larger proportion of R1 students (53% vs 31% for rest 2/3)
believe that parents should send their children to schools which have computers.
Two-thirds of R1 but only one-third of RS students (and 46% of the total sample}
believe that every school child and adult should be able t® use personal
computers. Significantly more R1 students than R5 students believe that the
invention of computers has improved people’s lives.

In April, 60% of R1 and 67% of R5 students believed that one day computers
will replece teachers, but in November 50% of R1 and 86% of RS in Year 6 but
only 43% of R1 and 36% of RS in Year 7 believe this.

Learning and Problem Solving In response to the statement Using personal
computers makes schootwork more difficuli, 33% of Rl and 27% of RS students
answered zever in April. In November 69% of R1 and 57% of RS in Year 6, but
only 21% of R} and 26% of RS in Year 7 said never.

In April significantly more R1 than R5 students and approximately 40% of the
total sampie believed that ene can use computers without understanding how they
actually work. In November this proportion has increased for Year 6 R1 and RS
1o 61% and 57% respectively and for Year 7 to 85% and 57% for R1 and RS
respectively.

In April 85% of Rl and 69% of RS students felt that using the laptop allows
them to work independently. In November 85% of Rl but only 43% ¢f RS in
Year 6 agreed, and in Year 7 64% of Rl but 79% of R5 agreed. When it comes to
the crunch, RS rely on the magic of the computer rather than on their ¢wn ability
and skill. They certainly feel the coniputer helps them, and think they would be
worse off without it. Whether the reason for this is that they are accepting less
critically than R1 students what they have been told by their teachers about the
usefuingss of the computer, or whether they really experignce that they are doing
better with computers, i.e. would do even worse without, cannot be ¢stablished
here.

In April among R1 students 23% of Year 6 and none of Year 7 felt that they do
not have control over what they do when they are using the computer. In
November 15% of Year 6 and 7% of Year 7 Rl students, and 7% of Year 6 and
21% of Year 7 RS students felt that they do not have contrel over what they do
when they are working with the computer. Only 60% of R5 but over 80% of the
rest of the sample feel that they have control over what they do on the computer.

In April more than 80% of R1 students in Year &, and all R1 and RS students
in Year 7, regard the computer as a tool, just like a hammer or a lathe. Only 47%
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of the RS students in Year 6 saw the computer as a fool. in November 93% of R1
and 75% of RS students regarded the computer as a tool. At the end of the school
year all R1 and R5 in Year 6 but only 57% of Rl and 71% of RS in Year 7
agreed that using computers makes learning mathematics easier.

Learning how to use computers was regarded as hard work by all students.
Figuring out what went wrong in my computing was regarded as inferesting more
frequently by R1 students than by the rest. In Nevember only 8% of R1 and 21%
of R5 in Year 6 felt that figuring out what went wrong with one’s computing is
never interesting, but 36% of Year 7 R1 and 29 of Year 7 RS thought so.

A significantly larger proporticn of R1 than RS students in both Years 6 and 7
believe strongly that children who use computers do better in their schoolwork.
Approximately 60% of students in the total sample feel that students having got
used to working with computers will find it difficult to work without them, There
was no significant difference in this view between R5 and the rest of students,
nor between RS and R1 in Apsil. 1n November 61% of R1 and 57% of RS in Year
6 but only 21% of R1 and 43% of RS in Year 7 agreed with this.

Control 93% of R1 butonly 64% of RS students feel that having a laptop puts
them in charge of their own work. In November 15% of Year 6 and 7% of Year 7
R1 students, and 7% of Year ¢ and 21% of Year 7 R5 students felt that they do
not have control over what they do when they are working with the computer.
Only 60% of RS but over 80% of the rest of the sample feel that they have
control over what they do on the computer. On the other hand, only one Rl
student but a quarter of the RS students believe that they are never the boss of
their computers.

Favourite Activities Using Computers As noted previously, favourite
activities named by the students were more frequently programming related
rather than discipline related, except among the Year 7 RS students. When asked
to name the three best things about using laptops 70% (April: 90%) of R1
students and 75% {April: 100%) of R5 students named activities relating to
learning, knowledge and skills development. Only 4% (April: 22%) of R1 and
25% (April: 20%) of RS students mentioned aspects of computing which relate to
the physical presentation of school work, particularly the fact that typed work is
more pleasing than handwritten work, The greater chance for social interaction
between students during learning was named by 48% (April: 33%) of R1 and
57% (April: 27%) of RS students. Twice as many R1 as R5 students named
activities reflecting interest and curiosity withrespect to the novelty aspects of
the technology. 19% of R1 students focused on time-saving and convenience
aspects of computer use in both April and November, while 32% (April: 17%) of
R35 did. One quarter of the R1 and none of the RS students named computing as
an asset for the future and increased job opportunities, while 41% of R1 (April:
48%) and 25% (April: 32%) of RS students simply said that computing is fun.
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No significant differences were found between R1 and R5 students with
respect to the subject areas in which individual students like using computers
best. The smallest proportion (i.e. 2 R1 students and 3 R5 students) chose
mathematics. No R1 student chose science. Social studies was chosen more
frequently by R1 than RS students. R5 students chose language, writing and
social studies in equal proportions.

There were no significant differences between R1 and RS students with respect
1o the subjects liked less now that the students are learning with computers. 63%
of R1 but only 29% of R5 students report that there are no subjects which they
are liking less now that they are working with 1aptops.

Help R1 and RS students in both years discuss computing, ask help from
friends, parents, etc. and offer help to their friends with similar frequencies,
However, significantly more R1 than RS students in Year 7 seek help from their
parents. In November there was no significant difference between R1 and RS and
Year 6 and 7 with respect to the proportion of students discussing computers and
computing with parents, other family members and other adults.

When stuck in their work, R1 tend to keep trying, and when they really cannot
sslve the task (e.g. in mathematics) they use paper and pencil first. None of the
RS keep trying nearly half of them in fact abandon the task. One quarter of RS
students ask the teacher for help. R1 students ask help from friends and class
experts more frequently than from the teacher. A reasen for this may be that they
have undggstood that the teachers would like them to work independently and ask
peers before they request help from the teacher. Also R1 students are perhaps
more readily able to identify the experts in the class.

Students’ Expectations and Perceptions of Teachers In April 4% of R1 and
13% of RS students felt that Teachers should know all the answers about
computers, in November 39% of R1 and 63% of R5 in Year 6 and 21% of R1
and 7% of R5 in Year 7 felt this way. The changes in student attitudes are likely
to be the result of teaching practices in the SUNRISE classrooms as fmuch as of
student adaptation to learning with computers. A s the year progressed students at
all levels of achievement became more frusacated with the amounts of help they
were receiving from their teachers. Only a small proportion of R1 students
reported that they enjoy teaching their teachers new things about computing. The
RS students did not enjoy this; obviously, they wounld have less occasion ta do so.
In April 70-80% of both R1 and RS students (compared with 60% in the.total
sample) believed that one day computers will replace teachers. In November 50%
of R1and 86% of RS in Year §, but only 43% of R1 and 36% in Year 7 agreed.
Might this reflect some wishfurl thinking on the part of some of the sudents?
Significantly fewer R5 than R1 students in both years felt that students who
use computers need less attention from the teacher, Significantly morg R1
students {approximately 90%) than RS students (70%) appreciate that personal
computers put students in charge of their own work and allow them to work
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independently, In November, in the overall sample 74% of R1 and 61% of R5
appreciate this. 85%0fR1 and 43% of R5 in Year 6 and 64% of R1and 79% ef
R5 in Year 7 believe that using a laptop allows students to work independently.
R5 students appreciate the fact that they are able to work independently even
more than R1 students. A reason for this may lie in the fact that they are
confronted with their mistakes and failures less frequently. While R5 students
enjoy the freedom provided by instructional computing, it is likely that they
really do need very much teacher guidance and supervision. Are teachers aware
of this? It is possible that the teachers at Coombabah have, due to their exira load,
disregarded individual differences in the classroom more than they would if they
were feaching in a conventional way. The computer may yet underline rather than
diminish individual differences.

80% of RS and 100% in the rest of the total sample accept that teachers do not
know everything about computers . 73% of R3 students (80% in Year 6, and 67%
in Year 7) expect all teachers to be experts in the use and programming of
computers, as against 31% in the total sample (30% Year 6 and 32% in Year 7).

50% 10 71% of R1 students (60% in the total sample), but only 15-30% of RS
students perceived it 1o be difficult for teachers to find the time to teach students
because they are too busy looking after technical failures and problems with the
hardware. For both R1 and RS the proportion of students feeling like this was
greater for Year 7.

Conclusion Right through the study there is considerable evidence that for
Year 7 students first impressions of learning with computers, i.e. impressions
gained in the chaotic initial days of 1990, when teachers were less competent and
confident with teaching with computers (cf. Ryan, 1991), had a lasting effect.
Significantly more R1 and R5 students in Year 7 than Year 6 students felt that
keeping the computers, printers, eic. going takes a lot of teachers’ time. More R1
than RS students believe that teachers do not need to know everything about
computers and computing. As was noted above, RS students see themselves as
requiring more help from the teacher, and hence expect greater expertise on the
part of the teacher. R1 students are generally more confident themselves, and
have accepted thatthe Sunrise classroom provides an opportunity for
collaborative learning between students and teachers. RS students would be
expected to be less accepting of the latter idea.

WORKING ON COMPUTER PROGRAMMING TASKS

To gain some indication of the level of students’ knowledge and understanding of
computer programming and programs, their performance on six tasks was
analysed. Five of the tasks, all for individual performance, were given within one
week at the beginning of Term 4 of the 1891 school year and the sixth, a group
1ask, one week later. Three of the tasks were program production tasks and three
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were essentially program comprehension tasks. The production tasks were aimed
{0 assess programming proficiency, which obviously requires the knowledge and
some understanding of programming rules. The tasks were also designed to
assess the students’ skills in problem decomposition, planning and the use of
procedures. In addition, the program comprehension tasks required a deeper
understanding of the overall siructure of the programs. The tasks were as follows:

Production tasks: Comprehension tasks:
Task 1: Numbers 1-20 Task 4: Two flags
Task 2: Diamond Task 5: Robwot

Task 3: Rectangular shapes Task 6: Castle

Sample, Not all children participated in all tasks. Students were absent for a
variety of reasons. Al} students took part in Task 1. Only 105 (51 male and 54
female) students participated in Task 2 and 91 (42 male and 49 female) students
participated in Task 3, 107 (53 boys and 54 girls) in Tasks 4 and 5, and 101 (54
boys and 47 girls) in Task &.

The sample for Task 2 consisted of 52 Year 6 students (27 boys and 25 girls),
and 53 Year 7 students {24 boys and 29 girls, i.¢ all the Year 7 girls). The sample
for Task 3 consisted of 41 Year 6 students (17 boys and 24 girls) and 50 Year 7
students (25 boys and 25 girls). Tasks 4 and § were attempted by 53 Year 6
students {27 boys and 26 girls) and 54 Year 7 students (26 boys and 28 girls).
The sample for Task & contained 51 Year 6 students (28 boys and 23 pirls) and
50 Year 7 students (26 boys and 24 girls).

PRODUCING PROGRAMS
Tasks 1 and 2: Two Simple Production Tasks

In Task 1 the students were instructed to write a program for the computer to
print out the numbers one to twenty. Task 2 required students to write the
necessary procedures for the computer to draw a diamond. It was emphasised that
these procedures were (o be the most eiegant or efficient that they could work
out, In order to encourage the students to think creatively about the task they
were also instructed to write as many different procedures as they could. The
students were allowed thirty minutes in which to complete both tasks.

The analysis of the resulting procedures focused on the style of procedures,
particularly the use of the repeat command, the use of subprocedures and
recursion or the make command. The use of these commands requires higher
order thinking, that is, an awareness of programming efficiency and prior
analysis.
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Table 7.5 Number of Programs Produced in Tasks 1 and 2

% Swdents

Programs Total Year7 Year & Boys Girls
Task 1

! program 33 38 28 33 33
2 programs 33 30 37 33 33
3 programs 16 13 15 16 17
4 prograns 8 $ -1 10 7
5 programs 8 9 ] 8 7
Task 2

0 programs 5 9 0 2 ?
1 program 54 66 42 51 57
2 programs 23 13 33 20 26
3 pregroms 12 8 17 18 ?
4 programs ] 4 6 8 2
5 programs 1 [ 2 2 L

Number of programs produced. One of the instructions given to the students was
to make as many different programs as they could for each task. Although some
students varied the programs simply by writing the command siow instead of
print, about half of the sample wrote different kinds of programs. Table 7.5
shows the numbers of programs produced by the students.

For Task 1, producing numbers 1-20, one-third of the students wrote only one
program, and another third two programs, while for the diamond over half wrote
just one. One-sixth of the students wrote four or five programs for Task 1 and
about the same proportion wrote three or more programs for Task 2. While the
percentages of boys and girls who wrote various numbers of 7-20 programs were
similar, nearly one-third of the boys but only 10% of the girls wrote three or more
procedures to draw a diamond. Similarly, comparable percentages of Year 6 and
Year 7 students wrote various numbers of 7-20 programs. Only a quarter of the
Year 7 students created more than one diamond procedure, but over half of the
Year 6 students wrote more than one procedure for this task.

Analysis of programs for Task ! (1-20). Table 7.6 shows the percentages of
students who wrote various kinds of programs for Task 1. About three-fifths of
the students wrote a simple line of numbers or a vertical list, Of those who wrote
only one program three-guarters wrote one of these straightforward programs. A
small number of the Year 7 and about a quarter of the Year 6 students used
addition in their programming. More boys used this type of procedure than girls,
Although for a few students this may have been merely a way of writing the
program differently, the performance of most appeared to be an approximation of
arecursive procedure,
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Table 7.6 Analysis of Programs for Task 1

% Students
Type of program Total Y? Y6 Boys Girls
Line of numbers 65 72 58 61 69
List of numtbers 59 81 37 33 65
Addition used 16 g 23 22 11
Subprocedure nsed 24 i7 31 25 22
Meake used 8 i3 2 10 6
Recursion used 18 21 15 31 6
Recursjon atternpt but unworkable 11 2 21 12 11

A quarter of all students, again more Year 6 students than Year 7 students, used a
subprocedure somewhere in the program. A small number of students, mostly
from Year 7, used the make command, a procedure often used by the students
instead of the more complex recursion.

The Year 6 students hiad been learning how to write a recursive counting
program in which they set three variables: a beginning, an end and an interval.
Consequently, more than one-third of these students recognised the applicability
of this style of program and attempted recursion. Thus 15% of the Year 6
students and 21% of Year 7 produced a workable recursive program. This
represents aimost one-third of the boys but only 6% of the girls. Infact, no Year
6 girl managed to make a recursive program work, although 12% attempted it.

Analysis of programs for Task 2 (Diamond). Although 80% of the students
created a simple step-by-step procedure for the computer’s drawing of a
diamond, only about half of them considered where the diamond was ¥ be drawn
and set a starting position. Almost one-third of the students used the repeat
procedure, thereby lessening the number of steps required. 55% of Year 7 and
37% of Year & students wrote a procedure using variables so that the diamond
could be drawn in different sizes. Nearly one-fifth of the Year 7 students added
an exwa refinement (such as messages to the user or a recursive procedure to fill
the diamond), while only 6% of the Year & students did so. The boys tended to
produce more programs than the girls, but there was little difference between the
programming efficiency of boys and girs. Table 7.7 shows the different kinds of
programs written for Task 2.

Task 3: Production of a Series of Rectangular Shapes

In this task, taken from Kurland, Clement, Mawby and Pea (1987), the students
were presented with seven geometric shapes (five of them using the rectangle as
a basic form). The students were instructed to write procedures to produce five of
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Table 7.7 Analysis of Programs for Task 2

% Students
Total Y7 Yé Boys Girls
Step-hy-step procedure K 70 S0 80 78
Set pesition procedure St 43 60 51 52
Use of 'repeat’ 30 32 27 29 30
Yariable used 46 55 37 41 50
Exua refinement 11 17 6 12 11

the seven figures, It was emphasised that these procedures were to be their best --
that is, the most elegant or efficient that they could produce. In order to
encourage the students to look at the task as a whole, and plan, they were
instructed to writedown which figures they would produce and in which order,
before they started. They were free to change their choice once they had begun.
The analysis of the resulting programs focused on the style of procedures,
particularly the use of the repeat command, the use of subprocedures and
recursion and the make command. Time allowed for this task was 30 minutes.

The figures. Figure 7.1 shows the shapes the students could choose from. Five
of the seven figures were based on the rectangle shape so that one basic
procedure could be used for all of them. The other two were designed so that a
step-by-step approach might be seen as the most obvious for their production.

Shapes A and D were designed so that they could not be broken down in other
words the repeat command could not be used, nor could subprocedures be
written with ease. For students of a lower level of programming proficiency these
figures are no more difficult than the more symmetrical figures. This was
reflected in the choices made by the Year 6 and Year 7 students. The less
experienced group, Year 6, chose A and D almost as often as C. However, the
more experienced group clearly differentiated between the figures. Whereas
figure A was produced by 63% of the Year 6 students, it was produced by 52% of
the Year 7 students. Similar results were shown for figure D. Only 5% of the
Year 6 students avoided both A and D, whereas 38% of the Year 7 students did
so. Table 7.8 shows the percentage of students choosing each figure. Figure 7.2
shows the performance of Coombabah students on Task 3.

Table 7.8 Percentage of Students Choosing Each Figure in Task 3

Figure A B c D E F G
Year6  (n=dl) 63 53 65 58 75 78 28
Year? (n=5D) 52 78 30 50 98 SO 48
Total 57 86 73 53 38 84 39
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Choices of the other figures also reflected individual students’ understanding,
Figure E was the most straightforward, a simple rectangle, This was chosen more
often than any other figure, and was done by all but one (one of the top
programmers) of the more experienced group, Figure F, three squares, was the
next most popular figure, again with almost all the more experienced group
choosing it. Figure C, four rectangles in a line, was chosen by 73% of the
students, 80% of the more experienced group. This group of figures, C E F, was
chosen by 72% of the more experienced group, but only 40% of the younger
group.

Finally, shapes B and G both contained a series of rectangles, B was seen to be
quite straightforward (four different sized rectangles overlapping) and was
chosen by 66% of the students, 53% of Year 6 and 78% of the more experienced
group. However, figure G with different sized rectangles placed diagonally was
clearly recognised as more difficult, being chosen by 39% of the students, only
28% of the less experienced group attempting it.

Accuracy. The students were supplied with the figures drawn on a grid so that
it was possible for them to see the exact proportions of the figures. For figures A
and D many students used the grid and produced perfectly accurate copies (53%
for A, 50% for D). However, for the other figures the students tended to
approximate shapes, producing a rectangle of any proportion rather than of the
proportion represented on the diagram, or using the set position command for
each separate part of a figure rather than using the forward command to represent
the exact number. Accuracy for these figures was much lower {24-32%),
especialty for figure G (14%).

Workability. The procedures were analysed for workability. If a figure
produced was accurate apart from proportions (i.e. width to length of rectangles,
spaces between figures 10 the size of figures, etc.), the procedure was considered
to be workable. If the figure produced was incomplete, at a different angle, or did
not work, it was categorised as not workable. The students did produce a hizh
percentage of workable programs -- over 90% for all but figures B (85%) and G
(74%).

Pragramming proficiency. Figures B, C, E, F and G were designed to allow
students to us¢ commands such as repeat, or to write reusable subprocedures.
While many students used linear step-by-step programming for several figures,
over 809 used repeat at some point. All students used the step-by-step approach
for figures A and D. Two students used variables, a higher level procedure.

Figure F, the only figure with squares, was recognised, more than any other, as
one for which a repeat command could be used. Over 70% used this command
for F, and over half for C. The higher level procedures, such as the use of
variables, subprocedures and recursion, were used far more sparingly. Of the less
experienced group five students wrote a subprocedure for E, and only one used
subprocedures for other figures. In the more experienced group, approximately
25% of the students used variables for each of the fizgures B, C, E, F and G, and
25% used subprocedures on one or more of these figures. Only five students (all
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Table 7.9 Percentage of Workable Programs by Shape and Method

Figure B e E F G

Step by step

Year & 41 67 63 11 67
Year7 53 24 41 18 25
Repeat

Year 6 53 29 33 i) 33
Yeor 7 24 32 30 42 40
VYariables

Year & - s ) B =

Year7 12 27 24 17 3s
Subprocedurs

Your 6 6 4 4 18

Year 7 15 22 4 24 25
Make command

Year § : = ’ = &

Year 7 12 - . s 20

in Year 7) used the same subprocedure for three or more figures, and four of
these used the make command, but only on figures B and G. Although no-one
used recursive procedures, these students used the make command in a
conceptually similar way -- that is, they wrote one procedure for the series of
rectangles, then used make 1o change the variables.

Table 7.9 shows the method used to make the figure. The percentages reflect
the proportion of students who made workable programs. Of those who used the
make command or used subprocedures, most also used variables (hence the total
is over 108%).

Comparison of Performance on Tasks 1 and 2 with Task 3

The 22 students who were regarded as the most efficient programmers (the top
20%) in Task 3 (production of rectangular shapes) also showed efficiency in both
Task 1 (1-20) and Task 2 (diamond). One student wrote only simple procedures
for Task 1 but wrote a more complex procedure for Task 2, while two students
wrote step-by-step procedures for the diamond, but both of these used more
complex procedures on Task 1. Had each task had been given separately more
consistent programming might have resulted.

Of the 20% of students who scored lowest on Task 3 most also produced fairly
simple procedures on the other tasks. However on Task 1 five of this group
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attempted recursive procedures and two (both Year 7 students) made thsse
workable.

There was a great variety of results on Tasks 1 and 2 amongst the students
who were in neither top nor bottom group in the rectangle series task. In other
words, although the top group are producing consistently efficient programs, and
the bottom group usually produce unsophisticated programs, the other students
are quite inconsistent in their programming efficiency. It appears from these
results that students are not generalising the more efficient strategies learnt in one
task to other tasks, This was shown particularly by the Year # students, Over a
third of this level atiempted recursion for the Numbers 1-20} task, a similar
number used variables for the diamaond, one student used the maks command, and
another recursion for the diamond. However no Year 6 student attempted {0 use
recursion, the make command, or variables in the rectangle series task,
Conversely almost half of the students used repear for the rectangles task but
only a quarter used it for the diamond.

These results show that while some students are aware of the more efficient
ways of programming they do not apply these consistently. The recursive
program in particular was probably recognised as usable by many of the Year §
students because they had been learning this type of procedure for a very similar
task. Yet these students have not yet learnt to recognise other tasks where this
procedure is appropriate,

The perception of programming as no more thana tool to achieve certain goals
appears to be effective in accomplishing classroom projects. However, the lack of
focus on efficiency has meant that most students are inconsistent in their use of
efficient programming,

Comparison with the Findings of Kurland et al. (1987)

As noted above, the figures used for these production tasks were described by
Kurlandet al. (1987). These authers worked with students of Grades 8o 11ina
six-week summer program. The emphasis of this course was on ‘learning to
program . . . The teachers . . . tried to bring students tc an adequate Ievel of
programming proficiency’ (Kurland et al., 1987, p. 340), A comparison of the
results of the two studies suggests that the emphasis on proficient programming
may have been far stronger in the Kurland et al. (1987) project than in the classes
at Coombabah.

In their choice of figures the students in the Kurland study revealed an
awareness of the difficulty of the procedures involved. Although the more
experienced Coombabah group reacted in a similar manner, the Year 6 students
appeared to be much less aware of these complexities. Overall the Coombabah
students created more workable programs, but much lower leyels of
programming proficiency than the students in the Kurland study. Kurland et al.
do not describe the criteria they used to determine workability, therefore any
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comparison is questionable, However, workability as defined earlier in this
chapter, showed lower than 90% for figures B (85%) and G {74%) only. These
percentages are much higher than those reported for the Kurland sample (47%
and 48 %) although workability for all the other figures was 80% and above. The
short duration of the Kurland program compared with the Coombabah one (six
weeks versus eighteen months) might well account for the observed performance
differences.

Figure 7.3 shows that for figures A, D and E, which allow little choice for
efficiency, the results were much the same between the two student samples.
Figures C and F, however, showed different results. The Coombabah students
showed a greater range in number of steps used and a higher mean. The 50%
interval (which indicates the results of the middle 50% of students) was markedly
different between the two samples -- the Coombabah students in this interval
generally used more steps. The resuls from the two most complex figures, B and
G, were different again. The range of steps used was similar, but in both cases
75% of the Coombabah students used as many or more steps in their procedures
than the bottom 25% of the Kurland students. The Coombabah students seemed
to concentrate far more on making workable programs than on programming
efficiency, despite the emphasis of the initial instructions. Very few of them (only
five Year 7 students) wrote a general rectangle procedure which they then used in
three or four other programs. Further, although 80% used the repear procedure
somewhere in their programming, only 36% (42% of Year 7, 25% of Year 6)
used repeat in all of the tasks from figures B, C, E, F and G that they attempted.
Clearly these students are not generalising the more efficient strategies used in
one task to the others.

These results, although showing excellent programming in a few, suggest that
a large percentage of the Coombabah students are not focusing on efficiency, and
are not using the higher level thinking skills that Logo can sustain.

Like many other skills, eficient and effective programming might well best be
leamt through modelling. One of the disadvantages of the peer teaching approach
as practised in the peer scheme of the Coombabah project is that the level of
expertise and the programming experience of the class experss may be just not
high enough. These experts might be able to produce workable procedures, but
they themselves, lacking models and masters {in an apprenticeship sense), are
neither efficient nor ¢legant in their programming. For that matter, as noted
before, programming efficiency and elegance are not especially encouraged in the
Coombabah classrooms. The important criterion remains does the program
work?

As the teachers in the Coombabah project were themselves relative novices to
programming, programming efficiency and elegance appears to be a relatively
low priority for them. As discussed further in Chapter 2, this orientation on the
part of the teachers has implications not only for the development of good
programming habits in students but also for the development {and lack of
development) of higher order thinking and problem solving skills.
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UNDERSTANDING PROGRAMS

Tasks 4 and 5 were used to investigate students’ understanding of computer
programming. These tasks, like Task 3, were taken from Kurland et al. (1987)
and thus alse aliowed some comparison of the findings in this empirical study
with published research. Each of Tasks 4 and 5 presented four procedures, i.¢.
one superprocedure and three subprocedures. The students were asked first (o
write functional descriptions of each of the procedures, and in this way show
their ability to comprehend the meaning of commands within the context of a
programming procedure. Then the students were asked to draw on graph paper
the screen effects of the superprocedure when executed with a specific input. To
draw the screen effects, students had to simulate the program’s execution. This
provided a strong test of their ability to follow the precise sequence of the
instructions dictated by the program.

The Kurland procedures were not written in a style commonly used by the
Coombabah students. Although the latter write superprocedures referring te
subprocedures, they rarely move variables from one to the other, and do not call
the same variable by a different name in the subprocedure, as the Kurland
program did. Although many of the Coombabah students understand recursion
they do not often use it, preferring to use the less elegant make command (0
change the value of variables.

The original programming used by Kurland et al. (1987) was altered somewhat
in order to make it a little more understandable to the students in this study.
Variables were labelled length and width, rather than x and y. The latter would be
more familiar to the students in Years 8 and 11 whe participated in the original
study, but rather more difficult for our Year 6 and 7 students.

The superprocedure was written first, followed by the subprocedures rather
than the opposite order as used in the original study. Thirdly, the procedure

named Tgp by Kurland et al. was senamed FHead, as top is the name of a primitive

in LogoWriter.

T e

Coombabah

Task 4; Program to Draw Two Flags

Each student was given a program sheet with the procedures (see Figure 7.4} and
a piece of graph paper with a starting point marked on it. Fifteen minutes were
allowed for this task. Although many students had questions, particularly
concerning the variables, they were encouraged to work out the procedures by
themselves. Table 7.10 shows the results of the comprehension task which
involved drawing the two flags.

Almost all our Year 6 and 7 students began correctly with the first flagpole.
Hewever, half the students then placed the flag wrongly and/or drew it in the
wrong size. Nearly half then drew the second pole correctly, but only 7% were
able to draw the second flag correctly. One-sixth of the students were confused

Figure 7.3 Comparison of Programs of Kurland and Coombabah Samples
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Draw Twoflags 10

TO T%O FLAGS :LENGTH
CENTER
FLAG 15
PU RT90 FD 20 LT90 PD

FLAG :LENGTH
END

TQ CENTER

PU HOME FD

END

TO FLAG :LENGTH
FD 15 BOX :LENGTH CENTER
END

TG BOX :SIDE
REPEAT 4 (FD :SIDE RT 90]
END

Figure 7.4 Pregram for Two Flags

Table 7.10 Students’ Understanding ef Parts of the Twoflags Program

Year §
Procedures understood % Ye‘;‘; ’ Tg;ﬂl
Flagpole 1 A 92 89
Flag 1 36 56 46
Flagpole 2 38 44 41
Flag 2 7 15 11
Both flags same 16 16 16
Both flags correct ¢ 6 3

by the change in the variables and simply drew both fiags in the same size, most
using the variable already within the procedure rather than the one provided in
the insiructions. Three students, all Year 7, drew the two fiags accurately. More
or less equal numbers of boys and girls succeeded in the tasks listed. The student
performances shown here are roughly cumulative, That is, most students
completing a section correctly had also completed the previous one correctly.
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——

Draw Robot 6 5

TO ROBOT :LENGTH ‘WIDTH
RG HT
MID :LENGTH :WIDTH
BK 3 LT 90
BOT :LENGTH - 2 :WIDTH - 3
RT3 PUFD 10PD
HEAD :WIDTH - 2
END

TC BOT :LENGTH :WIDTH
FD :LENGTH RT 90 FD ‘WIDTH
END

TO MID :LENGTH :WIDTH

BOT :LENGTH :WIDTH

RT 90 BOT :LENGTH :WIDTH
END

TO HEAD :LENGTH
IF:LENGTH « | [RT 90BK 2 STOP)
REPEAT 4 [FD:LENGTH RT 90]
FDILT®
HEAD :LENGTH - 2

END

Figure 7.5 Program and Correct Drawing for Robot

Task 5: Robot

The second comprehension task (see Figure 7.5) was a more complex program
resulting in a robaot. It included moving back and forth between two of the
subprocedures, subtracting from the variables, and using a recursive procedure.
Time allowed for this task was 15 minntes.

Table 7.11 shows the resuits of the Robot program. A much higher percentage
of the students were able to correctly draw the first rectangle of the program than
the other parts. Again the students had difficulty with the variables, making more
mistakes with size than with placement, except with the leg, which wag
misplaced by 27% of the students. This shows that their understanding of the
flow of control is reasonable but the nse of unaccustomed procedures confused
many of them. Nevertheless, a quarter of the students worked out two parts of the

body correctly.
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Table 711 Students’ Understanding of Pacts of the Robot Program

Year § Year 7 Total

% % %
Body 56 68 62
Leg 13 20 19
Head 9 18 14
Nose 4 15 9
Mouth 2 4 3
Body, leg, head & nose 0 7 4
Whole robot (] 0 Q

Although the performances were again roughly cumaulative there were several
students at each point who had made a mistake in one part but then produced the
next section correctly,

Comparison with Kurland et al. (1987)

Kurland et al. (1987) assessed 79 8 and 11 Grade students. They reported that
one of the emphases of their course was efficiency of programming. It might be
expected that their students were familiar with the style of programming used in
the comprehension tasks. The Kurland sample would thus not have experienced a
high practice effect between the two tasks, i.e. Tasks 4 and 5. Table 7.12
compares the performance of these two samples.

While the Coombabah students may have found a number of agpects of the
programming style confusing and thus performed less well on Task 4 than the
students in the Kurland sample, their performance on Task 5 was much closer to
that of the Kurland sample. This may be the result of a significant practice effect
for the Coombabah students in Task 5.

While Kurland et al. reported that students reproduced sizes correctly more
often than placing shapes correctly, the reverse was true of the Coombabah
students. Kurland et al. (1987) suggested: ‘Performance on the comprehension
tasks showed that students had a fair understanding of individual tines of Logo
code but had difficulty in following program flow of control.” (p. 352).

In conurast to this, Coombabah students followed the program through more
accurately but had difficulty with the variables, and therefore size, especially in
the recursive procedure. These results suggest that many of the Coombabah
students are understanding the overall way in which the subprocedures fit
together, but were confused by specific aspecw of the program.

A further difference between the American and Australian samples was the
cumulative effect shown in the performance of the students. Kuriand reported
less than 3 per cent difference between the cumulative and absolute percentages,
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Table 7.12 Comparison of Results for Tasks 4 and 5

Kurland sample Coombabah sample

Pracedures understood % %
TWOFLAGS

Flag 1 (incl. pole) 48 28
Flag 2 (incl. pole) 21 7
Both flags 15 3
Two flags the same - 113
ROBOT

Body 65 64
Leg 37 2i
Head 16 14
Nase 13 9
Mauth 2 3

whereas the Coombabat sample showed a difference as high as 9 per cent. These
results suggest higher overall understanding of the Australian students, with
errors accounting for lower success in earlier sections of the tasks.

Task 6: Castle (group task)

A further program comprehension task was given to the students a week later.
This €me the students were asked to form small groups. In the SUNRISE
classroom most projects and a large proportion of classroom work are carried out
in small groups. The children choose their own partoers and usually form groups
of two to four students. Some students prefer to work by themselves, although
none did so for this task. When working in groups the children share their
resources and knowledge. Thus, one student may contribute most of the
programming or two students may solve problems together. They commonty ask
each other, both in their own group and in others, how to program certain
procedures or how to debug a program,

For Task 6 students were told to discuss the task in their own group only. The
three top-performing students from the other tasks were withdrawn, as it was
concluded that they would understand the task correctly and the results of their
groups would simply reflect their expers knowledge.

The program (see Figure 7.6) was similar to the one for the robot. It contained
a superprocedure, named CASTLE, with four subprocedures. Variables needing
calculations (e.g. :length / 8) were used and were referred o by different names in
the subprocedures. A recursive subprocedure was included. Time allowed for this
task was 13 minutes.



232 Leamning with Personal Computers: Issues, Observations and Perspeclives

Draw Castle 20 24

TO CASTLE :HEIGHT :LENGTH
RG
BASE :HEIGHT :LENGTH
FORT :LENGTH /8
HOME \
BK :LENGTH /2 D EI |
WINDOW :LENGTH / 6

END

TO BASE :HEIGHT :LENGTH
BK :HEIGHT RT 90 FD :LENGTH LT 90 FD :HEIGHT
END

TO FORT :SIDE
REPEAT 3 [LT 90 FD :SIDE LT 90 FD :SIDE
RT 90 FD :SIDE RT 90 FD :SIDE}
END

TO WINDOW :SIZE
IF :SIZE < 2 (FLAG STOP]
PU RT 90 FD :SIZE * 2 LT 90 PD REPEAT 4 (FD :SIZE RT90]
WINDOW :SIZE - 1

END

TO FLAG
PU HOME PD RT 90 FD 3 LT 90 FD 3 REPEAT 4 [FD 3 LT90]
END

Figure 7.6 The Castle Program

Table 7.13 shows the results of the students’ drawings when working in groups.
The castle program contained two /iome commands. Students clearly used these
to reorient themselves and carry out the following section correctly. The students’
performance of this program thus showed much less cumulative effect than the
performances on Tasks 4 and 5. For example, 12% more students correctly drew
the first window than had drawn the preceding two sections, and 27% more drew
the flag correctly than had completed the previous sections correctly. In this
program, then, students demonstrated understanding of the separate sections
more than they had in previous tasks. In Task 6 more than 75% of the errors were
misplacements. In contrast to the errors in the other two tasks, very few mistakes
in this task were errors of size. The children appear to have understood the
previously unaccustomed use of variables, and this time correctly followed the
variable code.

Those who drew the castle correctly were members of two groups, each
containing a fairly competent Year 7 programmer. Another two groups correctly
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Table 7.13 Students’ Understanding of the Parts of the Castle Program

Year 6 Year 7 Total
Procedures understood % % %
Base 96 90 93
Fort 33 32 32
Window 1 38 46 41
Window 2 25 11 17
Window 3 25 11 17
Flag 35 42 39
Whole Castle 10 1§ 9

Table 7.14 Comparison of Students’ Understanding of Tasks 4, 5 and 6

Flags % Robot % Castle %o
Pole 1 89 Body 62 Base 93
Flag 1 46 Leg 19 Fort 32
Pole 2 41 Head 14 Window 1 41
Flag 2 7 Nose 9 Window 2 17
Mouth 3 Window 3 17

Flag 39

Flag 1 & pole 1 28 Body & leg 20 Base & fort 29
Flag 1 & pole 2 21 Body, leg, head 6 Base, fort & windows 9
Total 3 Total 0 Total 9

worked out the recursive procedure for the three windows. Interestingly, both the
latter groups were composed of four Year 6 students (one group was girls, the
other boys). None of these students had correctly worked out either Task 4 or
Task 5. One group of five Year 7 students simply drew a castle without any of
the required components. All but one of these students had successfully
completed at least part of Tasks 4 and 5.

Table 7.14 compares the results obtained on the program comprehension tasks,
i.e. Tasks 4, 5 and 6. The results of Task 6, the castle program, show a much
higher level of understanding through the separate sections than the other tasks.
The number of students who completed the whole drawing correctly has
increased, even though the three students achieving best in programming did not
take part in this task. However, the cumulative effects are less clear.



234 leaming with Personal Computers: Issues, Observations and Perspectives

Table 7.15 Comparison of Performance on Production and Comprehension

Tasks
Production Comprebension
Procedure £ o
Repeat 80 93
Variables 35 94
Subprocedures 25 296
Attempt Recursion 18 41
Correct Recursion 7 17

Comparison of the Results Obtained on the Comprehension
and the Production Tasks

In general, students who performed well on the production tasks alse performed
well on the comprehension tasks. Not surprisingly, the students understood
procedures which they were not accustomed to using themselves. Table 7.15
compares the procedures used and components understood by the students on the
two types of tasks.

As shown above, recursion was attempted by 18% of the students and
completed correctly by 7% in the production tasks, In the comprehension tasks
41% of students understeod the first part, i.e. Window 1, correctly, and 17% drew
all the windows correctly.

It is evident from the results reported in Table 7.15 that more of the students
who accomplished the comprehension tasks used sophisticated programming
procedures than those who had been successful in the production tasks, The
comprehension of program code requires an understanding on the part of students
and makes them thipk, which in turn leads to more efficient and elegant
programming.

Case Study of One Group

The interacion between students in one group was audiotaped as they worked on
Task 6, i.e. the Castle program. One member of the group was 2 class expert but
he had not performed very well in the other five tasks. The other two boys were
not very proficient programmers. The gxpert, Student A, drew the castle while the
other iwo boys, Student B and Student C, took turns in reading out the
instructions. Student A occasionally checked the provided procedures, The
following conversation took place between the three students in the group:
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Student C; We’ll do a bit each, OK?

“They all discussed the program code which they had been given, sharing ideas
and correcting each other,

StudentC:  Repeat 3 -- left 90 forward 3 left 90.

Student A:  No, you're deing it wrong -- see lock -- you've got repeat 3 left
90 forward three, left 90 again OK?

Student B:  No left 90°s down this way eh?

Student A;  Yeah -- it's going down because you were up before.

- One of them, Student C, had difficulty with the left and right directions in the

Fort procedures.

Student A:  And then does it says left 90 and then go backwards? -- left 90,
hang on, we weni left 90 here forward 3 and then left 0 again
and then we go left 90 again.

Studem C: [I'm getting mixed up.

Student A: That’s how it goes!

Student B:  You want me fo do it?

Student C:  Ican’t understand this.

Student A:  Hold on, left 90 forward 3 left 90 forward 3. Right 90.

- After the session Students A and B commented: At the beginning C didn't

‘understand which way the turtle was facing and kepi getting mixed up. He
-understands now. The students corrected each other and felt free to ask for help

‘where they needed to.

Student C:  Finished?

Student A:  No way, you've got to help me, guys.

Student C.  Yeah -- do you just join it up to the thing ? How many times have
you done it now -~ three or four?

Student A:  One...two... three

Seadent B:  Three times, that’s all you're meant to. You're meant {0 repeat
... three.

Student A: 1 know, but it's not finished.

'Two of the boys in particular (Students A and C) commented throughout the
process on what they thought the castle would Iook like.

Student C: 1 reckon it's only going 1o make a box.
Student A:  Oh, I know what this is drawing . . .
Student C:  The lumpy parts.
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Student A:  The parts that go like that -- dink dink dink dink dink with a flag
at the top. I think the flag will go there [while still drawing the
fort].

Student C: O, it’s a little square flag.

One mistake made by several of the more competent groups was to lift the pen at
the home command. The above described group almost did the same:

Student C:  So you go back to there. It didn’t say pen up, did it, so you just
go straight -- just go straight -- it did’nt say pen up!

Another common mistake made by other groups was to start the pattern of the
Fort procedure and use it all the way along the top of the castle without checking
where it should finish. This group was in danger of making the same mistake.

Student A:  Oh, I know what this is drawing . . . the parts that go like that --
dink dink dink dink dink with a flag at the top.
Student B:  Where are we up to?

Student C:  Just keep on doing it because you know what it is.

These conversations illustrate how individual students would make mistakes
which are corrected by members of their group.

The only uncorrected error in this group’s drawing was the space between the
windows. The boys realised that they had made a mistake when the third window
did not fit in, but they did not correct it accurately. The expert found a solution
and the others allowed him to change it without real explanation. The students
reported later: We only had problems with the windows because we forgot to
reduce the distance between them.

Student A:  The two is right 90 forward 8 -- am 1 right?
Student B:  Yeah.

Student A: It won'’t fir.

Student C:  Ten centimetres square.

Student A:  If you go size . . . I think this might have been over a bit more.
Student B:  Doesn’t it mean stop all at . . .

Student A: Ok, I get it, you told me the wrong thing. It's meant to be in one.
Student C:  What do you mean in one?

Student A:  Oh, don't worry.

One of the aspects of Logowriter which has made it attractive to use with school
children is its interactive nature. The students can try a section of programming
and find out whether they have done it correctly. However, a consequence of this
could be a tendency to approximate and use trial and error.
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Student A: Is it meant to be smaller:?
Student B:  Yeah, it says window minus one.
Student C:  We should try this on our computer.

" The tendency to guess rather than follow through ac‘curately step b{ stet]i) \\t/ﬁ:
" shown in the conversation about spaces between windows, as well as by

ion to just keep on doing it because you knowwhat it is. This attltude. was
zlllsgog T'zttflzgtedjin the gerfonnance on Task 3 (rectangular shapes pg)gr?mm‘:::gt)é
where a high proportion of the students w.mte workz§ble programs, tltllt ewm rote
accurate ones. As the focus of the project is on leaming while using the c;)m r;;] oy
as a tool, rather than on learning to 1p}rlogram, students treat progr

i rather than as an end in itself.

fl1nTc;lliosn?tlxlr):ctional approach is illustrated further in tl.me day-to-day proirirélss
children are using. Many of their projects include quite complex Eroce t\}.ll em,
Some students would understand these and could formulate them or € \:;ngeﬁ " i;;
but many others simply know them well enoughto ma,ke use of them..th olr1t evge
groups enables the students to make use of each other s knowledge wi (Z) e mg{
student having to understand each detail of programming, Performance ona s
which investigates only what individuals can produce, or even w Whicz
understand, therefore, doesnot accurately reflect the level of programming
is commonly utilised in the SUNRISE classroom.

The mathematics teacher observed that the tendency of the students in the SUNRISE project
to approximate, provide answers that are not accurate, etc. in mathematics and science is
stronger than he has experienced in other classes he has taught.

[y
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Gender Differences

This chapter presents a perspective about gender differences in relation to
leaming with computers, attempts to analyse ways in which technology is viewed
and looks at implications of such views for how the computer is incorporated into
the educational setting. It will be argued that in addition to the problem of equity
of access to the hardware, girls are often not given appropriate support and
contexts for leaming about and with computers.

Three lines of converging arguments will be examined: (1) Educational
computing is commonly identified with the domains of mathematics and science.
This classificalon has overt and covert implications of how they are incorporated
into schools and viewed by students and society as a wlole. (2) For a number of
years there has been widespread concem about sex-related learning differences in
science and mathematics, and it is not surprising to find these differences
emerging in the area of computing. A large body of research investigating these
problems in science and mathematics has taken into consideration attitudes,
interests and achievement, career statistics, and analyses of social processes in
classrooms. (3) Quite a number of studies have been conducted into the processes
of children’s learning and the use of computers in education. Some of these
studies (cf. Hoyles, 1988; Pea & Sheingold, 1987) are providing us with an
interesting body of knowledge about patterns of sex differences in learning with
computers. These findings will be reviewed with respect to the perspective
developed here, and related to the empirical observations made in the SUNRISE
classrooms at Coombabah.

EQUAL OPPORTUNITY

The issue of equity of learning about and access to computers is an important
topic for educators. A common concern is that all students should have equal
opportunity and appropriate support for acquiring competence with technology.
These concemns derive from (a) the belief that, as in the future many careers will
require competence with computers, knowledge of this technology will be a
source of power, and (b) the fact that currently there are differences among
groups of people in their access to bodies of information which may be
exacerbated by unequal opportunities for becoming familiar with the technology.
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Two major dimensions of such differences are SES and gender. With respect to
the latter, if current projections are accurate, girls are likely to leam less about
computers than boys, and have less ability to control this increasingly important
cultural tool (e.g. Equal Opportunities Commission, 1983; Hawkins, 1987;
Moont, 1984).

In Australia, Chambers & Clarke (1987) report a cumulative negative effect
for students from disadvantaged groups following class computing experience,
They defined disadvantage in terms of gender, scholastic ability, SES and ethnic
background and showed that students’ perceptions of control of the learning
process are actually greater in computer experiences which occur out of school
than in the classroom,

A meta-analysis of investigations into gender differences in attitudes,
achievement and use of computers (Hattie & Fitzgerald, 1988) showed that
although there were no significant differences between boys and girls of primary
school age in their use of and attitudes towards com puters, marked gender
differences became evident as students progressed through secondary school.
These differences could be the result of cumulative differential experience and
opportunity, but Hattie (1988) attributed them to differences in perceived control
over process and product.

The individual with control expects a less aversive outcome than the individual without
control, and there is also a desire to minimize the maximum danger o themselves. (Hattie,
1988, p.7)

A person who has controlover an aversive event ensureshaving a lower maximum danger
than a person without control. This is because a person with control attributes the cause of
relief to a stable internal source - his or her own response - whereas a person without control
attributes relief to a less stable, more extemnal source. (Miller, 1980, p. 80)

The suggestion is that girls rather than boys have a sense that they are not so
much in control when they work with computers. Our society may still influence
many young girls in such a way that they come to believe that compliance,
negotiation and the avoidance of risk-taking are desirable attributes for women.
These very attributes are not helpful to those who work with computers.

In our empirical study no gender differences were observed in novices after 2
months of leaming with laptops. However, gender differences occurred and
increased over the school year, and they were larger in the more experienced
group, i.e. Year 7. Boys and girls did not differ in their perceptions of control
over the technology or their enthusiasm -- rather, with time, the girls perceived
themselves to be having, and were observed to have, less input within the
classroom, communicated less with the teachers and were less involved in the
general planning, This may have led to a lowering of self-image in a number of
the girls. The strong gender stereotype held by about a one quarter of the boys at
Coombabah that computers are generally more important for men than women,
and that as a rule boys are better at writing procedures than girls, is likely to have
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had its effect on the girls themselves and on the ¢lassroom climaie more
generally.

A number of researchers have found gender differences in attitudes to
computer games and suggest that these differences are due to the types of
commercially available games. Keisler, Sproull & Eceles (1988) claim that
recreational and educatonal software is designed with males in mind, and these
researchers suggest that different types of games may have to be developed for
girls. Clarke (1989) stresses the importance of games as a means of engaging
girls in independent learning with computers, If playing with computers is
important for later shill development, then game design may be an important
educational issue. In the Coombabah classrooms girls reported not to be
interested in using the computer for game playing. None of the girls mentioned
making up games as a favourite computing activity but 25% of the boys did,

Hoyles (1988) argues that for girls the computer is a tool, rather than a
sophisticated technical toy. She suggests that ‘focused courses in which the
utility and power of the computer are displayed, seem to provide a more direct
route to greater participation by girls’ (p. 10). Our empirical data certainly
support this view, More girls than boys enjoy programming-related activities
better than subject-oriented activisies, and a larger proportion of girls than boys
would use the computer for their work wherever possible, in preference to using
paper and pencil. Crawford (1988) reports equal enthiusiasm by girls and boys it
their first year of schooling for creative play with Logo. However, she found
substantial gender differences in the forms and outcomes of undirected
compu#ing activity.

COMPUTING AS A TOPIC AND AS A TOOL

Interest and achievement in the areas of science, mathematics and technology
have generally been shown to be linked to gender in educational and work
environments. As computers continue to play an ever-expanding role in people’s
lives, their conceptuat connection with the disciplines of mathematics and science
has important implications for leaming.

While computers are used for many other purposes, their computational
properties as applied to science and engineering tasks are particularly salient.
Mawby, Clement, Pea & Hawkins (1984) found that 8 to 12-year-old children
think of computers as particularly related to mathematics and science tasks. The
view of computing as a topic subsumed under science/mathematics has serious
educational consequences for girls, because these subject domains have generally
been linked with activities and careers that hiave long been dominated by males,
Thus, computers typically enter the classtoom with an aura of sex-related
inequities which affect both learners and teachers in subtle and not so subtle
ways,
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Conversely, one might view educational computing as the introduction of tools
which can be adapted to a wide variety of purposes in all sabject areas, i.e.
language, art, music, information gathering, and administration, in addition to
their time-honoured use in mathematics, science and technical subjects. The
conception of the computer as a universal tool which can aid the acquisition of
knowledge and skills in a number of ways and areas would serve to broaden its
category membership. The interpretation of the role of technology provided in
educational settings is central to how girls and women assess its relevance to
their own leaming,

A number of studies documenting gender differences in the use of computers
are finding that boys tend to be more interested in and make more use of the
equipment than girls (e.g. Hess & Miura, 1983; Lockheed, Nielsen & Stone,
1983), particularly for functions such as programming (e.g. Becker, 1983-84).
This is likely to be a result of limited and competitive access to computers. In a
setting such as the SUNRISE classrooms at Coombabah, where all students have
their own laptop computer, girls were as interested in programming as boys, and
often more S0,

As has been the ¢ase with mathematics (e.g. Burton, 1979; Minuchin &
Shapiro, 1983; Osen, 1974} p:irents tend to be more supportive of boys leaming
in this area than girls (e.g. Miura & Hess, 1983). Examination of the literature
analysing sex differences in the areas of mathematics and science offers a
perspective on the assumptions that underlie these differences for compurers. 1t is
important to look at these differences in the context of societal beliefs and social
conditions as well as the factors that appear to mediate their developmental
course, particularly m schools.

DIFFERENCES IN PARTICIPATION

There is a perception within our community that men participate in computer-
based activities far more than women. When women are portrayed in high
technology publicity material it is often as the operator sitring at the keyboard
(i.e. in a subservient, secretarial role) with an authoritative male in a business suit
{i.e. the busy executive) standing behind and pointing to the screen. Why is there
this perceived disparity in the use of computers between the sexes? Are men
simply more able in dealing with the technology, either as a consequence of
differences in cognitive structures and processes, or as a consequence of
educational exposure?

Attitudes towards Male and Female Computer Users

The strength of perceived differences in men and women computer operators was
demonstrated in a nicely designed study by Siann, Dumdell, Macleod & Glissow
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(1988), which investigated student attitudes towards men and women working
with computers. Almaost a thousand tertiary students were asked to read a short
description of an imaginary petson and then completed a questionnaire seeking to
determine perceived personal attributes of the individual. Attributes tapped by the
questionnaire included self-reliance, sympathetic personality, personal
adjustment, ambition, approachability, competitiveness, likeability, seriousness;
and 30 on. The description of the individual in question cutlined a cemputer
science student who owns a home computer, and is aiming for a career in
computer design with ambitions in the direction of higher inanagement. Leisure
interests were also described. Twao descriptions were used in the experiment, and
half the participants read each of these. The only difference between the two
descriptions was that in one the individual was someone named Kevin, while the
other was named Karen,

The results of this study were not as predicted. There were no differences
between the attitudes of the males and females completing the questionnaire.
Karen was seen as being more self-reliant, more fun to be with, more
independent, more approachable, more likeable, more sympathetic, better
adjusted personally, more popular, etc, than Kevin by both male and female
students. The overall picture provided of the person Kevin/Karen was one of a
competent budding professional with a generally positive personality, but Karen
was seen as having more of these attributes than Kevin. If computing is a
predominantly male domain, then the opposite of these results might have been
expected. For example, Karen might have been seen as being more aggressive in
order to succeed in this alien domain, but this was not the case. The results might
be explained by the type of women who eénter computing being atypical of the
sex stereotype. The results of this study certainly support the rejection of ideas
that women in technology are siereotyped negatively, at least in the group of
students sampled by the survey.

Unfortunately, the above described study is not typical of the general state of
affairs. Culley (1988) and others provide a gloomy picture of the pasticipation of
girls in computing activities, exceptin girls’ schools. A postal survey of several
hundred schools in the UK found that girls showed little interest in computing. In
optiona! activities such as computer clubs the girls accounted for less than 10%.
Furthermore:

Computer rooms in most schools were Tegarded as mule tarritory and girls report being made
to feel very uncomfortable by the attitudes and behaviour of boys. Several schools had
recognised this problem and responded by establishing certain times as girls only. Such
schemes were only partly snccessful, hawever, The tendency was for the open sessions to
become effectively the boys' sessions and thus reduce even forther the access of gitls to
computers, In one school the open sessions were overseen by a mule computer teacher, while
the girls only session was stzffed by a female who had no computing expertise. (Culley,
1988, p. 4)

This suggests that, at least in some schools, girls might get less time on the
machines, and that they could be getting less expert help. Culley observed a
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tendency of boys to dominate in classroom discussions about computing, that
they tended to direct more questions to the teacher, while the girls tended to be
sitting back.

The same is obvious in the SUNRISE classroomns at Coombabah. Throughout
the year, in discussions about programming procedures, the boys clearly
dominated. A particularly obvious example occurred at the beginning of Term 4
in 1991 during a lengthy brainstonming session on worids, where twice as many
boys as girls were observed to volunicer answers, The only general discussions in
which boys did not dominate was on the topic of ways of learning spelling. To
this discussion boys and girls contributed to similar extents. A second problem
which the Coombabah data revealed is that girls tend not to seek the teachers’
assistance when they experience difficulties in their computing. Only a few girls
would turn to the teacher, while the majority of boys did. It must be noted that
this tendency of the girls to turn to friends and family rather than to the teacher
was not restricted to computing, but also occurred in areas such as reading and
spelling.

In the girls’ schools sampled by Culley (1688) a different picture emerges. The
gisls in these schools were enthusiastic about computing, as indicated by high
levels of participation in computing options and computer clubs. Culley
concluded that the most likely reason for such a difference in the involvement of
the girls between the two types of schools lay in the organisation of the teaching
with and without computers.

Culley (1588}, Hughes, Brackenridge & Macleod {1987) and other surveys in
the UK found that fewer girls than boys have access to computers at home. At
Coombabah 50% of boys and 50% of girls in both Years 6 and 7 were found to
have access to family computers at home, and of course all the children in the
sample have a laptop for their exclusive personal use in and out of school. No
significant differences in computer awareness, computing skills and atktudes to
computing were evident between students whose families own a computer and
those who do not, nor were there gender differences.

Interaction between Male and Female Computer Users

Jackson, Fletcher & Messer (1986) found that teachers preferred to organise
mixed gender groups rather than single gender groups, but Siann & Macleod
(1986) found that in mixed gender pairs the boys were socially dominant and that
the girls were less motivated and also tended to be less successful in a Logo
programming exercise. When considering this in combination with the results of
the Hughes & Greenhough (1989) study, which also found that girls were at a
disadvantage in a Logo-type exercise (i.e. when asked to attempt to move a Logo
turtle around a short track as fast as possible), one would conclude that there
might be a classroom management problem involved, in that particular group
combinations might have been preferred by teachers. Other studies (e.g.
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Finlayson, 1984; Webb, 1984; Light & Colbourmn, 1987) found that girls were as :
successful as boys, if not more so. One explanation of these discrepant findings

might be that the Logo-type task may not have given an estimase of programming
powkential so much as being a measure of spaual ability, The children in Hughes &
Greenhough’s {1989) and Siann & Macleod’s {19886} studies may have ha_(i'
difficulty in relating the position of the turtle with the spatial-perceptual-logical
manipulations nec¢ssary to obtain the desired position. The gender differences
associated with spatial ability are well documented. They are also discussed by
Siann, Dumdell, Macleod & Glissow (1988), with much of the evidence pointing
to a superiority in such tasks for males. In the Coombabzh sample students chose
their own work and group partners, Most of the time the students chose to work
with those of their own gender. There was evidence of gender differences in

spatial ability.

Performance by Male and Female Computer Usefs

After reviewing the literature one is tempted to ask the question: Is it possible
that girls are simply less able when it comes to working with computers? In their
Logo programming exercise, Hughes & Greenhough (1989) found that pairs of
girls worked less successfully than pairs of boys or mixed pairs. This study is one
of the few to have found that girls work at a disadvantage in computer-based
tasks, and Underwood & Underwood (1990) point out that there is good evidence
to suggest that there are no gender differences in ability to use computers,
Hughes & Greenhough arttribute their findings to differences in attitude rather
than in ability. Bui then, attitudes and abilities are related, they interact and
transactl. For the majority of Year 6 and Year 7 girls our empirical study showed
no differences in the abilities of boys and girls in computing, nor in their
enthusiasm. However, the number of girls who fell behind the rest of their class
over time was larger than the number of boys in this position.

In an evaluative study of the benefits of Logo programming reposted by
Finlayson (1984), a class of Logo users was compared with non-programmers on
some tests of mathematical ability. Differences in performance on the
mathematical tests were also analysed for sex differences. Although the 11-year-
old boys spent more of their free time than girls using computers, there was no
difference between the greups. The boys often chose to use computers rather than
be involved in other class activities during their free time, and the girls tended to
avoid the machines except at set times, even when the boys were not present. The
boys spent half as much time again than girls using computers, yet the girls
performed just as well in the pencil and paper tests which were regarded as
sensitive to Logo programming exercises.

1t should be noted that the gender differences observed by Culley (1988) were
not generally associated with ability in computing. As was noted above,
Underwood & Underwood (1990} described a long series of studies, conducted in
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the UK, and found no gender differences in computer-based learning and
programming tasks. They point out that the resuits which suggest that girls are
iess able with Logo programming tasks are an exception. They found that girls
and boys perform at the same level in a variety of computer-related tasks. They
also found that girls are less likely to hold stereotyped attitudes about gender
differences in ability, a finding supported strongly by the Coombabah study. The
latter point supports Eastman & Krendl (1987), who found that children in a
middle school science class learnt how to access an electronic encyclopaedia and
collect materials to support their writing projecis. The study found no differences
in success of computer operation between boys and girls but there were
differences in attitudes. In particular boys were more likely to think that
computers were for bays and that boys were more able users of computers. The
girls were fess likely to hold stereotyped views, but there were no significant
differences in the attitudes of boys and girls towards gender roles.

In the Coombabah study boys and girls did not differ in the view that learmng
compung is important for both males and females. However, nearly a quarter of
the boys, and onty one girl, believe that boys are actually more able programmers
than girls.

The weight of evidence goes against the notion of girls being less able in
computing, and the safest interpretation of the differences observed with moving
the turtle {Siann & Macleod. 1986; Hughes & Greenhough, 1989} might be that
these differences were due either to the constrained nature of the avatlable
responses (correctness was very constrained), or the task's providing measures
maore representative of spatial ability than of Logo programming ability.
Obviously, schools and teachers need to develop strategies to ensure that girls
participate more fully in opportunities available to them to acquire computing
skills. As discussed later in this chapter, the differences observed 1n the
SUNRISE classrooms at Coombabah are likely to reflect gendersiereotyping on
the part of the boys.

As many other researchers have argued, students’ perceptions of subjects, and
their behaviour in relation to them, are effects of wider social forces as well as
the result of classtoom organisation. The career aspirations of pupils significantly
influence subject choice at school, and there is evidence (cf. Cuiley, 1988) that
fewer girls are atiracted to careers in computing. The research found that career
aspirations of students were highly differennated according to gender and that
careers in computing played very little part in girls’ hopes for their future
occupational roles. Working with computers was a significant aspiration for a
large number of boys though.

Interviews reported in the literature and our observations at Coombabah
revealed that teachers tend to see boys as more noisy and demanding than girls,
Boys are not always sufficiently motivated towards written presentanon of their
work but they were frequently regarded as more interested in computing, and in
the latter area seen as more rewarding to teach than girls. Even when girls did all
that was required by the teacher, followed instructions carefully and presented
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thei}' work well, they were still seen by some teachers as less interested and as
having less fZair for computing. ;

It is common for teachers and other educationists to play down the importancé

of processes within the school in determining the attitudes of students generally
and the existence of sex stereotyping in particular, Severai teachers and principals
interviewed during the research sought to explain gender differences in school
subject choices by referenice t© social assumptions and processes which were seen
to have their origin outside the school in family socialisason, mnedia images, and
50 on. There is, it was implied, litfle that schools can do against the power of such
outside influences. It is not suggested here that the practices of schools and
teachers are the only factors involved in gender differences in schools in general
and sex-typing of computing in particular, They are. however, of high
significance. Schools are part of society, and what goes on in school interacts
with outside forces and is itself part of the creation of social relations, attitudes
and assumptions,

One of the female teachers in the SUNRISE project at Coombabah has not
really come to terms with the role of computing in the ¢lassroom and in society
as a whole, She expressed to the author her belief that there are genetic reasons
for the differential attitudes and success of males and females with respect to
computing. This view, even if not expressed overtly, is likely to assist the
development of gender stereotype in her students and have detrimental effects on
the self-image of the girls in the class.

Factors Contributing to the Development of Differential
Interest and Achievement

Contrary to the findings of our study at Coombabah, Steinkamp & Machr (1984),
after testing effect size for published findings, confirmed that sex-related
differences in educational achievement and motivation appear with the
introduction of computers into the classroom. Sex-related differences in
educational achievement have been explained in terms of {biologically or socially
acquired) differences in abilities, cogninve style, and possession of knowledge, in
addition to societal expectations and stereotyped sex roles. The psychological
literamre has traditionally claimed thar girls excel at vesbal tasks while boys are
better at spatial and abstract tasks (Haertel, 1978; Maier & Casselman, 1970),
Gender-related differences in motivation have been explained by assuming a
relationship between attitudes towards science and mathematics and self-concept
(Eastman & Agostino, 1986; Handley & Morse, 1984). Although gender-related
differences may apply to new technologies, few studies have rigorously
examined these differences in relation to communication media,

Maccoby & Jacklin (1974) reviewed the psychological literature on gender
differences, Eakins & Eakins (1978) summarised gender differences in human
communication, Lawton & Gerschner (1982) dealt with attitudes to computers
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and computerised instruction, but none of these reported studies relating gender
to new technologies. Research into children’s cognitive skills shows computer-
related attitudes and abilities can be expected to vary between the sexes after
about the age of six years (e.g. Kirchner, Martin & Johnson; Paisley, 1983,
Williams & Williams, 1984). Recent educational applications of computers
support this claim, typically asserting differences in achievement (operating
skills) between females and males (Paisley & Chen, 1982; Rice, 1984; Williams
& Williams, 1984), Based on these studies researchers should expect boys to
outperform girls on computers.

However, there are some problems with these findings: as noted above, the
particular task may be the key indicator of achievement, In studies showing
gender-related differences in motivational attitudes toward computers, girls
expressed less desire to learn to use computers than boys, and were less adept, at
least initially (e.g. Como & Mandinach, 1978; Lepper, 1982; Williams &
Williams, 1984), Such studies typically focused on computer programming or
using the computer for mathematical drill and practice. Gender differences in
attitudes towards mathematics and sciences (traditionally more negative for girls)
and towards libraries and writing (traditionally more positive for girls) may
confound findings about computer performance if the kind of task influences
computer leamning {Anderson, Klassen, Krohn & Smith-Cennien, 19873; Erickson
& Erickson, 1984), It has been assumed that students associate computing talent
with science and mathematics, and hold stercotyped attitudes on girls’ ability and
interest in mathematics and computer operations (e.g. Deboer, 1984, Handley &
Morse, 1984; Levin & Fowler, 1984; Scott, 1984; Steinkamp & Maehr, 1984). In
general, girls have been shown to possess more negative attitudes toward
mathematics and science (e.g. Fox, 1977) and towards computers in particular
(c.g. Williams & Williams, 1984; Winkle & Mathews, 1982). Extrapolating from
research into gender-related attitudes and skills, then, researchers could expect
boys to demonstrate greater motivation to learn 1o use computers and to master
operating skills more rapidly and thoroughly than girls. This expectation was not
fulfilled in our empirical study, which showed equal motivation, enthusiasm and
skills for boys and girls.

Another, perhaps more important, question is whether the nature of the tasks
posed in leaming with computers supports the engagement of girls as well as that
of boys. Research has shown that particular features of the leaming of tasks as
interpreted by individuals may be an important factor in the development of
gender differences. For example, achievement orientations might differ for the
boys and girls in different subject domains. Girls and boys tend to interpret
negative feedback differently; girls are more likely to attribute difficulty in
problem solving to their own lack of ability, whereas boys are more likely to
attribute failure to other situational factors, a finding strongly supported in the
Coombabah study.

Mathematics tasks are commonly presented in such a way that the occurrence
and salience of failure is greater than for language or social science tasks (cf.
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Brush, 1980), i.e. the solution of a mathematics problem iends 10 be either correct
or wrong, and the correct solution to a task illustrating 2 mathematical concept
that is new to the student is often preceded by a series of wrong answers. In
contrast, many language tasks are interpretative (e.g. writing an essay) and
therefore subject to more flexible evaluation which, in turn, may lead to further
development of the ideas expressed. In this respect computer programming has
probably more in common with experiecnces of success and failure in
mathematics than in language tasks. Frequent encounter of failure with procedure
writing tasks, i.e. finding that the procedures do not work, may thus be
interpreted differently by girls and boys with respect to their self-perceived
abilities.

Lenney (1977) oifers considerable support for the argument that men and
women react to achievement situations differenily. Her analysis of adult
performances indicate that women'’s self-confidence seems to be affected by
specific task characteristics, the kind and quality of feedback offered, and the
degree to which competition and evaluation play a part. For example, she
presents evidence that women are more likely to express confidence in tasks that
fzature social as opposed to intellectual skills. Women also appear to be less
confident than men in situations where there is little or ambiguous feedback, She
concludes that, as a general attribute, women may be no less confident in their
ability to achieve than men are, but they may be more sensitive to particular
characteristics of an achisvement situation in assessing their own competence.

Parsons, Kaczala & Muce (1982) were interested in understanding which
social processes in classrooms miight give rise to differential feedback for boys
and girls, and thus to differential expectations and self-confidence in
mathematics. Classrooms were observed to differ in the amount and kind of
feedback given by teachers to boys and girls of low and high mathematics
achievement. They found that boys and girls have equivalent achievement
expectations when praise and criticism are equally distributed across gender and
teacher groups. However, the social processes in the classrooms can influence
children’s expectations for themselves: girls were shown to have lower
expectations for their own performance in classrooms where they are treated
differently from boys. There is some ¢vidence that at least some of the girls in the
Coombabah classrooms were treated differently from the boys, even though this
differential treatment may have been self-induced by the fact that the giils chose
to seek the teachers’ advice less frequently than their male peers.

Another question is whether particular aspects of the more general culture
(media, parents, educational authorities) give messages about gender-appropriate
interests that are perceived differently by boys and girls. As was noted above,
advertising of computers is overwhelmingly male oriented. The majority of
products advertised as well as jobs in the area of computing technology are
directed towards a male audience.
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A variety of promising educational programs aimed at changing the self-
perceptions of girls with respect to science and mathematics as necessary skills
for future careers have been developed in recent years (cf. Brush, 1980;
Kreinberg, 1981; Hawkins, 1987). Similar programs are needed in the area of
computing. However, since it is ofien difficult for young students to think as far
ahead as careers in adulthood, this approach alone is unlikely to be adequate.

It is important to help students recognise that computing, as well as
mathematics and science knowledge, are tools which they can use in their
everyday lives. In many school setings relatively little effort is made to adapt the
learning content to children’s interests and orientations. Brush (1980} suggests
that mathematics teachers can make classes more enjoyable for students by
developing mathematics tasks that emphasise creativity and interpretation rather
than mere success and failure. She offers the example of a teacher who
incorporates geometry skills into a project to design the layout of a room. By the
same token, girls may benefit from and feel more involved in computer
programming and other computer-related leaming experiences that are relevant to
their current interests and circumstances.

PATTERNS OF DIFFERENCES

As noted above, most of the work on gender differences in science and
mathematics discusses these issues holistically rather than by focusing on the
areas, skills, applications and the contexts that may engage individuals
differentially, If computing is viewed as a subject area in its own right, it 1s likely
that differences in interests and achievements of boys and girls are similarly
analysed in global texms. The literature alre ady contains reperts of significant
overall gender differences in computing which in no way address the
characteristics of the particular situations where the differences are found.
Lenney (1977) and others have shown that aspects of the work context are very
important in understanding the appearance of gender differences in achievement.
Therefore, an ¢xamination of the patiem of differences between male and female
students in the use of the computer as a tool in and out of school is of utmost
imporiance.

The Center for Children and Technology (CCT), Bank Street College, New
York, conducted an in-depth survey of three geographicaily disparate school
districts and found that gender was the most obvious factor affecting differential
uses of computers at all year levels and sites (Sheingold, Kane & Endreweit,
1983). Findings pertaining to gender differences emerging in this study,
conducted mainly as case studies with 8 10 9 and 11 to 12-year-old children, will
be discussed here under three headings: programming, word processing and
mathematics and science software.
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Programming An increasingly common use of personal computgrs at all
school levels is for programming. Investigators from the CCT conducied a Study
over a period of two years to investigate children’s learning of the programming
language Logo. These studies addressed two issues: (a) the cognitive aspects of
leaming to program, and whether knowledge of programming conceps would be
generalised to other problem solving situations {Pea, Hawkinsg, Clement &
Mawby, 1984); and (b) the social and organisatipnal aspects of incorporating
personal computers into ¢lassroom settings (Hawkins, Sheingold, Gearhart &
Berger, 1982). Measures used in this study included interviaws and tasks which
examined students’ understanding of commands and concepts, the complexity of
their programs and their monitoring of ongoing work. In general a clear trend
emerged for boys to perform better than girls on all the tasks. The girls showed
less interest than the boys and developed less facility with Logo -- finding which
was certainly not supported in our study at Coombabah.

At the end of the year, all children were given the programming knowledge
assessment which consisted of three parts: (1) knowledge of individual
programming commands (definition and use); (2) ability to write a variety of
short programs to execute specified goals; and (3) ability to debug programs
containing different classes of errors. (For a detailed description of the tasks,
scoring procedures and findings, see Pea, Hawkins, Clement & Mawby, 1984.) In
both age groups boys performed significantly better on all measures of
programming expertise, and in general showed more enthusiasm for the work and
spent more time programming {mean: boys 34 hours, girls 22 hours, p<.01).

With respect to knowledge of programming commands, the mean score for
boys was 47.2 and for girls 25.1 (p<.01). There were also marked sex differences
in program composition skills. In this part of the assessment students were asked
to write lines of code using increasingly sophisticated programming concepts.
Older children were more skilled than younger children, and the boys ineach age
greup displayed more skill than the girls. In this analysis, a student’s efforts in
each of seven subtasks was classified into one of three categories: (a) correct, (b}
partially correct (lines of code were correct but the child failed to organise them
procedurally or to return the object which executed the program 1o its starting
position); and (¢} wrong or no attempted solutien. The younger boys wrote
correct or partially correct programs in 36% of the cases, younger @irls only 6%;
older boys were correct or partially correct 70% of the time, older girls only 26%
of the time.

Similarly, beys displayed more programming skill in the third component.of
the assessment, namely the debugging of faulty programs: the mean score for
younger boys was 31.1 and 19.9 for younger gitls; the mean scote for older boys
was 48.2 and 17.4 for older girls.

At the end of the year the children completed a questionnaire which, among
otheritems, asked them to nominate two class members who were, in their
judgment experts in compusng. Three boys were overwhelmingly selected by the

QGender Differences 251

older children and two boys by the younger ones. The teachers at the end of the
first year of the study also judged the performance of the four boys as best.

‘When the teachers assessed the first year's work of computer programming,
they reported dissatisfaction with the progress of most children and expressed
particular concern about the apparent sex differences. As preparation for the
second year, the teachers reorganised their presentation of the material so as to
better support children’s learning (e.g. presenting a more structured sequence of
concepts, development of project ideas}. During both years, finding functionat
goals for their work as they learnt 1.ogo was a continuing problem for the
students, Many did not have a clear understanding of how to adapt computer
programming to projects in which they were interested. Over the course of the
second year, the teachers tried to spend more time with the girls and to devise
projecis (such as programming word games) that might better accommodate their
interests. They certainly helped them to use new skills, However, by the end of
the second year, the teachers reported that they continued to see gender
differences in the amount of interest in and commitment to programming tasks,

In contrast to the first year of the study, the teacher of the younger children
identified four girls {one outstanding) and two boys as experts. However, of the
11 children in this class judged to be proficient, 10 svere boys. Sex differences
were particularly striking among the older children (11 and 12-year-olds). The
teacher judged six boys and one girl to be experts, and seven bays and three girls
to be proficient.

it is important to note that these sex differences did not appear across the
board: as noted above, four girls in the second year class developed considerable
expertise. There were individual girls in each class who displayed a lot of
interest, performed well, and were judged by both teachers and peers to be
compeient with computers. The expert girls tended to be competent in all school
subjects. This overall competence was not always true of boys, some of whom
had previously shown little interest or competence in school but who blossomed
when they staried working with computers. As described in Chapter 7, the same
pattern evolved in the Coombabah study.

The studies examining the development of programming skill in the younger
children showed strong differences between bays and girls in levels of interest
and achievement, This is particularly striking in light of the teachers’ sensitivity
in these studies to the problem and their efforts to give special help to the girls.
As was noted abeve, in the Coombabah study the teachers did not set out to give
extra help to the girs. To the contrary, when the decreasing motivation and
increasing falling behind of some of the Year 7 girls was pointed out i one of the
teachers by the researcher, the teacher explained that nothing could be done.

Word Processing Published research and our empirical observations showed
that boys and girls are about equally involved in word processing (Pea &
Kurland, 1987b). Word processing appears to invite more collaborative writing
among students than traditional methods. In the literature there is some indication
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that collaboration may be preferred by more girls than boys (cf. Hawkins, 1987).
Our observations showed no gender differences but rather that the high achieving
students tended to prefer working by themselves. While it is unclear whether
students wrote differently as a result of their experience with the word processor,
it was noted that many write more, No sex differences were found in our own and
otteer studies in the use of and achievement in word processing. When given a
choice of activity the majority of the Coombabah students, both boys and girls,
selected programming. The published literature finds this to be true for boys
rather than girls.

BMathematics and Science Software Another project of the CCT at Bank
Street College, New York, was concemed with the use of software in science and
mathematics by students in Year 4 through to Year 6 classrooms. Three pieces of
software were developed and tested, both with individual children and in larger
groups (Char, Hawkins, Wootten, Sheingold & Roberts, 1983). The software was
designed to make use of the unique and powerful features of the computer and 1o
model ways in which tools are actually used by adults in their work. This
research is part of a larger project, the US Praoject in Science and Mathematics
Education, the aim of which was to produce an integrated sct of software and
materials for classrooms, television and videodisc. One mandate of the project
was o encourage girls 1o develop an interest in science and mathematics, The
three pieces of software included: (a) a tool to gather data ahout physics
phenomena (temperature, light, sound) and to display these measurements in
various types of graphic formats; (b) a simulation to introduce principles of
navigation and the geometry invelved; and (c) a series of games designed to
introduce children to programming concepis in Logo. Since these progranis fit
into the existing mathematics/science curricula of elementary clagsrooms, the
pattem of findings concerning girls’ participation are especially interesting,

Differences between gisls and boys were most notable for one of the three
pieces of software -- the tool used to gather and display data, Boys tended to
make more use of this software than girls, often working in groups, with girls
either not interested or watching from afar. The other two picces of software were
no less technical or mathematical, yet there were few apparent sex differences in
their use and appeal. For example, the triangulation principles introduced in the
simulation software were complex mathematical concepis. In the case of the
programming games, girls were more likely to report that they liked the software
(83%}) than boys were (64%). The simulation program appealed equally to both
sexes, and there were no appreciable differences in students’ questions o
comprehension questions.

One might speculate about two features of the software that contributed to its
appeal for girls. (1} Learning experiences with these two pieces of software
tended to be collaborasve enterprises. The simulation game was designed in such
a way that students were required to play cooperatively. Teachers also chose to
organise the programming games as collaborative work between pairs of
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second choice is the class expert. This may explain the fact that some

girls have adapted less well to computing. It would be interesting to
whether this phenomenon would o¢cur in other schools or whether it is a
consequence of the particular relationship the teachers at Coombabah have
with their female students, As was noted previously, at least one of the female
teachers in the Coombabah praject holds quite a strong view that the female
brain reacts differently to learning with computers from the male brain, and
that thus females are not made for computing, Unconsciously, she may have
projected this view to her students. On the other hand, one other female
teacher is extremely enthustastic, and a very competent and creative
programmef. One might have expected that (although she secretly prefers
teaching boys) this teacher might have provided a strong role model for the
ginls and thus compensated for the attitude of her colleague.

2 When agked to name their favourite activity with the computer, 25% of the
boys but none of the girls say: making up games. It is possible that the games
taught in class were more suited to the int¢rest of boys. On the other hand,
leaming to make games may have been yet another activity learnt in more
informal communications between teachers and groups of students which
tended not to include girls.

Classroom observation has shown that the boys are more actively involved in
group brainstorming exercises in the ¢lassroom, The teachers call for their views
more often than fer those of the girls. A reason for the latter might well be that
the girls volunteer fewer views and suggestions.

Twice as many boys (70%;} as girls believe that leaming how to use computers
is as important as leaming mathematics, reading, spelling, etc, (p <.087) and that
one day computers will replace teachers (p < .003). 34% of the boys but only
12% of the girls believe that computers can teach better than {eachers (p <.01),
which may explain why the girls tend not to ask help from their tcachers; and
88% of the boys but only 73% of the girls feel that computers are better than
textbooks (p <.05). And yet, only 46% of the boys and 27% of the girls try to find
books about computers or computing in the library (p <.04); for Year 7 the
proportion is 45% of the boys and 4% of the girls (p <.0003). 56% of the boys
and 81% of the girls discuss computers and computing with members of their
family at home (p <.005).

An interesting finding relating to these two issues is that 62% #f the Year 7
girls but only 23% of the boys believe that students working with their own
computers require less attention from the teacher than students in a conventional
classroom. This finding might be explained by the observed tendency of these
girls not o ask the teacher for help.

56% of the boys and 32% of the girls feel that using computers never makes
schoolwork more difficult, but 79% of the boys and 96% of the girls believe

computing to be very timeconsuming. 53% of the boys but only 32% of the girls
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believe that students who have become accustomed to using a personal computer
111 find it difficult to work without one. .

Wﬂi‘lhen asked to name the subjects in which they like using tk‘1e computer most,
85% of the boys (5% of the girls) named mathematics as their first prefex:ence,
and 97% of the boys (81% of the girls) named social stu('hes as one of thel.r two
top preferences. In response 10 the question Which subjects do you r:?t like as
much as you used to, now thar you are using a computer? 30% of the girls (}2%
of the boys) mentioned mathematics and 34% of the boys.(ll% of the girls)
mentioned science, Only 34% of the boys and 45% of the girls stated that they
like all subjects as well as in the past Or better.

Significant Gender Differences in the Year 7 Group

Only 10% of the boys but 429, of the girls in Year 7 (p <.04) are still mportmg in
November (i.e. after their second year in the SUNRISE classroom) t?a; usmlg
their laptop makes them feel nervous. 665% of the boys butonly 39% 00;’ e %1& s
{p <.05) are reading books about computing in Noverber. However, 5 t: g ks,
boys and 62% of the girls reported that they had, at some stage, read such books
® ; 6092)6f the boys and only 50% of the girls (p <.05) are finding tha.t usm(g1
computers makes mathematics learning easier. However, 50% of the girls an
only 14% of the boys believe that they are n0t the type o do well with computers.
Only 10% of the boys but 32% of the gin:ls sti}l cannot understand how some
people get so much enjoyment out of working with computers.

Gender Stereotype

Gender stereotype was investigated on the basis of the studen‘ts’ responses to the
following three direct statements, which were interspersed with other statements

and questions in the questionsiaires:

In general, computers are more important for men than for women.
In general, bays are better than girls atwriting procedures.
In general, girls are as good as bays at writing procedures.

There was no difference in the responses of Year 6 and Yegr 7. studf,tnt's vt;:til
respect to the first of the above statements. In both classes 14% siill believe au;
in general, computers are more important for men than for women. However,nt

the total sample 24% of males and only onc female agreed with the stateme d
Only 6% of students in the Above Average 1Q caiggory but 17% of. Average afr:)

Below Average students agree that COmpulers are in general more lmportan‘t( I
men than for women. The Above Average students who agreed came from Year
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7. 7% of R1 but 26% of RS students agreed, coming in roughly equal proportions
from both classes.

In response to the second statement, 29% of all students believe that in general
boys are better than girls at writing procedures, i.e. 24% of Year 6 and 33% of
Year 7 students. 51% of all males but only two of the females held this belief.

23% of the students in the Above Average 1Q category and 27% of Average
but 54% of Below Average students agreed that, in general, boys are better than
girs at writing procedures. There were differences between the years in this, 24%
of Above Average IQin Year 6 and 21% in Year 7 agreed with this statement,
21% of the Average 1Q group int Year 6 and 31% in Year 7 agreed, while 40% of
the Below Average IQ students in Year 6 and 62% in Year 7 agreed.

26% of R1 students and 39% of RS students agreed that boys are, in general,
better than girls in programming. This represents twice as many Year 7 as Year 6
students for both the R1 and RS categories.

In response to the third statement listed above, 24% of all students showed that
they believe that, in general, girls are not as good as boys in programming &
computer, i.e. 20% of Year 6 and 28% of Year 7. In fact 44% of all males but
only one girl hold this view.

80% of students in the Above Average IQ category, 77% of the Average IQ
group but only 61% of Below Average students feel that, in general, girls are as
good as boys at writing procedures, This means that between 20 and 30% of the
students hold stereotyped views which discriminate against females. In Year &,
24% in the Above Average, 17% in the Average and 20% in the Below Average
11y group believe that girls are not as good at writing programs as boys. In Year 7
the proportions taking this discriminatory view are 14%, 29% and 50% of Above
Average, Average and Below Average students respectively. 30% of R1 and 36
% of RS students believe that, in general, girls are not as good as boys in
programeming computers.

It appears that negative gender stereotype with respect to computer
programming ability is sironger in boys than in girls. This is not surprising, What
is more surprising is that even students of high intelligence are not immune to the
fallacies which are so strongly prevalent in eur society. The results of this study
suggest that students of lower ability and computing achievement are likely to be
more prejudiced than students of high intelligence and computing ability, and
that older students might be more prejudiced than younger ones.

CONCLUSION

Gender differences in attitudes to computing, and to motivation and computing
achieyement, develop over time in students who are learning with computers, In
situations of guaranteed equal access to computers, gender differences are not
evident before the students have had considerable personal experience in
computing.
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Research concemed with the emergence of gender differences in relation to
learning with computers and student achievement indicates that this is a complex
and deeply rooted problem which appears to be related to many factors, including
the impact of differential societal images, perceived expectations and the
expectation of different life goals for boys and girls, the structure of learning
tasks, the nature of the feedback in performance situations, the organisation of
classroom settings and the overt and covert reactions of teachers to their female
students,

Investigations of gender differences typically focus on the general domain, e.g.
mathematics, science, computing, etc., where inequalities are apparent. What this
research has shown is that it is necessary to look deeper, e.g. to examine the
functional uses of the materials in particular situations in order to understand the
contexts in which boys and girls express interest and achieve competence,

Computers are tools which can be used for a variety of purposes. However, in
the absence of a broader perspective, many schools subsume them under
mathematics/science curricula, and thus they take on an existing stigma of sex
stereotypes. There gre two promising ways to reduce this stigma. Firstly, it is
important that computers be used in ciassrooms as tools which help achieve a
variety of goals (e.g. word processing, spreadsheets, databases, music,
mathematics, planning of events). The interests and goals of individual students
need to be matched by specific computing activitics, along with appropriate
support for learning about the technology. Secondly, the careful design of
software in the areas of mathematics and science, as well as more suitable
computer games/simulations, may enable girls to view these subject domains as
useful to them personally, Of course, this also requires taking into account both
the design of curriculum and the general organisation of learning in the
classroom.



PART IV

ASSISTING THE TEACHER
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Professional Development
for Personal Computer Use
in the Classroom

This chapter suggests a general framework for the effective professional
development of teachers who teach with computers. and raises important issues
for discussion. It reports on teacher recommendations regarding the conditions.
the content and the organisation of professional development programs.
Recommendations are made for special resources and the promotion of computer
literacy among teachers more generally.

GENERAL AIMS

The two most important general aims of professional development for teachers
teaching students who are learning with computers are likely to be:

1 improving the skills and confidence of individual teachers in computer use:
and

2 persuading teachers to explore educational computing and to integrate
computing into their teaching practice.

The lack of adequate training and experience with computers in the classroom
presents a major source of frustration for teachers. In all states of Australia, thc
great majority of teachers using computers were either unprepared or
inadequately prepared when first confronted with computers in their schools. A
solution to this problem appears to be obvious: the provision of pre-service
training and ongoing staff development programs. The problem lies not in the
solution but in its implementation. Many educators, at all levels, lack the
experience and the information which might guide personal decisions regarding
the selection of topics for staff development and the organisation of the training.

" The literature relating to the implementation of technology in schools contains
a number of studies in which researchers collected teachers’ recommendations for
the content and organisation of training in instructional uses of computers. The
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staff development literature which bears on the content and organisation of
teacher professional development in instructional computer use was also
reviewed. Important ideas concerning both the content and the organisation of
preservice education and in-service professional development in teaching
students with computers recommended in the literature were snmmarised and
discussed with teachers teaching with computers in Victoria and New South
Wales (n=67). The preferences and recommendations of these teachers were
tinally presented to the teachers in the SUNRISE classrooms at Coombabah for
their evaluation and comment.

This chapter concludes with a set of recommendations applicable to pre-
service education and in-service professional development which is based on the
pereeived requirements of a larger group of teachers than those involved in the
SUNRISE classrooms at Coombabah, but the latter group’s input was weighted
more heavily.

THE PROBLEM

Staff development for personal computer use in learning and teaching is being
discussed as a major concern not only in English-speaking countries but in others
as well. The solution to the problem has been to provide staff development to
help implement computing in schools. Concerns about (he effectiveness of this
solution relate to a number of areas, including:

. not enough teachers can avail themselves of the courses offered;

. the courses tend to be too short in duration:

. the amount of hands-on experience in the topics covered tends to be
insufficient in these courses: and

. classroom-based follow-up after the staff development course is not provided.
It is not surprising that even after participation in such courses, teachers feel
that their effectiveness in teaching with personal computers often falls short of
their expectlations.

A number of factors contribute to these limitations in the effectiveness of staff
development programs. Firstly, personal computers have entered our schools
relatively recently, i.e. during the last decade. Now the number of computers in
schools is increasing at an overwhelming rate, in most cases far outstripping the
school’s or region's ability to prepare teachers to use the new technology.

A second factor is the sheer number of teachers who require training. Although
the number of computer-related courses offered in tertiary education institutions
is increasing, few of the currently employed teachers received pre-service
education in computer use. Evennow, only a few schools of education in tertiary
institutions have changed their requirements to ensure that every teacher who
graduates has acquired a basic competency in educational uses of personal
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computers. Moreover, at a time when the need for teachers who are pfoﬁcient‘ in
personal computer use is increasing, the provision of both pre-service a.nd in-
service staff development is hampered by decreasing government spending on
education. This means that the degree to which the training gap will be filled, and
when it will be filled, might depend less on need than on economics.

The third factor limiting effective personal computer use by teachers in
classrooms is the lack of knowledge and agreement about the topics and ways of
delivering staff development programs. Providers employ different models for
staff development, and there appears to be a lack of information about what
actually leads to successful implementation and effective instructional uses f’f
personal computers in schools. For example, what content should be covered in
such traiming? Obviously, teachers need to know how to operate the comput.cr,
how to load and save instructional programs. But does every teacher need skills
in programming, in evaluating software, in integrating coniputers into regular
teaching across the curriculum and in the adaptation and/or development of
curriculum materials? _ .

With regard to the design of professional development programs. 1SSues which
are yet to be addressed include the following:

. How much training is needed to enable teachers to use personal computers
effectively?

. Where should courses be located?

. What incentives could be offered to ensure strong participation?

. How can time release for teachers be managed?

. The shortage of readily available staff development materials, both in printed
text and on disk. reflects, in part, the lack of systematically derived empirical
evidenee upon which such materials could be based.

A FRAMEWORK FOR STAFF DEVELOPMENT

For the purposes of the present discussion staff development, with regard to
learning and teaching with personal computers, is defined as ‘the provision of
activities designed to advance the knowledge. skills and understanding of
teachers in ways which lead to changes in their thinking and classroom
behaviour' (Fenstermacher & Berliner, 1983, p. 4).

To place this definition within the context of schools or administrative regions,
the assumption may be made that staff development activities could be “internally
proposed or externally imposed, in order to effect compliance, remediate
deficiencies, or enrich knowledge and skills of individual teachers or groups of
teachers, who may or may not choose to participate in these activities’
(Fenstermacher & Berliner, 1983, p. 4).

Together, the above definition and assumption can provide a framework for
understanding what might comprise suitable staff development in educational
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applications and uses of personal computers, regardless of the specific content of
a particular staff development activity.

Staff development activities which fit the above definition would be expected
to enhance knowledge, skills and understanding in ways which lead to changes in
thought and action with respect to the use of personal computers for learning and
teaching. The suitability and value of such staff development activities can be
further determined with respect to four important features of the organisational
context assumed above. These are reflected in the following questions:

« How was the professional development activity initiated?
. For what purpose?

« Who participates?

. How is participation decided?

On the basis of the features of professional development activities elicited by
these questions, it becomes possible to construct a profile of any particular staff
development offering which provides a first prediction of whether the activity
will serve its intended purposes. Additional criteria will be discussed below.

The literature on staff development suggests that externally imposed activities
serving to attain teacher’s compliance and requiring them to participate will, all
other things being equal, be iess valuable than activities which are proposed, at
least in part, by teachers who may choose to participate or not. fOr purposes of
enrichment or remediation.

The applicability of the organisational assumptions underlying the above

questions can be demonstrated by two contrasting fictitious examples of staff
development activities.

Example I:
A region has placed computers in every primary school. In order to encourage
teachers to use them. the regional director arranges for staff development
activities in personal computer use for all teachers in the region by employing
an outside consultant to conduct two three-hour workshops at each school.

Example 2:
John Smith, a Year 6 teacher, decides to bring his own personal computer to
school in order to enrich his students’ knowledge of computers and computing.
For this purpuse he has borrowed some demonstration disks of Logo. Students
and their parents were so enthusiastic about the computing that the principal
and other teachers decided to try some computing in other classrooms.
Eventually a number of personal computers were purchased for the school. By
this time, John Smith had become the computer expert at the school and
trained interested teachers in ad hoc sessions which were held when two or
three colleagues expressed interest and could make time to attend. He helped
teachers with new software and with specific problems, and answered
questions arising from their particular ways of and aims for using computers.
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Example 1 could be characterised as a top-down imposition of staff development
activity which was externally initiated, and initiated for the purposes of
enrichment (or compliance?), with all teachers participating because attendance
was mandatory. Example 2 demonstrates a bottom-up approach where staff
development activities were initiated by teachers themselves who participated
voluntarily in order to learn about computers and computing in the classroom.
The organisational factors contrasted in these examples highlight two
important issues for the planning of staff development activities. The first issue
concerns whether top-down or bottom-up initiation is more effective. There is
some evidence in the literature that the latter provides activities that participants
will more readily view as valuable contributions to their knowledge, skills and
understanding. Another advantage of small-scale staff development activities
provided by an experienced colleague is that it can flexibly accommodate the
timetables of other teachers, and adapt to their specific questions and needs.
Generally, however, successful provision of staff development probably requires
a balance between teacher and departmental initiation. With respect to example 2,
once computers are available, it would seem reasonable for the region to build on
the staff development initiated by teachers such as John Smith and others at the
local level, to ensure successful implementation of computing in other schools.

SHOULD PARTICIPATION IN STAFF DEVELOPMENT BE
MANDATORY OR VOLUNTARY?

Although the fact that attendance is mandatory does not necessarily diminish the
potential value of an activity. voluntary participation seems to lead to more
valuable outcomes. Voluntary rather than mandatory participation seems to be a
more feasible and reasonable approach to statf development activities relating to
computer use in classrooms for the following reasons:

1 Voluntary participants are more likely to view the staff development as
enrichment, as something valuable to themselves and their careers.

2 Becoming familiar with and using computers involves a large commitment of
time and energy on the part of the teacher, a commitment which is unlikely to
arise from involuntary participation.

3 Some teachers have legitimate objections to the use of computers in schools.
or in their particular subject areas (perhaps because they feel that suitable
software is not yet available) and so choose not to participate on reasonable
grounds.

Considering solely the definition and assumptions about staff development by
themselves leads to only weak predictions about the potential value of the
activities. Clearly. some activities initiated in a top-down manner can be
successful, especially if strong efforts are made to enlist teacher support for them.



266 Learning with Personal Computers: Issues, Observations and Perspectives

However, Fenstermacher & Berliner (1983) specified further conditions for staff
development which, if met, would contribute significantly to the value of such
activities and the predictibility of their success. The conditions most consistent
for projects such as the Coombabah project, described in Part III of this volume,
are summarised in Table 9.1 as recommendations for staff development activities
for learning and teaching with laptops. Obviously, these recommendations have
more general applicability for teachers who teach classes where students have
ready access to computers, even though the student-computer ratio may not be
1:1.

EFFECTIVE STAFF DEVELOPMENT

Applying the conditions suggested in Table 9.1 to staff development in
computing and computer use in the classroom. one would define an effective staff
development program as one which is designed to enhance the teachers’
knowledge and skills in ways which lead to changes in their thinking (i.e.
planning and decision making) and teaching with computers. These changes in
thougbrt and teaching must find support at the school and regional level, and by
teachers and educational administrators alike.

Professional development programs should have clearly stated goals (5) which
are consistent with the teachers’ perceived needs, plans for their work, and
classroom teaching conditions (1). The activity should permit variation in the
ways teachers participate and apply what they have learnt in their own
classrooms (2). The content of instruction in computer use should be concrete
(7). and its application to the classroom should be demonstrated by an instructor
who is competent in teaching adults and who is able to model using computers in
the context of the ongoing curriculum (6). The duration of the program should
permit teachers sutficient time to learn, practise, master and apply in their own
classrooms the skills and knowledge imparted (8). The professional development
program should provide systematic personal guidance and support during the
course of training as well as during the period of initial classroom
implementation (4). Finally, teachers should receive positive incentives for their
participation during the training, implementation and institutionalisation phases

(3).

Organisational and Content Features of Professional
Development

While the framework provided by Fenstermacher & Berliner (1983) identified
important organisational structures and processes for professional development
activities. it was not intended to identify the content of staff development for
personal computer-based teaching or educational computing specifically. The
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Table 9.1 Conditions for Staff Development in Personal Computer Use in

Schools!
Condition Description

m Appropriateness The activity is consistent with plans teachers bave for their work,
fits well with classroom conditions. is timely and valued for its
usefulness.

) Variability The activity permits variation in the ways teachers participate and
in the ways they use what they have learnt.

3 Incentives The activity provides positive intrinsic incentives to participants,
both during the course and during implementation of what has been
learnt in the classroom.

(4) Maintenance The activity provides systematic and personal support during its
duration and during the period of implementation in the classroom.

(5) Objectives The activity has clearly stated objectives known both to providers
and recipients and clearly related to work demands on the
recipients.

6) Instructor The activity is staffed by providers who have competence in
teaching adults, and are able to model what they propose teachers
should do in their classrooms.

@) Application The content of the activity is sufficiently concrete to make its
application to the classroom clear.

(8) Duration The activity provides sufficient time for participants to learn,

practise. master and apply the content imparted.

literature on the latter is restricted. Few studies have been conducted. and those
which have been reported tend to be case studies, rather than comparative studies
which systematically varied characteristics of training such as organisation.
content, instructional method. support, and incentives. Hence. this chapter will
provide some brief suggestions only of different forms of staff developmient.
merely to illustrate some of the range of alternatives discussed in the literature
and by Australian practitioners to date.

The most prevalent form of staff development is probably the one-off, short-
term workshop for interested teachers. Such workshops are usually offered at a
central site and last 2-3 hours per session over a period of a few days. These
workshops are often led by computer education experts from a tertiary education
institution, sometimes by overseas academics and sometimes by computer

Numbers in parentheses in the textrefer to recommendations listed in this Table.



268 Leamning with Personal Computers: Issues. Observations and Perspectives

companies. Teachers are taught how to operate the computer and to write
elementary programs. Sometimes they are taught about a range of software, less
frequently about the selection and/or modification of software and other
computer related curriculum materials.

Another approach combines the one-off, short-term workshop with one or a
small number of additional, focused workshops which deal with specific topics.
A third approach has been to train a small group of teachers who then provide
workshops in teaching with computers to their colleagues. These teachers
become resource persons, often for particular computer applications, within their
school and/or region. They might conduct introductory and more advanced
sessions at their school or within the region.

Published case studies and discussions with teachers revealed that, with regard
to the content of staff development, teachers are looking for sufficient time to
review software and other curriculum materials for use with personal computers,
and to plan how to match these materials to the needs of their own students. With
respect to organisational factors, time is crucial for most teachers. As noted
earlier, staft development in the use of computers requires a time commitment
beyond the actual workshops, as teachers personally become familiar with
machines and learn to plan instructional applications suitable for their students.
The topics on which the majority of novices of educational computing appear to
be seeking information are:

1 personal computer operation,

2 computer programming,

3 computer literacy. and

4 selection and evaluation of curriculum materials including software.

Table 9.2 contains major topics which a large proportion of a sample of 1200
teachers requested for staff development activities in a survey conducted by the
US National Education Association (1983). These topics are equally important
for Australian teachers. The variety of topics highlights the importance of
providing alternatives in staff development to meet the needs of individual
teachers.

SUMMARY OF IMPORTANT ISSUES AND
RECOMMENDATIONS

The topics and organisational features listed in Tables 9.1 and 9.2 could provide a
beginning for the formulation of recommendations for the professional
development of teachers who use personal computers in their classrooms. Before
considering the reactions and recommendations made by the teachers in the
project. [ would like to focus on some issues and recommendations which I
regard as particularly important or which have been debated in the literature.
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Table 9.2 Topics and Organisational Features Requested for Staff

Development?

Topics

(9)  Operation of personal computer and peripherals
(10)  Computer programming
(11) Selection and evaluation of curriculum materials
(12)  Modification of materials
(13)  Computer literacy (e.g. history, implications, types of languages)
(314)  Non-instructional uses of 1he personal computer (e.g. computer-based management)
(15)  Integration of personal computer-based instruction into Lhe curriculum
(16)  Design and authoring of software
(17)  Match of teaching materials with student abililies and learning styles
(18)  Selection of curriculum matenials
(19)  Computing curricula and teacbing computing
(20) Development of a user network
(21)  Copyright protection issues
(22)  Instructional uses of personal computers

Organisational features

(23)  Staff development located at a central site

(24)  Suaff development provided in either single or multiple sessions: {25) depending on topics
covered

(26)  Imstruction provided by outside consultant, teacher or district personnel who meet the
instructor condition (6)

(27)  Training adapted to teachers’ needs and interests

(28)  Extensive hands-on practice provided

One of the most controversial issues is whether to include computer
programming in introductory staff development activities., which are aimed at
providing teachers with the knowledge and skills needed to use personal
computers in instruction. While some advise that programming is to be avoided
in the introductory stages of computer training (e.g. Hamolsky. 1983; Nanson.
1982), others assert that programming is the cssential component of computer
literacy (e.g. Luehrman, 1981). Between these extremes are those who advocate
some introduction to a programming language (usually BASIC or Logo) as a way
to understand computers and programming (e.g. Page & Wallig, 1983; Widmer
& Parker, 1983).

This issue is, obviously, part of a larger concern on the part of educators and
others to define computer literacy, which is discussed in more detail in the
chapters included in Part II of this volume. Suffice it here to say that the lack of a

2 Numbers in parentheses continue on from Table 9.1 and are recommendations referred to in
the text of this chapter.
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generally accepted definition of literacy has not prevented interested groups from
declaring minimum competencies (e.g. Poirot, 1980; Benderson, 1983).

Perhaps the most frequently addressed organisational issue relating to
professional development among American teachers concerns teacher incentives.
No systematic data are available on this problem with respect to teachers using
technology in Australian classrooms. In the USA some school districts use a
variety of incentives to maximise teacher participation in staff development
activities, publicly available computer courses, conferences and other activities
which are designed to broaden their experience and expertise with personal
computers. Incentives in these districts inciude incremental salary credit (e.g.
Sheingold, Kane, Endreweit & Billings, 1981; Page & Wallig, 1983),
reimbursement for outside courses {e.g. Coburn et al., 1982). release time
(National Educational Association, 1983; Office of Technology Assessment,
1982), and new job titles with higher salaries for technically experienced teachers
(Office of Technology Assessment, 1982). After initial training, other incentives,
such as providing computer resource personnel (Sheingold et al 1981), lending
computers to teachers over the weekend and over holidays (Sherman, 1983) and
subsidising teachers’ purchases of personal computers are provided. While most
of the evidence indicates that incentives help motivate teacher participation in
staff development and encourage their continued interest in personal computers
for instruction, little is known about which incentives or which combination of
them are most effective.

TEACHER RECOMMENDATIONS

We asked teachers to describe what they would regard as an ideal staff
development program for themselves in relation to the instructional use of
personal computers. More specifically, we asked them to comment on the content
or topics which should and should not be included, and on organisational features
of such staff development, including location, duration and incentives. We also
asked the opimon of teachers as to whether pre-service education in educational
computing should differ from in-service education, and, if so, in what ways.

Recommendations Regarding Conditions On the whole, Australian teachers
regarded the conditions noted in Table 9.1 as essential or highly desirable. The
teachers in the SUNRISE classrooms at Coombabah Primary School (n=6) rated
these conditions and organisational features, i.e. items (23) to (28) in Table 9.2,
of staff development as more important than the actual content. They agreed most
strongly in their ratings on conditions and least on content. Individual differences
among teachers in their preferences for the actual content of professional
development are reported in most studies, as the needs of individuals vary. The
only item which all teachers regarded as essential was that the staff development
offering should allow for extensive hands-on experience (28). The conditions of
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appropriateness of the staff development (1) and maintenance, i.e. systematic and
personal support during staff development and during the implementation phase
(4), were regarded as essential or highly desirable by all teachers. None of them
regarded any of the conditions described in items (1) to (8) to be initially
unnecessary.

Recommendations for Content The topics most frequently mentioned by
teachers were consistent with the findings of the previously noted literature
review. Teachers expect professional development activities to focus on the
operation of the personal computer, computer programming, selecting and
evaluating software, instructional uses of the computer in the classroom,
computer literacy, and the integration of the computer with the ongoing
curriculum. The teachers in the project were less concerned about administrative
uses of the computer.

The teachers in the project regarded programming as an essensial component
of staff development. A small number, mostly primary school teachers not using
Logo, did not want programming included in staff development, and others did
not mention programming at all.

The teachers in the SUNRISE classrooms saw the operation of personal
computers and peripherals (9) and the integration of personal computer-based
instruction into the curricrlum (15) as the two most essential areas for
professional development. Next in importance to them was to gain the knowledge
which would help them in the selection and evaluation of courseware (11) and
the skills necessary for the modification of materials (12). Of least importance to
these teachers were the knowledge and skills to design and author software (16),
closely followed by computer literacy (13), the development of a user network
and copyright protection issues (21). Copyright protection issues are obviously of
greatest importance to authors, but this issne is also important for the user of
software in the classroom.

The interests and needs of the teachers in the SUNRISE classrooms at
Coombabah differed from those of other Australian teachers and those reported in
the overseas literature. The SUNRISE teachers were found to have a greater
interest in the hardware than in computer literacy and issues of instructional,
administrative and personal uses of personal computers. A reason for the former
might be that, during the initial stages of the project, teachers had considerable
problems with the hardware with little, if any, technical support. The lesser need
of these teachers for professional development relating to instructional and
management issues might be explained by either a higher level of expertise
among them, or their total commitment to L.ogo and a misperception that
reasonable proficiency in this language would obviate the need to reflect on
student abilities, learning styles, etc.

Only two of the teachers in the SUNRISE classrooms regarded computer
programming (10) as an essential topic for staff development. The others rated
this area as no more than that iz could be useful. Two of these teachers suggested
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that programming expertise might actually ger in the way of learning in a Logo
environment where students are expected to learn by personally exploring what
the computer will enable them to do.

Organisational Recommendations Teachers' preferences were for a series of
workshops, held during school hours or after school, located at their school or in
close proximity, averaging about 10 hours (the range of suggestions was 1 day to
3 days) in duration with as much hands-on experience as possible. One of the
SUNRISE teachers suggested that selected teachers should be given a term of
study leave to allow them to attend a more comprehensive course on how to
integrate teaching with computers into the curriculum.

The teachers also recommended that professional development activities be
offered in a variety of topic areas (so that teachers could attend sessions on only
those topics which fulfilled their special needs) and at different levels of
sophistication. The teachers in the SUNRISE classrooms were particularly
interested in improving their knowledge of Logo, LogoWriter and other word
processing packages.

Teachers were unanimous in the view that participation in professional
development in educational computing should be voluntary. Apart from a
unanimous judgment that extensive hands-on experience (28) is essential, and
that staff development activities should be held in school time but away from the
school, the SUNRISE teachers at Coombabah Primary School expressed fewer
strong preferences for specific organisational features than other teachers.

The teachers in the SUNRISE classrooms at Coombahah differed from other
teachers who were interviewed. and from the literature, with respect to their view
that teachers require very little special training (apart from knowledge of how to
use the hardware) in order to start using personal computers in their classrooms.
These teachers feel that manuals and books provide sufficient information for
teachers and that teachers should be creative enough to invent ways of using
different pieces of software in their teaching. One of the most interesting
responses received from a teacher at Coombabah was: *Having the courage to
allow children to take Logo and create, without the teacher having to be the
expert, is the most important part of using Logo.’

Only 5 of over 6@ teachers interviewed in Victoria and NSW mentioned
incentives for the participation in professional development. The teachers who
supported incentives felt salary rises to be most appropriate. Half of the teachers
in the SUNRISE classrooms at Coombabah felt that incentives would be highly
desirable, the other half felt that incentives could be useful. However, all of them
reported that professional development is intrinsically motivating for them. The
literature shows that in the USA nearly half the teachers surveyed on this matter
thought incentives of additional salary or release time to be desirable. Australian
and US teachers who oppose incentives for participation in professional
development feel that incentives could encourage some teachers to become
involved for the wrong reasons.
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Pre-service Training All teachers recommended the incorporation of personal
computer-based instruction throughout the years of pre-service training of
teachers. More than half of the teachers felt that pre-service training programs
should differ from in-service. Some recommended more breadth in the pre-
service courses, such as learning about different types of computers and computer
languages. and exploring a variety of ways in which computers can be used as
teaching tools.

The SUNRISE teachers recommended as much exposure as possible over a
period of years, with an emphasis on word processing (including LogoWriter).
Only one of these teachers recommended that in teacher training at colleges and
universities computing should be integrated with curriculum areas. and that this
might be reinforced by the introduction of a subject such as computing across the
curriculum.

GENERAL RECOMMENDATIONS FOR PROFESSIONAL
DEVELOPMENT

The following recommendations were derived on the basis of the literature on
staff development, published case studies and informal surveys of teachers’
opinions in Victoria, NSW and Queensland. These recommendations should not
be interpreted as prescriptions -- rather, they are presented for the consideration
of those who are designing staff development activities which might best meet
the needs of teachers and the current constraints of resources.

Recommendations Regarding Organisation?

FParticipation in staff development activities should. whenever feasible. be
voluntary.

Initiation of staff development activities should. where possible. be a
collaborative effort of teachers and administrators. This would link financial
decisions to needs and experiences of the teachers who are implementing the use
of computers in classrooms. Teachers collaborating with one another provide
added mutual support (4).

The objectives of a staff development activity should be clearly stated and
understood by both the providers of and participants in staff development
activities (5). Ideally, both parties should have input into the definition of
objectives. The objectives need to reflect both teachers’ needs and regional (state.
or national) goals for using computers in schools.

3 Numbers 1o parentheses refer to recommendations in Tables 9.1 and 9.2.
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The appropriateness condition leads to the recommendation that the staff
development activities should meet teachers’ needs and plans for their work in a
timely manner (1).

The application of the content of each staff development activity to the use of
computers in the classroom should be clear and concrete (7). This includes
provision of software and/or curriculum guides which are immediately applicable
to teachers’ instructional needs.

The variability condition leads to the recommendation that the staff
development activity permits teachers to decide whether they will participate, for
how long, and how they will apply what they have learnt (2). One way to
accomplish this is to individualise inseruction as much as possible (27). Another
way is to focus each professional development activity on a different topic. and to
offer programming as a more advanced course to teachers who wish to acquire
this skill. For example, regions might offer courses at different levels, beginning
with a core course (9,10,13) and ending with advanced programming.
Individualisation of professional development activities, by whatever method,
should also help to meet the conditions of appropriateness (1) and application (7).

The instructor is, preferably, someone who is or has been a teacher with
extensive experience in personal computer-based instruction in the classroom.
He/she should be an expert on computers and instructional uses of them. and
competent in teaching adults. The instructor should be viewed as competent by
participants, but not as too technical or out of touch with those whom he or she is
teaching.

The duration of the staff development activity should be sufficient to permit
teachers to learn, practise. master, and apply the skills imparted (3). Although the
actual time will vary according to the design of the program, it is important that
sufficient time be devoted to introductory activities. The statf development
literature suggests that 8 to 10 hours spread over three or four sessions is typical.
Although this may be sufficient to show the novice how to operate the machine
and review some software. it may fall short of including other important topics.
such as programming and how to integrate the computer into instruction in
particular curriculum areas.

The maintenance condition leads to the recommendation that staff
development activities be followed up during the period in which teachers are
initially applying the newly acquired skills in their classrooms (4). Many teachers
recommend that staff development be ongoing (32), e.g. a multi-session (24)
initial workshop with follow-up (30), and allow for plenty of hands-on practice
(28). During the phase of initial implementation in the classroom. teachers need
a variety of support services and expert resources to assist with hardware repair,
evaluation, selection and adaptation of software, as well as with day-to-day
troubleshooting. At the very least, teacher networks (ideally, via personal
computer and telephone modems) might be established to exchange ideas and
experiences concerning personal computer use in the classroom (20). Such
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networks are of particular importance during the first year of an innovation and
for teachers who are new to implementing computers in their classrooms.

In the US literature, incentives are recommended for all phases of staff
development (i.e. actual training sessions and follow-up) to support and
encourage personal computer use in schools. However, discussions with
Australian teachers suggest that the majority of them would not participate in
staff development activities just because of incentives. Rather, the major reason
for their participation is their high level of interest in and commitment to
instructional uses of personal computers. As suggested earlier some incentives
might lead to participation for the wrong reasons.

All this is not to suggest that incentives should not be provided. On the
contrary, I would suggest that careful consideration be given to the rypes of
incentives which might be feasible and appropriate. Release time and salary
loadings are the main incentives discussed in the US literature. For many
Australian teachers time might be more valuable than money. They may wish to
try out many more different ways of using computers than they have time to.
Also, as mentioned previously. lending teachers hardware and/or software to take
home, or assisting them in the purchase of their own computing equipment
through low interest loans or preferential buying arrangements, may be excellent
ways of encouraging and supponing the successful implementation of personal
computers into Australian classrooms.

Recommendations Regarding Content

Basic professional development activities in educational computing should
probably include the following topics: operation of the personal computer (9),
sclection and evaluation of software and curriculum materials (11), instructional
uses of personal computers (22), computer literacy (13). and methods for
integrating computers with the ongoing curriculum (15). Such a course might
also include computer programming (10), at least to the degree that programmniing
either helps teachers to understand better how the computer operates, or satisfies
the variability condition discussed above. In the following sections these
recommendations are discussed in detail.

Operation of the personal computer. This would include starting the computer.
loading and running programs, keyboard skills, saving work, printing and minor
troubleshooting. The time required for a teacher (without prior computing
experience) to become a fairly skilled operator has been estimated to be in the
order of 2 to 6 hours.

Selection and evaluation of software and/or curriculum materials. Teachers
need to review a range of materials which are appropriate for the year level of
their students and focus on materials which are immediately accessible and
available for their use. Material evaluation forms might be developed by schools
and regional staff with expert consultation, or evaluation guides might be adopted
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which have been developed in other regions/states. (See Chapter 10 for additional
details on software and curriculum evaluation.)

Instructional uses of personal computers. Personal computer-based instruction
involves more than just instruction which can be delivered by a computer
program or disk. Teachers need to acquaint themselves with quite a number of
the many uses which can be made of computers as tools, or rather as tool boxes
which can be personalised for use, because the computer can be instructed to
operate in many different ways by the user.

Computer literacy. It is recommended that imitial training should aim at a
certain level of computer literacy. This includes knowledge about computers and
the implications of computing as well as hands-on skills. (This topic is discussed
in more detail in Part IT of this book.)

Integration of computers with instruction. This involves training in how to
integrate what the computer offers with subject content and class activities.
Logistics need to be considered, such as rules for student use, transitions between
computer and non-computer activities, and classroom arrangements including
student grouping. More importantly, teachers may require guidance in how to
plan the best utilisation of computers in their teaching. They need sufficient
information to begin to make reasonable decisions about matching computing
and available software to their instructional goals, the structure of the subject
matter, the characteristics of the students, and the content of instruction.
Moreover, they need to acquire interactive teaching skills which will help them
carry out their plans, monitor and evaluate learning and teaching activities, and
make adjustments where required. Of course, these activities are part of what
teachers do every day, whether or not they use computers. Computers, however,
introduce an additional set of complexities which teachers need to cope with.

Integration involves not only the use of personal computers within the ongoing
curriculum: it also involves the adaptation of the curriculum to useful software
packages (e.g. Logo) or the adaptation of software to meet important curriculum
aims. Lesson plans, introductions to topics. ways of helping students to transfer
what they have learnt, and methods for monitoring and evaluating computing
activities must be developed.

Computer programming. It is recommended that computer programming be
included in introductory professional development to the extent that such
knowledge is needed for an understanding of how the computer works, and to
understand the basis for applying other skills recommended above, e.g. basic
troubleshooting, and computer operation. Thus, some programming will be an
essential part of professional development, but perhaps to a lesser extent than
many computer users who are not teachers would expect.

The depth to which programming is taught in an introductory professional
development course will depend. to a large degree, on the variability condition,
i.e. the extent to which particular teachers need to know how to program in order
to use the personal computer as an instructional tool. It is likely that mathematics
teachers, both in primary and secondary schools, will need more extensive
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introductory training in programming than most others, because simple programs
can be written as tools for solving mathematical proble@s. Th-e 'reason.scmnce
and social science teachers have not been included ‘here is that it 1s‘poss1ble th'at
the more complex data analysis programs Or simulations often used in thes;z are:jL
may be too time-consuming for students and teacl'u:'rs to develop_ as aregular pd
of classroom computer use. However, these decisions must ultimately be made
by the subject teacher for each classroom.

Special Resources

The SUNRISE teachers at Coombabah are asking for easier access to libraries of
books related to the use of computers in teaching. and the setting up of a hotline
to a local support centre, leading to immediate assistance in hardware and
software problems. They recommend that every school should have easy access
to at least one person who is expert in instructional computing. This person
should be situated at the school or the local school support centre.

All of these teachers commented on the benetits they gained during one term
in 1990. when a weekly training session in Logo was conducted for them. They
are keen to continue with this type of activity.

Promoting Computer Literacy among Teachers

Subject associations. and state and nat'ional teacher gssociation§ can s(;;]‘;iean[:
important role in promoting coglpute;ilrlteracy by making the subject pr
¢ i i ir journals and at conferences.
! r[l:fltll:sgts;\lunsraelliragl states. support services provide direct as§iSlance (0] s.c.hools
and to individual teachers. Services are distributed through regions. In addition to
this. local expertise needs to be developed in each school. ek of
Most of the teachers consulted in this study have focuseq on the the '(fc od
sufficient time allocated to student instruction, for exampl.e in .maLhem(:le.st anSl
science. They believe that. even without corpputers. more uqle is ne{-:ﬁe in ::::) !
subjects areas so that students can explore ideas and f?xpenmeng. e que o
arises: Will the introduction of computers exacerbate this Problem. The answ
yes, but the extent of the impact cannot be estimated at this stage. s
A key ingredient in motivating teachers to us.e and teach w'uh goml;l)u' reown
likely to be by allowing them to see the potential of compunng m'ctjisl ovn
subject areas or primary school classroom. as Opposed' to _|u§t prgw t}gvadn
with the machines. There are a number of arguments which nught € mo : tg
for teachers. For example, science teachers should probably be convinced that to
ientist today one must be computer literate. ‘
- ;;le?gjmem )éf job security is also v‘alidA At least a short-term [S)c')l::l:’:::; ;c;
computer literacy in science. mathematics. language and other subje
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might be not to totally overhaul existing curricula, but to introduce computing as
a new component of the subj

ject in its own right, such as computing i
. f'the ' i R puting in
mathematics, computing in social studies, etc. Another solution is to provide

teachers »\fith revised curriculum guidelines which show them how to use th
coqlpgter in the attainment of traditional curriculum goals. Computer relateg
acu.vmes can broaden the existing curricula rather than be introduced as a n
subject. A rewriting of the curriculum for learners who have ready acces o
computers may well be way down the track. T
Frustration among teachers teachin
providing more computer resources a
activities. It would be helpful to pr
examples of student work collected in
range of the work of students of differe
of moderation meetings between t
assessment of student work.

g with computers can be minimised by
nd meamningful subject and topic related
ovide teachers with data on disk with
other classrooms, case studies showing a
nt proficiency, and above all, descriptions
eachers discussing and validating the

10

User-friendly Software and
Curriculum Materials

The purpose of this chapter is to provide some assistance to teachers in their
evaluation of educational computer software and to suggest some ways in which
the information and communication gap between educators and the designers of
educational computing software might be narrowed. The latter may well be an
essential prerequisite for a general improvement in educational computing
software.

Teachers, educational administrators and students agree that the ready
availability of high quality software and curriculum materials is essential if
personal computers are to make a significant contribution to education. Yet the
general opinion is that the quality of currently available software is not always
good enough, and that its applicability and the extent of curriculum cover can be
quite limited. The following factors are amongst those which are likely to have
contributed to this state of affairs:

. The development of high quality software is expensive and the extent and the
stability of the educational market in Ausaalia is as yet uncertain. The same
factors combine to create financial barriers in other countries, including the
USA and the UK.

. Design principles currently used to develop educational programs for personal
computers tend to be those developed for mainframe machines in the 1960s
and early 1970s (cf. Loop & Christensen. 1982). These principles do not
necessarily take advantage of the special capabilities of personal computers.
nor do they take into consideration the instructional design and research
findings in educational theory, cognitive science and related fields which have
been produced over the past 20 years.

. The programming languages used (mostly BASIC or Assembly) are not
conducive to systematic software design and structured programming methods
(e.g. Sommerville, 1982; Wirth, 1973). This makes it more difficult to write
long programs and virtually impossible for teachers and other users to modify
existing ones.

. Much of the educational software and computer-based curriculum materials
are written by people in a type of cottage industry of material developmeat,
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where few individuals combine the subject-matter expertise, knowledge of
software design principles and the programming skills required to produce
non-trivial high quality software (cf. Becker, 1982). Moreover, some software
developers have insufficient teaching experience and/or insufficient recent
contact with students in actual classrooms to enable them to write teacher-
Sriendly software.

. There needs to be more communication and consultation between teachers, the
developers of educational software and the designers of curriculum materials
for educational computing.

What is easily forgotten is that, as in all production processes, the process of
software development in itself can directly influence the quality of the final
product.

METHODS OF SOFTWARE DEVELOPMENT

Software developers and educators rarely communicate with one another at the
design or development stages of materials. As noted previously, educational
software development is largely a cottage industry of one-off efforts produced by
individuals in their spare time. A single author, especially when working part-
time, israrely in a position to develop systematic and easily portable sets of tools
or utilities for use in multiple programs. Yet such utilities are essential to good
quality software, because they include the means of making a program crash-
proof, the procedures for presenting text or graphics, and the means of handling
various types of student and teacher input. Rather than investing the considerable
time required to develop such tools. authors often avoid the issue by writing
programs whichinvolve only simple studentinput and which often are not crash-
proof.

In this type of development process. content and pedagogy are usually
formulated during the writing process. The result is that the program might work
well enough, but that it might lack coherent overall design. Such programs are
difficult to revise and adapt. It is usually easier to write a new program of similar
quality from scratch. Only relatively short programs can be rewritten more easily
than revised, however. This is why this method of writing programs may be ill-
suited for producing software intended to assist the teaching of substantial
portions of a subject, or to teach a topic in a sophisticated and adaptive manner.
This is particularly true for programs which involve branching and other complex
decisions.

An alternative to individual authoring of software is a software design strategy
(e.g. Roblyer, 1981; Chambers & Sprecher, 1983) or a production system (e.g.
Bork, 1984). This is a multiphase, team process. The development of the software
takes place in several phases, including design, development, evaluation and
revision. Each of these includes subtasks, such as the specification of learning
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objectives, design of learning materials, specification of format, screen layout,
coding, and, above all, validation. Each phase involves one or more individuals
with expertise appropriate to the demands of the task. The selective use of experts
for each task is a key element in design strategies.

Multiple rounds of validation, evaluation and revision are an integral part of
design strategies. Such evaluations involve in-house review, as well as testing of
the materials with individuals representing the target audience. Revisions and
corrections are made on the basis of these formative evaluations. The cycle may
include other stages, and may be repeated as often as deemed advisable.

Instructional software utilities should include capabilities for presenting text
and graphics on the screen, allowing for a variety of inputs by the student.
making programs crash-proof by disabling keys that are inappropriate for a given
input, facilitating input analysis, and allowing the storage of user input for
evaluation purposes. Clearly, this is an expensive task. However. if done
properly, the utilities can be useful for developing all subsequent software and
also for simplifying the transport of software from one computer to another. The
cost of utilities will then be a once-only investment.

Initially, software designed and created by a team will be more expensive than
individually produced software. It is suggested that these costs must be borne.
however, since the amount, scope and sophistication of software that will be
needed in the coming years can only be created in a manner that: allows the
development of large, but easily revisable programs. includes quality control (i.e.
evaluation) facilities. and meets the instructional requirements set by curricula
and teachers.

EVALUATION OF SOFTWARE

High quality software is examined by its producers to ensure that it is free from
factual, linguistic and programming errors. Teachers and curticulum experts must
also evaluate it, to ensure that the software fits instructional goals, and is
appropriate for the intended audience (i.e. year level, subject area, student
characteristics). Teachers will evaluate programs from a number of different
perspectives: Firstly, the teacher might quite generally answer questions such as:

. Is the material suitable for the curriculum goals I have in mind for my class?

. Does the program fit the learning approach of the class?

. Could the experience gained by using the computer have been acquired
equally well by other means?

Secondly, the programs should be evaluated with several types of different
students in mind, including students who tend to follow directions and answer
questions with ease, those who tend to have difficulties with directions and those
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who tend to read only part of the direction or question. The teacher must
carefully observe selected students’ interaction with the program.

Thirdly, technical aspects and the friendliness of the program are assessed by
examining the clarity and detail of instructions and the ease with which the
software can be used without direct teacher supervision. Quality and accessibility
of the manual, quality of output and the nature of feedback also need to be
considered. Finally, the teacher will seek out published reviews of the software
and, where possible, discuss the software with colleagues who have used it with
their students. Published reviews and evaluation guides for software are
particularly useful. They help the potential user to form a systematic impression
of the material and often help clarify for oneself what one actually expects of the
software. They also provide the novice with an introduction to the language
commonly usedin the discussion of the characteristics of computer software.

Teachers who are investigating the potential usefulness and qualities of
computer software options certainly need to have information on each of the
following:

1 General characteristics of the software, including the information it contains,
the structure of the information, special features of the program, language
requirements and other pre-requisite knowledge required by the user.
Questions to be answered include:

[s the material organised in a reasonable way?

Does the program contain idiosyncratic symbols?

Is it easy to use?

Is the language appropriate for my class?

Does the software provide learners with choices of path within the learning
module?

Does it contain an effective help sequence?

Does the material contain modules that vary in difficulty?

2 Technical characteristics of the software, including the basic internal
workings of the program which might influence student learning in some way.
The clarity of instructions, the quality of output and the narure of feedback are
examples of the technical characteristics of a program. Hardware requirements
and user-friendliness also come under this heading. Questions to be answered
include:

Does the program provide informative feedback?
Is it difficult to crash?
Can it be restarted easily when it stops?

3 Physical characteristics of the software. This might include screen layout.
Screens should not be cluttered with crowded text or graphics. Rather, the
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material on the screen should be arranged in a well spaced manner and thus
facilitate the student’s visual scanning of the information.

Does the program utilise appropriate frame size, i.e. neither too large nor
too small?

Is it boring to use?

Is the software accompanied by comprehensible documentation in the
form of manuals?

4 Educational aspects of the software. These relate to what teachers consider in
every educational process, i.e. objectives, contents, activities. and evaluation.
Other educational aspects include the compatibility of the program content
with other materials used by the teacher in a particular learning area, and the
degree to which the software actively engages the student. encourages
creativity and motivates the student. The speed with which the program reacts
and the sequencing of the program components also influence the educational
process. Other areas of importance here include:

Does the software hold the learner’s attention?

Does it keep the student active?

Does it use graphics in a pedagogically sound way?

Does it provide a means of keeping track of the students’ progress?

Access to Software for Review

Systematic and efficient means are nceded to provide teachers with information
about software. and developers with feedback about the users’ reactions to their
materials. Ideally, teachers should have direct access to the software. in order to
review it themselves. Where this is not possible, extensive and objective reviews
by other teachers should be available. This does not deny the fact that software
publishers must have some safeguard that their copyright products will not be
used without authorisation.

Software libraries. which are readily accessible to teachers (perhaps on-line)
and contain programs with evaluations. can solve these problems to a large
extent. They could be an excellent resource for teachers. At the same time they
offer a means of evaluating software without violating copyright restrictions.

Software attributes which teachers expect generally include the following:

. general user-friendliness, such as clarity of instructions, ease of operation,

. appropriateness for the teacher’s purposes, including modifiability by the
teacher,

. adaptability to curriculum content.

. the program makes appropriate demands on the students,
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. the software fully uses the capabilities of the hardware.

Friendliness. An essential attribute of a satisfactory piece of instructional
software is that it will not stop (crash) as a result of inappropriate input.
Educational software needs to be crash-proof and sufficiently bug-free to allow
normal operation. Another friendliness attribute relates to the teacher’s option to
modify the software to fit more closely with the curriculum or the needs of
individual students. This capability concerns the possibility of customising
software for specific purposes and situations. The teacher may wish to vary the
number or type of mathematics problems, specific information given in the
program, or the length of a session. Other modification capabilities include the
skipping of certain instructions, personalising an interaction and networking.
Most teachers would also require some sort of record-keeping facility in the
software.

THE ROLE OF TEACHERS IN SOFTWARE DESIGN

Ideally, teachers should have considerable input into the design of educational
software. Teachers have expert knowledge with respect to the prerequisite skills
which are required to master subject content. Therefore they. rather than a
programmer, should determine and communicate the prerequisite knowledge and
skills required for the use of a program. Including teachers in the software design
team will assure

. that the program content is non-trivial and free from content errors.

. (hat the level. pace and mode of computer-based instruction are appropriate for
the intended audience, and

. that the program actively involves the student in a learning process.

Involving teachers in software design also makes it more likely that critical
thinking and problem solving skills will be emphasised in the program. Teachers
can help assure that programs have diagnostic and feedback capabilities. Because
teachers are familiar with the curriculum and with popular textbooks. they can. as
members of the design team, coordinate software with other materials.

Because they are most familiar with learning demands in particular subject
areas, teachers will make the best consultants on how other teachers may wish'to
modify a particular piece of software, or customise a database. Finally, teachers
may provide the designers of educational software with useful judgments as to
whether a program fulfils the pedagogical goals set for it before the program is
evaluated empirically.

The lack of good software is frequently cited by some teachers as a reason for
their reluctance to incorporate computer-based learning into their own
classrooms. One reason for this is the difficulty that teachers face in obtaining
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potentially useful software for review. Many publishers of software, unlike book
publishers, are quite reluctant to send out review copies of their products, and
only a few program producers have resolved the problem by giving out small
exemplar programs that allow teachers to understand what the complete program
can offer.

EVALUATION CRITERIA FOR COMPUTER SOFTWARE
AND RELATED MATERIALS

As noted above, some sort of evaluation form or checklist is an excellent idea,
because it leads to a more systematic assessment of the materials and might
actually help teachers to clarify for themselves what exactly they are looking for
in instructional software. The NSW Department of Education’s Computer
Education Unit (1985) produced a useful software evaluation form, which
consists of a cover sheet and an evaluation checklist. The cover sheet forms a
summary review of the software package. The evaluation checklist. reproduced at
the end of this chapter, leads to a report on the material under four main sections.
namely content. classroom application, program features and support materials.

1 Content describes subject matter, aims and objectives, bias, concepts
introduced. relevance, flexibility and required teaching style.

2 Classroom application describes preparation required by the students and
teacher, prerequisite knowledge, operation in the classroom, technical details
and follow-up activities.

3 Program features. This section shows how the software operates, and includes
data input procedures, presentation of material. ways in which the software can
be modified. and a report on the structure of the software.

4 Support materials. Under this heading technical and operating manuals and
other materials intended for teacher and student are discussed with special
reference to their availability and quality.

A Guide

The following guide was produced by the Computer Education Usit in the NSW
Department of Education, Division of Services, in 1985 and provides a useful
example. The NSW Department of Education has declared this material free for
copying for educational purposes if source is acknowledged.

This evaluation form consists of a cover sheet and a 6-page checklist. All
relevant summary comments from sections of the checklist are transferred to the
cover sheet. The cover sheet is made up of two pages. The first page provides
space for the listing of factual information concerning the software, e.g. title,
author, type of computer, price, etc. The second page contains a summary of the
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evaluator’s opinion of the package. The checklist allows for detailed comments
on the software from four points of view:

1 Content:

2 Classroom application:

3 Program features:

4 Support materials:

i.e. Aims and objectives, subject-matter concepts
introduced, bias, relevance, flexibility and
teaching style.

i.e. Preparation required by the students and
teachers, prerequisite knowledge, operation in the
classroom, technical details and follow-up
activities.

i.e. Operation of the software, data input,
presentation of material, modifiability of the
software and structure of the programs.

Technical and operating manuals, availability and
quality of materials and packaging.

The following procedure is suggested for use of the cover sheet and the checklist:

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Skim the documentation which comes with the software and note
important points.

Compilete the first page of the cover sheet as far as you can. Most of
the required information will be found in the documentation and
package itself.

Work through the package to obtain an overall feel for its structure
and operation. Behave as a successful user might, avoiding
intentional errors. If, at this stage, you gain the impression that a
detailed evaluation of the package is not warranted or necessary,
complete rhe cover sheet. If the package is to be evaluated in detail
go to Step 4.

Work through the program, making deliberate mistakes to test error-
handling capabilities and relevance of feedback. Mistakes might
include incorrect responses to questions, typing errors, or failure to
follow directions.

Complete the checklist. Note that in most instances it will not be
possible to complete the different parts of the checklist in sequence.

Summarise the evaluation made on the basis of the checklist on page
2 of the cover sheet.
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N.S.W. Department of Education
Division of Services
Computer Education Umit

SOFTWARE EVALUATION

287

COVER SHEET
Computerts)
Curriculum Area(s)
Topic Area(s)
Ability Graup Age Group
Title
Author Publisher
Price(s) $ ISBN:
Date/Version Dewey
Related Packages
Supplier(s). — o
Address

Phone

Copyright Yes } OR Public Domain |

(

Permission to make back-ups {

Back-ups available { ] Costs
Site licence available [ ] CostS
Network version availabte [ 1 Costs.
Permission to make multiple copies | | Cost §
Demonstration version available [
Available on approval [
Permission to copy manuals [
Permission to copy worksheets [ 1

}
]
!

Media: Cassette| | Disk]| ROMchip| ] Cartridge [

Required Hardware: Computer____~ Memory_____ K
Cassette{ | Disk{ ] Printer| Cotour Monitor [

Other (Describe}

Optional Hardware: Printer| Disk | Calour Monitor [

Other (Describe)

Level of Evaluatioa: 1- Screened
2- Full evaluation by subject specialist
3- Field tested

Evaluated by (full name}) Date

Cantact point {school or phone)

THIS EVALUATION DOES NOT NECESSARILY REFLECT THE VIEWS Of THE COMPUTER

EDUCATION UNIT OR THE DEPARTMENT OF ERUCATION PAGE 1

©  NSW Department of Education 1985

Free for copying for educational purposes if source is acknowledged.
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Type of Software

Blackboard [ | Simulation 3§ Database Management [ |
Drill [i Problem Solving (| Word Processor k0
Diagnostic [ ] Investigation [ | Spreadsheet [ ]
Tutorial I il Prepared Database [ | Programming Language | |
Game [} 4l Other Utility N
Description

Educational Objectives

Method of Use

Individual [ ] Introduction to Topic [ | Reinforcement | |
Small Group [ ] Concept Development [ ] Remediation [ 1
Class i 9 Review [ il Extension bl
Teacher )] Assessment Il Enrichment )
Estimated Student Time To Complete

EVALUATICN SUMMARY

(I} Impressive  [S] Satisfactory [U] Unsatisfactory

Content Rating[ | S U]

Program Features Rating[1' S U]

Classroom Application Rating(! S U]

Support Materials Rating{ | S U]

RECOMMENDATICN

Excellent Package- Recommend without hesitation [ |

Good Package - Consider purchase {1

Fair - But might want to wait for better | |

Not useiul — Not recommended 1 i

Overall Comments.
COVER SHEET PAGE 2

© NSW Deparmment of Education 1985
Free for copying for educational purposes if source is acknowledged.
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EVALUATION CHECKLIST

CONTENT
[V]IYES [X] NO [O] NOTAPPLICABLE
OBJECTIVES COMMENT
Is the purpose of the package stated? {1l
Are the objectives ciearly stated? IO
Are these objectives educationally worthwhile? It il

Are these objectives feasible? )

Is there a means of assessment of objectives? ) e
CONTENT
Is the content accurate? (]

Is there educational vaiue in the content? [ ]

Is the content level suitable for the target audience? [ ]

Are student prerequisites adequately described? o |

Does the program hold the students’ attention? ]

Is the reading level appropriate? 1

Are grammar, spelling and expression acceptable? (=1

Are special symbols or tenninology used appropriately? [ ]

APPLICABILITY/ADAPTABILITY

Is the content applicable to the N.S.W. curnculum? {1

Is the content adaptable to a range of curriculum areas? [ ]

Does the program relate to other learning activities? [ 1]

COMMENTS:

TRANSFER ALL RELEVANT POINTS TO COVER SHEET PAGE 3

© NSW Deparunent of Education 1985
Free for copying for educational purposes if source is acknowledged.
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‘ CONTENT ﬁuxssaoom APPLICATION

[V]YES [X]NO ,[O] NOT APPLICABLE

TEACHING STRATEGY COMMENT PREPARATION COMMENT

What preparation is required by the teacher?

|
What is the teaching style? (e.g. Inductive/Deductive,
Didactic/Heuristic, Divergent/Convergent, Pupil/Teacher

| Centred)
! What preparation is required by the student?
| .
i Are set-up procedures adequately described? ()
!
Is a demonstration program supplied? [ 4
Is the style appropriate to the objectives? {1
Is a sample of expected output supplied? | |}
BIAS OPERATION
Does the program present positive images and role models for What is the role of the teacher?
all students? [
|
Is the diversity within a group reftected? [ & |
Is the program flexibte in application? {e il
Does the program present a non-violent point of view? I
Are suitable non-computer activities suggested? F Le——osn —— —_—

Is the language appropriate ana non-disparaging? [ 1

| Do students use other materials during the session? it 8l R S
Which groups of people are omitted or igncred? |

Can students achieve objectives in time available? I ] s==

Which people are shown as having stereotyped characteristics |

and roles? ' Is there the ability to quit and resume? 1%

Which people are seen as being active/passive? l Are recards kept for student and/or teacher? fi™)

Which people are seen as being dominant/subservient? | Are management functions shielded from the user? 4

Which people are seen as being superior/inferior?

Are teachers' files secure? [

What values and attitudes are being rewarded or reinforced? Are there instructions for the student to end the session? ()]

Is the inclusion of groups representative or triviat? ¥ ] TECHNICAL
Are the role models portrayed trivialised or valued and Can sufficient records be accommodated? ) -
respected? 3
o il | Can separate disks be used for data? [l
COMMENTS:

Can the disk be removed from the drive afterinitial loading? [ |
FOLLOW-UP

Are suitable follow-up activities suggested for students? [ 1

Are suitable follow-up activities suggested for the teacher? { |

COMMENTS:

PAGE 4 TRANSFER ALL RELEVANT POINTS TO COVER SHEET
. TRANSFER ALL RELEVANT POINTS TO COVER SHEET . PAGE 5

©  NSW Department of Education 1985

©  NSW Department of Education 1985
Free for copying for educational purposes if source is acknowledged. 4 S

Free for copying for educational purposes if source is acknowledged.
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=1
PROGRAM FEATURES PROGRAM FEATURES TG
{“IYES [XINO [O] NOT APPLICABLE |
. o e | {v ] YES (X1 NO {O] NOT ARPLICABLE |
MpAERS REINFORCEMENT COMMENT
is th hod # i t i ” ’ .
sthe(methedifogdataiigndticensisten (] Is there positive reinforcement? Al
’ . o
Are there safeguards against all input emors? (] Is reinforcement varied in form and content? () 1|
b i ?
is on-screen heip available? [ Are rewards appropriate? [l |
iven?
Are adequate input prompts given? [ - Are appropriate responses only reinforced? I} eme——
J 3 -
Are hints available when needed? (54l Does the pregram invoive the student sufficientiy? g
7
Is keyboard response fast enough? Iy Does the program have a high motivational value? {4
|
i i iate?
Is the complexity of input appropriate? 5=3] | OPERATION
i 2
Is the structure of input natural’ I o Is the method of operation of the program consistent? {1 |
|
. , . L A
Can input errors be corrected easily and immediately? (] i s the method of operation easy to learm? ) |
. . o
Are special keys used consistently throughout the program? [ | Is the operation of the program simple enough? (]
Is a wide range of appropriate responses accepted? L4 I8 the operation of the program straightforward and varied !
s adeauae teatbac i) [ enough to prevent tedium? ¥ 1 |
I |
BhARE 4 fEraanidlisatn [ } Is the speed of operation of the program appropriate? Iim
| |  STRUCTURE
Does the program use any special input devices? [(])
Is the structure of the prcgram understandable by users? I )

PRESENTATION OF MATERIAL
Y Is the method of control of movement through the program

Is screen layout consistent throughout? () consistent? I 0
Is the screen presentation clear and uncluttered? [(pl Can the sequence be controlled by the user? (.

Is the amount of text presented appropriate? (N Are students abie to quit program sections? | ] —ecem—— _

Is the screen layout free of distractions? § ] . Can the sequence be controlled by the user? (== = ]
1

Does the presentation of material avoid unnecessary repetition?{ )

Can the program be stepped forward and backward? i J

Are colour, graphics, animation and sound used effectively? [ | Are instructional steps of appropriate size? Iy &f

Is it free of audio or other distractions? th

_— | Is the presentation of material under teacher control? [ &)

Are lengthy delavs flagged by a message? (18]

Can the content be altered by the teacher? % _] .

is the rate of presentation of material under user control? [ ]

Can the sequence and/or content of the program be ditferent

. each time it is used? -
is use made oi output devices other than the screen? [ 1]

g COMMENT
COMMENTS: :

PAGE & TRANSFER ALL RELEVANT POINTS TO COVER SHEET TRANSFER ALL RELEVANT POINTS TO COVER SHEET PAGET
L

©  NSW Department of Education 1985 © NSW Department of Education 1985
Free for copying for educational purposes if source is acknowledged. Free for copying for educational purposes if source is acknowledged.
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SUPPORT MATERIALS

{Vv']YES [X]NO [O] NOT APPLICABLE

OPERATION COMMENT
Is there an operating instructions manual?

Is the manual sufficiently comprehensive?

is the manual logically arranged and easily understood?

Are copying details given if appropriate?

Is a sample program run given?

CURRICULUM

Isthere a teacher's manual with suggested teaching strategies?{

Are there student workbooks or worksheets?

Does the documentation (language and illustrations) show a
balanced view of groups in society?

Are reading and research materials supplied?

Are there references to N.S.W. curriculum materials?
TECHNICAL

Is the documentation accurate?

is there a description of the structure of the program?

Are any other useful technical details supplied?

PACKAGING

Is the documentation satisfactorily bound?

Does the packaging adequately protect the disk or cassette? |

Is the packaging suitable for storage in the library?

COMMENTS:

PAGE 8 TRANSFER ALL RELEVANT POINTS TO COVER SHEET

© NSW Department of Education 1985
Free for copying for educational purposes if source is acknowledged.
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