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Abstract

In recent times, the term cognitive tool has been applied to computer technology that
promotes reflective thinking and student-regulated learning. The interactive qualities
of cognitive tocls, and their ability to visually represent students’ knowledge
construction processes, promotes cognitive and metacognitive thinking and fosters
learning for understanding. When used appropriately, cognitive taols are purported to
bring about advanced cognitive gains through the amplification and augmentation of
thinking and leaming,

These gains, however, have not been widespread given that information on how to use
cognitive tools appropriately has largely eluded educators to date. The purpose of this
study, therefore, was to identify an implementation framework that facilitated effective
use of cognitive tools such that their patential could be maximised. This framework,
which emerged from the literature, was based on a social constructivist perspective of
learning whete discourse and collaboration were highly valued, and students were
encouraged to distribute their learning across social, physical. symbolic and intellectual
resources. Known as a distributed leamning environment (DLE) framework, it also
permitted insight into the extent to which cognitive tools, when used appropriately,
contributed to student learning,

Using action research methodology, this framework was implemented on two separate
occasions into a fourth year tertiary unit. In keeping with the specific features of the
DLE framework, modificaions were raade to the characteristics of the teaching
contexts, which ultimately influenced the ways in which the students approached class
activities and thefr learning in general. In both instances, data was collected from
collaborative groups by recording and transcribing their discussions during class
activities. Student interviews were also conducted and transcriptions were made of
their self-reflective journals. The purpose of the first implementation was to determine
the success of the framework in terms of the extent to which it encouraged students to
distribute their learning to resources within the classroom. While there were varying
degrees of distribution, the data suggests that the students relied heavily on many
resources to support their understanding of the unit material.

Based on these encouraging findings, the second implementation proceeded and the
DLE framewark was used as a catalyst for the introduction of a cognitive tool called

Inspiration® into the same unit the following semester. The activities within this unit
il



were based on collaborative group work, the understandings from which ware built
into a concept-map that each group created for the five modules within the unit.
Discourse analysis revealed that this setting enhanced student Jearning in thiit deep-
Jevel socio-cognitive processes were frequently present within the colliborative
groups’ dialogue. By forming visual, metacognitive, collaborative and metivational
partnerships with the cognitive tool, the groups were able to place strusture and
coherency in their dialogue, identify gaps in their understandings and take the
appropriate steps towards integrating knowledge.

The major implication to emerge from this study is that the DLE framework
smiccessfully supported the inherent qualities associated with the cognilive tool.
Although extensive, its features present educators with a practical opportunity to
operationalise current learning theory in their classrooms and, at the same time,
implement an environment that embraces and advances the learning benefits
associated with cognitive tools.
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Introduction

Background to the study

A myriad of literatute exists supporting the use of computer technology in educational
contexts. Over the decades, numerous claims have been made regarding the positive
impact computers have had on the process u learning. Technology has enabled
students to expand their thinking capabilities; to work harder, faster and smarter
(Jonassen, Peck & Wilson, 1999; Norman, 1993; Reusser, 1993), to go beyond the
boundaries of human processing limitations (Bruner, 1990; Pea, 1985), and extend
individuals’ intellects to limits not yet fully explored ner understood {Adams, 1585).
These ambitious claims are typically made in relation to the use of computers as
cogniitive tools, that is, software applications that facilitate critical thinking and higher

arder learning.

Cognitive tools differ from the more traditional ‘instructivist’ notion of computer
technology in that they do not provide prescribed communications or interactions, not
do they transmit bodies of knowledge (Jonassen & Reeves, 1996). In the true sense,
cognitive tools are unintelligent applications (Jonassen, 1995; 1996) that provide
Bexible, didactic supports which encourage students to make maximum use of their
own intelligence and knowledge structures (Reusser, 1993). Rather than force students
down pre-determined paths, cognitive tocls encourage self-directed, intentional
learning {Salomon, Perkins & Globerson, 1991). The interactive qualities of cognitive
tools, and their ability to visually tepresent students” knowledge construction
processes, promotes cognitive and metacognitive thinking (Lajofe, 1993) and fosters
learning for understanding (Norman, 1983),

However, despite these impressive qualities, cognitive tools have largely failed to
deliver the transformation in learning that so many claimed they could and would
(Cuban, 1996; Hunter, 1998; Jonassen & Reeves, 1996; Rogers, 2001, Selwyn, 1999;
Stoney & Oliver, 1999), Recent reports indicate that cognitive tools have not been used

to facilitate student-directed learning, nor have they enhanced learning outcomes in
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any notable way (Evans, 1998). Despite its strang presence in schools today, computer
technology is primarily being used to supplement traditiona expository patterns of
classroom activity, rather than as a tool to cultivate higher-order thinkirg and learning
(Conte, 1997; Hooper & Hokanson, 2000).

What critics kend to forget, however, is that the way in which a cognitive tool is used
will ultimately influence its ability to enhance learning. Crook {1994} writes, “Across
different settings, there may be significant vadation in how radically the same
technology serves to restructure the activity of learning” (p. 9). For example, computers
that are used to conduct drill and practice will be less likely to stimulate higher-order
thinking compared to those that are used to represent internal knowledge structures.
Similarly, those that are used to Instruct and transmit information will be less
successful compared to those that are used to support self-directed analysis and
interpretation of information. Even the most competent cognitive tools can be rendered
useless if the student is using it to carry out activities that support the absorption of

meaningless pieces of information.

Consequently, in judging the impact of cognitive tools, the focus is not so much on the
tool itself but on its perceived role in the classroom (Reeves, 1996} and the way in
which the students interact with it. As is the case with any educational tool, interaction
with it is largely dependent on the objectives of the learning activity which, in turn, are
influenced by the nature of the learning environment as a whole. This view is
supported by Salomon (1993c) who writes, “... no tool is good or bad in and of itself; its
effectiveness results from ... the whele configuration of events, activities, contents and

interpersonal processes taking place in the context of which it has been used (p. 189).

It can be inferred from this statement, that the value of cognitive tools can only be
realised when they are implemented within learning environments that are conducive
to their inherent qualities. And given their potential to facilitate the construction of
meaningful knowledge, it comes as no suprise that many theorists propose
constructivist learning environments as being the most appropriate (Cole &
Engestrdm, 1993; Evans, 1998; Jonassen, 1996, 1998; Jonassen & Reeves, 1996; Lajoie,
1993). Constructivism, after all, promotes the sort of active mental involvement in
learning ~ the mindful engagement that cognitive tools require from students if they
are to be used effectively (Jonassen, 1996).
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Although Fdelson, Pea and Gomez {1996) acknowledge the value of a constructivist
learning environment, they argue that (on its own} it is not the optimal environment
for cognitive tools. Because fearning is widely recognised as a social experience,
Edelson et al. cite the individualistic focus of constructivism as being one of its main
shortcomings in relation to cognitive tools. Based on the belief that learning is
enhanced when students have opportunities to communicate and collaborate with each
other (pnd with a range of learming tools), they propose that the constructivist
approach be supplemented with a socis-cultural perspective of learning. In doing so, the
learning environment becomes one where students construct knowledge in partnersiip

with each other and with its culturally defining resources.

This partnership has been frequently described in the literature as an ‘intellectual’ cne
(Jonassen, 1995, 1996; Jonassen & Reeves, 1996; Reeves, 1996; Salomon et al., 1991} in
that cognitive processes are shared and distributed across the student, the learning
resources and the learning environment in general. Learning cutcomes, therefore, are
potentially enhanced by accessing the contributions of an array of resources, not just
one individual thinking alone. This notion of the whole being greater and more
powerful than the sum of its parts is supported by Torraco (1999) as he states, “Rather
than being limited to a single agent, the learner is an aggregate concept representing a
corps of individuals [and other resources] engaged in collaborative effort to achieve a

commen goat” (p. 257).

This picture provides a useful starting point for the implementation of the computer as
a cognitive tool and also raises some presently unanswered questions. Introduced 2s a
pariner in cognition, one to which cognitive activity could be distributed, would the
cognitive tool be able to fulfill its role as a powerful learning teol? Weuld it enable
students to effectively represent their knowledge construction processes and encourage
them to think at deeper, more sophisticated levels? What actually are the
characteristics of this environment where learning is distributed across students and
resources? Might a ‘distributed learning environment’ contribute a practicat solution to
the implementation of cognitive toals which has evaded educators ard theorists to
date?
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Purpose of the study and research questions

These questions and concerns were at the heart of this study, the purpose of which was
two-fold: cne, to develop an implementation framework that facilitated appropriate
use of computers as cognitive tools and two, to explore the extent to which computers,
when used as cognitive tools, promoted student learning, These aims were carried out

in theee interrelated parts which are outlined below.

Part 1: Identification of a distributed learning environmant framework

Fundamental to this investigation was the premise that learning is not an individual
pursuit, bus rather Is a collaborative process distributed across a variety of resources
found within the learning environment. In an effort to facilitate this process, it was first
necessary to develop a framework which would be conducive to the distribution of
cognition. Consequently, the related literature was extensively reviewed to identify the
key characteristics associated with distributed learning environments. Books, journal
articles, Tesearch projects and web sites were the primary referents for these
characteristics, which were subsequently formulated into a framework which consisted
of three main compchents (teaching clharacteristics, studenf characteristics and process

characteristics),

Part 2: Implementation of the distributed learning environment framework

Research question 1: To what extent do students distribute their learning witina
distributed learning environment?

During Part 2 of this study, the framework developed in the previous phase was
introduced into a fourth year education unit. Data were gathered by video recording
students as they completed class activities, by individually interviewing students and
by collecting their journals which they maintained throughout the semester. This
information was used to determine the extent to which the students distributed their
cognition to individual, social, physical and symbolic resources evident within the

learning environment,

The understandings formed here, as well as constant observation of the framework

throughout the semester, were used to modify the distributed learning environment
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accordingly. Furthermore, any issues that appeared to influence the students’
distribution of cognition, but were not evident in the framework, were subsequently
incorporated.

Part 3: Introduction of a computerised cognitive tool Into the classroom
using the distrlbuted learning environmant framework

Research question 2: How does a cognitive fool contribule fo student learning when
implemented in a distributed learning environment?

Using the framewaork, modified in accordance with findings that emerged in Part 2, a
computerised concept-mapping cognitive tool was implemented into the same
education unit but in the following semester. Students were familiarised with the
priﬁciples of distributed cognition at the beginning of the unit, and were also taught
how te use the concept-mapping tool. Throughout the unit, students worked in
collaborative groups around the computer. Four of these groups were aobserved to
assess the effects the cognitive tool had on their learning. Data were collected by audio-
taping their interactions with each other and with the cognitive tool.

Research question 3: What reactions typify students’ responses lo the use of compulers as
cognitive tools in a distributed learning environment?

Because many of the students had litle prior experience in learning with cognitive
tools, data were also gathered to determine their attitudes towards this endeavour. It
was assumed that the students’ perceptions of using the computer as a coguitive tool,
and their commitment towards a distdbuted learning environment, might affec: their
learning outcomes, The findings to emerge from this research question, therefore, were
used to supplement the findings of the previous research questior:. Data were collected
by individually interviewing the students after each recorded class activity, and by

reviewing entries in their journals.

The students’ perspectives an computer technology, as part of the learning culture
within'education, were also examined. These issues added an affective element to the
study and provided insight into the process of integrating computer technology into
the culture of education courses.
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Figure 1.1 provides a dingrammatic overview of the three parts of the study, and their

respective investigations.

Part 1 Part 2 Part 3
Implement the distributed Use the distributad
learning environmant into 8 leaming envirgnment ta
tertiary leaming introduce a concapl-
anviranment and verify its mapping cognitive taol
presence. into 3 tertiary feaming

Develop a distributed enviranment.
laamning 2nvironment Explore tha extent lo which
by reviewing the .| Iha students distnbute thelr o| Explore the extant o
related literature, | leaming within this "] which this resourca
enviranment {RQ1). conlribiutes ko student
learning {RQ2}.
Madify the distributed
learing environment to Explore tha students’
accommodate findings o perceptions of the
emergs [mom s part of the cognitive 1ol and the
study, distributed laarning
environment (RQ3).

Flgure 1.1 Overview of research design and its invastigations

Structure of the thesis

Because cognitive tools were the focal point of this study, it was necessary to begin the
thesis with a comprehensive overview of this resource. Chapter 2, therefore, is a
review of the literature that defines cognitive tools. The attributes of effective cognitive
tools are described, as are the educational benefits of using them. It is postulated that
cognition can be extended, redefined and augmented when cognitive tools are used as

pariners in the process of learning.

Chapler 3 discusses the theoretical framework which underpins the development of
this partnership. Termed social constructivism, this perspective describes learning 2s a
social activity where students collaborate to construct knowledge in resource-rich
learning communities. Vygatsky’s socio-culturalist and Piaget's constructivism form

the basis of the assumpticns which constitute social constructivism.

In Chapter 4 distributed cognition s introduced as an extension of social
constructivisin. A continuum of varying conceptions of distributed cognition is

proposed and the one aligned most closely with this study is identified. Because
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resources are central in all conceptions {to a greater or lesser extent) a broad overview

of their role as vehicles of distribution is given,

Chapter 5 constitutes Part 1 of the research and discusses the fundamental
characteristics of a distributed learning environment. Drawing on the principles of
distributed cognition presented in Chapter 4, the specific features of this framework
are described in detail. Given that this framework constitutes the foundation upon

which the rest of the study was built, it is constantly referred to throughout the thesis.

Chapter 6 discusses the methed of research used in all three parts of the study. It
begins with a literature review of the research methodology, the principles of which
facilitated the study's overall design. The two research contexts and procedures of data
collection and analysis are described in detail, as are ethical considerations and the

methaods used to ensure reliability and validity.

Chapters 7 and 8 constitute Part 2 of the research where the distributed learning
environment framework was implemented into the classroom context. Chapter 7 is a
verification that all features of the distributed learning environment framework were
appropriately implemented and Chapter 8 is an analysis of the extent to which
students distributed their cognition when learning under these conditions.

Chapters 9 and 10 constitute Part 3 of the research where the distributed learning
environment framework was used as a catalyst for the introduction of a concept-
mapping cognitive tool. Chapter 9 presents an analysis of the data and the findings in
relation to the extent to which the .::ogrﬁtive tool contributed to effective student
learning. Chapter 10 explores this issue further but from the perspectives of the
students themselves,

As a conclusion to the study, its design, methodology and findings are summarised in
Chapter 11. The implications associated with these findings are also discussed. These
implications provide a practical perspective in terms of the key issues in setting up a
distributed learning environment, as well as the impact this environment might have
on teachers and students. The chapter also provides insight to the significance of this

study, its limitations as well as oppertunities for further related research.
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Cognitive Tools

Chapter Overview

This chapter provides a detailed discussion about cognitive toals - what they are, how
effective cognitive tools ate defined and what benefits students can expect when they
are used approptiately. The differences between learning from and with a cognitive tool
are deseribed and the information-processing model is drawn on to explain the types
of cognitive functions cognitive tools can facilitate, Cognitive, secial, affective and
administrative affordances are described as the four primary affordances associated
with ‘goed’ cognitive tools, the educational benefits of which are subsequently
discussed.

What are cognitive tools?

While the notion of intellectual tools encompasses any device that facilitates cognitive
processing, cognitive tools, more specifically, refer to computer-based devices
(Jonassen, 1595). For example, elecironic concept maps, databases and spreadsheets, as
well as programming software, the internet and word processors, have been
recognised by a multitude of authors as computerised cognitive tocls (Chipman, 1993;
Jonassen, 1996; Jonassen, Reeves, Hong, Harvey & Peters, 1997; Reeves, 1996; Salomon,
1993c and others).

In keeping with information processing medels of thinking and learning, cognitive
tools can be classified according to the cognitive functions they facilitate (liyoshi &
Hannafin, 1998). For example, Table 2.1 provides an overview of the types of cognitive
tools that can support cognition throughout all phases of information processing.
While it is possible for some cognitive tools to facilitate multiple phases of cognitive
processing (e.g., concept-mapping software), the examples provided in Table 2.1 have
been classified according to their most notable functional ability.
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Table 2.1 Classification of cognltive tcols aceording te the Information-processing
magde! of thinklng and learning (adapted from Ilyoshi & Hanpafin, 1958)

Cagnltive

procasses Functional toe] classifications Role of cognlitive taals

Support studenis as they altempt t identify and
locale relevant Information, as well as ratrieve
new and existing knowladge.

Seeking Infgrmation segking tools (e.g.,
Informatior | tha [ntemet)

Selecting | \nformation prasentation tools Support students as they attempt to present the
information (8.5, word processars, information they encountar. Agsist them In
spreadsheats) clarifying tha relalionship among the information.
Support students as they attempt to establlsh
Omanising | Knowledgs organiaation lools concaptual relatfonships in new Information, Help
information | {(e.g., database software) them interpret, connect and organise the

represanlad infomation meaningfully.

Support students in connecting new with existing
Inlegrating | Knowledge integralion tools knowledge. Faciliate the pracessing of content
information | (2.g., concept-mapping software) | atdeeper levels in order to construct persanally
meaningful knowladge.

Support the manipulation and generation of

Generating | ¥Knowledge generation tools knowledge. Help studenls to represent their
Information | {e.g., programming) newly ganerated knowledge flexdbly and
maaningfully.

Although computer technelogy in the classroom is not a new concept, implementing it
as a cognitive tool is {Jonassen, 1996). In many classroom environeents, computer
applications are used as ‘teaching tools’ that mimic the traditional role of the
expository teacher. This type of application is very different from one that is
implemented as a cognitive tool with which students are encouraged to construct their
own meaning of knowledge, rather than absorb ideas preconceived by others (Jonassen
& Reeves, 1996). Salomon et al. (1991) make the distinction between computers used in
this way as learning with technology as opposed to the effucts of technology on
learning. The notion of learning with technology implies the development of an
intellectual partnership where the student and computer work together to achieve
learning ouicomes. In contrast, the effects of technology refer to the knowledge or skills

acquired by the student as a result learning from the computer,

When computer technology is used as a teaching tool (which students tearn from),
rather than as a cognitive tool (which students learn with), a certain amount of
intelligence is impliew. In theory, computerised tutoring applications are intelfigent
encugh to replace human teachers’ diagnoses of the cognitive abilities and needs of
their students (Reusser, 1993). Not enly do these applications provide ready-made
knowledge, they also decide how much of that knowiedge students should learn and
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the pace at which they should learn it. This level of intelligence can be detrimental to
learning {Derry & Lajoie, 1993) considering that all-controlling computer applications
generally encourage students to abdicate their responsibility in the learning process

and become passive recipients rather than active constructors of knowledge.

In contrast, cogritive tools promote reflection (Norman, 1983), critical thinking
(Reeves, 1996) and student-regulated knowledge construction {Jonassen et al., 1993).
Provided they are deployed within appropriate classroom environments, they facilitate
cognitive and metacognitive thinking (Lajeie, 1993) and ultimately rely on students for
decislons as to the pace and dicection of their leaming. While some refer to these types
af applications as unintelligent (Jonassen, 1995, 1996) or emply shells (Hedberg, Harper
& Brown, 1993) their ‘deficiency’ is only evident in the sense that they do not provide
prescribed instruction. It does not imply any inability to aid in the learning process.
Used primarily to represent student thought processes, cognitive taols can foster the
developnient of deep understandings by enabling students to inspect, reflect on,
mandpulate and discuss concepts and strategies that are nommally intangible and
abstract (Reusser, 1993).

The visual component, therefore, is potentially a vital characteristic of any cognitive
tool, Through the manipulation of graphic interfaces, cognitive tools enable students to
generate conceptual networks, diagrams, hierarchical structures, graphs, tables,
symbol systemns and more. Not only do these visuals provide cancrete representations
of thought against which meaning can be indexed and explained, they also facilitate
the intentional construction and externalisation of mental models. Because mental
models are typically constructed incidentally, they are generally not readily available
fot reflection nor are they easily manipulated (Wild, 1996). However, building mental
models with cognitive tools is an intentional pursuit that requires active mental
participation from the students. As such, the understandings these computer-mediated

mental models represent are more accessible, flexible and, above all, useful.

The effectiveness of the visual compenent is inherent within a range of fundamnental
atkributes that all ‘good’ cognitive tools should possess. Even though the value of a
cognitive toal is ultimately influenced by the purpose for which it is being used (i.e., as
a tool to leamn with or from), these fundamental attributes should be present

nonetheless.
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Attributes of a good cagnitive too!

Reusser (1993) contends that the design of effective cognitive tools should be based an
current research in cognitive paychology. More specifically, they should acknowledge
that knowledge is actively constructed by students, and that this knowledge is
typically produced, shared and transformed within groups of students working
together to solve problems. Therefore, to be characterised as effective, cognitive tools

must support the cognitive and social aspects of Jearning.

In addition to this Lepper, Woolverton, Mumme and Gurtrer (1993) argue that the
affective side of cognitive tools is also critical to successful leamning yet this issue
remains largely unaddressed in the literature. The assumption is that if the cognitive
and social issues are addressed, then high levels of motivation will naturally ensue. As
will be elaborated upon in Chapter 4, Perkins (1985, 1992} wams against making this
assumption and argues that the cognitive tcol and the learning environment must
openly attend to the motivational state of the student by 2) providing appropriate
Jevels of challenge, b) enabling the student to maintzin a sense of control and ¢}
eliciting from the student a high level of curiosity. Lepper et al. {1993) concur with
these goals and maintain that they are integral to the development of intrinsic

mativaten.

Furthermore, Jonassen {1996) contends that cognitive tocls should possess certain
administrative features, although these more practical aspects are not necessarily critical
to effective learning. He states that aspects such as affordability and availability should
be evident in cognitive tools as they render them accessible to a greater population of
students.

Consequently, cognitive tools should possess cognitive, social, affective and
administrative features if they are to contribute to quality learning outcomes. Cognitive
features encompass those criteria that relate to the mental constructions of knowledge,
whilst secial features encompass those criteria that relate to the shared constructions of
knowledge. Affective features relate to the motivational aspects of jearning and

administrative features refer to criteria of practicality.
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The extent to which these four fundamental features characterise good cognitive tools
is better understood if they are thought of as ‘affordances’ {refer to Figure 2.1), Pea
(1593) contends that the way in which something is used is determined by the
perceived and actual properties it possesses, that is, its affordances. For example, a cup
cun be used as a drinking utensil according to its actual property, but can also double
as a pencil holder in relation to an individual’s perception of it as a desk organiser.
Similarly, the above mentioned features describe the actual attributes that should be
characteristic in the design of cognitive tools, but may or may not be exploited

depending on the students’ perceptions of these affordances.

Cognltive Soclal
Affardances Affordances

AN

Good
cognltive
tools
POSZAsS ...
Affective Administrative
Affardances Affordances

Figure 2.1 Affordances assoclated with good cognitive tools

With this framework in mind, literature describing the use of cognitive tools in
classroom situations, as well as those examined in empirical studies {e.g., Anderson-
Inman & Zeitz, 1993; Beyerbach & Smith, 1990; Fisher, 1990; Goldenson, 1996; Hyerle,
1996; Kellog & Muel_ler, 1989; McLean & Gibson, 1993; Maddux, Lamont Johnson &
Willis, 1992; Jonassen, 1996; Manouchehri, 1997; Maor, 1991; Ridout, 1990; Roland,
1997; Ryba & Anderson, 1990 and Seidel, 1996), was reviewed to determine the
fundamental characteristics of the four afferdances and the way in which they support
learning, These characteristics {which are described below) are not exhaustive, and it is
acknowledged that others may emerge beyond the cited literature base. They should,
however, still fall within one of the four affordances defined.
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Cognitlve affordances

= The cognitive tool supports student-centeredness (Anderson-Inman & Zeitz, 1993;
Beyerbach & Smith, 1990; Fisher, 1990; Hyerle, 1996; McLean & Gibson, 1993;
Maddux, et al., 1992; Jonassen, 1996; Manouchehri, 1997; Maor, 1991; Ridout, 1990;
Roland, 1997 and Seidel, 1996). While the cognitive tool is perceived to be a partner
in the learning process, all actions are controlled by the student. Therefore, active
mental engagement on the part of the student is imperative.

s The cognitive tool supports cognitive transfer (Goldenson, 1996; Jonassen, 1996; Ryba &
Anderson, 1990; Seidel, 1996). Knowledge and skills developed while working with
the cognitive tool in a particular context can be transferred to other similar or
different contexts, either with or without the cognitive tocl. For example, strategies
developed while working with a cognitive too! in mathematics can be wsed in
social studies alse. Salomon et al. (1991) and others (Salomorn & Perkins, 1998;
Underwood & Underwood, 1990) describe this transferability as the cognitive
residue that partnerships with computers leave behind.

= The cognitive tool supports reflection and critical thinking (Anderson-Inman & Zeitz,
1993; Beyerbach & Smith, 1990; Fisher, 1990; Hyerle, 1996; Maddux, et al., 1952;
Jonassen, 1996; Manouchehri, 1997; Maor, 1991; Ridout, 1950; Roland, 1997 Ryba &
Anderson, 1990 and Seidel, 1996). Cognitive tools display students’ thinking,
Visualising their own thoughis encourages a deep level reflection about what
students know and what they don’t know.

» The cognitive tool is unintelligent and hence supports the student’s intellect (Anderson-
Inman & Zeitz, 1993; Beyerbach & Smith, 1990; Fisher, 1990: Goldenson, 1096;
Jonassen, 1996; Manouchehri, 1997; Roland, 1997; Ryba & Anderson, 1990 and
Geidel, 1996). Software doesn't contain prescribed facts. Students provide the
intelligence and thus create knowledge rather than receive it. After all, knowledge
does not exist as an external entity, but is actively constructed by students as they

endeavour to understand its inherent meaning (Candy, 1991}

»  The cognitive foo! supporls melacognitive thinking (Beyerbach & Smith, 1990; Fisher,
1990; Goldenson, 1996; Hyerle, 1996; Maddux, et al, 1992; Jonassen, 1996
Manouchehri, 1997; Ryba & Anderson, 1950; Seidel, 1996). The interactive nature of
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many cognitive tools stimulates self-questioning and self-instructicn. Also, design
is such that students can visualise their thinking processes. Graphics enable
stadents to see the decislons they’ve made, evaluate them, and then proceed
accordingly.

Social affordancas

v The cognitive tool supporly discussion and collpboration (Beyerbach & Smith, 1950;
Hyerle, 1996; McLean & Gibson, 1993; Maddux, et al, 1992; Jonassen, 1596,
Manouchehri, 1997; Macr, 1991; Ridout, 1990; Ryba & Anderson, 1930). Through
discussion and collabotation with others, students are able to negetiate the
meaning of a concept by questioning existing understandings as well as explaining,
evaluating and clarifying new and developing understandings. These opporturities
for collaboration can oceur either when working in group situations around the
cognitive tool, or as an individual working at a distance from others (e.g., the world

wide web).

Affectlve Affordances

= The cognitive tool supports intrinsic mofivation {Anderson-Inman & Zeitz, 1993;
Beyerbach & Smith, 1990; Fisher, 19%0; Hyerle, 1996; McLean & Gibson, 1993;
Maddux, et al., 1992; Ridout, 1990; Ryba & Anderson, 1990; Seidel, 1998). Cognitive
tocls engender a sense of satisfaction which comes from being challenged, in
control and intrigued by the activities that are supported by the application.
Positive feelings towards a novel, yet sound method of learning encourage stadents
to make sense of the material and seek further opportunities to tackle similar
problems in other contexts. In relation to interactive multtmedia, Chan Lin and
Reeves (1994) cite a large literature base that places computer graphics at the centre

of student motivation and, subsequently, enthanced learning cutcomes.

Administrative Affordances
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s The cognitive lool is affordable {Jonassen, 1996; Maddux, et al., 1992), Cognitive tools

should be inexpensive and readily available.

»  The cognitive tool is easy to use - not time consuming (Anderson-Inman & Zeitz, 1993;
Fisher, 1990; Goldenson, 1996; Kellog & Mueller, 1989; Maddux, et al, 1592
Jonassen, 1996; Maor, 1991; Ryba & Anderson, 1990; Seidel, 1996). Students should
be able to easily navigate their way around without expending toe much cognitive
effort. Software should not be so sophisticated that students spend most of their
time trying to work out how to use it rather than actually learning with it.

= The cognitive lool can be used in a variety of subject areas (Fisher, 1990; Goldenson,
1996; Hyerle, 1996; Maddux, et al,, 1992; Jonassen, 1996; Roland, 1997; Ryba &
Anderson, 1990). The software is not domain-specific, but promotes the use of
domain-specific language and symbols in a variety of different subjects across the

curriculum.

A summary of the extent to which these characteristics appeared in the literature is
provided in Table 2.2.
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Why use cognitive tools?

Knowledge construction is largely an unobservable, complex process thal occurs
within the minds of individuals who are either collaborating with others or working
alone. Tn build knowledge, information is attended to, defiberated upon, related to
similar existing information, and then filed away in a new, more sophisticated form.
Cognitive tools can be used to mediate this (often taxing) process by visually
representing thinking paths for overt analysis and organization. This exposure can also
generate a level of discussion that would perhaps not be possible with covert

cognition.

The outcomes of this mediation process are not altogether clear in the literature, nor are
existing interpretations agreed upon. While most theorists agree that computers
‘support’ cognition, it is their interpretation of ‘support’ that varies. Some say that
cognitive tools amplify learning through a division of labour process. In these
instances, the cognitive tool primarily supports the lower-level cognitive processes in
order to free the student te engage in higher-fevel activities. With drill and practice
applications, for example, students can off-load tedious or repetitive tasks onto the
cognitive tool, thus enabling them to complete tasks more efficiently and at a quicker

PBCE.

While Pea (1985} acknowledges the worthy status of cognitive tools as amplifiers of
human capability, he extends this profile to contend that cognitive tocls can in fact
change the way in which students think and learn. Confining the value of cognitive
tools to an amplification perspective restricts their true powers, that is, the potential for
them to extend, redefine and augment student cognition. Atgmentation comes about
when students work collaberatively - in parinership - with the cognitive tool to open
up new possibilities of thought and to construct deep understandings and conceptions.
Seen in this light the cognitive tool becomes "an indispensable instrument of mentality,
and not merely a tool” (Pea, 1985, p. 175).

Augmentation is essentially a by-product of ‘reflection’, which is a process encouraged
by cognitive tocls through the visual representation of thinking paths (Norman, 1983;
Reusser, 1993). Reusser (1993) writes:
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Abstract

In recent mes, the term cognitive tool has been applied to computer technology that
promotes reflective thinking and student-regulated learning. The interactive qualities
of cognitive tools, and their ability to visually represent students’ knowledge
construction processes, promotes cognitive and metacognitive thinking and fosters
tearning for understanding. When used appropriately, cognitive tools are purported to
bring about advanced cognitive gains through the amplification and augmentation of
thinking and learning.

These gains, however, have not been widespread given that information on how to use
coguitive taols appropriately has largely eluded educators to date. The purpose of this
study, therefore, was to identify an implementation framework that facilitated effective
use of cognitive tools such that their potenfial could be maximised. This framework,
which emerged from the literature, was based on a social constructivist perspective of
learning where discourse and collaboration were highly valued, and students were
encouraged to distribute their leamning across social, physical, symbolic and intellectual
resources. Known as a distdbuted learning environment (DLE} framework, it also
permitted insight into the extent to which cognitive tools, when used appropriately,
contributed to student learning,

Using action research methodalogy, this framework was implemented on twa separate
occasions into a fourth year tertiary unit. In keeping with the specific features of the
DLE framework, modifications were made to the characteristics of the teaching
contexts, which ultimately influenced the ways in which the students approached class
activities and their leamning in general. In both instances, data was collected from
collaborative groups by tecording and transcribing their discussions during class
activities. Student interviews were also conducted and transcriptions were made of
thetr self-reflective journals, The purpose of the first implementation was to determine
the success of the framework in terms of the extent to which it encouraged students to
distribute their learning to resources within the classroom. While there were varying
degrees of distribution, the data suggests that the students relied heavily on many
resources to support their understanding of the unit material.

Based on these encouraging findings, the second implementation proceeded and the
DLE framework was used as a catalyst for the introduction of a cognitive toof called

Inspiration® into the same unit the following semester. The activities within this unit
f



were based on collaborative group work, the understandings from which were built
into a concept-map that each group created for the five modules within the unit.
Discourse analysis revealed that this setting enhanced student fearning in that deep-
level socio-cognitive processes were frequently present within the collaborative
groups’ dialogue. By forming visual, metacognitive, collaborative and motivational
partrerships with the cognitive tool, the groups were able to place structure and
coherency in their dialogue, identify gaps in their understandings and take the
appropriate steps towards integrating knowledge.

The major implication to emerge from this study is that the DLE framework
successfully supported the inherent qualities associated with the cognitive tool.
Although extensive, its features present educators with a practical opportuﬁity to
operationalise current learning theory in their classrooms and, at the same ftime,
implement an environment that embraces and advances the learning benefits
associated with cognitive tools.

it
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Introduction

Background to the study

A myriad of literature exists supporting the use of computer technology in educational
contexts. Over the decades, numerous claims have been made regarding the positive
impact computers have had on the process of learning. Technology nas enabled
students to expand their thinking capabilities; to work harder, faster and smarter
(Jonassen, Peck & Wilson, 1999; Norman, 1993; Reusser, 1993), to go beyond the
boundaries of human processing limitations (Bruner, 1990; Pea, 1985), and extend
individuals’ intellects to limits not yet fully explored nor understood {(Adams, 1985).
These ambitious claims are typically made in relation to the use of computers as
cognitive tools, that is, software applications that facilitate critical thinking and higher

order leamning.

Cognitive tools differ from the more traditional ‘instructivist’ notion of computer
technology in that they do not provide prescribed communications or interactions, nor
do they transmit bodies of knowledge (Jonassen & Reeves, 1996). In the true sense,
cognitive tools are unintelligent applications (Jonassen, 1995; 1996) that provide
flexible, didactic supports which encourage students to make maximum use of their
own intelligence and knowledge structures (Reusser, 1993). Rather than force students
down pre-determined paths, cognitive tools encourage self-directed, intentional
learning (3alomon, Perkins & Globerson, 1991). The interactive qualities of cognitive
tools, and their ability to visually represent students’ knowledge construction
processes, promotes cognitive and metacognitive thinking (Lajoie, 1993) and fosters
learning for understanding (Norman, 1983).

However, despite these impressive qualities, cogritive tools have largely failed to
deliver the transformation in learnirg that so many claimed they could and would
{Cuban, 1996; Hunter, 1998; Jonassen & Reeves, 1996; Rogers, 2001, Selwyn, 1999;
Stoney & QOliver, 1999). Recent reports indicate that cognitive tools have not been used

to facilitate student-directed learning, nor have they enhanced learning cutcomes in
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any notable way (Evans, 1998). Despite its strong presence in schools today, compuler
technelogy is primarily being used to supplement traditional expository patterns of
classroom achivity, rather than as a tool to cultivate higher-order thinking and learning
{Conte, 1997; Hooper & Hokanson, 2000).

What critics tend to forget, however, is that the way in which a cognitive tool is used
will ulimately influence its ability to enhance learning. Crook (1994) writes, “Across
different settings, there may be significant varation in how radically the same
technology serves to restructure the activity of learning” {p. 9). For example, computers
that are used to conduct drill and practice will be less likely to simulate higher-order
thinking compared to those that are used to represent internal knowledge strurctures.
Similarly, those that are used to instruct and transmit information will be less
successful compared to those that are used to support self-directed analysis and
interpretation of information. Even the most competent cognitive tools can be rendered
useless if the student is using it to carry out activities that support the absorption of

meaningless pieces of information.

Consequently, in judging the impact of cognitive tools, the focus is not so much on the
teol itself but on its perceived role in the classtoom (Reeves, 1996) and the way in
which the students interact with it. As is the case with any educational tool, interaction
with it is largely dependent on the cbjectives of the learning activity which, in turn, are
influenced by the nature of the learning environment as a whole, This view is
supported by Salomon (1993c} who writes, “... no tool is good or bad in and of itself; its
effectiveness results from ... the whole configuration of events, activities, contents and

interpersonal processes taking place in the cantext of which it has been used (p. 189}

It can be inferred from this statement, that the value of cognitive tools can only be
realised when they are implemented within learning environments that are condudve
to their inherent qualities. And given their potential to facilitate the construction of
meaningful Imowledge, It comes as no surprise that many theorists propose
constructivist learning environments as being the most appropriate (Cole &
Engestriom, 1993; Evans, 1998; Jonassen, 1996, 1998; Jonassen & Reeves, 1996; Lajoie,
1993}, Constructivism, after all, prometes the sort of active mental involvement in
learning — the mindful engagement that cognitive tools require from students if they
are to be used effectively (Jonassen, 1996}.
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Although Edelson, Pea and Gomez (1996) acknowledge the value of a constructivist
learning environment, they argue that (on its own) it is not the optimal environment
for cognitive tools. Because learning is widely recognised as a social experience,
Edelscn et al. cite the individualistic focus of constructivism as being one of its main
shortcomings in relation to cognitive tools, Based on the belief that learning is
enhanced when students have opportunities to communicate and collaberate with each
other (and with a range of learning tools), they propose that the constructivist
approach be supplemented with a socio-cultural perspective of learning. In doing so, the
learning environment becomes one where students construct knowledge in parinership

with each other and with its culturally defining resources.

This partnership has been frequently described in the literature as an “intellectual’ one
(Jonassen, 1995, 1996; Jonassen & Reeves, 1996; Reeves, 1996; Salomon et al, 1991) in
that cognitive processes are shared and distributed across the student, the learning
resources and the learning environment in general. Learning outcomes, therefore, are
potentially enhanced by accessing the contributions of an array of resources, not just
one individual thinking alone. This notion of the whole being greater and more -
powerful than the sum of its parts is supported by Torraco {1999) as he states, “Rather
than being limited to a single agent, the learner is an aggregate concept representing a
corps of individuals [and other resources] engaged in collaborative effort to achieve a

commen goal” (p. 257).

This picture provides a useful starting point for the implementation of the computer as
a cognitive tool and also raises some presently unanswered questions. Introduced as a
partner in cognition, one to which cognitive activity could be distributed, would the
cognitive tool be able to fulfill its role as a powerful learing tool? Would it enable
students to effectively represent their knowledge construction processes and encourage
them to think at deeper, more sophisticated levels? What actually are the
characteristics of this environment where learning is distributed acress students and
resources? Might a ‘distributed learning environment’ coniribute a practical solution to
the implementation of cognitive tools which has evaded educators and theorists to
date?
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Purpose of the study and research questions

These questions and concerns were at the heart of this study, the purpose of which was
two-fold; one, to develop an implementation framewaork that facilitated appropriate
use of computers as cognitive tools and two, to explore the extent to which computers,
when used as cognitive tools, promoted student learning, These aims were carried out

in three interrelated parts which are outlined below.

Part 1: Identifization of a distributed [earning environment framework

Fundamental to this investigation was the premise that learning is not an individual
pursuit, but rather is a collaborative process distributed across a variety of resources
found within the learmning envirorunent. In an effort to facilitate this process, it was first
necessary to develop a framework which would be conducive to the distribution of
cognition. Consequently, the related literature was extensively reviewed to identify the
key characteristics associated with distributed learning environments. Books, journal
articles, research projects and web sites were the primary referents for these
characteristics, which were subsequently formulated into a framework which consisted
of three main components {feaching characleristics, student characleristics and process

characteristics).

Part 2: Implementation of the distributed learning environmant framework

Research question 1:  To what extent do students distribute their learning within a
distributed learning environment?

Duting Part 2 of this study, the framework developed in the previous phase was
introduced into a fourth year education unit. Data were gathered by video recording
students as they completed class activities, by individually interviewing students and
by collecting their journals which they maintained throughout the semester. This
information was used to determine the extent to which the students distributed their
cognition to individual, social, physical and symbolic resources evident within the

learning environment.

The understandings formed here, as well as constant observation of the framework

throughout the semester, were used to modify the distributed learning environment
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accordingly. Furthermore, any lssues that appeared to influence the students’
disiribution of cognition, but were not evident in the framework, were subsequently
incorporated.

Part 3: Introduction of a computerised cognitive tool into the classroom
using the distributed fearning environmant framework

Research question 2:  Heomw does a cognitive tool contribute fo student learning when
implemented in a distributed learning environment?

Using the framework, medified in accordance with findings that emerged in Part 2, a
computerised concept-mapping cognitive tool was implemented into the same
education unit but in the following semester. Students were familiarised with the
principles of distributed cognition at the beginning of the unit, and were also taught
how to use the concept-mapping tool, Throughout the unit, students worked in
collaborative groups around the computer. Four of these groups were observed to
assess the effects the cognitive tool had on their learning, Data were collected by audio-

taping their interactions with each other and with the cognitive tool.

Research question 3: What reactions typify studenis’ responses to the use of compuiers as
cognitive tools in a distributed leaming environment?

Because many of the students had little prior experience in learning with cognitive
tools, data were also gathered to determine thelr attitudes towards this endeavour. It
was assumed that the students’ perceptions of using the computer as a cognitive tool,
and their commitment towards a distributed learning environment, might affect theic
learning outcomes. The findings to emerge from this research question, therefore, were
used to supplement the findings of the previous research question. Data were collected
by individually interviewing the students after each recorded class activity, and by

reviewing entries in their journals.

The students’ perspectives on computer technology, as part of the learning culture
within education, were alsc examined. These issues added an affective element to the
study and provided insight into the process of integrating computer technology into
the cultute of education courses,
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Figure 1.1 provides a diasgrammatic overview of the three parts of the study, and their

respective investigations.

Part1

Develop a distibuted
leaming environment
by reviewing tha

related literaturs,

Part 2

Implament the distributed
learning environment into a
tediary laaming
anvironment and varify its
prasence.

Explore the axtent to which
the students distribute thelr
leaming within this
ervlonmant (RO1).

Modity the distibuled
leaming anvironment k2
accommodate findings to

emerge from this part of the -

study.

¥

Part 3

Ug# tha distributed
laaming enviranment to
inlroduce B concept-
mapplng cognitive ool
Inlg B terliary learning
enviranmant.

Explore the extent to
which this resource
contribules to student
learning {RQ2).

Explore the students'
parceptions of the
cognitive togl and the
distributed learming

envirgnment {RQA3).

Figure 1,1 Overview of research design and its Investigations

Structure of the thesis

Because cognitive tools were the focal point of this study, it was necessary to begin the
thesis with a comprehensive overview of this resource. Chapter 2, therefore, 15 a
teview of the literature that defines cognitive tools. The attributes of effective cognitive
tools are described, as are the educational benefits of using them. It is postulated that
cognition can be extended, redefined and augmented when cogritive tools are used as

partners in the process of learning.

Chapter 3 discusses the theoretical framework which underpins the development of
this partnership. Termed social constructivism, this perspective describes learning as a
social activity where students collaborate to construct knowledge in resource-rich
learning communities. Vygotsky's socio-culturalism and Piaget's constructivism form

the basis of the assumpticns which constitute soclal constructivism.

In Chapter ¢ distributed cogniion is introduced as an extension of sodal
constructivism. A continuum of varying conceptions of distributed cognition is
proposed and the one aligned most closely with this study is identified. Because



Chapter 1: Introduction 7

resources are central in all conceptions {to a greater or lesser extent} a broad overview

of their role as vehicles of distribution is given.

Chapter 5 constitutes Part 1 of the research and discusses the fundamental
characteristics of a distributed learning environment. Drawing on the principles of
distributed cognition presented in Chapter 4, the specific features of this framework
are described in detail. Given that this framework constitutes the foundation upon

which the rest of the study was built, it is constantly referred to throughout the thesis.

Chapter 6 discusses the method of research used in all three parts of the study. It
begins with a literature review of the research methodology, the principles of which
facilitated the study's overall design. The two research coniexts and procedures of data
collection and analysis are described in detail, as are ethical considerations and the

metheds used to ensure reliability and validity,

Chapters 7 and 8 constitute Part 2 of the research where the distributed learning
environment framework was implemented into the classtoom contexi. Chapter 7 is a
verification that all features of the distributed learning environment framework were
appropriately implemented and Chapter 8 is an analysis of the extent to which

students distributed their cognition when learning under these conditions.

Chapters 9 and 10 constitute Part 3 of the research where the distributed learning
environment framework was used as a catalyst for the introduction of a concept-
mapping cognitive tool. Chapter 9 presents an analysis of the data and the findings in
relation to the exient to which the copnitive tool contributed to effective student
learning. Chapter 10 explores this issue further but from the perspectives of the
students themselves.

As a conclusion to the study, its design, methedology and findings are summarised in
Chapter 11. The implications associated with these findings ate also discussed. These
implications provide a practical perspective in terms of the key issues in setting up a
distributed learning environment, as well as the impact this environment might have
on teachers and students. The chapter also provides insight to the significance of this

study, its limitations as wel{ as opportunities for further related research.
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Cognitive Tools

Chapter Overview

This chapter provides a detailed discussion about cognitive tools - what they are, how
effective cognitive tocls are defined and what benefits students can expect when they
are used appropriately. The differences between leamning from and with a cognitive tool
are described and the information-processing model is drawn on to explain the types
of cognitive functions cognitive tools can facilitate. Cognitive, social, affective and
administrative affordances are described as the four primary affordances associated
with ‘good’ cognitive tools, the educational benefits of which are subsequently

discussed.

What are cognitive fools?

While the notion of intellectual tools encompasses any device that facilitates cognitive
processing, cognitive lools, more specifically, refer to computer-based devices
{Jonassen, 1995). For example, electronic concept maps, databases and spreadsheets, as
well as programming software, the internet and word processors, have been
recognised by a multitude of authers as computerised cognitive tools {Chipman, 1983;
Jorassen, 1996; Jonassen, Reeves, Hong, Harvey & Peters, 1997; Reeves, 1996; Salomen,
1993c and others).

In keeping with information precessing models of thinking and learning, cognitive
teols can be classified according to the cognitive functions they facilitate {liyoshi &
Hannafin, 1998). For example, Table 2.1 provides an overview of the types of cognitive
tools that can support cognition throughout all phases of information processing.
While it is possible for some cognitive tools to facilitate multiple phases of cognitive
processing (e.g., concept-mapping software), the examples provided in Table 2,1 have

been classified according to their most notable functional ability.
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Table 2.1 Classification of cognitive teols according to the Informatlon-processing
medel of thinking and learning (adapted from liyoshl & Hannafn, 1998)

GCognitive
pracesses Functlenal tool claasifizations Rele of cognitive tools
Seoking | Informalion secking 10015 (8.8, | enee v students as they attempt to identify and

lacate relevant Information, as well as retieve

information | the intemat) new and exiating knowledge.

Salectin Information presantation tools Support students as they atlempt 1o pregent the
1nfofrnaﬁgn (¢.g.. word processors, information they 2ngounter, Assist themin
spreadshaets} clarifying the relationshlp among the information,
Support students as Lhay attempt to establish
Organising | Knowiedge organisatian tools conceplual relationships fn new Information. Halp
Information | {e.p., database software) them interpret, conect and arganise tha

represanied information meaningfully.

) Support students in connacting new wilh existing
Integrating | Knowledge integration tools knowiadge. Facllitate the processing of content
information | (e.g. concepl-mapping software} | at deeper levels in arder to construct personally
meaningful knowledge.

Support the manipulation and generation of

Generaling | ¥nowledge generation tools knowledge. Help students 1o represent their
Infarmation | {e.g. programming) nawly genarated knowladge flexibly and
maaningfully.

Although computer technology in the classroom is not a new concept, implementing it
as a cognitive tocl is (Jonassen, 1996). In many classroom environments, computer
applications are used as ‘teaching tools’ that mimic the traditional role of the
expository teacher. This type of application is very different from one that is
implemented as a cognitive tool with which students are encouraged to construct their
own meaning of knowledge, rather than absorb ideas preconceived by others (Jonassen
& Reeves, 1996). Salomon et al. (1991) make the distinction batween computers used in
this way as learning with technology as opposed to the effects of technology on
learning. The notlen of learning with technology implies the development of an
intellectual partnership where the student and computer work together to achieve
learning outcomes, In contrast, the effects of technology refer to the knowledge or skills

acquired by the student as a result learning from the computer.

When computer technology is used as a teaching toal (which students learn from),
rather than as a cognitive tool (which students learn with), a certain amount of
intelligence is implied. In theory, computerised tutoring applications are intelligent
enough to replace human teachers’ diagnoses of the cognitive abilities and needs of
their students (Reusser, 1993). Not anly do these applications provide ready-made
knowledge, they also decide how much of that knowledge students should learn and
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the pace at which they should learn it. This level of intelligence can be detrimental to
learning, (Derry & Lajote, 1993) considering that all-controlling computer applications
generally encourage students to abdicate their responsibility in the learning process

and become passive recipients rather than active constructors of knowledge.

In contrast, cognitive tools promote reflection (Norman, 1983), critical thinking
{Reeves, 1996) and student-tegulated knowledge construction (Jonassen et al., 1999).
Provided they are deployed within appropriate classroom environments, they facilitate
cognitive and metacognitive thinking {Lajoie, 1993) and ultimately rely on students for
decisions as to the pace and direction of their learning. While some refer to these types
of applications as unintelligent (Jonassen, 1995, 1996) or emply shells (Hedberg, Harper
& Brown, 1993) their ‘deficiency’ is only evident in the sense that they do not provide
prescribed instruction, It does not imply any inability to aid in the learning process.
Used primarily to tepresent student thought processes, cognitive tools can foster the
development of deep understandings by enabling students to inspect, reflect -on,
manipulate and discuss concepts and sirategies that are normally intangible and
abstract (Reusser, 1993).

The visual component, therefore, is potentiaily a vital characteristic of any cognitive
tool. Through the manipulation of graphic interfaces, cognitive tools enable students to
generate conceptual networks, diagrams, hierarchical structures, graphs, tables,
symbol systems and mote. Not only do these visuals provide concrete representations
of thought against which meaning can be indexed and explained, they aiso facilitate
the intentional construction and externalisation of mental models. Because mental
modeis are typically constructed incidentally, they are generally not readily available
for reflection nor are they easily manipulated (Wild, 1996). However, building mental
madels with cognitive toals is an intentional pursuit that requires active mental
participation from the students. As such, the understandings these computer-mediated

mental models represent are more accessible, flexible and, above all, useful.

The effectiveness of the visual component is inherent within a range of fundamental
atiributes that all ‘gocd’ cognitive tools should pessess. Even though the value of a
cogmitive tool is ultimately influenced by the purpose for which it is being used (i.e., as
2 tool to learn with or from), these fundamental atiributes should be present
nonetheless,
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Attributos of a good cognitive tool

Reusser (1993) contends that the design of effective cognitive toals should be based on
current research in cognitive psychology. More specifically, they should acknowledge
that knowledge is actively constructed by students, and that this knowledge is
typically produced, shared and transformed within groups of students working
together to solve problems. Therefore, to be characterised as effective, cognitive tcols

must support the cognitive and socinl aspects of learning,

In addition to this Lepper, Woolverton, Mumme and Gurtner (1993) argue that the
affective side of cognitive tools is also critical to successful learning yet this issue
remains largely unaddressed in the literature. The assumption is that if the cognitive
and social issues are addressed, then high levels of motivation will naturally ensue. As
will be elaborated upon in Chapter 4, Perkins (1985, 1992) wams against making this
assumption and argues that the cognitive tool and the leamning environment must
openly attend to the motivational state of the student by 2) providing appropriate
levels of challenge, b) enabling the student to maintain a sense of control and ¢}
eliciting from the student a high level of curiosity. Lepper et al. (1993) concur with
these goals and maintain that they are integral to the development of intrinsic

motivation.

Furthermore, Jonassen {1996) contends that cognitive tools should possess cerfain
administrative features, although these more practical aspects are not necessarily critical
to effective learning, He states that aspects such as affordability and availability should
be evident in cognitive tools as they render them accessible to a pgreater population of
students, I

Consequently, cognitive tools should possess cognitive, social, affective and
administrative features if they are to contribute to quality leaming outcomes. Cognitive
features encompass those criteria that relate to the mental constructions of knowledge,
whilst social features encompass those criteria that refate to the shared constructions of
knowledge. Affective features relate to the motivational aspects of learning and

administrative features refer to criteria of practicality.
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The extent to which these four fundamental features characterise goad cognitive tools
is better understood if they are thought of as ‘affordances’ (refer to Figure 2.1). Pea
(1993) contends that the way in which something is used is determined by the
perceived and actual properties it possesses, that is, its affordances, For example, a cup
can be used as a drinking utensil according to its actual property, but can also double
as a pencil holder in relation to an individual’s perception of it as a desk organiser.
Similarly, the above mentioned features describe the actual attributes that should be
characteristic in the design of cognitive tools, but may or may not be exploited
depending on the students’ perceptions of these affordances.

Cognitive Soclal
Affordances Affordances

AN

Good
cognitive
tools
possess ...
Affactiva Administrative
Affordances Affordances

Figure 2.1 Affordances associated with good cognitive tools

With this framework in mind, literdture describing the use of cognitive tools in
classroom situations, as well as those examined in empirical studies (e.g., Anderson-
Inman & Zeitz, 1993; Beyerbach & Smith, 1990; Fisher, 1950; Goldenson, 1996; Hyetle,
1996; Kellog & Muetler, 1989; McLean & Gibson, 1993; Maddux, Lamont Jehason &
Willis, 1992; Jonassen, 1996; Manouchehri, 1997; Maor, 1991; Ridout, 1990; Roland,
1997; Ryba & Anderson, 1990 and Seidel, 1996), was reviewed to determine the
fundamental characteristics of the four affordances and the way in which they support
Iearning. These characteristics (which are described below) ate not exhaustive, and it is
acknowledged that others may emerge beyond the cited literature base. They should,
however, still fall within one of the four affordances defined.
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Cognltive affordances

»  The cognitive tool supports student-centeredness {Anderson-Inman & Zeitz, 1993;
Beyarbach & Smith, 1990; Fisher, 1990; Hyerle, 1996; McLean & Gibson, 1993;
Maddux, et al., 1992; Jonassen, 1996; Manouchehri, 1997; Maor, 1991; Ridout, 19%0;
Roland, 1997 and Seidel, 1996). While the cognitive tool is perceived to be a partner
in the learning process, all actions are controlled by the student. Therefore, active

mental engagement on the part of the student is imperative.

»  The cognitive tool supports cognitive transfer (Goldenson, 1996; Jonassen, 1996; Ryba &
Anderson, 1990; Seidel, 1996). Knowledge and skills developed while working with
the cognitive tool in a particular context can be transferred to other similar or
different contexts, either with or without the cognitive tool. For example, sirategies
developed while working with a cognitive tool in mathematics can be used in
social studies also, Salomen et al. (1991) and others {Salomon & Perkins, 1998;
Underwaod & Underwood, 1990) describe this transferability as the cognitive
residue that partnerships with computers leave behind.

»  The cognitive tool supporis reflection and critical thinking (Anderson-[nman & Zeitz,
1993; Beyerbach & Smith, 1990; Fisher, 1990; Hyerle, 1996; Maddux, et al,, 1992;
Jonassen, 1596; Manouchehri, 1597; Maor, 1991; Ridout, 1950; Roland, 1997 Ryba &
Anderson, 1990 and Seidel, 1996). Cognitive tools display students’ thinking.
Visualising their own thoughts encourages a deep level reflection about what

students know and what they don't know.

= The cognitive lool is unintelligent and hence supports the student’s intellect (Anderson-
Inman & Zeitz, 1993; Beyerbach & Smith, 1990; Fisher, 1990; Coldenson, 1996;
Jonassen, 1996; Manouchehri, 1997; Roland, 1997; Ryba & Anderson, 1990 and
Seidel, 1996). Software doesn't contain prescribed facts. Students provide the
intelligence and thus create knowledge rather than receive it. After all, knowledge
does not exist as an external entity, but is actively constructed by students as they
endeavour to understand its inherent meaning (Candy, 1991}.

= The cognitive tool supporls metacognitive thinking (Beyerbach & Smith, 1990; Fisher,
1990; Goldenson, 1996; Hyerle, 1996; Maddux, et al, 1992; jonassen, 1996;
Manouchehri, 1997; Ryba & Anderson, 1990; Seidel, 1996). The interactive nature of
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many cognitive tools stimulates self-questioning and self-instruction. Also, design
is such that students can visualise their thinking processes. Graphics enable
students 5 see the decisions they've made, evaluate them, and then proceed

accordingly.

Soclal affordances

v The coguitive too] supporis discussion and colinboration (Beyerbach & Smith, 1990;
Hyerle, 1996; McLean & Gibson, 1993; Maddux, et al., 1992; Jonassen, 1996;
Manouchehri, 1997; Maor, 1991; Ridout, 1590; Ryba & Anderson, 1990). Through
discussion and collaboration with others, students are able to negotiate the
meaning of a concept by questioning existing understandings as welt as explaining,
evaluating and clarifying new and developing understandings. These opportunities
for collaboration can oceur either when working in group situations around the
cognitive tool, or as an individual working at a distance from others (e.g., the world

wide web).

Affective Affordantes

» The rognitive lool supports intrinsic motivation (Anderson-Inman & Zeitz, 1993;
Beyerbach & Smith, 1990; Fisher, 1990; Hyerle, 1996; McLean & Gibson, 1993;
Maddux, et al., 1992+ Ridout, 1990; Ryba & Anderson, 1990; Seidel, 1996). Cognitive
tools engender a sense of satisfaction which comes from being challenged, in
control and intrigued by the activities that are supported by the application.
Positive feclings towards a novel, yet sound methed of learning encourage students
to make sense of the material and seek Further opportunities to tackle similar
problems in other contexts. In relation to interactive multimedia, Chan Lin and
Reeves (1994) cite a large literature base that places computer graphics at the centre

of student motivation and, subsequently, enhanced learning cutcomes.

Adminlstrative Affordances
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s The cognitive fool is affordable (Jenassen, 1996; Maddux, et al,, 1992). Cognitive tocls
should be inexpensive and readily available,

= The cognitive tool is casy lo use - nol time consuming (Anderson-Inman & Zeitz, 1993;
Fisher, 1990; Goldenson, 1996; Kellog & Mueller, 1989; Maddux, et al., 1992;
Jonassen, 1996; Maor, 1991; Ryba & Andersan, 1990; Seidel, 1996). Students should
be able to easily navigate their way around without expending too much cognitive
effort. Software should not be so sophisticated that students spend most of their
time trying to work out how to use it rather than actually learning with it.

*  The cognitive tool can be used in n variely of subject areas (Fisher, 1990; Goldenson,
1996; Hyerle, 1996; Maddux, et al.,, 1992; Jonassen, 1996; Roland, 1997; Ryba &
«:nderson, 1990}. The software is not domain-specific, but promotes the use of
domain-specific language and symbols in a variety of different subjects acioss the

curriculom.

A summary of the extent to which these characteristics appeared in the literature is
provided in Table 2.2.
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Why use cognitive tools?

Knowledge construction is largely an uncbservable, complex process that occurs
within the minds of individuals who are either coilaborating with others or working
alone. To build knowledge, information is attended to, deliberated upon, related to
similar existing information, and then filed away in a new, more sophisticated form.
Cognitive tools can be used to mediate this {often taxing) process by visually
representing thinking paths for overt analysis and organization. This exposure can also
generate a level of discussion that would perhaps not be possible with covert

cogﬁiﬁon.

The outcomes of this mediation process are not altogether clear in the literature, nor are
existing interpretations agreed upon. While most theorists agree that computers
‘support’ cognition, it is their interpretation of ‘support’ that varies. Some say that
cognitive tools amplify learning through a division of labour process. In these
instances, the cognitive tool primarily supports the lower-level cognitive processes in
order to free the student to engage in higher-level activities. With drill and practice
- applications, for example, students can off-load tedious or repetitive tasks onto the
cognitive tocl, thus enabling them to complete tasks more efficiently and at a quicker

pace.

While Pea (1985) acknowledges the worthy status of cognitive tools as amplifiers of
human capability, he extends this profile to contend that cognitive tools can in fact
change the way in which students think and learn. Confining the value cof cognitive
tools to an amplification perspective re;uicts their true powers, that is, the potential for
them to extend, redefine and augment student cognition. Augmentation comes about
when students work collaboratively - in partnership - with the cognitive tool to open
up new possibilities of thought and to construct deep understandings and conceptions.
Seen in this light the cognitive tcol becomes “an indispensable instrument of mentality,
and not merely a tool” {Pea, 1985, p. 175).

Augmentation is essentially a by-product of ‘reflection’, which is a process encouraged
by cognitive tools through the visual representation of thinking paths (Normian, 1983;
Reusser, 1993). Reusser (1993) writes:
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Giving students [repeated] opportunities to monitor ... the visually displayed
traces of their planning and thought processes, including alternative routes
taken through problem spaces, and to retrospectively analyse those traces and
products by reconsidering what has been done, may eventually lead ... to an
overall reflectivity, (p. 155, 156)

Reflectivity is necessary for deep-leve! processing as it is through the contemplation of
concepts, in relation to other similar concepts, that meaning is feund and developed. In
this way, new information is integrated into a network of related themes and images,
which in themselves are connected to other related themes and images. Subsequently,
these newly formed and enhanced networks are used to infer, explain and interpret

new knowledge, the consequences of which are deeper, augmented understandings.

As previously argued, some theorists also contend that cognitive tools have a residual
effect In the sense that they equip students with new tocls of thought which can be
accessed even when working autonomously (Salemon et al., 1991; Salomon & Perkins,
1958; Underwood & Underwood, 1990). As a result of engaging in a partnership with
the cognitive tool, the student devetops improved knowledge and skills, which can be
applied to a range of alternative contexis. Given the inevitability of students being
faced with numerous situations where the cognitive tool is not present, the value of

this ‘cognitive residue’ increases substantialiy.
Gonclusion

Clearly, the reasons why students sho‘uld be exposed to cognitive tools can be argued
from an amplification, augmentation or residual perspective. However, given that
either one of these outcomes is possible depending on the functional capabilities of the
application being accessed {see Table 2.1), or the way in which it is being used (Knuth
& Cunningham, 1993; Salomon, 1993c), this ‘either/or’ argument becomes a
superfluous one. In light of the fact that cognitive tools can transform activity upon the
wotld, perhaps a more pertinent concern is how to cultivate mediations such that

effective learning ensues.

This concern was central to this study and, as such, a framework was developed in an
attempt to enable the mediational powers of the cognitive tool to be realised. In light of

the assertions that cognitive tools can augment learning, this framework endeavoured
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to support the use of an unintelllgent application that could facilitate (multiple but in
particular) the latter phases of information processing {see Table 2.1}, and one that
could be defined as a ‘good copnitive tool’ {see Table 2.2), Fundamental to this
frammework, therefore, was leamning theory that recognised the cognitive, social and
affective affordances of the cognitive tool. This theory is discussed in detail in the
following chapter.
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Theoretical Framework — Social Constructivism

Chapter Overview

Reviews of the literature have revealed several common themes about cognitive tocls.
One theme in particular relates to the theoretical perspective that appears to most
effectively support this resource in the classrcom. Constructivist learning
environments have been espoused by many as being the most suitable for cognitive
teols given that the active construction of knowledge is an cbjective of both {Cole &
Engestrdm, 1993; Evans, 1598; Jonassen, 1996, 1998; Jonassen & Reeves, 1996; Lajoie,
1933). While firmly based on the principle of knowledge construction, a more
contemporary view of constructivism establishes learning as a social experience and
_posits that mediational tools {such as the cognitive tool) transform ways in which
students interact with one another and their learning environment in general {Crook,
1954; Edelson et al., 1996).

This perspective is the cornerstone of this study and is addressed in this chapter under
the heading of social constructivisnr, In essence, social constructivism is a derivative of
Vygotsky’s socio-culturalism and Piaget's constructivism. Both these theorists, (and
their advocates), have been drawn on in an atterpt to describe the key principles of
social constructvism, the outcome of'which is a set of defining assumptions, These
assumptions stem from the belief that knowledge is not an entity unto itself, but is
actively constructed by students in socio-cultural learning communities. Given that
these assumptions form the basis for the use of cognitive tools in the classroom, the
relationships between the two are briefly explored. This expleration is not to be
misconstrued as an assertion that cognitive tcols are fundamental to social

constractivism,

In the final assumption, the notion of distributed cognition is introduced and described
as an extension of social constructivism, The general principles of this construct are
drawn onto explain how cognition is distributed to resources across the learning

environment and how the potential afforded by resources is maximised when they are
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viewed as pattners in the process of leamning. Within this discussion, certain
discrepancies that exist between constructivism and soclo-culluralism are briefly

addressed and subsequently resolved.

Social constructivism - the individual and social nature of learning

Social constructivism has many pseudonyms in the literature. Otherwise known as co-
constructivism (Crook, 1994), cultural constructivism (Scott, Cole, & Engel, 1992),
socio-cultural constuctivism (Duffy & Cunningham, 1996), situated rationalism
(Resnick, 1996) and socio-cognitivism (McLoughlin & Oliver, 1998}, this theory
recognises both the social and personat aspects of leaning (McRobbie & Tobin, 1997).
Drawing upon theorists such as Vypotsky (1978), Wertsch (1985) and Piaget (1963),
social constructivism establishes learning as a social experience but also acknowledges
the private mental world of the individual. This belief stems from several primary

assurnptions about learning which are outlined as follows:
« Al knowledgs Is constructed.

People do not simply absorb infermation from the environment but rather they
construct perscnally meaningful understandings by relating new information to what
they already know, Existing knowledge then, becomes an important factor in the
process of learning, as it determines to a large extent what will be learned in the future
(Shutell, 1986).

This view stems from Plaget’s (1963) theory that understanding something occurs
through interaction with, and active manipulation of, the physical world. These
interactions provide opportunities for students to make interpretations of experiences
based on their existing knowledge structures. In an effort to understand an ¢vent or a
problem, a student will attempt to link incoming information to understandings
already held in his or her mind. If this new information somehow challenges the
existing knowledge structures, then the student must reconstruct and reorganise his or
her schemata to accommodate this disparity accordingly (Hodson & Hodson, 1998).
This process is facilitated by the student’s genuine need to understand and willingness
to take ownetrship of the learning situation at hand (Jonassen, Peck & Wilson, 1999).
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However, this process is not straightforward and, without appropriate suppott,
interpretations may have litle depth or meaning attached to them. For example,
cognitive tools are catalysts that can guide studenis in the organisation and
representation of what they know {Jonassen, 1995) thus supporting what might be
described as a ‘cognitively demanding experience’, Pea (1985, 1993) even contends that
cognitive tools can enable students to construct powerful understandings of

phenomena that would not be possible without their support.

Therefore, opportunities to asctibe meaning to experiences, and to construct rich
understandings, can be augmented by cognitive tools {Pea, 1985, 1993}). A fundamental
addendurn to this belief, however, is developed in the following assumption where it is
argued that knowledge construction cannot be separated from the environment within

which it ocours.
« Knowledge construction is context dependent.

Any account of leamning cannot be separated from the environment within which it
accurs (Vygotsky, 1978; Wertsch, 1985). The environment provides the catalyst, thatis,
the experiences from which knowledge is constructed. In relation to this, Savery and
Duffy (1996) write, “...what we understand Is a function of the content, the context ..
{and] the acﬁvity of the learner..,” tp. 136). Knowledge, then, is not located within the
student alone, but is in fact a property of the entire leamning context. This view is the
core concept behind the notion of distributed cognition, which is elaborated upon in
Chapter 4.

In essence, context is made up of people, language, objects, symbols and situations that
are steeped in knowledge and which together constitute a type of ‘collective memory'
{Hodson & Hodson, 1998}. This collective memory provides students (and groups of
students) with the appropriate tools and background knowledge they need to
construct new and more advanced understandings. The history embedded in the
context is rich with meaning that has been defined and re-defined over time and is

accessed by students as a springboard for new and subsequent learnings.

Various researchers have examined the interconnected nature of cogrition and context.
Bronfenbrenner (cited in Ceci & Ruiz, 1993) contends that any investigation of human

intelligence needs to take into consideration the interrelationships between persom,
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process and contexl. Lave and Wenger {1991) believe learning is influenced by the
Interaction between ngend, activity and world, and Herrington (1997} argues that the
overlap and influence of the learner, the implementation and the inferactive multimedia

program is integral to the design of interactive multimedia environments.

Similar interdependent influences could be seen in this study, where the aim was to
determine the extent to which cognitive tools promoted effective learning when used
within a distributed learning environment. In essence, the activity that emerged from
interactions between the studenis, the cognitive toof (as well as other resources) and the
learning environment provided the context for investigation {see Figure 3.1).
Consequently, the findings from this study are representative af the activity within the

entire context, not simply certain elements of it.

Distributed

Cognitive
tool and
othar
FESoUrces

Studants

Leaming Environmant

Figure 3.1 Interdapandent elernants of a computer-based distributed learning
environment

This model differs slightly to those developed by Bronfenbrenner {cited in Ceci & Ruiz,
1993), Lave and Wenger (1991) and Herrington (1997) in that it emphasises the
relationship between the students and the computer s they accur within the learning
environment. Rather than treat context as a mutually constitutive influence (as the
earlier models have), the design proposed in Figure 3.1 reinforces the view that
learning cannot occur in a vacuum, but instead it is indivisible from, and ir fact a part
of, the entire context. This is in keeping with Vygotsky's (1978) theory that individuals’
cognitions are situated within social and cultural contexts of activity, rather than just

outcomes of interactions with the environment.
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Furthermore, it is believed that this model more closely reflects Rogoff's (1990) and
Wilson's (1996) portrayal of the classroom as 4 ‘learning community’, that is, a place
where students construct knowledge with the assistance of others and the various
learning tools found within the learning environment. Leaming, in this Jight, is a
shared process - a procedure that occurs In a team-like fashion where the student
collaborates with the teacher, peers and other intellectual and physical resources as
partners in cognition (Salomen, 1993a). This scenario significantly irnpacts the way in
" which we think about technology in education. The focus is not so much an what the
student in isolation can do with the cognitive tool, but the activity of the community as
it interacts with the cognitive tool as a powerful mediational resource. This notion is at

the core of the next assumption.
« Leaming is mediated by tools and symbols,

According to Vygotsky (1978) and Wertsch (1985), the cognitive attributes of
individuals are largely the outcomes of their interactions with culture, These
interactions are mediated by tocls, otherwise referred to as artefacts, tangible and
intangible resources; cbjects, signs or symbols. From a social constructivist perspective,
these tools are central to cognition as they determine the ways in which concepts,
objects, events and phenomena are interpreted. In other words, in an attemnpt to better
understand and control the activity of a learning environment, students will employ an
array of resources that will facilitate this process, such as rneasuring devices, textbooks,

dialogue, computers, diagrams and many more.

Most references to tools in the literature are in relation to those that are external to
students (e.g., language, symbols, and physical resaugces). A handful of authors,
however, also acknowledge tools that are internal to students, such as cognitive and
metacognitive leaming strategies (Fledberg et al,, 1993; Jonassen, 1992). Learning
strategies are embodied within a student’s existing knowledge structures and can be
described as a collection of mental techniques which are used to facilitate the effective
processing of information (McKeachie, Pintrich, Lin & Smith, 1986). Learning, then, is
mediated both by the knowledge internal to a student, and the knowledge within the
external learning envitonment, as it is manifested in its resources, people and rituals.

Both are as important as each other, although Resnick (1996) states:
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... what one carries with one to a new situation ... is determinative only as one
enters the new situation. Thereafter, all of the people, tools and material
resources of the new situation shape a new situated practice. Cognition is

emergent in the situation and specific to it {p. 51).

It is important to note, however, that tocls do not directly mediate learning (Jonassen,
1992; Jonassen et al., 1999; Knuth & Cunningham, 1893). Common classroom resources
such as books, videos and even teachers cannot transmit knowledge to students.
Rather, knowledge is constructed by students and this process is mediated by thinking,
Effective tools, therefore, are those that activate cognitive and metacognitive learning
strategies and engage students in the process of thought. In relation to this, cognitive
tbols have been widely recognised as a technology that supports access to new,
powerful mediational means (Crook, 1994; Duffy & Cumningham, 1996; Pea, 1985
1993; Perkins, 1993 and more). Some even suggest that the interactive qualities of the
cognitive tool are effective for resourcing the social construction of shared knowledge
{Crook, 1994). Given that leamning is fundamentally a social experience, and that
people (along with other resources) mediate cognition, this is an invaluable attribute of

the cognitive toal. This is the essence of the next assumption,
= Knowladge is socially constructed

As a result of his work into the social context of cognitive development, Vygotsky
(i978) argued that all cognitive functions originate in social activity and are
inextricably linked to language, which in itself is a social construction. It is through
social interactions (whether they are in a classroom, office or a café) that the cognitive
and communicative skills of a particular culture are learned. Therefore, in order to
explain the phenomenon of learning, we must consider not only the student’s mental
constructions (as Piaget did) but also the imamediate social world in which the student
is located and the nature of the interactions that take place within it In other words, all
mental functions have sacial origins and oceur, inftially, between students before they
become internalised within the student (Vygotsky, 1978).

Language plays a key role in this process of internalisation (Vygotsky, 1978). Varions
cancepts, skills and understandings are first revealed to students in social situations
where they are disseminated through language ~ written or spoken. As the student

becomes comfortable with these new understandings, they are transformed into an
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inner speech, otherwise known as ‘thought’, for the subseguent construction and
reconstruction of related understandings. Se, “What has started out as an external
secially-constructed artefact is transformed by the [student], first into an external aid to
help organise problem-solving, and later into the very constructive core of thought
itself” (Hodson & Hodson, 1998, p. 36). Consequently, cognitive achievements are
essentially the outcomes of participation in particular ‘communities of practice’ (Crook,
1994, p. 38).

Other people within these communities of practice (teachers, parents, peers etc} play an
essentlal role in a student’s ability to participate effectively and grow intellectualty.
They offer a type of mediating support that will guide the student through the
appropriate learning steps before he or she can appreciate the significance of these
steps independently. This support is typically appropriate to the student’s zone of
proximal development (ZPD), that is, the level between what the student can achieve
alone and what he or she can achieve with the assistance of others (Vygostky, 1978). In
this way, “... knowledge is not merely handed on, nor is it discovered solely by the
individual leamner. Rather it is co-constructed through social interaction” {Hodson &
Hodson, 1998, p. 37).

This feature of social constructivism cannot be supported by computer-based learning
where studenis work af computers and learning is essentially dissociated from the core
of classroom: life (Crook, 1994). Teachers will have little chance of engaging students in
their ZPDs when the objective is to complete computer activities that offer
individualised instruction {e.g., drill and practice software ete). Social and dialogie
exchanges have been observed, however, when students collaborate around computers
{dcLoughlin & Oliver, 1998). In these situations ... technology does not ‘stmply” serve
human interests in some benign fashion: it actively transforms human relations”
{Crook, 1994, p. 24). For this to occur, however, the compnter must be integrated into
the very fabric of classroom life where communication between peers and the teacher
is mediated by computer activity. Research shows that collaborative exchanges in these
instances lead to higher crder learning behaviours (Herzington, 1997; Stoney & Oliver,
1999},

The final assumpticn is both an amalgamation and an extension of the first four. It is
firmly grounded in the belief that cognition is distributed among people and resources
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as they interact together in activity, Although some people may argue that distributed
cognition is a theory separate (albeit related) to social comstructivism, others are
finding is difficult to discuss nne without the other. For example, Cole and Engestrdm
(1993) write, “In essence, when one takes mediation through artefacts as the central
distinctive characteristic of human beings [as social constructivists do], one is declaring

one’s adoption of the view that human cognition is distributed” (p. 42).
= Cognition as a distributed phenomenon

As has been argued above, learning is the active construction of knowledge that has
emerged from interactions with people and resources in a culturally defined context. In
this way, learning is distributed across minds that are connected by way of the activity
within which they are collectively participating. No one particular entity embodies
knowledge, tather it is a property of the student’s engagement with the specific
situation at hand; it is spread over the entire context which includes pecple, resources,
rituals and culture, Duffy & Cunningham (1996) write, “Thinking ... is always dialogic,
connected to another, either directiy as in some communicative action or indirectly via
some form of semiotic mediation: signs and/or tools appropriated from the
sociocuitural context” (p. 177).

According to Cole and Engestrim (1993), the precise way in which cognition is
distributed depends on the tools (resources) available within the environment. These
tools, which have uitimately been shaped by the culture of the environment, are the
tneans through which students gain access to, and interpret their world. In this way,
learning can be described as “a process of tuning into the affordances of the
environment” (Resnick, 1996, p. 43) and working with them in an effort to develop new
understandings. These new understandings will ultimately effect subsequent learning
situations, and so it can be said that “Cultural mediation has a recursive, bidirectional
effect; mediated activity simultaneously modifies both the environment and the
gsubject” (Cole & Engestrém, 1993, p. 9). Salmen (1993b) and Salomon and Perkins
(1998) refer to this bi-directional effect as a spiral of reciprocal relations between
socially distributed understandings, mediating resources and individual cognition.

The mediating resources typically present within learning environments can be
described as either the student's intellectual resources (e.g., prior knowledge,

metacognitive knowledge), social resources (e.g., the teacher, peers), symbolic
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resources (e.g,, language and symbals representative of the subject being studied), and
physical resuurces {e.g., textbooks, computers). For example, when a student is
presented with a learning task, he or she usually considers 1t in light of existing
knowledge on the subject. This existing knowledge is then cultivated in conjuncticn
with other students and classroom tesources. For instance, given the chance the
student will collaborate with the teacher and peers, as well as available physical
resources such as textboaks and/or notebooks. He or she will employ language and
syinbols representative of the subject at hand, while simultaneously using his or her
metacognitive knowledge to monitor progress and call upon learning strategies as
required. These resources mediate the student's thinking and learning on the subject
and contribute to his or her developing understanding. This revised understanding in
turn influences execution of future learning tasks, and the cycle begins again. Figure
3.2 represents this process diagrammatically.
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figura 3.2 The distribution of cognltion across a varlety of resources found within
classroorn learning environments
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While it is possible for students to pursue learning tasks drawing on perhaps only cne
resource {(e.g., their prior knowledge), this study accedes with others (e.g., Derry,
DuRussel & O'Donnell, 1998; Hewitt & Scardamalia, 1998; Lebeau, 1998) and argues
that cognition is most powerful when it is distributed across a variety of resources. In
fact, while these resources can Gperate on their own, their full potential is most likely to
be achieved when used in conjunction with other resources. More specifically, it is the
premise of this study that the full potential of the computer as a cognitive tool is
achieved when used in conjunction with the student’s intellectual resources, social
resources, symbolic resources and other physical resources as they function together

within a social constructivist oriented learning environment.

Social constructivism as a derivative of constructivism and socio-
cufturalism

Interestingly, there are few references in the literature (on distributed cognition) that
explicitly recognise ‘individual intellect’ (prior knowledge, metacognitive knowledge)
as a resource which supports cognitive activity. While many debate the locus of
cognition, that is, whether it resides within the siudent or is a joint product of the
person plus the surround {Pea, 1993; Perkins, 1993; Salomon, 1993b), the idea that it
constitutes a potentially powerful resc wce tends to be overlooked. Hedberg et al.
{1993} contend however, that the metacognitive knowledge a student holds is a
cognitive tool in itself to be utilised wisely in the pursuit of effective learning.
Metacognition involves tw 1 separate but interrelated phenomena, a) awareness about
cognition, and b} regulation of cogrl:itive behaviour {Brown, Bransford, Ferrara &
Campione, 1983). Given that metacognition is mandatory for students to be aware of
the skills, strategies and resources they need to learn something effectively, it is

therefore an essential tool in the learning context and one that should not be neglected.

This issue of individual intellect being a resource is perhaps related to a growing
debate between constructivism and socio-culturalism. The common contention is that
constructivism focuses too heavily on the ‘in-the-head’ processes of cognition without
giving due recognition to the sccial and cultural factors that centribute to these
processes. Socio-culturalists argue that it is impossible for knowledge to be contained
in the mind of any one student given the important role context plays in the
construction of this knowledge. While it is not the purpose of this thesis to extend this
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debate, ner to form any unnecessary polarisations, Table 3.1 provides an overview of

the fundamental tensions between the two theories,

Table 3.1 Fundamental differences between constructivism and socio-culturalism
Constructivism Socio-culivrallsm
.. activaly constructad in the minds of | ...[s soclally constructed as students
Knowladas students by linking what 1s aleady | imeract with one enother in aclvity
9 known to new informalon (Piaget, | (Vygotsky, 1978).
1963).
Prior ..constrains  or  enables learring | ...Is a dedvalive of social cognition
knowledge {Shuall, 19B8).. {Vypotsky, 1978)
i$ the vanue within which interactions | ...conelrains or enables leaming. Tha
with the world are expariencad {Plagel, | centex provides the activity as wail as
Context 15863}, the culturally dellned lools which will
mediate the expedence (Wersch,
1985).
..J5 @ tonsequance of leaming (Piaget, | ...is the primary medlating means
Language 1953} through  which  learning  occurs
(Vygutsky, 1978).
..defined by a students independent | ...a shared process lhat occurs in a
discovery of knowiedge and skills. The | teamulike fashion where lthe student
Learnin discoveries emerge from opportunilies | collaborates with the tzacher, peers
ther fngi o a) Interact with the materfal wodd | and other Intellectual and physical
wlare js and, b} to reflect on and interpret the | tools as partners In cognition (Pea,
consequences and oulcomes of these | 1985).
interactions {Pleqet, 1963}

Social constructivism appears to have overcome these tensions by blending aspects of
both constructivism and socio-culturalism together. In this way, it afferds a richer
account of learning by acknowledging both the personal and socfal /cultural features of
the mind. Drawing on Resnick’s (1996) account of social constructivism (referred to by
her as siiuated rationalism), it acknowledges the internalised knowledge structures
possessed by students, but contends that these frames are expanded through

engagement with a specific context.

The social, physical and cultural attributes of a particular setting will afford
possibilities for learning only if the student’s existing knowledge structures enable him
or her to tune into the atiributes and activity of the context, If there is a complete
mismatch between the student’s exisdng knowledge and the affordances of the context,
then the student will more than likely tune out of the situation and no learning will
occur. If there is a harmony between the two, then the student will probably complete

the activity accordingly but no new learning will take place. If however, there is a
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partial match, that is, the affordances of the environment sparks an interest and

challenges the student’s existing knowledge structures, then learning is likely to occur.

Conclusion

This chapter provided an in-depth look at the theoretical framework underpinning this
study. Referred to as ’‘social constructivism’, this perspective draws on both
construchvism, in that learning experiences should be student-centred and evolve from
students’ prior knowledge, as well as socio-culturalism in that consideraion must also
be given to the social, historical and cultural design of the context as a whole. The
notion of distributed cogniticn has been drawn on to speciiate how the principles of
soclal constructivism are put into practice in the classroom. From a distributed peint of
view, cognition dees not occur within the mind of an individual alone but is spread
over resources found within the learning environment. This idea is developed further
in the following chapter along with a more comprehensive discussion of leamning

resources as vehicles of distribution.
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Distributed Cognition

Chapter Overview

In the previous chapter, the notion of distributed cognition was introduced as an
extension of social construcivistn. In essence, the principles of distributed cognition
were drawn upen to ‘operationalise’ social constructivism in the classroom. It was
postulated that learning occurs when cognition is distributed across a range of
resources found within the learning enviromment, thus supporting the view that

cognition is socially and contextually constructed.

In this chapter, distributed cognition is developed further. A continuum of varying
conceptions of distributed cognition is proposed and the one aligned most closely with
the theoretical framework underpinning this study is identified. Examples of this
conception-In-practice are then drawn from the literature and there is some discussion
on how distributed, shared cognitions are transformed into private knowledge. Finally,
because resources are central to all conceptions of distributed cognition {to a greater or

lesser extent) a broad overview of their role as vehicles of distribution is given.

Distributed Cognition

“The mind rarely works alone” (Pea, 1993, p. 47). This is the premise upon which the
phenomenon of distributed cognition is based. In most learning situations, students
will call upon any number of resources for support. Take, for example, a student
stuclying a chapter in a textbook, It is quite likely that this student will use a textliner to
highlight important points and key ideas, make notes in the margin, and perhaps
summarise the overall meaning in a separate notebook. Even though these notes may
not be internalised within the student’s head at the time of reading the chapter, they
represent his or her thinking and reasoning nonetheless. They are the observable
characteristics of the student’s cognition being distribuked to resources in the

instructional environment, And although the student may not remember these notes in
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detail cnce the texibook is closed, they will become a significant point of reference for

subsequent related study or in preparation for examinations (Perkins, 1992; 1993).

While this example encompasses the essence of distributed cognition, its defining
principles are open to interpretation and, as such, a variety of conceptions about this
construct exist. Moore and Rocklin {1998) have explored these conceptions and have
arranged them on a continuum in accordance with their interpretations of cognition.
These views range from the belief that students construct knowledge for themselves
but are supported by resources found within the environment, to the belief that
knowledge does not reside within any one student’s head but is in fact a property of
the entire socio-cultural context within which it was constructed. Somewhere in
between these views is the conception that both the individual (supported by the
environment), together with socio-cultural constructs, facilitate distribution. The
extreme opposite of the socio-cultural view, is the cognitivist belief that cognition is a
mental construct cruy, defined in terms of private, computational processes {Craik &
Lockhart, 1972; Newell & Simon, 1972). Although this view was not explored by Moore
and Rocklin, it has been added to the continuum (refer to Figure 4.1} te further
illustrate the nature of the differences between the conceptions of distributed cognition.

— 1 X . .
I | I I —

Indhvidual Indvidual Cognilion Individuz! Cognltian Soclo-cultural
Cognltion Cnly pius BEmvironmant plus Envionment Cognition Cnly
and Sodo-culluml
Cognition

Figure 4.1  Continuum of varying conceptions of distributed cognition {adapted from
Mocre & Rocklin, 1998)

A brief description of each conception follows. However, because these categories are
largely distinguished by the focus placed on the netien of learning, cognition and

intelligence, it is necessary to operationally define these terms in advance,

Learning is the acquisition of knowledge and understandings through interaction with
the environment (Biggs & Moore, 1993). Students typically pass through a series of
phases when learning {e.g., Shuell, 1990} ranging from: a) the accrual of knowledge, to
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b) the shaping of this knowledge into meaningful structures, to <) the reshaping of
these structures into sophisticated expert-like understandings. Transition to the second
and third phase is not mandatory and it is possible to remain at the first phase when

tearning something new.

Cognition is the vehicle driving learning through these phases. Jt s the process of
thinking; of performing a mental operation with some specific content to achieve a
particular outcome (Woolfolk, 1990). Each of these phases demands different levels of
cognition ranging from basic thought processes for the accrual of knowledge, to the use
of more complex ones that facilitate understanding. Norman states that cognition is
multidimensional “involving all of the senses, internal activities and external
structures” (1994, p. 16 but again, the degree to which the senses, jnternal activities
and external structures are called upon depends on the phase of learning the student is

actually working within,

Underlying the student’s competence in performing cognitive tasks is his or her
intelligence (Biggs & Moore, 1993), that is, acquiring, remembering, retrieving and
using knowledge depends on a student's intellectual ability {Woolfolk, 19%0).
Traditiona! models of intelligence claim this ability is an inherited characteristic that
remains static across contexts and ime (Spearman, 1927; Wechsler, 1958 both cited in
Woulfolk, 1990). In conirast, contemporary theories focus on intelligence as a
combination of higher-order thinking skills, and even those that are inherited can be

influenced by the environment, experience and education (Sternberg, 1995).

The conceptions of distributed cognition are described as follows:

Conceptions of distributed cognition
» Individual cognition only

This conception is drawn from the theory of copnitivism which describes any act of
cognition, including thinking, reasoning and reflection, as a property of the mind
alone, The brain is likened to a computer and learning is a process of inputting, storing,
processing and retrieving data {Craik & Lockhart, 1972; Newell & Simon, 1972}, This
metaphor captures the private, individual nature of cognition and while context is

acknowledged, it is typically seen as a group of varizbles that can be controlled and
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manipulated to enhance mental processes (Crook, 1994). Resources such as computers,
texts, pens and paper may display a student’s thoughts, but they do not form part of
his or her intelligence (Perkins, 1992).

= |ndividual cognitien plus environment

Proponents of this conception of distributed cognition acknowledge that intelligence
ptimarily resides within the minds of individuals, but is amplified significantly as a
result of effective use of resources found within the learning environment (Brown, Ash,
Rutherford, Nakagawa, Gordon & Campione, 1993; Derry et al,, 199§; King, 1998;
Perkins, 1993; Salomon, 1993b). In this sense, individual cognitions are distinguishable
from distributed cognitions but the two are viewed as an “inferdependent dyramic
interaction” (Salomon, 1993a, p. xvi). People (teachers, peers), physical resources
(computers, printed material, calculators, whiteboards) as well as symbelic systems
{mathematical formulae, language) are powerful vehicles for supporting thinking and
learning, These resources are ‘pariners in cognition” (Perkins, 1993; Salomon, 1993b),
but ultimately exist as separate enfities to a student’s intelligence. Apart from ather
people, these resources are largely attintelligent constructs that mediate learning and

copnition.
» Individual cognition plus environment and Socle-cultural cognition

This conception of distributed cogniticn draws aspects from both the previous and
subsequent categoﬁes. It is similar to_the vrevious conception in that intelligence is
believed to be an individual construct, however, more credence is given to the role of
resources. Cognition is the generation of knowledge representations across media
within a given environment. This media may be internal (¢.g., a student’s memories) oc
external {e.g, other people, physical and symbolic resources). In this way, the
iraditional divisions between the inside/outside boundary of the student is dissolved
as the interactions between the distributed structures - the functoning system — is
what's important (Rogers, 1997).

Proponents of this conception believe that embedded in the design of a resource is an
intelligence that has been shaped by the resource’s originator (Lebeau, 1998; Rogers &
Ellis, 1994). This embodied intelligence is subsequently distributed to those who use it

as a tool in Jearning, but remains separate and distinct, from a student’s intelligence. It
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is jmportant to note howeves, that proponents of tools as intelligent resources, do not

say that these resources ‘do’ cognition. Rather, they mediate it (Pea, 1993},
»  Soclo-cultural cognition enly

Perhaps the most extreme perspective of distributed cognition is that of the socio-
cultural perspective. At the heart of this conception is the notion that intelligence
cannot be decontextualised from activity, nor from the resources used during this
activity {Cole & Engestrom, 1993; Hatch & Gardner, 1993; Hewitt & Scardamalia, 1958;
Norman, 1993; Pea, 1993; Reusser, 1993). While intelligence enables this activity, it is
not purely the intelligence of a student alone. Rather, intelligence is distributed across
and between resources within an environment, such as other students, physical
resources and symbols. These resources not only influence internal cognitions, but the
activities that emerge from interactions with them can be construed as cognitions in
themselves. Resources are believed to possess an intelligence of their own, and
students exploit this intelligence when using them for particular purpases in learning
activities. Therefore, it is impossible to separate individual cognition from the
cognition embodied in the learning environment. Intelligence is accomplished through

interaction with the environment. It is not possessed by any one individual {Pea, 1993).

A balanced view of distributed cognition

Fundamental to the differences that exist between these conceptions of distributed
cognition is the nature of cognition, that is, how knowledge is constructed and where it
ultimately resides. For example, the “individual plus environment’ conception depicis
cognition as being shared between the student and resources, but is essentially a
property of the student represented by internal knowledge structures. The socio-
cultural conception however, depicts cognition as being spread over students,
resources and the activity of the context and, as such, is a property of the entire context
(Hewitt & Scardamalia, 1998). Cognition is so context-bound and varied from one
setting to the other, that a distinction between a student’s cognition, context and the
activity is indiscernible (Pea, 1993).

Similarities can be drawn between the disparity between these two conceptions of
distributed cegnition and the lisparity between constructivism and sedo-culturalism.
As described in Chapter 3, cognition ia alse central to the debate between these two
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theories. Constructivists claim that cognition is a student’s internal representation of an
external event, whereas socic-culturalists assert that cognition Is situated within social
and cultural contexts of activity, rather than just an outcome of a student’s interaction
with the environment. Social constructivism draws on both perspectives to give a more
balanced view of copnition as it acknowledges both the student’s internal mental

actions as well as the undeniably influential role of activity, context and culture.

In searching for a more balanced conception of distributed cognition, the continuum in
Figure 4.1 is useful as it offers a visual representation of this middle ground. The
conception labcled ‘individual cognition plus environment and socio-cultural
cognition’ blends together its flanking conceptions that distributed cognition is an
individual plus environment construct, and a socio-cultural construct. This view
postulates that cognition is situated in a culturally defined context where resources
(social, physical, symbolic, and intejlectual) embody affordances which can support
thinking at both the communal level and the individual level. While the activity of the
environment sustains the construction of shared knowledge, students also
‘appropriate’ this knowledge which in itself becomes a resource for subsequent

cognitions (both at the communal and individual level),

This conception has been characterised in Lebeau’s (1998) study where he analysed the
distributed functioning between physicians, their patients and medical resources, in an
attempt to diagnose medical problems. Drawing on the belief that knowledge and
reasoning is shared amongst individuals and the resources available within a context,
Lebeau argues that doctors come to ‘appropriate’ the inteflect embodied in a
distributed activity, thereby constructing new understandings that contribute to his or
her averall expertise as a physician. When investigating patient complaints, doctors
typically discuss the problems with their patients, consuit medical histories, conduct
physical examinaticns and initiate laboratory tests. These routine activities are referred
to by Lebeau as resources that embody a knowledge that facilitates the doctor’s
thinking in not only diagnosing the patient’s problem, but also in recognising and

treating future instances that are similar in nature.

One can infer from this conception that cognition is something which is shared, or
jointly pursued by students interacting with each other and with surrounding physical,

social, symbolic and intellectual resources. These resources, according to Lebeau (1998)
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#distribute cognition by bringing current users into conversation with those who have
designed and used the tool in the past” (p. 6). Manifested in a medical history, for
example, is the doctor's {or other doctors’) thinking about a patient’s problem. it
usually contains past medical history, family history, medicines previously prescribed
and/or physical examinations carried out. Thinking with this resource, and in
conjunction with the actual patient, distributes cognition, thus supporting the doctor’s
diagnosis of the patient’s illness and the identification of a suitable therapy. The
outcome of this context-driven experience is the doctor’s development of a deeper
understanding of the symptoms related to this particular illness - the appropriation of

a greater medical awareness and intuitive feel for similar cases in the future.

Both Brown et al. (1993) and Lebeau (1998) use the term ‘appropriation’ to explain how
distributed, contextually constructed knowledge inevitably becomes individual
knowledge. Through activity and interaction with the context, understandings are
developed. While the entire context has contributed to the development of these
understandings, students appropriate them, that is, they interpret them thereby fusing
them onto their own existing knowledge structures, It is through appropriation, that
students gain greater control over their environment, becoming more competent in
their fields of study or professicnal practice. In this way, appropriation can be related
to Salomon et al’s. (1991) notion of cognitive residue where students watk away from
distributed learning encounters with personally improved competencies, greater

awareness, and deeper understandings of concepts.

Consequently, the conception that distributed cognition is an individual {plus the
environment} and a socio-cultural construct is in keeping with the principles of social
constructivism. Central to both of these concepts is the assumption that cognition is
initially driven through discourse and interaction with resources, but through the
process of appropriation, these contextuaily constructed understandings are ultimately
transformed into personal interpretations. These personal interpretations, otherwise
known as existing knowledge structures, then constitute both individual and social
learning resources for future distributed leaming encounters. This process was
described earlier as a spiral-like, or bi-directional, effect (Cole & Engestrém, 1993;
Salomen, 1993b; Salomon & Perkins, 1998).
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This type of distributed cognition is prevalent in everyday activities, Whether it Is at
home, at work, in the supermarket or during leisurely pursuits, people interact cn
_various levels with their physical, social and symbolic surrounds. [n fact, the degree to
which students function successfully, depends largely on their effective use of
available resources. An example of this is provided by Hulchins {cited in Resnick,
1987) in his analysis of navigational practices of US navy ships. While the
responsibilities of individual sailors are described, Hutchins’ analysis contends that it
is the distributed nature of these responsibilities between sailors, symbols and
artefacts, which determines the ship’s position around the world at any one time. The
individual sailor's knowledge alone amounts to little untl it is combined and

coordinated with the knowledge of athers and the necessary tools.

More often than not, classteom practices do not reflect the distributed practices within
navy ships. In fact, to a casual observer, learning activities within classrooms probably
are more in line with the “individual cognition only’ concepticn from which it can be
inferred cognition cannot be distributed at all. This is evident in the emphasis schools
place on the success achieved by students without the assistance af resources. For
example, consider a typical examination situation where students are expected to
perform in isolation from their notes, textbooks and peers. While many justifications
for this situation exist, Pea’s (1993) assertion that resources have been taken for granted
is also pertinent. He writes, “[resources] have become so deeply a part of our
consciousness that we do not notice them. Turned from histary into nature, they are
invisible, u-remarkable’ aspects of our experiential world” (p. 53). This assumption is
explored later, but first a broad overview of the role of resources as vehicles of

distribution is given.

Resources as vehiclas of distribution

Resources are instrumental in a distributed learning environment. In the literature,
they are typically referred to as being of the social, physical or symbalic kind.
Intellectual resources are less frequently examined and when they are, it is usually in
an ill-defined way. Given that the conception of distributed cognition drawn npon in
this study acknowledges individual cognition, intellectual resources are seen as
paramount and therefore have not only been inciuded in this literature review, but also
developed further.
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The role of resources in distributed cognition has been defined in many ways, often in
alliance with the author’s conception of this construct. Socic-culturalisis, for example,
contend that people think and learn soclally and by interacting with other maore
physical and symbolic resources. Social, physical and symbolic resources, therefore,
provide opportunities to learn and are inseparable from the experience and activity of
learning. Other less extreme socio-culturalists concur that resources are significant
aspects of leaming environments but explote them from an individualistic perspective,
that is, what the individual can achieve with resources as opposed to what the
individual can do alone, While respurces are never ranked as such, it can be inferred
that both camps perceive social resources to be the primary catalysts for opening up
opportunities for cognition to be distributed from one source to another. Perhaps this is
a consequence of the sccial constructivist contention that the maintenance of
meaningful social exchanges between students is the primary source of cognitive
growth {Stage, Muller, Kinzie, Simmons, 1998).

Ragers and Ellis {1994) and Regers (1997) describe social rescurces as communicative
pathways that distrib;.lte individuals’ representational states across the environment.
Although they de discuss other types of resources as communicative pathways (e.g.,
computer terminals), dialogue between and across individuals is possibly the mast
powerful and certainly the most common. The ‘dialectical interplay of minds’
(Goodman, cited in Stage et al., 1998) provides the opporturaty tor a common language
to be established and for knowledge to be intersubjectively constructed.
Intersubjectivity refers to the mutual understandings that are achieved between
individuals as they negotiate and renégotiate meanings of phenomena (Rogoff, 1990;
Vygotsky, 1978).

Any dialogue between two people, or between groups of people can be perceived as an
opportunity ta distribute cognition. Collaborative groupings, however appear to be the
most commen as they are widely recognised as frameworks that complement the
distribution of cognition (Brown et al.,, 1993; Crock, 1994; Derry et al., 1998; Hatch &
Gardner, 1993; Hewitt & Scardamalia, 1998; King, 1998; Pea, 1993; Perkins, 1992, 1993;
Torraco, 1959}, In these instances, distribution is bi-directional in that all students have
opportunities to guide their peer’s participation in the activity as well as appropriate
knowledge and skills for themselves. King (1998) terms this mutual appropriation as a
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‘transactive cognitive partnership’, where each student reciprocates in scaffolding each

other's thinking and learning to progressively higher levels.

Although Vygotsky never wrote of distributed cognition specifically, many of his
theories have been extrapolated to explain its defining principles. The zone of proximal
development (ZPD), for example, has been drawn upon to rationalise the nature of
distribution in social settings. Brown et al., (1993} perceive social (and other) resources
as ‘serds’ within the learning environment that provide a range <f ideas and concepts
for those working within appropriate ZPDs. King (1998) and Brown, Coliins and
Duguid, {1989) apply ZPD theory to reciprocal teaching and cognitive apprenticeships,
claiming that these sorts of social arrangements provide opportunities for less
knowledgeable students to carry out tasks with the help of more capable others. Pea
{1993) writes, “Such ‘guided participation’... distributes the intelligence required to
carry off the actvity across {participants}” (p. 61).

The Vygotskian perspective that tools mediate learning has alse been widely drawn
upon by those who advocate distributed cognition. In fact, the whole idea that
cognition is distributed across contexts by resources is firmly entrenched in Vygotsky's
(1978) theory that people act through both psychological and technical tools in their
attempt to gain greater control of their warld. For example, Vygotsky’s belief that “the
sign acts as an instrument of psychological activity in a manner analogous to the role of
too] in labour” {p. 52) is central to subsequent assertions that symbolic resaurces (such
as language systems) support and distribute cognitive activity {Cole & Enygestrom,
1593; Pea, 1985; Perkins, 1992, Szlomon, 1993c). As a rule, people sustain thinking
through socially shared symbol systems such as writing, diagrams, sdentific formula,
mathematical algorithms and even medical records as was iltustrated in Lebeau's
(1998) research. These sorts of symbols participate in cognition, not just as & vehicle of

transmission, or as source of record, but as a vehicle of thought {Perkins, 1992).

The portrayal of resources as ‘toals’ is prevalent throughout the iiterature. Physical
resources in particular are frequently likened to tools which humans have developed
throughout history to provide them with physical and intellectual advantages (Crook,
1994; Jonassen, 1996; Pea, 1985, 1993}, In fact, Pea (1985) believes that the way in which
we have come to interact with physical tools has significantly changed the way in

which we interact with the environment. Drawing on the plough as an example, Pea
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argues that tools have not only served to increase productivity, but they have
essentially caused the nature of tasks to change as well as the ways in which these
tasks are accomplished. Looking at this from a learning perspective, physical tools
(such as the calculator, have the potential to not only amplify our thinking, but also
restructure our thoughts, the way we think, and ultimately the way we behave as

individuals.

The outcome of using a tool Is often dependent on the relationship betweer the too!
and the user. For example, in T ;v discussion of the computer as a cognitive tool, Gilbeit
(1999) proposes three main roles which ihe cognitive toal often plays - the servant, the
partner or the expert. As a servant, the computer supports lower level cognitive
processes in order to enable the student to engage in higher level activities. As an
expert, the computer makes decisions and directs interaction between it and the
stadent, As a pariner, the student and the computer werk in an interactive partnership,
directed by the student’s intent.

In developing this type of intellectual parmership, it is easy to see why students would
develop a dependency on tools. It is the student in partnership with the comp for
any other resource found within the learning envirenment) that facilitates the
successful completion of a task. This dependency has encouraged Perkins (1992) to
question traditional models of information processing. Rather than assume that
knowledge only resides within a student's long-term memory, Perkins argues that the
physical surround is also an invaluable source of knowledge. Termed the “access
framework’ he maintains that access to knowledge is more important than whese it is
located. The knowledge in 2 journal, for example, is as valid as the knowledge in one's

he-d, but neither is of muh use if they cannot be accessed swiftly and easily.

Hewitt and Scardamalia (1998) support this view and contend that work produced by
students {e.g., essays, assignmenrts and journals), are rich cognitive resources for all
students, not just those who originally composed them. In storing these documents ina
publicly accessible database, theories, perspectives, questions and ideas become a
collection of cognitions. These cognitions not only conutitute the thinking of a
community of lzarners, but also become the collective knowledge base upon which
pew constructiors are developed. Known as a ‘computer supported intentional

learning anvironment (CSILE), this computer application advances the spiral-like
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nature of distributed cognition where one student’s cognition feeds into the

understandings shared by the classroom community.

While Hewitt and Scardamalia (1998) and others acknowledge the importance of
individual intellect, they stap short of characterising it as a resource to which students
can distribute their cognitions. Lebeau (1998), on the other hand, identifies intellect as a
resource with which individuals interact in the joint construction of knowledge,
however there is no attenspt ta elaborate upon the attributes of this resource and how
ane’s mind contributes to distribution. Similar observations can be made with Rogers
and Ellis (1994} whao acknowledge individuals’ memories as important to distributed
cognition, but fail to actually define this resource. These references clearly highlight the

need for an individual's intellect as a resource to be examined more closely.

Based on the findings from related literature, it is assumed that intellect serves as a
resource in two main ways. The first is in relation to the mental knowledge constructs
which individuals retain in their minds as memories, otherwise known as prior
knowledge. As mentioned earlier, an individual’s experiences, thoughts, ideas, beliefs
and understandings are rich resources that not only permit access into the distribution
of cognition, but also feed the process (Salomon, 1933b). The second aspect pertains to
the metacognitive knowledge one has about the processes of learning. Very little has
been documented about metacognition as a resource in the distribution of cognition
which is surprising considering its widely encouraged presence in other learning
situations. Hedberg et al's. {1993) contention that metacognitive knowledge is a
cognitive tool to be used wisely in the pursuit of effective learning, is particularly
important in a distributed learning environment as this resource essentially oversees

the entire process through the deployment of leamning strategies.

Many authors propose categorisations of different types of learning strategies,
however, those by McKeachie, et al, (1987} are perhaps the most concise. They classify
learning strategies as being either cognitive, metacognitive or resource management
related. Cognitive learning strategies are thuse that facilifate the processing of
information with the goal of achieving meaning and/or remembering (e.g. nete-
taking, paraphcusing, concept-mapping, rote rehearsal). Metacognitive Jearning
strategies are those that relate to the control and regulation aspect of learning (e.g., seif-

questioning, setting goals, re-reading, reviewing). Resource management strategies are
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those that assist students in managing the environment and resources available to
them (e.g., scheduling, organising quiet areas, managing effort, seeking help from

peers and others).

From a social constructivist point of view, a student’s internal knowledge structures (of
which knowledge about the three types of leamning strategies is an interrelated
component} are an integral part of the learning context. From a distributed learning
point of view, these knowledge structures are the non-cbservable mental resources to
which cogrition is distributed internally, as well as externally to the more tangible
resources. A student’s prior knowledge not only provides him or her with the requisite
knowledge upon which to develop subsequent understandings, but also with the
know-how of how to read the environment; how to organise it and available resources
such that intellectual partrerships can be established and cognition distributed across
the mind, as well as the external surround. But how are these partnerships actually

foymed? The next section attempits to answer this question.
The fingertip effect

In the preceding section, it was argued that the partnerships between individuals {and
groups of individuals) and social, physical, symbalic and int=llectual resources are
ceniral to distributed cognition. In light of this, resources of all shapes, sizes and
affordances should be made avaflable to students. Can we assume, though, that by
simply making resources available to students, the opportunities the resources afford
will be automaticaily exploited? This is unlikely according to Perkins (1985, 1992, 1993}
and others (Pea, 1985, 1993; Nickerson, 1993). A mistake made by many teachers is the
assumption that because resources are available - at students’ fingertips so to speak -
their potential will be maximised. While the immediate conveniences of resources are
often taken advantage of (e.g, using the word processor (o write a stery) their full
potential is rarely exploited (e.g., using the word processor to provoke intelligent
revision) (Perkins, 1985).

One has only to reflect on the classroom context to see that this concern is real-
Television, computer applications, collaborative and cooperative group work,
calculators and other innovative resources have largely failed due to the assumption
that their mere presence will yield immediate and profound transformations in

e_ducati_on {_Per__l_ci_n‘_s, 1992}_. The.consanaué was {and arguably still is), that the rich
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opportunities afforded by most of these resources would do the teaching itself - that
intervention by the teacher would rot be necessary as students would naturally
gravitate towards the educational opportunities on offer. As a tesult of this
misconception, initiatives have failed with the blame falling squarely on the resources
as ‘being of litde use after all. According to proponents of distributed cognition,
however, the problem is not with the resources but with lack of teacher intervention

guiding students to discover these opportunities. Perkins (1992) writes:

The image of simply putting something into place -~ say, a word processor - and
seeing wonderful learning experiences unfold organically is seductive. But
jnnumerable lost hopes argue for a more hardheaded posture toward the
fingertip éffect. We must not expect new technologies, the grouping of students,
and like innovations to do the job by themselves. We musi accept the
responsibility of mediating students’ good use of these person-plus resources.
{p. 147-148)

In essence, what this means is that the opportunities inherent within rasources cannot
be taken for granted. In the first place, it cannot be assumed that all resvurces afford
educational opportunities. Secondly, even if resources do afford opportunities, this
does not mean students are aware of them and, thirdly, even if students are aware of
these opportunikies, it cannot be assumed that they will be sufficiently motivated to
take them (Perkins, 1985). Teachers, therefore, must be aware of these issues and
engineer the conditions necessary for allowing sound intellectual partnerships to form.
One of the first steps to take in this process is for teachers to become aware of the
nature of resources available to students and to question how they can potentially
enhance learning. Satisfied that they afford sound educational benefits, teachers must
arrange opportunities for students to interact with the resources, ali the while

mediating this process to ensure potential is known and exploited.

This mediation process was central to the implementation of a distributed learning
environment, which in turn was paramount to the development of an effective
partnership between the students and the compute: as a cognitive tool. The
characteristics of this environment are explored in the following chapter, the specific
features of which are defined and presented as the means by which the distribution of

cognition is operationalised in the classroom environment.
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Characteristics of a Distributed Learning Environment

Chapter overview

Chapter 5 discusses the fundamental characteristics of a distributed learning
environment (DLE). It begins with a description of the process through which these
characteristics were defined and built inte a comprehensive DLE framework. The
specific featuras of each characteristic are then examined in more detail before being
summaried in tabular form. Finally, the implications associated with the interrelated

nature of these characteristics are briefly discussed before the chapter is concluded.

Building a distributed learning environment: The process

In an effort to uncover the fundamental characteristics associated with a DLE, relevant
literature was extensively reviewed. Books discussing and developing the subject were
examined, as were journal articles, research projects and web sites. These sources
provided accounts of distributed engnition that swept a broad range of contexts, both
educational and other. The temporal span of the literature covered ranged from 1985 to

the present.

Although these sources discussed many facets of distributed cognition, very few
explicitly discussed ways of operationalising it in the classroom. For example, Brown et
al’s. (1993) article (and others like it} was useful in identifying the practicaliiies of a
DLE, but stopped shert of actually defining implementation strategies. Initially,
therefore, there were no specific eriteria for formulating a framework and atiy aspect
that appeared relevant to the distribution of cognition was noted. Tabie 5.1 is a list of

potential elements of a DLE as they emerged from early reviews of the literature,
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Tabla 5.1 Preliminary cha' acteristlcs of a DLE

Elements of a distributed feaming anvironmant

Source

Active and explicit encouragement by teacher to use the full
patential efforded by resources,

Availability of, and easy access to, a variely of resources within
and beyond the classroom,

Collaboration between pesrs, teachers and others in the
nggotiatian and developmanl of undersiandings.

Use of language, symbaols, diagrams and pictures as catalysis to
clarify and explain the meaning of concepls.

Autheniic activiies that have purpose and validity.

The 'aacher models shared negetiation of meaning and leaming
as a communal endeavaur,

Goatorenled leaming from both 2n individual and social
parepoctive,

Deliberate angineering of leaming experiences that enable
studants to aparate within their ZPD,

Students arg aware of riuallstic paricipation frameworits and
mutines.

Pea, 1943

Hatch & Gardner, 1933; Faa,
1992, 1993; Pea & Gomez,
1992; Parkins, 1952, 1943;
Rogers & Ellls, 1994

Hatch & Gardner, 1833, Pea,
1993; Psa & Gomez, 1992,
Perkins, 1942, 1993 Rogers &
Ellis, 1994

Pea, 1993; Pea & Gomez, 1892;
Perkins, 1992, 1993

Pea, 1993; Pea & GSomez, 1992
Paa & (Somez, 1952

Pea, 1853

Brown et al., 1993

Brown et al., 1993

With further analysis of the literature, however, these initially disparate aspects began

to form patterns that could be distinguished as being related ta certain characteristics

common to most teaching contexts. It was apparent that the ideas present in the list

could be attributed to characteristics relating to either the teacher, the shudents or the

processes of learning, Consequently, each of these ideas was ‘binned’ (Miles &

Huberman, 1994) into one of three categories labeled teacher characteristics, student

characleristics or process characleristics (see Table 5.2). Each feature to emerge from the

literature thereafter was immediately assigned to one of these categories.
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Table 5.2 The classification of preliminary characteristics of a DLE

Elements of a distributad Sourca
|learning snvironment

Actve ang expleil encouragemanl by | Fea, 1992
taathar In use Iha full patantial afforded ™~
by rasources.

Avallabilty of, and ensy access lo, a | Halch & Gardner, 1993; Pea, 1852, 1293,
varfaty of rasourcas within and beyond | Pea & Gomez, 1952; Parkins, 1982, 1993,
lha classroom. fAogers & Ellls, 1984

Collaboration between peers, wachars | Hatch & Gardner, 1893, Pea, 1993; Pea &
and others In the nregolaton ond | Gomez, 108Z; Perking, 1592, 18993;
davelopment of undersindings. Rogers & Ellis, 1994

Usa of language, symbols, dlagrams | Pea, 1993; Pea & Gomez, 1592; Parking,
and piclures as calalyets o clarfy and | 1852, 1553

axplain Lhe maeaning of concapts.

Aulhontic aclvitles |hal have purpose | Pea, 1893; Poa & Gomez, 1992

and validity.

Tha taacher modals shared nagotation | Pea & Gomez, 1982

of meaning and laaming as a communal

endaavour

Gealarented leaming from bolh and | Pea, 1833

Individual and sodal perspachve,

Defiberale  englnesdng  of feaming | Brownalal, 1933 \

axperiances thal enable students lto
cparmte within hair ZP0.

Shdents are aware of rtualisie
participation framewarks and mutines. Brown etal., 1993

Based on Biggs and Moore’s {1993} asertion that the key components of any learning
context, namely the teacher, the students and the learning processes, interact and!
influence one another, it was inferred that these emergent categories were interrelated.
For example, it was postulated that within a DLE the teaching conlext characteristics
would influence the studeni characteristics which together would affect the process
characteristics and (ultimately) the learning outcomes, This ‘systems theory’ approach
effectively captured the intricate nature of a DLE in that implementation of change in
ane component would potentially induce change in others. Figure 5.1 provides a

diagrammatic representation of this interrelationship.
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Teaching Context
Characterislics
Process
L Characleristics
Studant
Characterisilcs

Flyura 5.1 The Interrelated nature of the characterlistics within a DLE

What does a distributed learning environment look like?

Having identified the key components of the DLE, it was then necessary to explicitly
describe their defining features as they pertained to the classroom context. This process
was paramount in bridging tne gap between theory and practice as it effectively
‘operationalised’ the key principles of distributed cognition that were gleaned from the
litecature. The following section, therefore, provides a comprehensive examination of
the specific features that comprise the three components of the DLE framework, that is,

the leaching context characteristics, the student characteristics and the process characteristics.

Teaching Context Characteristics

The teaching context characteristics comprise a wide range of complex phenomena which
constitute the foundations upon which the entire DLE framework is built. That is, the
subsistence of the student characieristics and the process characteristics is derived from the
fundamental make-up of the leaching context characteristics. These characteristics relate
to the primary features within any teaching context such as the teacher, the curriculum,
the learning tasks and assessment procedures. Each of these features will be discussed

independently.
Teacher faalures

In keeping with Hativa's (1986} contention that the teacher is the most crucial factor in
implementing and maintaining any innovation in the classroom, effective distribution

of cognitien is contingent on the teacher's ability to carefully assemble an infrastructure
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that embeds distribution into the fabric of everyday classtoom life. This infrastructure
enables students to participate in procedures and rituals that, in effect, propagate
cognition across a variety of resources within the learning environment. As Brown et
al. (1993} note, if students are to participate effectively, they need to beccme adept in

recognising these rituals, understand their structure and move fluidly between them.

These rituals are firmly grounded in the resources which define the learning
environment. In cther words, participating in the distribution of cognition is
synonymous with collaborating with others (social resources), accessing a range of
tangible and intangible resources (physical and symbolic resources) and tapping into
existing knowledge structures and learning strategies (intellectual resources).
Consequently, collaboration, resource-based learning and thinking strategically are the
fundamenta features of the participation framework that erable students to navigate
effectively within a DLE (see Figure 5.2). And although the learning activities vary
from week to week, the rituals of participation remain constant and characteristic of
the culture of a DLE.

How?

Why?

To distribute my
knowledge, | need to:

Ba
sirategic

When?
Figure 5.2 Infrastructure snoporting the primary participation framework within a DLE

While this participation framework would appear to be a straightforward endeavour,
the extent to which students maximise the potential offered by these resources is a
tearned construct and one which requires active input from the teacher. Through
constant guidance, medelling and encouragement, he or she effectively shows the

students hon to collaborate, use a broad range of resources and think strategically. The
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teacher’s Tole in each component of the participation framework is discussed as

follows.
= Collaboration

Collabaration is not a natural by-preduct of grouping students together. Perkins {1592)
writes, “While the opportunities to collaborate are created by ... grouping students,
Jollow-through depends on much more than the existence of opportunity” {p. 145). This
follow-through is a highly orchestrated endeavour through which collaboration
eventually evolves. Hewitt and Scardamalia (1998} support this in their observation
that effective peer relations largely hinges on teacher intervention. [n their attempts to
construct ‘knowiedge building communities’, they found it necessary for teachers to
explicitly discuss collaboration strategies (e.g., strategies for reading and commenting
on other student's work, effective & ineffective strategies for disagreeing and
criticising} with their students. King (1998} also recognised the need for teachers to
scaffold peer groupings if the students were to engage in ‘tramsactive cognitive

parinerships”.

Because dialogue and discussion is the principal communicative link for the actual
process of distributing knowledge from cne source to another (Brown et al,, 1993;
Rogers & Ellis, 1994), it is crucial that students knaw ko to collaborate effectively.
Before they can successfully set group goals and develop a sense of autonomy in group
collaborations, they need to know what they stand to gain from doing so. They need to
know how to manage the inevitability. of intellectual conflict (and perhaps even social
conflict), how to question, provide feedback and how to support each other’s learning.
In short, students need prearranged opportunities to collaborate with one another -
opportunities where they, through constant encouragement, guidance and support
from the teacher, can learn to distribute their cognition to one another and across ather

small group arrangetments.
= Using resources

As illustrated in Figure 5.2, the participation framework is also resource-based. That is,
for students to effectively distribute their cognition, they must coune to recognise social,

physical, symbolic and intellectual resources as learning suppuorts and communicative
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pathways. These resources are the tools which Vygotsky (1978) referred to as support
mechanismg that enable students to extend their zones of proximal development
(ZPD}. This support may come in the form of questions posed by the teacher or another
peer, or it might be ideas and prompts found in texts, cognitive toals, journals, tables
and diagrams. Mastery of concepts with the support of rescurces pushes back the
boundaries of the individual’s ZPD (Brown et al., 1993) so while supports are no longer
required for learned concepts, new supports are needed for subsequent, more complex

ones,

Distributed cognition, therefore, is about accessing resources that contain appropriate
supports for a tange of ZPDs (Brown et al., 1993; Pea & Gomez, 1992; Pea: 1993;
Perkins, 1992). However, accessing resources Is only half *he battle and as Nickerson
(1993) points out, students should also learn how to use these resources effectively.
There is little point in having a range of resources available if students do not know
how to use them, why they should use them, when o use them and when not to use
the. Perkins {1985, 1992) claims that the responsibility for helping students take these
oppertunities clearly falls onto the teacher who must mediate the students’ interactions
with resources and guide them towards effective use. This process is cumulative and
develops gradually as the teacher models, coaches and encourages resource awarenass

such that their use eventually becomes part of the classroom culture.

This last polnt poses implications for the timeframe over which the framework should
be implemented: Given that the DLE gradually encaurages students to distribute their
learning to social, physical, symbolic and intellectual resources, implementation must
occur over an extended period of time. Expecting immediate results from a DLE, or
implementing it into a short-term unit, is unrealistic. Similarly, expecting cognitive
tools to restructure ¢ gmitive functioning immediately will result in disappointment
and perhaps add {unfairly) to the argument that cognitive tools cannoct enhance

learning.
* Baing strategic

Although resources exist in most classrooms, they are often not perceived to be integral
to effective cognitive functioning and the potential power they yield regularly goes

unnoticed {Perkins, 1992). This is evident in activities that encourage students to work
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without supports, and assessment methods that reward solo performances {Perkins,
1992; Reonick, 1987). Even when physical, social or symbolic supports are used the
mote obscute and less ohservable intellectual resources are frequently undervalued.
These resources are fundamental to the participation framework described previously,

as they are the catalysts for strategic learning,

As discussed in the previous chapter, when students use their intellectual resources,
they tap into existing knowledge structures onto which new information can be finked.
They also access learning strategies that help them cope with a range of task demands.
The larger the students’ repertoires of different types of learning strategies, the more
effective they are as learners (Chalmers & Fuller, 1996}, Although it is possible to
acquire some learning strategies incidentally, these are usually basiu.: ones that enable
students 1o acquire information only (e.g., rote learning and nate taking). Complex
learning strategies {e.g., those that facilitate understanding and/or enable students to
regulate their learning) are rarely acquired by chance and, more often than noz, need to
be learned.

In a social constructivist learning environment, the best way to acquire learning
strategies is through teacher modelling, coaching and constant encouragement. And as
Chalmers and Fuller (1996) suggest:

When this is followed by cpportunities to practice the use and implementation
of the strategies in a number of different contexts, to receive feedback on the
appropriateness and effectiveness of their implementation, and te compare
their effectiveness against alternative strategies, then it is likely that students

will use a wide range of learning strategies appropriately and effectively (p. 36).

Finally, distribution of cagnition in the classroom requires students to participate in
precedures and routines that are callaborative, resource-based and strategic in nature.
Given that implementation of these procedures and routines is controlled by the
teacher, the extent to which they encourage the distribution of cognition is a reflection
of his or her commitment to this construct {Brown et al,, 1993; Pea & Gomez, 1992).
Based en a firm understanding of the principles that underpin distributed cognition,

this commitment is the driving force behind every feature of the teaching context
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characteristics. Unless this commitment is evident, then any distribution that occurs

may be superficial in nature.

Teacher features are suramarised as follows. The teacher is:

» responsible for the development and implementation of a framework that will
enable students to participate in the distribution of their cognition through
collabaration, using resources and thinking strategicaliy (Brown et al., 1993; Hewikt
& Scardamalia, 1998; Pea, 1985, 1993; Pea & Gomez, 1992; Perkins, 1992).

* committed te a DLE and constantly models distribution {(Brown et al,, 1993; Pea &
Gomez, 1992).

Curriculum and task features

In simple terms, curriculum refers to the selection and arrangement of content to bz
taught in a particular subject to a particular year level (Biggs & Mnore, 1933). While
teachers are restricted to the actual ‘what’ of the curriculum, the ‘how’ and "when’ are
very much a reflection of their own personal conceptions of teaching. Conceptions of
teaching are subjective statements that represent the fundamental beliefs teachers have
about how students learn and how they should be taught (Chalmers & Fuller, 1996).

Comparisan of the findings from research into teachers’ conceptions of teaching shows
that curricutum dissemination can be viewed {n qualitatively different ways (Gow &
Kember, 1993; Larsson, 1986; Samuelowicz & Bain, 1992). For example, Larson {1986)
found that teachers perceived their skills to increase as they shifted their focus from
communicating large quantities of facts to students, to helping them develop as critical
thinkers. The findings from the other cited studies were similar and could be
summarised in terms of two main orientations, a) teaching as the transmission of
knowledge, and b} teaching as the facilitation of student understanding. Teachers who
perceive teaching to be the transmission of knowledge see themselves as experts in
their area and aim to present subject matter to students in an accurate and efficient
manner. In contrast, teachers who perceive teaching to be the facilitation of
understanding believe the respoiuibility of learning lies ultimately with students and,
as such, aim to develop independent learners trough the promotion of critical

thinking and metacognitive skills.
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Because conceptions of curriculum are implicit within conceptions of teaching, it is
possible to infer from these orientations that teachers who perceive teaching to be the
transmission of knowledge see curriculum as a collection of essential facts and skills to
be taught, assimilated and tested on cue. In contrast, teachers who perceive teaching to
be the facilitation of understanding see curriculum as a series of meaningful themes
that promote discussion, problem solving and critical thinking, not just memorisation
and recall. This latter orfentation is in keeping with a DLE where teachers
discriminately present themes that are thoroughly explored by the students, revisited
often and used as the basis for further learning opportunities. Depth of understanding
is fostered in preference to breadth of coverage, even though practical constraints

require teachers to at least balance the two {(Brown et al., 1993).

Given that learning tasks are the catalysts through which the students come to learn
curricula themes, teachers must design class activities that complement curricula
abjectives. In . DLE, therefore, tasks should be structured such that they encourage
students to search for the meaning inherent in the subject matter and facilitate
conceptual growth within and between themes. Rather than focus on the surface
features of concepts, tasks in a DLE must encourage students to tap into their existing
networks of knowledge and use them as the basis upon which new, more extensive
understandings can be built (Brown et al., 1993}, Through discussicn and collaboration,
this prior knowledge becomes an intellectual resource for the leamning community with

which it is shareq.

Furthermore, tasks within a DLE should possess authenticity in that they are
representative of real world problems and situations {Pea, 1993; Pea & Gomez, 1992),
When this occurs, learning is situated in a context that is meaningful and relevant to
the students and clearly “reflects the multiple uses to which their knowledge will be
put in the future” (\Collins, Brown & Newman, 1989, p. 487). In this way, knowledge
becames a tool which can be used to interpret or inform subsequent learning
situations, as opposed to remaining inert and us.able in limited situations only
{Brown, 1997).

As an example of an authentic learning task, primary mathematics students might be
asked to develop specifications for a new play area intended for their school. Multiple

mathematics concepts would be encountered as students endeavour to achieve an
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objective that is not only real, but purposeful and valuable to them personally. The
open nature of this task is also conducive to group collaboration, using a variety of
resources and employing strategic thought - the fundamental elements of participating
in a DLE. Tasks that require students to complete worksheets or note-take in lectures,
not only lack authenticity but are at odds with the very forces that drive the

distribution of cognition.

Finally, the relationship between the {earning tasks and the participation framework is
a mutvally dependent one. While tasks need to complement the participation
framework, in that they should open up communicative pathways and encourage the
use of resources and strategic thinking, it is through execution of the task that these
very skills are developed. That is, the task is the catalyst that enables the skills of
distribution to be learned in context. By participating in authentic tasks, studenis are
learning how to cellaborate, how to use resources and how to think strategically in a
context that is both meaningful and relevant. Consequently, these skills make sense to
the students because they are using them to achieve valued goals and aims. In this way
“students acquire acts, principles [and] theories as conceptual tools for reasoning and
problem solving that make sense because they have consequences in meaningful
contexts” (Pea & Gomez, 1992).

Curriculurn and task features are summarised as follows:

*  Curricula emphasises depth of coverage over breadth; understanding over
memorisation and recall (Brown et al., 1993).

* Tasks complement curricula objectives which are based on objectives that
emphasise understanding (Brown et al., 1993).

= Tasks are situated and authentic {Pea, 1993; Pea & Gomez, 1992).

» Tasks are conducive to collaboration, using resources and learning strategies
{Pea & Gomez, 1992}.

Assessment Fealtures

The third feature of the teaching context characteristics relates to assessment procedures,
the main purpose of which is “to determine whether learners have achieved the goals

and objectives of ... instruction” (Reeves & Okey, 1996, p- 196). Assessment in any
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iearning environment should be clearly aligned with the learning objectives, content,
learning tasks, pedagogy and resources. [n this way, students will be encouraged to
maximise all the affordances of the learning environment, rather than simply weed out
those which are perceived to carry the necessary grades (Reeves, 2000a). As such, the
traditional divisions between learning and assessment are blurred, thus enhancing the

authenticity of the learning environment as a whole,

In a DLE, therefore, this alignment should not only exist (Brown et al., 1993} but be
clearly articulated to students, If students are aware that the assessment procedures
will be consistent with the methods used to learn the material, then they will be more
likely to make use of available resources within the classroom. Also, these students
who are unsettled by the notion of constructing knowledge socially will potentially feel
less threatened knowing that these pr cesses are also integral to the assessment
procedures. However, ensuring this consistency is not always straightforward, as

Sumara and Davis (1997) point out in the following quote:

Tt is not unusual for teachers in schools to direct a group of students to ‘work
together’ (e.g., to come up with ideas for a project, an essay, a presentation) and
then to prepate ‘individual’ products for assessment. Not ordy do we find this
rather strange cultural practice - as it separates the actions and understandings
of the individual from those of the collective - it is a contradictory practice that

subordinates ‘group work’ to the work of the individual. (p. 405)

Polarising learning and assessment into a social, tool based experience versus an
individual, non-mediated experience is detrimental to the success of a DLE as it
undermines the principles upon which it is built. Moreover, because students are
encouraged to think with and through multiple resources when learning in a DLE, it is
quite feasible for some or all of these resources to retain part of that learning (Brown et
al,, 1993} and, as such, should be available during assessment. This is particularly
important in light of Perkins (1992) contention that the long-term memory is not (nor
should it be), the sole retainer of knowledge.
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What really counts is not where knowledge is - inside or outside the skull, but
what might be called the ‘access characteristics’ of relevant knowledge — what
kind of knowledge is represented, how it is represented [and] how readily it is
retrieve, {Perkins, 1992, p. 135)

Furthermore, in keeping with curricula and task objectives, depth of understanding
should be the focus of assessment in a DLE, not fact retention (Brown et al., 1993).
However, because conceptual grawth is a gradual process of extending and developing
knowledge structures, teachers should avoid assessment methods that leok for an ‘all-
or-none’ result {Gelman & Greeno, 1989). In an ervitonment that acknowledges and
encourages students ta work within their own ZPD, it is to be expected that a range of
understandings will exist. Assessment, therefore, should reflect the temporal nature of
a DLE and aim to capture students’ understandings in their early conceptual form and
as they progress towards deeper levels. This will enabfe the teacher to monitor the
development of misconceptions, determine the appropriate time to extend students’

ZPDs and generally evaluate achievement and performance (Brown et al., 1993).

Portfolic assessment, where collections of students’ work are assembled over time is
one such method as it allows teachers to trace conceptual growth as individual ZPDs
shift and change. Because portfolio assessment is focussed on process as well as
product (Reeves, 2000z; Reeves & Okey, 1996}, students come to value the skills of
learning as well as the final outcome, This is important in 2 DLE where the tools of
learning are the keys that provide access into an arena of shared knowledge
constructions and maturing understandings. Collaborative assignments, peer
assessment, stedent/teacher interviews and informal discussions are other examples of
assessment methods that, due to their on-going social and goal-oriented nature, would
be conducive to a DLE (Brown et al., 1993).

Assessment features are summarised as fallows, Assessment tasks should:
» be consistent with the process of leaming (Brown et al., 1993}).
»  evaluate student understanding not recall {Brown et al., 1993).

= acknowledge other containers of knowledge nat just ‘in-the-head” knowledge
(Brown et al., 1993; Perkins, 1992).
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» jook for partial understanding as well ag complete understanding (Brown et al.,
1993).

= use methods {e.g, portfolios) that emphasise the process of learning as well as
the product (Nrown et al., 1993).

Teachlng context characterlstics concluded

As a concluding statement to the feaching context clmracteristics, the teacher, the
curriculum, the leaming tasks and assessment procedures are all features of the
teaching context which, in a DLE, must be considered in light of the principles of
distributed cognition and those that define social constructivism. Given that the
teacher is primarily responsible far these features, they could have.been included as
subsats of the features that define the teacher. They have been treated separately here,
however, to give Impact to the specific details which teachers must attend to in their
endeavours to develop a DLE. Moreover, these details convey messages to students
about the type of learning that is desired and rewarded in the classroom which, in turn,
impacts upon the second component of the DLE known as the siudent characteristics.

These characteristics are discussed as follows.
Student characteristics

Student characteristics relate to students’ perceptions of the learning environment and
their roles within it. Although nat stated as such in the literature on distributed
cognition, theseperceptions are very much based on the students’ conceptions of
learning, that is, their beliefs about what learning means and how it occurs. Marton,
Dall’Alba and Beaty (1993), have identified six different levels of canceptions of
learning which can be classified as being either quantitative or qualitative in nature.
Quantitative conceptions of learning are assodated with students’ perceptions that
learning is the accumulation of isolated pieces of knowledge whereas qualitative
conceptions of learning are associated with students’ perceptions that learning is the
construction of personally meaningfu! understandings. These perceptions influence the
students’ commitments to pedagogical approaches, as well as their acceptance of the

responsibility they have for their own learning and the learning of others.

In a DLE, it is important that students align themselves with qualitative conceptions of

learning, If they perceive learning to be the accumulation of facts, then attempts at
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distribution will be supecficia), if not a little confusing. Because rote learning is largely
an individual pursuit, students who endeavour to complete tasks in this fashion, buat
within an environment of group collaboration and communal effort, will inevitably
experience some sense of mismatch and disorder. Conversely, when students perceive
learning to be the construction of deep understandings, they will be more willing to

access people, tools and strategies that w ill facilitate their endeavour.

This latter scenario is preferred because in a DLE, students must see themselves as co-
learniers, co-teachers and co-researchers (Brown et al, 1993} who not only access
resources, but are prepared to invest themselves as social resources in a collective effort
to construct knowledge {Hatch & Gardner, 1993; Nickerson, 1993; Saloman, 1993b). In
doing so, a type of ‘collective cansciousness’ transpires which, according to Torraco

{1999}, is fundamental to the effeclive distribution of cognition. He writes:

A defining characteristic of group situations in which distributed cognition is
passible is the oppartunity for developing collective consciousness fwhich] is a
state of mind achieved by group members reflecting 2 high level of interaction
and awareness relative to a common experience ... This allows members ta
develop their own unique conceptions of the task within a broader systems
context. Being exposed to representations of the task not only satisfieg tlj;ﬁ:te,ggx_,
to see how the task is ori.ented within the broader system but aiso allows
members to conceptualise how their efforts contribute to the overail experience.
(p.-265) ©

This state of mind is not incidental to the implementation of a DLE but rather comes
about when the students are fully committed to the principles of distributed cognition
(Hewitt & Scardamalia, 1998). Unless this commitment is evident, any attempts at
distribution will be in vain, even if all the necessary teaching context chamcteristics are in
place. As Brown et al. (1993) notes, commitment breeds respect - a respect which is
necessary for all comments, questions, concerns or silent contemplations to be
acknowledged as worthwhile contributions to the learning endeavour. Students who
ace ridiculed or criticised for their contributions will be inclined to withdraw from
communal learning, thus restricting attempts at distribution within the environment as

a whole.
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Student characterlstics coneluded

In summary, stndent characteristics refer to the perceptions students have of the DLE
and their roles and responsibilities within it. These perceptions are largely a reflection
of the students’ conceptions of learning, that i3, what they understand learning to
mean, Qualitative conceptions of learning are more conducive io a DLE as the pursuit
of understanding is more likely to be achieved through collaboration, using resources
and strategic learning. Beyond the conceptions, students must consciously commit to
and respect the joint construction of knowledge because, as Brown et al. (1993) state,
“[an] atmosphere of joint responsibility is critical for this enterprise” (p. 199).

The features of the student characteristics are summarised as follows. Students must:

» see themselves as co-learners, co-teachers and co-researchers in the pursuit of
understanding and making sense of material (Brown et al., 1993).

* develop a ‘collective mindset’ based on a strong commitment to the
padagogical approaches to learning within this environment (Hatch & Gardner,
1993; Hewitt & Scardamalia, 1998; Nickerson, 1993; Salomot, 1993b; Torraco,
1999).

* respect each other and the [earning community as a whole (Brown et al., 1993).

These perceptions affect the way studenis approach their learning, that is, the
processes they adopt in order ta complete learning tasks and participate in the learning

community generally. The process characteristics will be discussed next.
Process characteristics

The process of learning within a DLE refers to the things that students do when they
distribute their knowledge - the cognitive pracesses they engage in when they interact
with the contextual rescurces. As discussed in Chapter 3, resources typically available
and accessed within a DLE can be categotised as physical, social, symbolic and the
student’s own intellect (Brown et al., 1993; Cole & Engestrdm, 1993; Hatch & Gardner,
1993; Pea, 1993; Pea & Gomez, 1992; Perkins, 1992, 1993; Rogers & Ellis, 1994; Saloman,
1993b). While these resources are the vehicles of knowledge distribution, they can also
stimulate the thought processes and knowledge that are actually distributed. The sorts
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of processes that emerge from the interaction between students and these resources are

outfined below, beginning with physical resources,
Physical Resources

Physical resources are tangible artefacts such as books, student journals, computers,
calculators, pens, paper and whiteboards. On their own, these resources are little more
than three-dimensicnal objects that fill space. While their affordances may be rich and
plentiful, they can only be realised in concert with an active mind. For example, Brown
et al., (1993} describe physical resources as seeds within ZPDs that have the potential to
suppott intentional learning. The key word here is “intentional’ in that students must
deliberately draw. on these seeds (e.g., ideas, methods, quesﬁanﬁ, responses and

perspectives) if the resources are to support their learning,

What students actually do, however, when they draw on these seeds remains largely
unanswered although the concept of ‘mutual appropriation” provides some degree of
clarity (Brown et al., 1993). "Appropriation’ is the term used to describe the process by
which students transform information provided by the learning environment into their
own interpretations (Brown et al, 1993; Lebeau, 1998). ‘Mutual appropriation’,
therefore, refers to the bi-directional nature of appropriation, that is, the support given
to all students within the learning environment by others irrespective of whether they
are novices ot experts. Brown et al., write:

E
Learners of all ages and levels of expertise and interests seed the environment

with ideas and knowledge that are appropriated by different learners at
different rates according to their needs and to the current state of the zones of

proximal developmient in which they are engaged. (p. 193)

While Brown et al,, {1993) use ‘mutual appropriation’ te describe the social process of
scaffolded learning, Rogers and Ellis {1994} discuss a similar bi-directional relationship
between individuals and the physical environment. They contend that a student’s own
cognition (known as internal representations) and physical resources (known as
external representations) feed off one another to facilitate knowledge construction. For
example, the information displayed en a computer terminal can change in response to

an individual’s input which, once publicly transmitted, will affect the representational
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state of those who access this information at a later date. In a way, the computer
possesses a type of intellect that is derived from the combined knowledge of past users.
This ‘intellect’ constantly changes form in respense to each new input and serves to

change and modify the knowledge structures of subsequent users.

Pea (1993) and Perkins {1993) support the idea that inherent within physical resources
is a type of ‘intelligence’ that exists by way of the designer's initial input. Perkins refers
to this inherent knowledge as ‘cognitive investment’, that is, the thinking behind the
potential afforded by any one resource. For example, calculators can perfonn simple to
complicated computations only because they have been designed to do so. This
cognitive investment prevents students from having to reinvent. the wheel, thus
enabling them to focus on more abstract and sophisticated levels of thought (Perkins,
1993). So, while the calculator can amplify learning by allowing students ta complete a
large amount of basic mathematical functions quickly, it can also augment cognition by
acting as a springboard for the construction of more complex concepts and

understandings.

As discussed in Chapter 2, Pea {1993} argues that this latter, more sophisticated use of a
physical resource results in more powerful learning outcomes. This was evident in a
study conducted by Sumara and Davis (1997} where students were engaged in a
literary fction containing controversial issues ranging from euthanasia to adolescent
sexuality. In an effort to examine the relationship between reading and conceptions of
personal and coimunity identity, students were asked to record their reactions to the
text directly onic the pages of the novel. “This we believed, would provide material
evidence ... of the way in which readings, the conditions of reading, and a sense of
identity are always in flux - always becoming transformed through processes of
interpretation” {(Sumara & Davis, 1997, p. 419). In completing two readings of the book,
the students were able to see from their own recordings that not only had their

interpretations changed but alsa how they had changed as individuals.

Although not explicitly stated, this type of interaction with the novel unveiled a
typically invisible example of distributed cognition. Because the book explored real
issues, albeit through a fictional plat, it inspired reactons from the readers which were
grounded in their own belief systems and experiential knowledge. The concepts within
the book, and the way in which they were crafted, enabled students to formulate ideas
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and interpretations that evalved over a pericd of time. By recording these
interpretations onto the pages of the book, the students could use them as reference
points for thelr ongoing experience with the issues, using them fto formuiate
increasingly complex interpretations. In short, the book’s potential had been realised

and as such, sophisticated learning outcomes were reached.

Social Resources

Social resources relate to peers, teachers or any other person either within or beyond
the learning environment that can facilitate the negotiation of meaning. In a way, social
resources facilitate knowledge distribution in the same way that physical resources do.
In fact, the notion of mutual appropriation is perhaps mote comprei'lendib]e between
individuals and groups of individuals than it is between individuals and physical
resources. As Vygatsky {1978) contends, language is the primary means through which
individuals become aware of their own thought and, used either socially or privately, it
will facilitate their canstruction of knowledge. Used socially, however, it also becomes
a tool for others where, during the exchange of discourse, existing understandings are

challenged, negotiated and renegotiated.

Hatch and Gardner (1993) liken social (and physical} resources to local ‘forces’ within
the learning environment. These forces are a property of the interactions that occur
between students and between students and physical resources that serve to embellish
and enrich thinking. Using the example of two kindergarten students drawing a
cartoon character, they demonstrate how collaboration, assistance seeking and support
enable both students to successfully complete the activity, even though one of them is
less knowledgeable about the chatacter than the other. Each student is a force that has
helped to shape the activity and the skills that they have displayed. Had these students
been Instructed to wark individually, the outcome would be quite different in that one
student would nat have been able to fllustrate the character and the other would

pethaps have developed a less comprehensive depiction.
Symbolic Resources

Symbalic resources are diagrams, tables, algorithms, and language systems - any

structure that provides indexical support for the negotiation of mearing (Pea &
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Gomez, 1992). For example, to clarify a particular concept, the teacher may draw a
diagram on the whiteboard that emphasises the main polnts in a condensed format. Or,
in an effort to establish common ground, students in a group may draw on the
domain-specific Janguage of a particular subject to explain their thoughts and ideas.
Pea and Gomez {1992) write:

With indexical support, speakers opportunistically use the resources of the
physical world to clarify what they mean, given the ephemeral nature of
spoken language. Their words are “indexed” to referents in a situation, such as
words or symbols on a ... computer screen. Such indexing is critical for
establishing a shared seinantics of representations, referential mappings

between situations and formal symbols depicting world entities. {p. 80)

Although diagrams, tables, algorithms and language systems are the more common
uses of symbolic resources in the classroom, their inherent potential frequently goes
unnoticed. Often, the power of visual representations to provide alternative modes of
explanation is lost within school systems that favour the more didactic modes of
representation (Pea & Gomez, 1992). This is evident in situations where teachers rely
‘mostly on chalk and talk type lectures to transmit information and incorporate few
visual, audio-visual or other types of resources to facilitate the lezrning process.
Emphasising the potential afforded by pictures, charts, maps, graphs and other
symbolic resources, would inevitably cater for those students who favour mare visual

learning styles arid would perhaps see greater rewards gained from their use.

A powerful yet possibly less commen use of symbolic resources, is their employment
to re-shape and deepen existing knowledge structures within and between students.
The co-construction of a concept-map, for example, will not only help to establish a
common ground of meaning, but can help students identify the interrelationships
between concepts. Concept-maps are most effective when they are constructed
between bwo oOr more students {van Boxtel, van der Linden & Kanselaar, 2000) who,
through collaboration and discussion, develop a hard copy that is representative of the
way in which concepts are structured in their minds. The spatial arangement of the
mter;elated concepts grows and changes alongside the students’ maturing
understandings, which reinfarces the ever-evolving nature of knowledge.
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Symbolic resources are also representative of the cutural properties of a learning
environment, For example, domain specific language is a set of words that symbolise a
certain subject, Also, recording words, diagrams and other symbols on a whiteboard is
customary of teachers’ actions. These customs, and others like them, are part of the
institutional practice of the classroom and, as such, can be likened to the cultural forces
which Hatch and Gardner (1993) atgue can shape the way students interact with their
learning environment. Tapping into the richness of symbolic resources then, as cne
aspect of cultural forces in the classroom, can have a powerful impact on learning.
Used effectively, they become catalysts of distribution, which not only establish
common grounds of meaning but also serve to reshape and strengthen

understandings. -
Intallectual Resources

Intellectual resources refer to the wealth of knowledge students bring to the learning
environment. Past experiences, memories, beliefs, values and previous learnings
constitute part of a student's intellect that can facilitate the learning process.
Constructivists contend that prior knowledge, also known as experiential nowledge
(Pea & Gomez, 1962), is the starting point for new learning experiences. The
fundamental principle underlying this perspective is the social constructivist view that
people do ot simply absorb information from the environment but rather they
construct personally meaningful understandings by relating new information to what
they already kndw. Existing knowledge then, becomes an important factor in the
process of learning as it determines fo a large extent what will be learned (Shuell,
1986}, In light of this, prior knowledge is a resource pool to be accessed, not only for
the student to whom it belongs, but also others who can use it to push beyond their
current ZPD {Brown et al., 1993).

Intellectual resources also refer to students’ know-how about how to “work the context’
and gain maximum learning benefits. This know-how is also defined as metacognitive
knowledge, that is, knowledge about how to learn as well as what to learn. As
previously discussed, Students learn about metacognitive nowledge in the context of
meaningful learning situations. This knowledge relates to the students’ awareness and

deployment of cognitive, metacognitive and resource management strategies
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{McKeachie et al., 19868) to facilitate the development of social and individual

understandings.

Hatch and Gardner {1993) refer to experiential knowledge as personal fotces students
bring with them to the classroom. Because learning strategies constitute part of this
experiential knowledge, they too can be classified as personal forces. As with local and
cultural forces, personal forces influence the students’ approaches to tasks and the way
they distribute their cognition. A student who is aware of the potential embedded in
his or her past experiences, as well as the power of learning strategies, will be more
inclined to access these resources for personal knowledge construction and in the

construction of shared understandings. -

Process characteristics concluded

In summary, process characteristics refer to the way in which distribution occurs in the
classtoom, It is the ‘how’ of distribution. Because distributed cognition is firmly
grounded in the soclal constructivist principle that learning cannot be separated from
the context within which it oceurs, the *how’ of distribution is very much dependent on
the contextual rescurces that define the learning environment. These resources are in
fact the tools of distribution, and can be classified as social, physical, symbolic and
intellectual. '

While these resources are integral to the learning process, they alone do not ensure the
distribution of cognition. Students must interact with them with the intent of using
them as support mechanisms and as communicative pathways for the social
construction of knowledge. Effective interaction then, is dependent upor students
knowing the potential these resources afford and how to maximise this potential.
Mutual appropriation can be used to describe the mental processes that occur when
students endeavour to maximise the potential afforded by physical and social
resources, also known as ‘local forces’ (Hatch & Gardner, 1993}, Symbolic resources are
the cultural forces evident in language systems, diagrams and illustrations that define
aspects of practice within the classroom. Effective distribution also depends on the
deployment of students’ intellectual resources, for example, their past experiences and

their knowledge of learning strategies (i.e., their ‘personal forces’).
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The features of the process characteristics are summarised as follows:

= Ina DLE, distribution occurs when students interact with physical, social,
symbolic and intellectual rescurces {Brown et al., 1993; Cole & Engestrm, 1993;
Hateh & Gardner, 1993; Pea, 1993; Pea & Gomez, 1992; Perkins, 1992, 1993;
Rogers & Ellis, 1994; Salomon, 1993b).

» Mutual appropriation explains the processes that occur when students learn
from each other and from physical resources (Brown et al., 1993; Rogers & Ellis,
1994).

= Symbolic resources help to establish a common ground that encourages similar
meanings and understandings between students (Pea & Gomez, 1992).

«  Intellectual resources are the past experiences and learning strategies which
students draw on to make sense of a situation or provide supports for others’
learning needs (Salomon, 1993b).

Described above are the specific features of the teaching context characleristics, student
characteristics and process characteristics as they have emerged from the literature related
to distributed cognition, These features, and their corresponding referents, are
summarised in Table 5.3. It is important to note however, that in explaining these
features and how they relate to one another, a broader range of literature has been
consulted. For example, Vygotsky (1978) has been referred to in explaining the
importance of mediaticnal tools in the learning environment. However, because he has
not discussed this issue specifically in relation to the notion of distributed cognifion, he
has not been included as a referent in Table 5.3. Only those authors who have
discussed the features directly in relation to distributed cognition have bec.( cited.

Furthermore, the characteristics and features in this table have been abbreviated (e.g.,
TCC/TE - Teaching context characteristics; Teacher features) for cross-referencing
purposes later in this thesis.
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Table 5.3 Characteristics of a DLE framewark
Characteristics Features Supporting Authors &
Theorists
Teacher Faatures {TCCITF)
The teacher Iz committed lo a disidbuled | Pea & Gomesz, 1992 Brown
{eaming ervironment and models distdbuled | etal, 1932
Tearning in his or her own actions.
The teacher designs and implements approprale | Bmown etal, 1993; Hawilt &
framawarks thal Invile siudents 1o distibute their | Scardamalla, 1998, Pea &
learning. This involves providing siudents wilh | Gamez, 1992; Pea, 1985,
encouragament and oppartunilles o practice: Pea; 1933; Ferking, 1992;
* group collaboration
= uge of resouMGes
» sirateglc leaming N
These framaworks cortain resources and | Brown et al, 1893; Pea &
expariences thal chalenge students ko work | Gomez, 1982; Pea, 1985;
within, and push beyond thelr ZPDs. Pea; 18G3; Perkins, 1902
Teaching Context Cumiculum and Task Fealures {TCCIGTF)
Characteristics
[FCC) Through Input from the teacher, the cumiculum | Brown elal., 1993
emphasises understanding, depth of coverage
and the gradual development of complex
knowtedga struchures.
The leaming tasks encourage sludents io search | Brown et &l., 1993; Pea &
for understanding, are suthantic and sthuated and | (BSomez, 1992; Pea, 1993
ara condugive bo DLE participation frameworks
Assessment Featuras (TGCIAF}
The teacher designs activites and experiences | Bm netal., 1993; Parkins,
= | that 4993
*  B55ess depth of undarstanding
» acknowledge the varfous locations'’ of
knowladge
*  arencramental and foak Ror levels of
understanding {&.g., portfollos)
Stutlenis:
= sep themselves and others &3 co-leamers, | Brown et al, 1993
co-teachers and o-researchers who are | Selomon, 1983b; Hatch &
committed to communal feaming, They | Gardrer, 1993; Hewilt &
Student understand the importance of a 'collective | Scardamalia, 1968;
Character(stica consciousness', Mickerson, 1993; Tormaeo,
(sc) 1989

* possess a sense of individual, as wel as

joint, responsibility for the athisvement of
leaming geals and have 2 high regard and
raspect for other members of the leaming
community end its resources.
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Characiaristics Foatures Supporting Authars &
Thearlsts
Stutlents communicate, colfaborate and think
through:
a g varlety of physlcal resources found within Brown at al., 1993; Cole &
and beyond the classroom anvironmient. Engestrdm, 1993; Hatch &
Gardner, 1393; Pea, 1993,
Process = peers, tsachers and others beyond the g::‘in:‘ Gg;gz' 1£§
Characiatistics clagsroom environment. Rogers' & Elia . 198 4
Salomon, 1893b
v language systems, diagrams, pictures and
other symbols ihat are rapresantstive of the
subject mattar being studied.
»  thelr prior knowledge and range of cognilive,
= metacognitive and resource managemeant B
laaming sirategles.
Conclusion

In conclusion, by virtue of its principal position within the framewaork (see Figure 5.1},
teaching context characteristics are identified as having paramount importance within a
DLE. The fundamental nature of the variables which prevail within this component
will directly and indirectly impact upon the course of events within the other
components. While some feaching conlext characteristics are fixed institutional features
(2.g., curriculum content}, most are teacher-controliable and a direct reflection of his or

her commitment towards distributed learning,

F 3
That is not to say that students do not contribate to the success of a DLE. On the
contrary, while an appropriate teaching context it paramount, it must be coupled with
appropriate student characieristics, Learning within a DLF, while rewarding, is not easy
and demands-mental effort and involvement on the part of the students. They must be
committed to the development of a learning environment that thuives on discourse,
callaboration and conscltation with a variety of resources, Students are responsible for
their own learning and, to a great extent, the learning of cthers toc. This commitment
will impact upon the process characteristics, that is, the way in which they appreach
their learniag, In a DLE, their approach is oriented towards the social construction of
knowledge using physical, social, symbolic and intellectual resources to maximise

distributed learning outcomnes.
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This DLE framewaork was subsequently used in Parts 2 and 3 of this study as a basis for
the exploration of all three research questions. The way in which it was implemented,
its relationship to each research question and its fundamental impartance to the overall

success of the research project, is outlined in the following chapter an methodology.



-6~

Method of Investigation

Chapter overview

The purpese of this chapter is to outline the method of research used in all three parts
of this study and to describe the research contexts and procedures of data collection
and analysis.

-n

Methodology-

As discussed in Chapter 3, the theoretical framework underpinning this study is
based on sodal constructivism, Social constructivists contend that learning is the
process of becoming socialised into a particular way of thinking, This occurs through
participation within ‘communities of practice’ {Crook, 1994, p. 3R), where cognition is
supported by discourse, resources and the cultural rituals associated with the
learning environment at hand. Viewed in this way, the classroom is a complex
‘cognitive system’ (Moore & Rocklin, 1998} where individuals interact with one

ancther and a variety of resources in the pursuit of cognitive activity.

This conception of the classroom as a ‘cognitive system’” has direct implications for the
type of research methodology chosen. to explore it. Certainly, the study of isolated
elements of cognitive phenomena within & classroom will be quite different to the
study of the classroom as a cognitive whole. In support of this contention Salomon
(1991) writes, “classrooms .. are complex, often nested conglomerates of
interdependent variables, events, perceptiens, attitudes, expectations and behaviours,
and thus their study cannat be approached in the same way that the study of single

events and single variables can” (p, 11).

These assumptions ha\r:e influenced the methodological direction of this study where
the objective was to determine the effectiveness of cognitive tools when implemented
within a DLE. Given that the environment was based on the belief that classrooms are
“knowledge building communities’ (Hewitt & Scardamalia, 1998), where resources

collectively contribute to cognitive activity, the methodology was required to
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acknowledge the indivisible nature of the classroom in this instance. While the
cognitive tool was a focal point of this study, it was acknowledged that its success
depended on many other interdependent variables within the learning environment. In
relation to this, Salomon et al. (1991) write, “No computer technology in and of itself
can be made to affect thinking, One needs to consider both theoretically and
practically, the whole social & cultural milieu in which instruction takes place” {p. 3).

Consequently, qualitative methodology was used given that its principles are in tune
with a DLE, and capable of capturing and expressing the cognitive activity that
emerges. [t was also thought that qualitative approaches would be more sensitive to
the nuances characteristic of social situations and more likely to provide results that

wete rich, descriptive and a genuine reflection of the participants’ perspectives.

More specifically, the procedures associated with action research were followed given
that the problem being investigated was within the social setting of the researcher’s
own class. As such, the researcher for this study was alse the teacher, as well as a
mediating resource who facilitated the shared construction of knowledge.

Action research

Action research is the study of a social situation with a view to changing or improving
the quality of action within it (Elliot, 1982 cited in Winter, 1989). This process can be
likened to a type of professional development where the practitioner attempts to leam
about aspects of his or her practice. However, according to McT:;ggart {1994), the
findings to emerge from this professi(;nal development are not only of value to the
practiioner, but may be deemed valuable by other audiences with similar needs and
concerns, He writes, ...action research is not merely about learning, [but] ...is 2bout
knowledge production and about the improvement of practice [amongst similarly]

committed groups” (p. 317).

Numerous action research models have been developed during the last 50 years, all of
which describe this methodology as a series of repetitive steps involving the
implementation of a plan which seeks to improve a particular situation. While some
of these models are more elaborate than others, each one describes the research

process as a systematic, self-reflective spiral of planning, acting, observing and
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reflecting, These four stages constitute one step in a study’s cycle and are repeated
until the situation being monitored has improved, or the desired goals have been
achieved, In this way, “'theories’ are not validated independently and then applied to
practice. They are validated through practice” (Elliott, 1982 cited in Winter, 1989, p.
13).

Due to the development and implementation. of these models, much has been leamed
about the action research process. In particular, the literature describing and
supporting their specific features has contributed to the acceptance of this inquiry as
a valuable approach to educational research. And while some of these education-
sp.ec_"l'ﬁc models .have been’ criticised in the literature, these criticisms have been
tybically used as the basis for refining and improving action research methodology as
a whole. For example, in respornise to claims that early action research models were
generally too prescriptive and controlling (Hopkins, 1985), subsequent models have
attempted to embrace the complex, non-linear ‘messiness’ of most classroom
environments (Atkinson, 1994; McNiff, 1994). Table 61 provides a visual and
_ descnptwe overview of the main action research models that have been proposed to-

- date, and briefly addresses criticisms that are evident in the literature as well as those

.th'_at'_have been noted by the researcher,
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{diagram cancaputalised by McNiT, 1854)

Table 6.1 vVisual and descriptive overview of action research models, and thelr
critlclsms
Author Model deacription Visual overview Criticisms
Fimnning Ading
A repeating cycle Wot aducaticnall
. ¥
-Lawin, 1848 .of four main steps - orlented; 100 prescriplive
planning, action, {Hopkins, 1985)
observation and Reflecting Obaaning ' .
reflectiun,
\.______.-/
(dingram concepulelzed by McNi, 1884}
One-dimensfons! and
rigid. Confusing. Poes not
acknowiedge the multi-
o ‘: ;:I}f;rfeﬂleac':m: faceied and interrelaled
Kemmls agﬂn - ogsewing‘ nature of classroom
in Kemmis & and Fa'ﬁecf.ir g problems. Doas not
.| MeTaggan, {ocusin m-g ancourage the need o
19BZ) aducatigonal issues explain either the
and prablems efucalional Issue balng
P . Tnvasligated or the actian
plan itsalf {Ebbutt, 1583;
MeNiff, 1994),
k3
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Buther Model descriptlon Visual averviaw Criticlsms
Henrping
il 1w
Awconnulssncs
jfact fnclng & snekysie}
GENAFAL P p—— :m“".‘;"p:
Moﬂln"-'i‘r;‘ndl"l‘ll‘l;:bllon
A repalliive cycls Ona-dimensional and
involving Lhe main Raconnaisaance (expikn rigid. Canfusing, Doas nol
steps of: bl acknowledge the multi
identfying initlal facetad and Inlerralalsd
idea, Rwvisa pensrl lian natura of classroom
Elllott recannalasance I problems. Does nol
(in MeNiff {facl finding), [ranmm—. encourage the need lo
1994} '+ | implamenlation of Amanded plan———-m ne pelon explain elther the
general plan, sducationa! issie being
monltoring effacls, Nonitor lmplemmaiation Investigated or the aclion
reconnaissance (or nd affacts _plan itself (McNiff, 1984).
mﬂmi‘ Aaconnalsionce (scpiain
wny Tallure Lo implement
A wiwcta}
RAavine ganers (das
(dlagrem conceputalisad by Mo, 154
I—R T
[ ]
L Mvﬂi
‘;:;:?ﬁa?fht%g;:a[ L) MM One-dimenslonal and
back to the start rigld. Confusing, Doas not
These slsps ’ m: At Rrwerd acknowledge lhe multk
include: ganeral L faceted and infermralelad
eobutt, 1983 | 1928 : 1 | J nalure of clsssronm
bhutt, L preblems. Does nat
rsadc[:cr'r;lnsll:rs‘anca. b wml - encourags the need to
moniloring ;md explain sither the
reconnaissance | “esducalional issue balng
and eilher amend B invesfigatad or the aclion
general idea or l plan ilself (McNHf, 1984).
rovise overall plan.
Refen i
{diagram conceputalised by MGNtT, 1904)
A spiral of plan,
act, observe and O
reflact hat
Spiral spin-offs can cause
ﬁ:ﬂ:@:ﬂﬂnd O researcher (o [ose sighl
jsause, Each stage qu ma':n Iiaisuva:f il
McNIfF, 1984 | follows Chomsky's nvastigaon of mu' iple
(1865 ciled in Sub probiams spin-off isaues could
M, 1954) Liveo H rasull in loss of rigour and
lovels ’af disclpline [n he research
observation, process (Atkinson, 1984).
description and Main probiem
axplanailon.
{McNifY, 16584)
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Author Model deseription Viaual overviaw Criticlama
Acknowledges the facl
A multi-layared thal the deeper into the
approach to investigalion the more
analysis involving o camplex he [ssue
“Ritchle, 1995 | 5eres of revisws [n becomes, but dees not

which each pasi
review forms the
besgis for
subsnguant onas.

{Ritchlo, 1995)

racogniss possible
inexplicable occurrances
thal may not ba able to
ba subsumed Inio the
initial ingutry.

In designing this study, therefore, the strengths and shortcomings of each these action

‘research models were considererl. In doing this, it becarne evident that a tentative plan

' was required, rather than a rigid model. The establishument of a tentative plan - one

that was streng enough to guide the research process yet fexible enough to adapt to

the situation as the researcher leammed more about it - was more conducive to the

investigation into a complex classroom system. Consequently, the concept map

presented in Figure 6.1 was devised.

E
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Flgure 6.  Tentatlve plan of actlon for this study

This map reflects the integrated relationship between the planning, acting, observing
and reflecting plfases of the inquiry, as proposed by Lewin (1946), Kemmis (Kemmis
& Taggart, 1982), and Elliott (McNiff, 1994). It reflects the need for logic and order,
as proposed by Ebbutt {1983) as well as the need to continuously revisit the central
issue. It reflects the “multi-layered’ approach proposed by Ritchie (1995) in the sense
that with every new cycle, the ontcomes of previous ones are used to inform new
insights, claims and plans. And abave all, it reflects Chomsky’s three levels of
adequacy {observation, description and explanation) which, according to McNiff
{1994), moves the inquiry towards an authentic resolution of the problem.

This map was integral to the entire research design in that its three primary phases
and cycles __fdnhed the foundation upon which the three parts of the study emerged.
Figure 6.2 provides'an'uvér(ﬁéw of this design and acts as an advanced organiser to
the methodalog'tcai diseussion on each part that follows.
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Part 1 Part 2 Part3
implemented the DLE inlo Used the DLE lo
a tortlary {earning intreduce a concopls
environment. mapping cognllive lool
Inte a tertiary leaming
Verifled that ils environmant,
BDaveloped a characteristica ware
distributad learning prasant, Explored the axtenl 1o
anvironment (DLE) by » p{ which lhis resource
reviewing the relaled Explored Lhe axlant to contribuled lo student
litarature. which lhe studenis Tearnfng (RQ2).
digtributed Lhelr laaming
wilhin this envirenment Explored the students’
(RQ1) parceplions of the
cognilve tcol and the
Madified the DLE 1o DLE (RQ3),

accommedate findings to
amarge from this part of
tha sludy.

Flgure 6.2 Overview of research design

Part 1: The identification of a DLE framework

As was discussed in detail in Chapter 5, the literature was extensively reviewed in an
effort to develop a DLE framework. Initially, this framework was comprised of a list
of features associated with the practicalities of distributing cognition in the classroom.
However, upen closer examination it was possible to separate this list into categories
common to most teaching contexts (teaching context characteristics, student characteristics

and process characteristics).

Miles and Hubefman (1594} liken this process of identifying key ‘categories to the
development of a conceptual framework, which ultimately serves to ‘focus and
bound’ the study. As the conceptual framework unfolds, so too does the researcher’s
grasp of the investigation’s defining characteristics and the relationships between
them. While these categories can emerge from the literature, often they are
predetermined and/ or based.on the researcher's own experiences or commonsense

knowledge.
Part 2: Implementation of the DLE framework

The DLE _f_i‘ame»\_ro_rk was subsequently introduced into a fourth year tertiary
education unit in an attempt to determine the extent to which the students distributed
their cognition when learning within this type of setting. Before this could be
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satisfactorily established however, it was necessary to ensure that the framewark had
actually been implemented and that all its characteristics and features had been
attended to. A verification process was subsequerntly embarked upon to ensure that
all features evident in the leaching confext characteristics, were also evident In the

classroom.

This verification process was essentially a ‘quality control’ measure to ensure that
reasenable care had been taken when conducting the research and that the conclusions
drawn would be dependable and trustworthy. Given that conscientious
implementaiion of plans and procedures does not in itself lead to sound conclusieons,
this care must also be accompanied by methods of quality control whereby the
credibility of these plans and procedures are scrutinised, judged and amended if
necessary (Marshall & Rossman, 1989; Merriam, 1998; Miles & Huberman, 1994). The
details of this verification/quality control process are specified in Chapter 7,

Satisfied that the framework was nmning effectively, eight students were closely
observed to determine the extent to which they distributed their cognition within this
environment. Because the introduction of the DLE framework required re-
modification of the entire teaching context, all students envolled in the unit were
implicated in its implementation, yet only eight students provided supporting data.
During the first week of the semester, the class was given a brief description of the
background and aims of the study as well as a consent form calling for volunteers to
contribute data by way of interviews, journals and videataped class activities. From
the ten students who velunteered, eight were randomly selected from the class list
forming two groups of four students who provided supporting data as the

framework was implemented over the course of the semester.

The following account pravides an overview of the context within which this part of
the study took place along with a description of the design of the study, and the way

in which it was conducted.
The Research Context

= The teacher
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The study was conducted in a fourth year tertiary education class. In keeping with the
principles of action-research, the researcher, who was also the teacher, participated in
the development of the study’s findings, According to Patton’s (1990) continua for
thinking about one’s role during the conduct of research, the researcher in this study

was a ‘full participant observer’ (see Figure 6.3).

/_ Role of resgarcher
+

|5 3 T
Full participant Partlal observation Onlaoker
observation observation as
= an‘outsider

B
>

Flgure 6.3 Role of the evaluator-observer {Patton, 199Q)

Patton (1990) also uses a continuum to describe the rale of the researcher as perceived
by the participants (see Figure 6.4). In this instance, the participants were fully aware
that observations were being made, why they were being made and whe was making

them,
/__ Position of participants
s : : f »
Owvert ghservalions: . Mixtura; Covart ohsarvatians:
Participanis know Chserver role knawn by Parlicipants do nol
lhat cbservallons are some participants but nol know observations are
cccurring and the by others occurring
idaniity of the
cbserver

‘Flgure 6.4 Portrayal of the cbserver's role, and the purpose of tha study, to
' -pthars {Patton, 199G)

» The students and participating students

There were a mixture of part-time and full-time stucents enrolled in the unit. Most

had either an early | chxldhuod _primary ot seconda.ry teacl-ung background although
one student was ffom another discipline. Out of the25 enrclled students, 13 of them
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were teaching full-time, with a large percentage of the remaining 12 perfcrming relief-
teaching duties, The participating students’ reasons fot enrolling in this urit, and their
expectations of it, varied, Some simply wanted to pass as a requisite for gaining their
degree. Most wanted to gain useful, practical knowledge that could be applied in their
own classrooms, whereas others wanted to gain a better understanding of the learning
process itself. The demographic make-up of the eight participating students is
presented in Table 6.2.

Tabla 6.2 Demographic make-up of participants In Part 2 of the study
Particlpant -Gander Approx Age Taaching Dieclpline and Study Status
P _ Status teaching lavel
Andy Male 2530 Nol teaching | Mulimecia Fulltime
Interdiscipline
., Sclence .
Pick Male 40-45 Not leaching Hiah scheol Fulkiirme
Fran Ferale 40-45 Fuli-ims M'usm Part-time
Primary
Business .
Gl Mala 40-45 Reliaf dulies High schoof Full-time
Physical Ed
Kay Femalg 25-30 Full-fimg High schoo! Part-time
. Hislory .
Linda Female 30-35 Fuli-timy High school Part-time
Rea Female 25-30 Reliaf dulies Myslc Fulltime
Primary
Viv Female 25-30 Full-ime ESL Parttime
£ Primary @
= The unit

This fourth year unit was offered as part of the Teaching and Learning program
within the Bachelor of Education course, It ran once a week for a three-hour period
and during an evening time-slot. The unit itself was designed to introduce students to
current theory and research about cognitive leamning. Concepts such as conceptions of
learning, learning siralegivs, approaches fo leaming and information processing were
developed to promote the notion that learning for understanding is more effective

than learning for the acquisition of knowledge. Students were encouraged to apply
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these concepts to their own learning in the belicf that this more meaningful application

would provide better insight into how others, namely their prospective students, learn.

The objectives, as they were defined in the unit cutline, are as follows:

On the completion of this unit, you should be able to demonstrate a sound understanding
af:

= the constructivist perspective on leaming and teaching, and the information
procassing model of leaming.

» 1{he nalure of leaming strategies and their place in the leaming process,

= tha various approaches to leamning typically adopted by students, and the reasons
why they adept particular approaches.

‘-\

4

= jssues and processes involved in teaching leaming strategies to students.

For management purposes, content within this unit was divided into five modules.
Concepts within these modules however, are inextricably linked, and a deep
understanding of these concepts required these links to be identified. For example,
approaches to learning are defined by the motivation students have to learn and the
sibsequent strategies they adopt to do so. Examination of students’ motivations to
learn reveals clues as to their conceptions of learning as well as the types of learning
strategies they do and do not use. In an effort to modify a student's approach to
leaming therefore, it would also be necessary to modify his or her conception of
learning and encourage the development of a large repertoire of learning strategies.
These' sorts of ‘relationships needed to be recognised if students were to fully

appreciate the complexity of the concepts and achieve unit objectives.

In keeping with the principles of the DLE iramework, collaborative group work and
whole class discussions constituted the primary pedagogical approach to learning,
with the teacher assuming the role of facilitator rather than transmitter of knowledge.
‘The students were encouraged to vary their seating throughout the semester in an
attempt to Ii_sfen and learn from a range of different perspectives. During data
collection weeks however, the eight participating students were clustered together in
two groups of four, although the make-up of these groups changed across these three
weeks.
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Assessment fer the unit consisted of one assignment and one (open-book) end-of-
semester examination. Because the assignment was heavily weighted (60% of final
mark), students were encouraged to submit a partia! draft for preliminary feedback

priot to final submission,

Procedure

The DLE framework was implemented at the beginning of the semester but data
collection did not begin until Week 6. This delay gave students time to become
familiarised with the nature of a DLE and the routines it promoted, There were three
data collection segsions in total, the first during Week 6, the second in Week 8 and the
third in Week 10. Topic-modules were typically covered over a two-week period
where students would carry cut basic knowledge building activities in the first week
and then more complex concept linking activities in the second week. Weeks 6, 8 and
10 fell on the second week of the topic-module being covered at the tme and it was
expected that students would be more comfortable with the subject matter and the
language used to describe it.

As illustrated in the data collection matrix (Table 6.3), there were three data collection
sassians within which three data collection methods were used. The first method was
video and audio-recording students as they worked on activities within the classroom.
While the whole lesson was recorded, only the collaborations that occurred during the
three concept-development activities were transcribed and used as data. In the week
that followed each of the recorded class activities, each student in the two groups was
individually interviewed by the researcher, These interviews lasted for approximately
45 minutes. Furthermore, the entries that had been made in the student journals up to

the point of each data collection session were collected, photocopied and transcribed.

Table 6.3 Data collectlon matrix for Part 2 of the study
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Group A Group B

Data 3 Class Activilies 3 Class Acllvities
gollaction 4 Intervisws 4 Infarviews
sesslon 1 4 Journals 4 Joumals

Data 3 Class Activillos 3 Class Aclivilles
collection 4 Interviews 4 Inlerviews
gesslon 2 4 Joumals 4 Journals

Data 3 Class Aclivities 3 Class Activiies
collectlon 4 interviews 4 Inlerviews
session 3 4 Journals 4 Joumals

These three sources of data were initially pursued for triangulation® purposes, in the
event that ﬁndings emerging from one data source could be corroborated and perhaps
illuminated by another data source (Rossman & Wilson, 1985). Patton (1990) concurs
with this view and writes, "By using a variety of sources ... the evaluator-observer can
build on the strengths of each type of data collection while minimizing the weaknesses
of any single approach” (p. 245).

While this was undoubtedly a necessary facet of this (and indeed any) research, the
real benefit of collecting data from multiple sources grew apparent as each of the
three were accessed. In keeping with Mathison's (1988, cited in Merriam, 1998)
assertion that triangulation allows for deeper, more ‘holistic understandings’ of the
research, the video recordings, interviews and student journals provided the rescarcher
with a greater i;sight into the nature of distributed learning across a spectrum of
perspectives, The video recordings, for example, provided a group perspective of the
distribution of cognition. The interviews provided an individual perspective that was
(arguably) adjusted for the rescarcher’s benefit, whereas the student journals
provided the students’ undiluted, private perspectives.

s (Class Activities

Given that the researcher was also the lecturer for this unit, she could not part-take in
the collection of data during the class activities. Therefore, in an attempt to preserve
the familiar teaching and learning routines which had been established in the
preceding weeks, it was necessary to hirea research assistant to work the equipment

during the data collection sessions. Prior to the first recording session, this person was
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shown how to arrange the desks, video cameras and audio recording equipment. The
videa cameras were placed close enough to the desk clusters for conversations te be
audible, but at a distance that would reduce possible anxiety in the students. For
back-up purposes, one audio recorder was placed in the middle of each desk cluster.
Fgure 6.5 illustrates the physical arrangement of the classroom and the positioning of

the recording equipment. The two groups of participating students are shaded in
ey
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Figura 6.5 Physical arrangemant of classroom and location af recording
equlpment to participating students for Part 2 of the study

The research assistant was also advised about the discrete role he should play in the
classroom, which was reinforced by the set of guidelines (refer to Appendix A) given
to him at the beginning of each session. This person’s presence was explained to the
students and they were advised to ignore him and the recording equipment as much
as posstble, While all students were encouraged to work as they normally woeuld, the
participants also received a set of guidelines {refer to Appendix B) reminding themn to
speak clearly and freely within their groups.
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The entire three-hour lesson {minus break} was recorded during each of the three data
collection sessions, even though only three concept-development activities {which ran
for approximately 40 minutes each} were transcribed. The design of these concept-
development activities, along with other facets of the leamning environment, were
influenced by the characteristics of the DLE framework in that the students were
encouraged to construct joint understandings through collaboration, the employment

of learning strategles and use of resources,
= Interviews

Interviews were gonducted during the week following the class activity recordings.
The interview scgedule was semi-structured in that it was desigrled:tlo obtain specific
information but in a fexible and adaptable way. While the focus questions were
drawn from the DLE framework, their wording was often changed to accommodate
the module being studied at the time, as well as the participating students’ personal
experiences in the classrcom. Therefore, apart from a few general (GEN) questions
(which were necessary for orienting the students’ thoughts}, the principal interview

schedule far Part 2 aimed to determine:
v the implementation of the leaching context characteristics {TCC)
v the nature of the student characteristics (SC)

= the extent to which students accessed resources when completing activities
{PROC) & :

The codes GEN, TCC, 5C and PROC ;re evident in the interview schedule {presented
in Appendix C) to indicate the nature of each question, Assuming that the students’
use of social, physical, syﬁlbolic and intellectual resources would provide the most
valuable insight into the extent to which learning was distributed in the classroom
envirotunent, there were a greater percentage of process focus questions (PROC) in
couparison to the others. Table 6.4 provides examples of process questions, and their

rationale, which have been taken from the interview schedule;

Table 6.4 Examples of process {PROC) questions for Part 2 of the study
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Quostion (PROC) Rationale

What sorl of things ¢id you do in class to learn these things?

Get sludents to focus on process of
learning and types of resources
acceased.

YWhat resources did you usa wilhin the ¢lassroom 1o help you
Isarn those concepts?

Why did you use thase resources [n particular?

Ware there resources thal you would !lke lo have used, but
for some reason didn'{? Explain.

Furthermore, the interiew schedule was devised in consultation with Patton’s {1990)
classification of question types (see Table 6.5} in an effort to elicit a range of different
sorts of resporses from the students, Quitn often, the same question was asked in a
variety of ways (in accordance with Patton’s classification schemme),in the hope that
the students’ résponses would be vlaborated upon, clarified and consequently
strengthened. As can be seen in Appendix C, the focus questions in the principal

interview schedule have been classified according ta these question types.

All 24 interviews were audie tape-recor-led and fully transcribed.

Table 6.5 Questlon types (Patton, 1990}

Questlen Type Dasctiption

1| ExperiancefBehaviour Questicns aimad at eliciting descriplions of experiences,
bahaviours, acllons and acllvities in rafslion to what the
parson doses, or hes dona.

2 | OpinlonfValua Questions almed al underslanding whal lhe persen lhinks
about a parlicular Issue.

3| Feeling 5 Questions almed at understanding the smotional
ragponsas of a parson to his/her expariances and
thoughts.

4 | Knowladgs Questions aimed at finding oul faciual Infermaticn

ragarding an iasue, as opposed lo feelings or opinions
about this issue.

5| Sensory Questions aimed at finding out whal tha person saw,
haard, touched, lasted and amelled.
& | Background/Demaographlc Quaslions aimad at finding out the identtfying

characteristics of the parson belng intarviewad.

s Journals

Througheut the semester, students also kept journals in which they were encouraged
to reflect on their learning experiences in the unit. The purpose of the journal, and the

way in which it should be used, was outlired in the first class and then reinforced in
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each class thereafter, For example, students were encouraged to use their journals as
opportunities to reflect upon and develop their understandings about concepts and
various fssues relating to the coursework, rather than using it as a personal diary.
While students were given opportunities to write in their journals during class time, it
was expected that reflections would also be made during private study time as a
means of working through cognitive conflicts, or simply to articulate emerging
‘understandirigs. The students’ journals were collected during each data collection
session, copied and fully transcribed.

Shortcomings of data callection methods during Part 2

» * Class activites

Ly

Even though steps were taken to minimise the obtrusive nature of the video recording
. e_quif:mént, the researcher sensed that its presence made both the participants and the
. other students in the class uncomfortable, While this sense of discomfort seemed to

. __e'_és_e' with each passing recording session, the researcher felt that for future recording
' ..séésidns, the video recorders should not be present. In any case, due to the ease with

"whn':h the audio-recordings could be manipulated, most of the transcriptions were

madc from the audio-casseite tapes, The videa recordings were only accessed during

the first set of transcriptions when some words on the audio-cassettes were inaudible.
* Interviews

Transeriptions for the first data recording sesston were difficult due to the fact that
the researcher relied on the microphone built into the recording equipment. Because
-t_h_ére wefe no back-up r_é:_dr_ders_ at the time, some transcriptions were incomplete due
. to ilx'iaﬁd_ible.'ivorc_ls' a'hiél phrasesAs such, more sensitive desk microphones were used

in subsequent recording sessions which alleviated this problem.

To ensute that the students answered the questions in relation to their classroom
experiences, the researéher would have liked to interview them directly following each
Iesson. Tl'us was impract:lcai, however, due to the late finishing time of the class. Also,
due to their teachmg conumtments, it waa not possible to interview some students up
to five days after the class. -Altl'_lough the researcher revised the concepts at the
beginning of the -intiefv"_iéw, it is believed that the students’ recollections of their
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learning experiences would have been sharper closer to the Jesson, This situation was

unavoidable however.
= Joumals

Most students used their journals effectively and made regular reflections about their
experiences with the coursework. Pespite the teacher’s guidance, however, some
journals were still accessed as ‘dumping grounds’ for personal feelings about various
issues. While some of these recordings were in relation to the unit, they were more
personally oriented and often focussed on students’ grievances about having to do too
much work in tog little time, Other inadequate journals consisted of those that had
too few recordin_gs. Ta ensure that this would not happen in Pari 3 of the study,
photocopies of ‘goed’ and mot so good’ journals were taken (with permission) and

circulated as anonymous examples of effective and ineffective self-reflections.

These data collection shortcomings were not serious enough to impede the study’s
progress during Part 2 and, where possible, were resolved prior to the investigations
carried out during Part 3. On the whole, the class activity transcripts, interview
transcripts and student journal transcripts provided sufficient information upon
which modificatfons to the DLE framework could be made as well as inform the first

research question.

Part 3: Introduction of a computerised cognitive tool into the
classroom using the DLE framework

The DLE framewark, which was modiffed in accordance with Part 2 of the study, was
subsequently used as a catalyst to introduce a computerised concept-mapping
cognitive tool known as Inspirotion® into the subsequent semester of the same
education unit, Students were familiarised with the principles of distributed cognition
at the beginning of the unit, and were alsc taught how to develop concept-maps using
the cognitive tool. Initial instruction was deemed important in light of the ‘fingertip
effect {presented in Chapter 4), and Ferry, Hedberg and Harper's (1998) observations
that concept-mapping skills de net automatically develop as a consequence of simply

using the tool.
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Throughout the unit, students wotked in collabarative groups of three (and one group
of fout) around the computer. Four of these groups were observed to assess the
effects the cognitive tool had on their learning. The investigative procedure constitutes

the remainder of the chapter.
The Research Context
» The teachar and the students

Apart from the demographic make-up of a different group of students and the
introduction of the computer as a cognitive tool into the learning environment, the
research context:?or Part 3 of this study was largely the same as it whas for Part 2. For

example, the teacher continued her dual role of being both researcher and teacher.

Once again, there was a mixhire of part-time and full-time students with either early
childhoad, primary or secondary teaching backgrounds. Cut of the 28 enrolled
students, 12 of them were teaching full-ime with a large percentage of the remaining
16 performing relief-teaching duties. Ten of the students were enrolled in the Bachelor
of Music Education course and the rest were general Bachelor of Education students
with varying majors. The significant number of music education students is believed
to be due to timetabling constraints. It appears the unit was one of two compulsory
Education units that fitted in with other course commitments.

= The participafing students

Because the students were going to be working in groups for the duration of the entire
unit, they were given the option of being assigned groups by the teacher, or forming
groups themselves. The majority of students chose to sort themselves into groups, the
remainder'nf'_ which were happy to be grouped by the teacher. Consequently, there
were a total of nine groups of three students, and one group of four. After being
brefed about the study, its aims and objectives, these groups were asked to
participate by being observed and interviewed throughout the semester. Three groups
volunteered, ane of which was the grouping of four. In keeping with Hurwitz and
Abegg’s (1999) observations that three students to one computer is the most effective
arrangement, another prouping of three was approached and again asked to
volunteer. This group agreed, making the sample a total of 13 students, or three
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groups of three students and one group of four. The specific demographic make-up
of these participating students is presented in Table 6.6,

Tahle 6.6 Demographic make-up of participants in Part 3 of the study

Partlzlpant Gendar Approx Age Tg?:m:” EJ::::T”:GI;ILT Study Status
Bres Famale 2025 Not lsaching Ph:i:f::v Ful-time
Bronla Female 3540 Rellef duties P::';w Fulk-tima
Deb Female 2590 Full-time Ecanomics Part-lime
High schogl
Jass Female 20-25 Not teaghing ;:::al: Full-time
Mary Female 20-25 Not teaching ;r'l'::;:y Full-ime
Nal Female | 2530 Relief duties gﬁ:z: Full-ime
Pablo Male 2830 Relief qutles | LAMSUBG AMls | b time
High schoe!
Sally Female 3540 Full-ime Py Part-ima
Sean Mala - 20-25 Noi teaching ::I:f:v Full-ima
© Susie Fomals 2025 Not teaching Music Fulltime
High schaal
Tom Malz 25-20 Rellef duties g'_[:.l r::r Full-time
tna Famale 20-25 Not leaching PMnl::a[fy Fuik-time
Wanda . Female 4550 Full-time GP::‘E;: Parl-time
= Thewunit

The unit objectives for Part 3 of this study were the same as those outlined in Part 2.
For management purposes, the coursework was once again divided into five modules,
and students were required to identify and understand the inextricable links between
the cencepts that constituted these modules. In keeping with the principles of the DLE
framework, collaborative group work was the primary pedagogical approach to
teaching and learning. However, in contrast to the previcus semester, these

collaborations were centred around computers. For this reason, the entire unit took
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place in a computer laboratory where all activities were completed with the assistance

of Inspiration®, a computerised concept-mapping toel,

Hurwitz and Abegg (1999) contend that the physical location of computers has a
great impact on their use as both a learning and assessment tool. The chances of
engaging students in learning opportunities with the computer are better when they
are located in the classreom as opposed to being located in an external laboratary. In
this instance, having the cognitive tools present at all times was pararmount if they
were to be viewed by the students as partners in their learning.

Cuncept—mappmg software was chosen for its ability to facilitate students’
explorations of - the interrelationships between concepts and " modules, More
specifically, Inspiration® was chosen for its compliance with crteria defining effective
cognitive tools, the characteristics of which were described in detail in Chapter 2 (refer
to Anderson-Inman & Zeitz, 1993 in Table 2.2). Given that most of the students were
first-time users of Inspiration®, basic instruction was provided from the first class
onwards along with opportunities for unstructured use, Additionally, the third week
was devoted to an Inspiration® workshop, where a more in-depth, structured
exploration of the software was made. Each class thereafter was based on
collaborative group work and whole class discussions, the understandings from which
were built into a series of concept-maps that each group created for the five modules
that made up the unit. Examples of the types of tasks used to facilitate this

endeavour are available in the Lesson Plan presented in Appendix D

Assessment for the unit consisted of three cumulative assignments (computer
generated concept-maps) with each one contributing to the development of a student-
portfalio. The students were also required to write a paper, the concepts within which
were represented diagrammatically by an accompanying concept-map. The contents
of this portfolio were formally assessed at varying times throughout the semester, the
combined marks constituting the students’ final scores.
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»  The ciassroom

As mentioned, the unit took place in a computer laboratory as opposed to a
traditional tutorial room. There were at least 20 cornputers in this laboratory, placed
around three sides of the room {approximately eight along the sides and four down
the back). To avoid overcrowding, each group worked at every second computer.
Whole class discussions (that did not involve the computers) often took place at a
large common desk in the middle of the room. At the front of the class was a
whiteboard, overhead projector, display screen and demonstration computer. Figure
6.6 illustrates tii_e physical layout of the classroom, The parﬁc'i}:lating students’
computers are shaded in grey.

OHP Mastar
E Terminal E
R 2 .
2 e j=} :
B =
= ) 2
2'g g g |=

ﬁ Parlicipants

Figure 6.6 Phystcal arrangement of classroum for Part 3 of the study
Procedure
Ta give the students time to become familiar with their environment and Inspiratione,

data collection did not begin until Week 7. The two subsequent data collection

sessions cccurred in Weeks 9 and 13. Once again, these data recording sessions



Chapter & Methed of Investigation a5

oceurred on the second week of the topic-module being studied, on the basis that
students would be more comfortable with the language which defined it. The
following matrix in Table 6.7 illustrates the types of data gathered for each group

over the three data collection sessions:

Table 6.7 Data Collection Matrix for Part 3 of the stugy
Group A Graup 8 Group C Group D
Data 3 Class 3 Class 3 Class 3 Cla§s
collectla Activitias Activities Actlvities Activities
| n session | 3 Interviews 3 Interviews 3 Interviews 4 Intervlews
1 3 Journals 3 Journats 3 Journals 4 Journals
Data 3 Class 3 CIae_;s 3 Class 3 _Class
collectio Activities Activities Activities Activities
n seasion| 3 Interviews 3 interviews 3 Interviews 4 [nterviews
2 Journals Journals Journals Journals
Data 3 Class 3 Class 3 Class 3 Class
coilectio Aclivities Activities Activities Acllvities
n session | 3 Interviews 3 Interviews 3 Interviews 4 Interviews
3 3 Journals 3 Journgls 3 Journals 4 Journals

As indicated in this matrix, three data collection methods were used for each of the
three data collection sessicns, The first method was audio-tape recording students as
they worked on dctivities within the classroom. While the whole lesson was recorded,
only the collaborations that occurred during the three concept-development activities

were subsequently transcribed and used as data.

Based on the problems identified during the data collection phase of Part 2, video
 cameras were not used., Instead, audio-tape recorders with sensitive desk
micropl;ones were placed bestde the computer for each of the four participating
groups. Ninety minute tapes were used which meant that recording could commence
at the start of the class and finish at the 15 minute break, during which time tapes
- would be changed. over ready to begin again for the second half of the lesson, This
meant that the res__éarcher could work the equiptnent herself, mitigating the need for a
research assistant, The researcher’s supervisor, however, did attend the beginning of
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each class to ensure that ali the equipment was working successfully. There were a

total of 12 class activity transcripts.

Although not the sole source of data, these class activity transcripts were the primary
focus for analysis. In an effort to determine the extent to which the cognitive tool
contributed to effective learning, it was necessary to assess the quality of the learning
to emerge within the learning environment. In keeping with the principles of a DLE,
this was done by examining the shared understandings that were socially constructed
within the group collaborations. Therefore, while data was collected via the student
interviews and journals, the dialogue that emerged during the class activities
provided the most effective insight into the deﬁelopment of shared understandings.
Consequently, ti'i'e interview and student journal data wete primarily used to inform
the third and final research question which aimed to uncover the students’ experiences
of using the cognitive tool in a DLE

The interviews were undertaken in similar method to those in Part 2 in that they were
conducted following each class activity recording, they were semi-structured and the
questions were developed based on Patton’s (1990} classification of interview
questions (refer to Table 6.5). They differed slightly however, in that the primary
objective was to evoke responses regarding the students” perceptions of the extent to
which the cognitive tool fostered effective learning within their l.aming environment.
Consequently, many questions were based on the students’ experiences with the
software as a leafning tool within the classroom. Each interview lasted approximately
45 minutes and was later fully transcribed. The principal interview schedule for Part 3
of the study is presented in Appendix E.Some examples of these questions, and their

ratichale, are provided in Table 6.8.

Table 6.8 Examples of Interview questions for Part 3 of the study

Questions Rationale
What are your thoughls on using Inspiration® as a Dalermine tha student's feslings aboul
resouree to help you laam the unil material? using the compuler es a leaming tool.
Louking @t your concept-map, can you givs me an Delermine the lype of learing that
overview of its meaning? has emergad from using the cognllive

tool,

If a friand ashed you fo explain to him/er what this map
was gbout, whal would you say?
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If you had lo highllght a parlicular componsent or aspect of
lhis map In 1erms of |ls impertance o leaming, what would
it be? Why?

Delsrmine lhe extanl to which lhe
student hag participated in OLE
pracesses lo leam,

Can you describa the aclions laken by your grup io
create this map?

Valldity and reliabiiity

Guba {1996} asserts that in human inquiry, it is not feasible to use conventional
research rules such as reliability, validity, abjectivity and generalisability. While these
criteria are useful when measuring concrete, tangible concepts they are less useful in a
study such as this where the focus is on intangible, socfal constructions of knowledge.
Wolcot (cited in Creswell, 1998) concurs with this and contends that the traditional
notion of vﬁlidit;' and reliability actually detracts from the pruéess of trying to
construct plausible interpretations of social inquiry.

Nevertheless, action research projects should not be excused when it comes to
establishing validity and reliability. To provide teachers and researchers with a sense
of confidence that the cutcomes of an inquiry are trustworthy, the researcher must
show that the study has been carried out systematically and rigorously. In relation to
educational research, Merriam (1998) writes, “To have any effect on either the practice
or the theory of education, these studies must be rigorously conducted; they need !v.
present insiphts and conclusions that ring true to readers, educators and other
researchers” (p. 199). Consequently, strategies that advance this rigeur must be
operationalised throughout ail stages of the action research project if. findings are to be

seen as credible and accurate,

The strategies used in this study were drawn from the Iliterature supporting
qualitative methodology, and are described in Table 6.9. While the actual terms for
validity and reliability differ, multiple authors have described similar supporting
strategies, thus strengthening their ability to defend the study’s credibility.
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Table 6.% Varying terms of reliability and valldity and thelr supporting strategies
Terms Ooscription Stratagies

Triangutalion: using mulliple scurces and
melhods to provide carrcboraling evidence
Ihal canfirms Lhe emarging findings (Eisnar,
1894; Lincoln & Guba, 1985; Merriam, 1898,

Internal validity Mies & Huberman, 1834).

{Lecomple & Long-term cbservation: galhering dala over 2

Goelz, 1982; :

Merriam, 1938) The exlant fo which the long periad of ima in an affort to bulld trust

Cradlblity (Lincoln-

& Guba, 1985)

Structural
carrobaration
(Elsner, 1951}

findings of the sludy are
congruenl with reality, thal
Is, the conlext from which
thay first emearnged.

with parliclpsnis and access relevent data
{Linzoln & Guba, 1385; Merriam, 19%8).

External review: asking cofleagues o
comment an Lha findlngs as they emerge
{Linzoln & Guba, 1985; Marriam, 1998).

Ressarcher blases: clarifying the
researcher’s assumpllons, beliefs and
thepretical philosophias el the heginning of
the study [Merriam, 1998),

Intacnal and
axternzl rellakllity
{LeCompte & F)
Gealz, 1982,
Marriam, 1998}

Dapendabliity
{Lincoln & Guba,
1985)

The exlent o which the
resulls make sense and
are consistent with the
deta collected, and the
exlant to which Lhe study
can ba replicated by an
intopendent resaarcher,

Triangutalion: as above

Investigalor's positian (researcher slalus):
Fully outlining assumglions and theery behind
Ihe study as a basis for selecling
pariiciparls and the social conlext fram
which Lhe dala were callecled, Ingluding
social relatlonship of researcher to
parlicipants (LeCompte & Goelz, 1952;
Lincoln & Priessie cited in Mearrlam, 1998).

Rish, thick description: making lhe precess
Iransparent by describing, In detail, the
rasparcher, the parlicipants, the contex,
data colleclion and analysis (Goetz &
LeCompta, 1984; Lomax, 1994; Lincoin &
Guba, 19585},

Inlerrater reliability {chack coding): Based on
delalied descriplions of enalysls, Indepandent
researchers code sections of the dala to
delarmina the extent fo which thay all agres
on category meanings and dala meanings.

Paar examinallon: publiclsing resulls {e.g., In
conferanca proceedings alc) for pasr review
and comment (LeCompte & Goetz, 1982).
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Terms

Descriptlon

Strategles

External Valldity
{Lecompts &
Goetz, 1982;
Merriam, 1958)

Applicabllity
{Lomax, 1994}

Transferahility
(Lincoln & Guba,

The extent to which the
findings of one study can
be applied ta other similar
situatiens, Through lhe
dataiied description of he
procedure and the
outcames, others Judge
whether the research s
refevant to ihelr siluation.

Rizh, thick descriplion: as above

MNautrality (Patten,
1990)

Capfirmability
{Linceln & Guba,
1685)

Irnp.artlality and -
Intrinsic adequacy
_ [Guba, 1977)

The axtent lo which the
researcher reporis the
silualion ‘as it happened’.
That i3, the extent to
which mutual meanfngs
exisl betwean the
ragearcher's
inlerpretatians and {he
parlicipants’ parceplions
of the phencmsna belng

Trangulation: 83 sbove.
Extemal reviews: as abowe
Resgarcher blases: as above

Asking contrasl questions: Repeating
questions during interviews 1o participsnts
who are unsura about their-meaning and
uhbjaetive. Paraphrasing responses in
interviews lo provide parlicipants with
opporiunities to commenl on thair accuracy
(Spelzman, cited in Guba, 1977).

studled.

Ethical considerations

In order to protect the rights of all participating students, and to ensure that the
research was conducted in a fair and proper way, the Guidelines issued by the
University’s Ethical Committee were strictly adhered to, In following these Guidelines,
a saf_eguard was implemented to ensure that the students were free from risk
throughout the entire study. This safeguard was present in all facets of the study, but
was primarily vigible to the students themselves by way of an informed consent form.
A copy of the consent forms signed by. the students in Parts 2 and 3 of the study are
presented in Appendices F and G).

Even though only a small percentage of each class contributed data for the study, the
Enbre class parﬁcipated in the implementation of the DLE framework and the
computerised cog'rﬁtive tool. It was necessary, therefare, to inform all students about
the study, its background, aims and metheds. This was done by way of discussion,
and the provision of literature at the commencement of each semester. However, only
those who subsef{ue’ntly volunteered to contribute data were asked to sign the
informed consent _fofm.s. This form reiterated the aims of the study and also outlined
the role of the participating students in terms of the ways in which they would be
required to contribute data.
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It was also made clear in this form, as well as at the beginning of each data recording
session, that participating students were free to withdraw from the study at any time
without penalty or sense of responsibility to the researcher and the completion of the
study. This ‘right to refuse’ alsa extended to a) the interviews where students could
decline to answer a question or questions, and b) the journals where students could

refuse to submit a section or sections if they so wished,

Anonymity was assured through the use of pseudonyms for the duration of the
study. While the participating students were aware that they would be given
“pseudonyms, they were not told what their pseudenym would be. Access to the data,
bo{h in its raw form and as a transcript, was confined to the researcher. Although a
research assis_tan-':t was employed for Part 2 of the study, all tapes were handed over
to the researcher at the completion of each data recording session to be stored securely
with the other data. Another individual was employed to assist with the
transcriptions but, once again, all materials were stored safely when they were in her

possession and when they had been returned to the researcher.

In .addition’ to these general guidelines, ethical considerations specific to action
resdarch were also observed. In attempting to offset threats to the ethics of action '
research projects, Zend (1998) pmpose§ a set of provocative questions that encourage
researchers fo view their study with a sense of objectivity and impartiality. For

example:

Which of tha rasearch partlcfpants {and pertinent others) at your schuul have raad
your proposal?

Whal do your students know of this project?

What are the likely consequances of this rasearch? How well do they fit with your
own values-and prlorll.les?

If you ware a parhclpant. would you want this research to be done? What changes
might you want fo make yau feal comfortable?

These and other questions were adapted to fit the aims and objectives of this study
and were consistently addressed by the researcher as a reminder that although the
study arose from an issue specific to her own classtoorm, the findings could affect

others involved.
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Data analysis

As indicated by Tesch (cited in Creswell, 1984, p. 153), the process of data analysis in
qualitative research is eclectic and there is no ‘right way’ to proceed. Nevertheless, this
does not mean that there are no guidelines to follow and, indeed, the credibility of a
study is strengthened if the researcher applies consistent and rigorous steps of
analysis. As such, analysis was primarily an inductive process and the data for this
study were expldted using a systematic process based on the principles of Miles and
Huberman's (19'54) three-step process of data reduction, data di.sp]ziy and conclusion
dra\;\ring as well as Glaser and Strauss’ (cited in Lincoln & Guba, 1985) constant

comparative method.

Table 6.10 illustrates the nature by which these models informed the datz analysis
procedures for Parts 2 and 3 of the study, even though a different analysis tool was
used te interpret the data for each separate investigation. For example, the analysis
tool used in Part 2 (RQl) was primarily drawn from the process characteristics
component of the DLE framework, whereas the analysis tool for Part 3 (RQ2) was
derived from models in the literature that describe, varying levels and forms of
conceptual growth. These analysis tools are described in greater detail in their
respective chap“tgrs. A qudlitative data analysis program known as Non-numerical
Unstructured Data Indexing Searching and Theorising (NUD_IST) was used in both
paris to organise and code the data.
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Table 56,10

Fundamental data analysls procedure for Parfs 2 and 3 of the study

Mlles & Huberman {1954)

Glaser & Strauss {cited in
Lincoln & Guba, 1985)

Dala Analyals prazedure

Transcrlbing: Class aclivilles,
siuderd Inlarviews and sludenl
joumnals for all racording sessions
were lransoribed using Word, then
Imported inta NUDHST.

Data reductlon: Transcripls
are read le defermine
relovant dala and,”
superflious data. “Those
that are not refevanl are
discarded. Condensing the
data in this way requires
prefiminary soring and
organising hus sharpening
the focus on possible
themes and ideas.

Data display: Dala Is
arganlsed, comprassad and
dizplayed In a form thal
parmiis conclusiert drawing
and action. “... [M]airices,
graphs, charls, and
networks ... are designed lo
assemble organised
informatian Into an
immedlalely sccassible,
compact form so that the
analyst can see whal is
happening and either draw
justified concluslons or
move on bo the next step
..." {Miles & Hubarman,

Comparing Incldants
applicabls to each
catagery: Incidents (or
unils of meaning) are
assigned lo preliminary
categorias which have
been derived on either a
Heals right', intuifive basls
or drawn from the
lllaralure. Incldents are
compared and contrasled
1o glher incidents in Lhe
gamp and diffarent
groups, thus slimulating
“thought [whichj leads lo
bolh descriptive and
explanalory categorias”
{Linzain & Guba, 1985, p.
as1).

Preliminary Coding: Transcripls
ware repesledly read to gein an
appreciation of tie mesning
attached to the parlicipanis’
responsas. Infomatlan nol retevant
1o tha study was deleted from all
franscripts 1o refine the focus.
Uslng MUDIST, uniis of meaning
ware coded by comparing and
conlrasting them 1o other units of
meaning across all relevant data
sources. The classificalion of
these uniis of meaning was based
on a combinaiien of idess that
came from the dala, ralated
{terature and the study's
thaoretical framework,

Integrating categories

and thelr prupartles
Incidenls are judged
according 1o the
properies which define
the calegories. Coding,
therefore, is mora rule-
based and less inluitive.
This process also lests
the groperies of the
calegonies in Lhat
dispsrate Incidants
encourage tha researcher
to sither develop sub-
calegorins, or redafing the
primary category.

coding: Having defined
lhe preliminary categories, they
wera arranged on a table, against
which supporting data was sorled.
This tabular display of the
calagories and tha dala gave the
researcher an inlsllighle overview
of the nature of each gategory,
thus meking ceding more fluld and
rigarous, Participanl responses
thal could ool be assigned to any
ona category were placed in a
‘miscellaneaus' calegory for claser
examlnalion.
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Miles & Hubarman {1584)

Glaser & Strauas (cliad In
Lincoln & Guba, 1665}

Drata Analysls procedure

1954, p. 1)

Delimiting tha theary: As
coding nears the end, Lha
categories bacome 50 well
defined Lhat {heir
characleristics are
immediately identilied fn
lha data. This improved
articulalion of categorles
enables the researcher lo
Inlegrate those that are
alike, lhus reducing the
glza of the original Ist.

Merging catagories: In atlempling
fo code idiosyncratic unils of
meaning, categeries were redelinad
and merged or extended into sub-
calegorias. Glven thal this stage
ocgurred towards (he end of dala
coding, the characterlslics of each
calegory were 5o well defined that
unilz of meaning were smaolhly
asslgnad.

Cuoncluslon drawing and
verification: Decisions are
made as to whal tha data
means. The emergence of
paftemns, regularities,
causal flow and prepesilions
enatb'e the researcher lo
draw possible conclusions.
Thae validity of ihose
conclusiens s tested
accordingly.

Writing the theory:
Drawing concluslons
based on the patlems and
themes evident in the
catagories. Fleshing out
and elaboraling upon
these conclusions by
recordlng them.

Coneclusion drawing and verifylng:
Oncae all the data was coded and
eategories refined and meargad,
conclusions were drawn in relalion
lo lhe appropriala. research
questlons. Thesé conclusions were
varifiad by referring back o the
original data, Satisfiad that they
could be supporled by the data,
conciusions were elaboraled upon
for inclusion in the thesls.

Conclusien

Having described the methedology and design of the study in this chapter, the
following four chapters provide an analysis of the data and discussion of the findings
in response to the specific research questions. While Chapter 7 is not an analysis
chapter as such, it acts as a precurser to the subsequent analysis chapters in that it
verifies the apprgpriate implementation of the DLE. This verification process is now

discussed.
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Implementation of the distributed learning
environment: A verification

Chapter Overview

Part 2 of this study entailed the implementation of the DLE in'an effort to determine
the extent to which students distributed their learning in this context. Before this
analysis could b«_'a_'?conducted, however, it was important to verify tht the framework
which emerged f'rom the literature had actually been implemented- in the classroom
and that all its characteristics and features had been attended to. As part of this
verification process, implementation of the teaching context characteristics was appraised
throughout the semester given that this component was fundamental to the

frrmework’s overall success,

This appfaiéal served three main purposes. Firstly, it prevented the teacher from
(unintentionally) returning ta her typical teaching style. Secondly, it revealed aspects of
the teachting comtext characteristics that needed a stronger focus in the classroom and
thirdly, it exposed an additional feature of the feaching context characteristics that did
not emerge from the literature. This feature did not change the overall objectives or
structure of the:?ramework. However, its inclusion was believed té have enriched it

nonetheless,

This chapter, therefare, outlines the various means of appraisal and provides data from
class activity transcripts, interview transcripts and student journals te support the
assertion that the framework was successfully implemented in the classroom. This
verification prbf:eduxe was an egsential phase in the analysis process of this study as it

provided a solid foundation upon which subsequent discussions were based,
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Implementation of the teaching context characteristics

The primary focus of this verification process fell on the first companent of the
framework - the teaching context characteristics - given that its features pertain to the
maore practical, teacher controllable aspects of the DLE. While this component interacts
with the other compornents to form a state of equilibrium, its features set the scene for
this prevailing balance of farces. These features, as they relate to the teacher, curricula,
the tasks and assessment procedures, all define the teaching context, and to a large
extent will also define the nature of other features within the second and third

components {see Figure 7.1).

=z

v "i!i'

First Component Third Component
Process
Characleristics
Student
Second Component Characteristics

Figure 7.1 Teaching context characteristics: Primary focus of verification process

The verification process occurred each week where the teacher examined her lesson
plan against criteria relating to the teaching context characteristics as featured in the DLE
framework. This checklist, a sample of which is presented in Appendix H, enabled the
teacher to addrégs aspects of the teaching context that did not corr;ply with, or fully
support, the distribution of cognition, .Also, the data which began to materialise after
Week 6 was examined regularly for evidence that all features of the taaching context
characteristics were visible in the classroom context. Class activity and interview
recordings were reviewed, and journal entries were read in an attempt to confirm the

presence of check-listed critetia in each lesson.

The findings from this verification process are presented below. The attributes of each
feature of the teaching comtext characteristics are revisited then followed by excerpts from

the data which corroborated (or disputed) its presence in the classtoom.
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Findings from the verification process
Teacher Features

s The teacher is committed to a DLE and models distribution in s or her oum actions.

The teacher, in this instance, was fully committed to the design and implementation of
a DLE as she was also the researcher. In keeping with the principles of action research,
the study materiatised from the teacher's desire to improve an aspect of her teaching,
Whitehead {cited in McNiff, 1994) likens this desire to improve practice to a force
within the teacher/researcher that has arisen when his or her educational values and
beliefs have been dended and/or questioned. In other words, the teacher experiences a
sense of dilemm'? ‘when current practice conflicts with, or does nat fizlly reflect, his or

her educational values,

The force behind this study then, is the dilemma experienced by the teacher/vesearcher
when her strong soclal constructivist views and interest in cognitive tools were not
adequately reflected in her own practice. The ain 5 and objectives of the study grew out
of this dilemma and, as such, the very act of investigation can be construed as a strong

commitment.

While students were not questioned directly on their thoughts about the teacher's -

commitment in this study, aspects of it have emerged in the student interviews. In the
following excerpt, teacher-commitment is intimated in relation to teacher-motivation.
The teacher's molivation, it seems, is a by-product of her commitmerit which also haz a
direct influence upon student-motivation. It can be inferred from this finding that the
teacher’s commitment to a DLE will ultimately affect the students’ commitments to a
DLE also,

Q: Is this assistance provided by me importani?

A; ...t shows also that you are involved in ihe whole thing...that you're Interested mn

what we're dolng and are motlvated too. We won't be motivated If yeu're not motivated
flaughs]. (1111D0) Note: Coding refarences explained In detail in Appendix 1.

= The teacher is responsible for the development and implementation of n participation
framework, that is, facilitating students’ learning of the skills of collaboration, using
resotrces and being sirategic learners.

For knowledge and expertise to be distributed effectively across the classroom,
students must be inducted into the rituals of distribution (Brown et al., 1993). As
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outlined in Chapter 5 {where the features of the DLE were explored), induction is the
process of ‘enculturation’ whereby participation in routines and practice joins students
together in a commeon goal and mind-set. These routines and practices are the catalysts
that enable specific discourse patterns and belief systems to be learned and accepted as

the norm by all students.

The routines and practices carried out in this study were based on an infrastructure
that supported and promated distribution through a) collaboration, b) using resources
and, ¢) thinking strategically. The following excerpts, which have emerged from the
students’ conversatiens in class, their interviews and journals, can be construed as
evidence that these three vital elements were present in the classrgom, and that the
teacher made coricerted efforts to continuously help the students déve]op these skills.
In the interests of optimising space, only one example from the data is included for

each attribute, even though there were numerous supportive claims,

The first excerpt, and many others like it, confirms that the physical environment was

designed to promote collaboration:

Ct The class is always arranged In the 2 x 2 desks. How do you feel about this
‘arangement?

A1 really llke it. For the type of thing we're dalng it's great. Ona of tha worst things | find
Is trylng to discuss In classes where the [classroom] Is not set up for it, you know where
-there's rows of dasks or something and the teacher says "Now discuss this™. If It's nat
set up for |t then ['s terribly distracting. | also got to know people better; in depth; their
perspactives. When you sit down fike that, you know, before the class aimost starts, you
can't help bui talk and | find that .., [factlitates] discussion in class. (ara)

& =

However, arranging desks appropriately, in itself, does not ensure collaboration. As
discussed in Chapter 5, students also need a range of skills that will enable them to
cope with the social and intellectual demands of eollaborative group learning.
Consequently, the collaborative skills required for this study were medeled and
encouraged by the teacher throughout the semester, Each week the teacher focused on
one skill in particular {e.g, week one - setting group goals) and would observe each
group as they practised this skil! in the class activities. As the semester progressed, and
the students’ reperhoirés of skills increased, both new and old skills would be discussed
and practiced in the context of collaborative group activities, The following excerpt is
indicative of many, where the teacher would use given opportunities in whole class
discussions to review.aspects of collaboration, This particular example is in relation to

cognitive conflict which had been addressed in the class some weeks before:
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Tr: Gill just gaid that he thinks that it's all down lo the teacher to get a sludent to use a
certain approach, Do you all agres with that?

V: Yoah moally...

D: Yes ang no.

Tr: Qkay, good Dick. You think it Is and It isn't. | want you to hold your reasens far a
minute and wa'il talk about them after but first | Just want you to think about this for a
minute. When someone says somalhing that you don't quite agree with or you dan't
quite get what they ware saying, what do you think you should do?

V: Get tham lo repeat it.

Tr; Yeah okay. Anything else?

D: Say what Is on your mind and get everyone to compare.

V; Aslt thern about what they mean,

Tr: Yeah, vkay. Ask them some questions about it... [CAZWC)

Although not regular, there were references in the data suggesting that group
collaboration was not successful and, as such, opportunities for the distribution of
cognition were ﬁiversely affected, In the following example, the student offers the

notion of ‘group dynamics’ as one possible reason:

A ... Just graup dynamic. Some groups just click and fly and soar and others, you
know, the questions are asked and thelr heads go down...sa | think we missed outon a
fair bli.

Q: Discussions could have been richar you think?

A: Could have been richar, could have been a bit more enthuslastic. (1I31G)

Learning within a DLE Is alse resource-based. A range of different types of resources
should be present in the classroom with easy access available to the students. The
following excerpts suggest that social resources, physical resources and symbolic

resources were available and readily accessed by the students during this study:

- Social resources .

Q: DId you use any resources within the classream to help you learn the concepls?

A Yes. | find that when you ask a question, | don't come up wilh lhe answar straight
away. 1 like to lislen to about three difarent responses and that will iigger my thoughts
as to what | think the answer ls. So | definitely use the other people's responses o faed
my own. | might use a combinalion of them to help me understand the quesilon more so
| use cther peers, (11K

- Physical resources

Q: Did you use any resources In the classroam o halp you leamn?
A: We used textas, the big paper, my book, the olhars, each other, my own notes, my
journal, and the overneads. {(2/4R)

- Symbolic resources

Q1 Ok, last night did yeu usa any resources to help you learn?

A: The pecpla around me primarily. The texibook was good, sspecially the table which
“arganised It In the way that | lked very nicely. There was a table which llsted motive and

strategy,..Once | had that, | resally had something to hang my discussion off ... (2M4)
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Although these and other resources were available, the students frequently

commetited that there should be more visual reseurces on hand:

: Do you have enough resources within Lhe clagsroom fo help you learm - to satisfy
your leaming needs?

A: No not really. | like lols of charts, piclures, boxes of aquipmeri. 15 a visual learner,
and 1'd like to sea mare dlagrams...vidaas, concrete things are good. | ke the video we
saw a faw waoks ago and mora like it would be good. Sometimes the concepts are very
hard to grasp and it would be good ta get suppert fram other concrete aids. (1/1D)

‘The data also revealed that, although social resources were widely encouraged through
discussion and collaboration, practical constraints {e.g., time) often hindered their

ultimate usefulness. For example:

| wish wa hiad mora time to talk on things. Sometimes | feel that we'rejust getling to the
answer and we've got Lo go on fo scmething else. That's cur fault to a degres - we go
off on tangents that ara really interesting and about our teaching, but when we finally
get on track we hava to stop. (2Mv)

While resources need to be readily available within a DLE, students also need to know
how to gain maximum resuits from them and why they are necessary. Just as
collaboration requires skill and know-how, resource-use is also skills based. As such,
the skills associated with using resources as partners in learning in this study were
modeled'by the teacher, practiced frequently and constantly promoted through
feedback and discussion. For example, the next excerpt bas been taken from a whole

class discussion on effective ways to extract the meaning in journal articles:

..Just think about hew you do read the articles though — especially the cnes that you
ﬁnd particl.ﬂarly difficult, What do you do?
S1: Well to be perfactly honest with you, | get totally cheesed off because the way that
some of lhese yokes write it's Ilké they're trying to do heir absolute best lo hide the
meaning n the fongest words that thay can pull out of the dlctionary and then that
makes them fesl raal good because they think theyre really academic In front of their
colleagues.
Tr: Like the Marton et al. (1993) article | guess. A lot of you said you found that one
hard to get through.
$2: Yeah, | read it about three times and | still don't really undarstand (1.
Tr. Did any of you use any particular strategy to read it that helped you understand it

7

83: | Just read it Jots too,

T How many times?

53 Probably twice...| gave up aftar that,

Tr: That would have taken some Yme... You've got athar units to read for don't you?
You've got lessons to prepare for school too don't you? Can you afford to waste time
reading these sorls of arlicles lots of times and siill not get the gist of it? [general
consansus from class Is 'no']. Se what can you do to make these arficles more
manageable, make them work for you rather than try to intimidate you ... they can help
you if you use them propery. What sorts of things can you do hera? {caatwe)
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The students, with the teacher's guidance, went on to identify a range of strategjes they

could use to help them cope with academic articles.

The idea that “what is learned depends on what is already known” (Biggs & Moore,
1993, p. 22) was emphasised as being an integral intellectual resource within a DLE.
With this in mind, students were encouraged to view 'prior knowledge’ as a rich
resource for their own learning; a wealth of information that could be used to learn

new concepts. This influence is evident in the following excerpt:

& Do you do that in these classes? Do you always think about the new concepls in
relation to what you already know about them?

A: Yes. | can definltely answer yes because you maka us do that.

Q: How's that? 5

A Um, I'm trying to think of an sxample ... well just when we slaft a view lesson, we
always begin it by looking at what we think it means before we find out what it realiy
means. (1216)

Interestingly, some students also discussed their prior knowledge as being a social

resource, as the following excerpt indicates:
Q: ... do you fee! lhat you as a [sarner bring resources to the leaming environment?
A: Yes 1do, | can see now that | bring my things that | know...the prior knowledge |
have about things and share with the others - because | think they will galn from me and

I will gain from them ... bacause we've been looking at the importance of prior
knowledge, ! see that as a resource that is mine and that i can shars, (111D

As indicated in Chapter 5, learning strategies are alsa an integral facet of an student's
intellectual resources. These mental tactics and techniques, however, must be learned
through teacher: modeling, coaching and constant encouragement, In this study,
students were ir;n‘odaced to the notion of learning strategies as part of the coursework
and as part of the DLE framework, A primary objective of both the unit and the study
was to encourage students to be strategic learners themselves, to see value in using
learning strategies for their own learning objectives and for the students that they
teach, While the different types of strategies (cognitive, metacognitive, resource
management) were not introduced until Week 6, the notion of metacognitive learning
and thinking about /0w to learn was encouraged from Week 1. This occurred by way
of:

- Teacher modeling, coaching and constant encouragement:

Q: Why did you use these [leaming strategles] spacifically? How s it that you are aware
of these resources?

A: | don't know, hablt maybe, at the beginning. You use them all lhe time. You use tham
and you get us to. (11HA)
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- Oppottunities to practice and use the strategies:

A: I'm more aware of them [leamning sirategles] new that ['ve dona this unit.

O Why?

A: Causa it's all about how 1o leam. We've leamed how we leamn, and we've pul il to
praciice, or at least | have ... (I¥1R)

Curriculum and task features

In a DLE, curricula must emphasise depth of understanding over the accumulation of
information. There is little need for resources and social discourse when the abjective is
to soak up as much information as possible. On the other hand, if the objective is to
understand and make sense of concepts, then students will need a range of tools and
resources to heIp them achieve this. This latter poal will also be achieved more
effectively if the curricula is arranged and presented as a series of themes which are
progressively discussed and disseminated.

The teacher in this study held a conception of curricula that was in keeping with the
evolution of deeper understandings in preference to memorisation and recall. As such,
the unit's quecﬁves were viewed through this philosophy and tasks were designed
accordingly. For example, certain key facets of concepts were focussed upon to give
students opportunities to make thorough explerations, However, the objectives were
complex and the teacher on occasions did feel as thaugh more time should be spent on
specific topics, Nevertheless, the attributes of curricula as they define a DLE were

r

generally adhered to, as is indicated in the following excerpts:
-

»  Curricula emphasises depth of coverage over breodth and understanding cver memorisation

and recall,

| wrote samathing. You know when we first came into the first leclure [fn this unif] | was very
superficial, you know | read the stuff and | took notes using all the cognitive stratagies, but
when | come in here and | listen to others speak and whera they're at, they might make it
claarer for me, or yau might bring ihat focus back, So | feal that if the module goes ovar two
or three weeks, | feel that by that third week | have grown in my understanding, so my
approach has slipped from hat surface, superficial level - because sometimes | don't have
time to read all that infermatlon but by listaning and talking the links grow and the desire,
the motivation grows and changes to more of a desp approach. (CAZMGA}
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Task features should be based on objectives ilat emphasise understanding as opposcd to the
eccumulition of ficis,

Q: What rire: the maln things Lhat you've learned about Learning Strategles?

A: | kesp thinking about yesterday. The big debate we wera having about the particular
component of resource management, you know ihe ‘effort’ component that was
something that stood out ta me,

C: What in particular?

A: Just that it's the most Important part of Resource Management and it's probably one
of the most important strategies. Bacauss the amount of effort yeu put into something s
more Important than the time ar what cognitive strategies you actually uge. Your attfude
is n significant factor, an attitudinal thing. (1HR)

Task features are situated and authentic.

Ck ... how do you fee! about yrur undersianding of the concepts encounterad?

&: ... 1think | undersiand the main concepls mainly because I'm looking at my teaching
at schoal and also the way | leamn ... I'm mors...aware of what | do and how | teach.

Q: How has that eome aboul? '_

A | use leamning sirategles with my studenis ito help them bulld links with new
information and old tnformation, and also, | was talking to Ihe group today and !
mentioned [n my basketball class there was a student who couldn't play, He just didn't
know what to do, yet | teach the same student soccer and he's got the perfect skills for
the game. He told me that he didn't enjoy basketball because he couldn't do it. So |
asked him what he does on the seccer field when he wants the ball, and he sa'd that he
runs towards i, inta a space, and calls for L. So 1 said that that is execlly what he should
do for basketball. He thought lhat that mada sense and yesterday he triad it and it
worked...through that | thought that my own understanding was achieved. {415

The data revealed, however, that the tasks were considered more authentic for those

students with teaching backgrou::ds. As is suggested in the following example, they

were less 'real’ for the one student who did not have an education background:

Q; And do the activities lend themselves to that sort of ransferability?

A; Not always direclly. But that's mostly because I'm going to be the guy probably
writing software rather than teac 1q. Sa vsually it's a matter of kind of sxtracting and
ramoving the concepis and 12king-the essence of what you are doing in the classroom
situation. That can take a bit of thoughl sometimss, but generally ) find that it is there.
{i2r14)

Task features are conducive to collaboration, using resources and learning strategies.

Given that collaboration, resource use and strategic thinking constitute the

participation framework for engaging students in distributing their cognition, it was

essential that the tasks in this study facilitated this need. The following excerpts are
evidence of the teacher’s attempts to design tasks that encouraged:

Collaboration



Chapier 7: Implemantailon of a OLE: A veriflcalian 113

A: | don't know. | just know that every week | get ready to think, We have to participate
in discusslon. There's no way out of thal.

Q: Why'?

A Well because that's the way 1he aclivities go ... you can't Just sit there, You'va gat o
say somelhing. I's not a chore aither. li's a good feeilng 1o share and listen 1o cthers
and leam from them. §3nv}

- The use of resources

Qi The activities that we did - just to remind you of a few, there was the group recall of
concapts, there was the Journal writing, there was the 3F madel, the study guide...were
those activities relevant to you?

A: ... | agree with the group exercises. The journal in this case was very relevanl for me
because | dived straight Into t because it was a chance lo write down In some congrale
fashlen what | had, | suppose the conception | had arrived at in terms of approaches.
So yes, it helps to sort of crystallise that. (1216}

e

- ‘The use of learning strategies

Q: The class is aiways amanged In a particuiar way for this unit. Is it accommodaling for
yaur leaming, or has it been a hindrance?

A: It teache . us about resource management. Abaut using the set-up In our own
elassroom. Using the televislon, the averhead, the board, meybe you are modeling the
kind of strategies that we should be using for our sludents, it makes us more
matacognitiva. (1111K)

Assessment featuras

% Assessment features should be consistent with the pracess of learning.

Assessment procedures within a DLE should reflect all the criteria that define learning
tasks. Assessment tasks therefore, should be consistent with the actual process of
learning. In this*study, assessment for the unit consisted of one assignment and one
end of semester examination, The purpose of the assignment was to encourage
students to apply the main concepts encountered in the unit to their own learning.
Students were asked to reflect on their learning in a formal learning situation (such as
their learning at university), analyse it in terras of the ideas presented in the first four
modules, and. then write an essay explaining the what and why of their learning,
Because the assignment was heavily weighted (60% of the final mark), students were
encouraged to submit part of it for preliminary feedback. This submission was to
inelude an introduction to the assignment, a plan outlining the intended structure of

the paper and a draft of one section.

Criteria for assessing assignments was based on the students” ability to:
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- adhere to feedback, that is, their ahulty to use the teacher’s comments on
their preliminary submission as a resource to further their learning.

- draw on the relevant ideas in the unit to analyse their own learning,
- explain their ideas clearly and present a thoughtful argument.

. integrate the four sections together to present a cohesive, well-
supported argument.

The examination consisted of two essay questions, which students were required to
answer in a three-hour period. Typical examination conditions require students to
answer three essay questions and sometimes five to six short essay questions within
this time frame. gespnnding to only two questions gave the students in this study more
time to pfovide;“m-depth answers, Students were asked to answei-r' the questions in
relation to contexts that were meaningful to them, draw on relevant concepts only and

integraté them in an effort to construct a cohesive, well-structured paper.

The examination was also ‘open book’, and students were encouraged to bring
resources into the examination room which they felt would help them respond to the
questiéns. Because few students in the class had sat ‘open-bock’ examinations before,
. they were given opportunities in class to complete ‘mock examinations’, Towards the
“end of the semester, the teacher gave students essay questions from previous
semesters, which they had to respond to under examination conditions. During these

times, students were encouraged to:
- make a plan and structure their response.

- concentrate on demonstrating their understanding of concepts rather
than their ability to regurgitate facts.

- use their texts, notes, journals as resources,
- draw on personally meaningful contexts upon which to base their essay.
Responses made by students from previous semesters were critiqued by the whele

class during these times in an effort to give students same feedback as to the sorts of
things they should be focusing on in their own essays.

= Assessment features should evaluate student understanding, net recall.
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The outline of the examination and assigninent requirements above are indicative of
the teacher's efforts to ensure that assessment procedures encouraged student

understanding. The following excerpt also reflects this:

S41: | think the assignment was a metacognillve iask. It forced us lo think
matacognitively about cur own leaming.
§2: Did It ever. It made me see where | nead to improva, (CANGE)

v Assessment features acknowledge other ‘containers’ of knowledge not just 'in-the-head’
kniowledge.

Designing an ‘open-book’ examinatioi: also communicated to the students that, in a
DLE, an individyal’s mind fs not the only retainer of knowledge, Throughout the
semester, smden‘;s were encouraged to acknowledge that, apart fron-.l their Intellectual
resources, other resources within the leaming environment reflected the knowledge

that was construced each week. This is evident in the following excerpt:

Q: Has the Journal affeclsd your leaming?
A: ...l think il's been very useful...! like fo think of it as a concrele version of my mind.
What's In my mind is in my journal, and what's in my journa! is also in my mind, {11/1F}

v Assessment fentures should look for partial understanding as well ns complete

understanding.

Thete was no evidence in the data that reflected this feature. This oversight was noted

and considered in the design of the teaching context for Part 3.

" Assessment féatures should use methods (e.g., portfolios) that emphasise the process of

learning as well as the product,

While a portfolie, as such, was nat used in this stage of the study, the structure of the
unit (assignment and examination inclusive) did emphasise the process of learning as
well as the product, In the data, students frequently made statements supgesting that
their learning had developed progfessively and that they were aware of the processes
that contributed to this, Discussion and collaboration were the main processes students

identified as determinants of their learning, as indicated in the following example:

Q: If | told you the exam was tomomow, how would you fasl responding to exam
questions not having a chance to study?
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A Fine...! fea! like I've done mast of my learning already rather lhan just stuffing It into
my head for an exem. Normally I'm a real crammer, but | feel that | could discuss Jusl
about anyihing...l will [study] nonethelass because | want lo refrash on some particular
points, but | think my understanding is there. In fact | think il's pretty good aclually.

Q: Why is that?

& | guess it's because for me it always comes back to the discusslon. If | can express it
to someans verbally, lhen | understand IL. That's usually my definficn of leaming. We've
done that all tha way through the samester. Each wesk...1alk about il o the people and
thay've talked back and we've kind of come to a negotiated agreement on that, We've
talked about Lhe same things, and | think that ! can understand it. (3fa)

- Affectiva features

.Ilfl féviéwing the data as part of this verification process, the ‘affective state’ of the
%':l._éa_:ss_r_uqr'rl has e%ergecl as a significant issue. Throughout all data sgu:ces, whether it
* was' the interviews, the student journals or the class activity recordings, students
frequently referred to the impurtﬁnce of the mood of the classtoom in relation to their

willingness to distribute their cognition across the learning environment. For example:

@: Can you describe the leaming environment as you see it in our class?

A: ...Very supportive, | find, Everything that everyone says is generally considered to be

valid. And there's no criticism so if's qulte supportive. It's quite okay to take risks. You

¢an say something [hat you think might be true. It's alry safe in that you know peaple

are not golng to throw baoks at you or shoul you down or make. you feel complately
. Inadequate. You might get a few blank looks or shaking heads, but that's the worst you
- pek So...most paople feel able lo just go out and have a go. (31A}

- Students repeatedly commented on the need for a relaxed sense of security in order to
confidently share and construct knowledge. A precondition for the effective
distribution of c%gn.ltion, it seems, is the development of a positive classtoom climate.

Schmuck and Schruck (1952) describe a positive classroom climate as one where:

... the students support one another; where the students share high amounts of
potential influence ~ both with one anather and with the teacher; where high
Jevels of attraction exist for the group as a whole and between classmates; ...
where communication is open and featured by dialogue; where conflict is dealt
w_itli_ o.pe'rily._ ‘and constructively; and where the process of working and
developing togethér as a grbup are considered relevant in themselves for study,

(p.39)

In idenﬁfying Ehé.ke'y charactetistics of a-DLE, the notion. of a 'pnsiﬁvé classroom

climate’ did not emerge from the literature as a distinct and separzie feature, Given
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that it is an important atirlbute of any learning environment, it was inferred that once
all the identified features were put inta practice, a supportive learning environment
would automatically ensue, While this is a possibility, the importance placed on class
cohesiveness by the students has led the researcher to believe that this feature must be
added to the framework and, as such, proactively engineered by the teacher.

Discussion

In reviewing these findings, it can be concluded that all features of the teaching context
characteristics of the DLE framework were operationalised and introduced
appropriately intd the classroom context. Justification of this conclygion will be made
by briefly luokin% at the overall outcomes for each feature as presented earlier in the

chapter.
Taach'ar..faaturas

The teacher was totally committed to the development of a DLE and meodeled
distribution throughout the course of the semester. She also implemented a
participation framework into the design of the classroom context where students were
able to participate in the act of distributing their cognition through collaboration, using
resource§ and thinking strategically. Even though some collaborative 4ttempts were
unsuccessful, these were infrequent and due to unhealthy group dynamics rather than
a lack of collaberative know-how and skill.

There were a wide variety of resources avatlable to the students and multiple
opportunities were provided for them to maximise the affordances offered by these
resources. However, even though attempts were made to integrate a range of visual
resources info the environment, a few students commented that they would like to
bave more available to-them - wall charts and videos in particular. This finding was

used to inform implementation of the framework in Part 3 of the study,

Curriculum and taak.i_’éaturss
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Based on a qualitative conception that teaching is the facilitation of understandings, the
teacher’s program for the unit had a strong emphasis on encouraging students to find
meaning in the content rather than simply memorise it. In pursuing this objective, the
curricula focused more on penetrating concepts deeply and thoroughly as opposed to
achieving a broad and shallow coverage. Most students found the coverage of the topic
modules adequate and rewarding, although some did mention their frustrations at
having too little time during discussions to delve into ideas as deeply as they would
have liked. Due to time constraints, which are typlcal in mest classrooms, this
unfortunately was unavoidable.

The t'a.sks also er.x_"_l:phasised understanding aver recall of isolated facts:;The design of the
ta'aké was condudive to collaboration, using resources and using learning strategies and
therefore, complemented the students’ attempts to participate in a DLE. Tasks were
authentic and applicable to real life experiences which, at times, proved to be a
shortcoming for one student who did not have a teaching background. Although the
teacher made attempts to broaden out application possibilities, discussions were
inevitably pulled back to more specific issues and situations in relation to teaching
I(g:iven that the majority of the students were teachers}.

Assessment foatures

Assessment features were consistent with the processes of learning and as such both
the assignmentzand the examination required students to demonstrate their
understanding of the unit's concepts and their applications to real life situations, The
examination was ‘open book’ thus encouraging students to use the same resources that
they had accessed when initislly learning the concepts. Given that the process of
learning is a large feature of learning within a DLE, students were encouraged to focus

on the processes they used as well as the concepts they were learning about,

Affactive faatﬁres
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This feature was not intentionally attended to in the implementation of the DLE. While
the students’ comments sugpest that the mood of the classroom was conducive to the
distribution of cognition, the frequency of these references has prompted the

researcher to incorporate it into the DLE framewaork for future implementations.

Conclusion

This verification process has shown that the elements of a DLE framework, as they
weére defined in Chapter 5, were present in the context of this shudy, Apart from a few
-.i_xiinbr _ﬁhdings to the contrary, all features of the teaching context characteristics were
_ thur_éu_ghly eml:;gdded into the teaching context. Those issues that were not attended
to, .or were not included in the original framework, were taken into consideration
during implementation of the DLE in Part 3, On the whale, this verification process has
ensured that the findings to emerge in the following analysis chapters are based on

sound foundations.
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The Students’ Distribution of their Learning

Chapter Overview

o .Having confirmed the presence of the DLE, data were explored to establish the extent
.';i:_'_\v'\"l:lich ‘the eight participating students distributed their learning within the
: ‘¢lassroom. If students were to maximise the learning benefits afforded by cognitive
' tools (and resouzres in general), then it was necessaty to thoroughly:explore the extent
‘to which the DLE framework encouraged this endeavour. Therefore, this chapter
.presents the findings that have emerged from the first research question:

Tn-wﬁaf extent do students distribute their learning within a distributed learning
environment?

To gain'a comprehensive insight into this question, it was initially looked at from the

R pmnt of view of the resources that the students accessed in the learning environment

* and subsequently distributed their learning to. Analysis was carried cut in four distinct
o '.stage_s'ati'cl in‘response to the four resource categories - social, physical, symbolic and
intellectual. This analysis process is described in detail in this chapter and acts as an
‘advanced organiser’ for the subsequent presentation and dissemination of the
findings, While*these findings are initially discussed in relation to each resource
category, they are subsequently examined collectively and summarised in relation to

the main research question above.
The analysis procoess

Determining the extent to which students distributed their learning within a DLE is
é}:rr_l.n.::mj'rmqus mth _éxaﬁﬁniﬁg their approach to leanﬁng, that is, the processes they
erj;t;aged in wheﬁ- completing assigned tasks, Therefore, the process characteristics
éompcnent of the DLE was used as a framework for organising, coding and analysing
the data that was gathered during the class activities, student interviews and student
L ]oumals Cansequently, (and m keepmg w1th the spemﬁc features of this component),
:'-.the ﬂrst research quesuon was, readdressecl and examined according to the following

four subs:dlary research questions:
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To what extent did students distribute their learning to soclal resources within the
distributed learning environment?

To what extent did students distribute their learning to physical resources within the
distributed learning envirorunent?

To what extent did students distribute their learning to symbolic resources within the
distributed learning environment?

To what extent did students distribute their learning to infeflectual resources within
the distributed learning environment?

- Bach. of these subsidiary research questions was individually addressed and the
transcripts scanned on four separate occasions to uncover examples where the students
distributed thei?leaﬁﬁng across all four resource categories. In doing this, it was
discovered that there were distinct instances where the students eitl.ler distributed, or
did-not distribute, their learning to a particular resource categor}". Preliminary coding,
therefore, involved using NUD_IST to segment the data into ‘yes’ or ‘no’ categories for
each resource group (social, physical, symbelic and intellectual). For example,
Appendix ] contains data that represents instances where learning has been diskributed
to-social resources, whereas Appendix K represents instances where learning has 1ot
been distributed to social resources,

Following this pre-analysis, the data analysis procedure outlined in Chapter 6 was
used. to systematically examine the segmented data for patterns and themes. During
this process, the transcripts were repeatedly read to synthesise the data for gach
resource group, and to gain an appreciation of the meaning attached to the students’
responses. [n doing this, it was apparent that while students clearly accessed the
various resources, the extent to which they actually distributed their learning to them

varied considerably.

Por example, in relation to the extent to which learning was distributed to social
resources, there were mstances where studems took turns in making surface comments
about the -subject matter, as well as instances where they engaged in deep
conversations that chailenged their exising’ideas and pushed their understandings to
new levels. Consequently, the. qualitative differences between these and cther
emergent categories were defined by constantly comparing and contrasting them to

each othex"_ac_rqss_ all relevant data sources."l'lie'oﬁtﬁbﬁe of this process was a series of
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categories (and in some instances, sub-categories) for each rescurce group that clearly
illustrated the varying degree to which students distribuled their learning within the
DLE. These qualitatively different categories are described for each resource group as

follows.
The distribution of learning to social resources

While the data showed that students did interact with each other, the extent to which
they used each other as a resource varied. For example, the following excerpt is
characteristic of a rich collaboration where, with the help of the teacher, the students

reached new understandings about the differences between cognitive and

F .
metacognitive legming strategies:

S1: Do you think metacognitive tasks are different from cognitive ones...?

52: Cognilion is goal setting. See this might be our prablem,

$1: But you can't set goals without thinking about it.

53: See most [metacognitive strategies) are tools to think with ... So if's what to control
... how you're going to save ime ... Saying to yourself ‘Do | understand this™?

Tr: Yes there are... two aspects of metacognition ... one aspect is the regulalion of your
learning, like self-testing. The other is knowledge ...about cognitive (learning] strategies.
§1: S0 the metacognitive strategles are like the cnes that help you think and leam and
the cognitive strategies are the ones that get you thinking about what you're learning

Tr: Yes, right.

S2: Really then metacaognition should accompany all of the different types of learning
strategies...

$4: They ara not as effective otherwise. (CA11GB)

The quality of distribution in this example, compared to interactions where students
made isolated comments to one another, was clearly richer and more comprehensive
given the extent to which the comments were being challenged, extended and
abstracted. In fact, a range of five qualitatively different categories was identified in an
attempt to discern the extent to which students distributed their learning to social
resources, These categories form a continuum ranging from instances where there was
no distribution evident, to instances where quality distribution was apparent. This
continuum {s presented in Figure 8.1, the varying levels of which are then described in
detail,
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Figure 8.1 Continuum of the extent to which leaming was distributed to soclal resources

Social and cognitive mismatch

- -

There are various aspects to this category, all of which are characteristic of behaviours
that appeared to stifle the distribution of cognition. The position of this category on the
continuum (Figure 8.1) indicates that, while students did interact with one anather, it
was usually In a nen-productive way. There appeared to be an inability to keep
conversations flowing smoothly and a general lack of group cohesiveness. Several

causes have been identified and are outlined in Table 8.1:

Table 8.1 Sources of soclal and cognitive mismatch

Cauan Deascription Exampla

S1; Well | think it's very important ...that

& ra ’ t 'ra
A degree of animosity has formed batween ftc&lv;srsﬁrnﬂl::mma?! T:;wif:)ﬁe we

marmbers of the group. This feallng of ill-will "

appeared to emerga from frustrations rr:;:;gaifighut‘;;;v :NC: z:c pe with all of the

directed at ane or mara members of the 52: | foel ths other way actually ... by the
Social group who wera either not cantributing ta tims students get to university hey have a

4 the discusslons, ar were taking paihs that qood grasp of strategles ...what do you
confllet | gihers disagread with. In the given think GIll?
example, tha third student's lack of X "
commitment i the conversalion stops it $3:  Bilnk Il just go dovin tre pub and

from developing Tnto anything meaningful. ::;1%; :;T:l'.l;m Just siting here and
§2; Oh, Okay,..we're up lo the next ane.
{CAINGA)
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Cause

Deacription

Example

Caognltive
canfllst

A tack of understanding and baslc
knowledge about the concept being
studiad, hes led 1o miscenceptions and
poor communication skills. Dften cognitive
conflicls embeddad in social situations are
the catalys!s for deap understandings to
develop (Kalz & Lasgold, 1893). Howaver,
it is posslble for unusually high or low level
conflicts to militate against productive
discourse {Hewltt & Scardamalia, 1998). In
the given example, Ideas appeared to be
speculalive rathar than substantive, thus
resuliing in an Interaction that was
unceraln and plagusd with low leval
cognilive confiicts. Based on lhelr private
study; students were $o identify aspects in
tha teaching context that led to deep
approaches to leaming, They focused,
unnecessarly, on the notion of 'hidden
cumiculum’ and eventually arrived at the
migconceplion that the teacher does not
influgnce approaches to leaming.

51: Weli do you agree wilh [I? [commant
that quallty learing fs assaciated with a
deep approach]

52: Yes, yes.

$3: Yes,

S1: Why?

54: f you'ra only ... taking Lhe shallow
appreach then you‘re only achleving peints
belng mada [n the curdculum, which may
not be everylhing In that subject ...

S4: [and naf] the hidden curriculum.

S4: Yes exaclly.

51: ... il says “explere the relationship
between what happens in the classraom
and the approaches Ie lsaming hat
students adopt™. So...a leacher sees her
object to work lo the curriculum very closaly
5o lhat all the chechlsls are mel.

$3; ...They're nat talking about teachers’
teaching hakits. .

$1: No {reads sheet again]

54: It's more about student willingness Lo
go cutskie the gu.delines rather than
teachar willlngness to go outside tha
guidelings.

52: And um...

S4: Well they are bath the same Lhing.

53: But they're not saying the teaching will
change the approaches to leaming.
{CAAGAY

Diahaiiat

in the event lhat peers may not be reliable
sources of information and knowledge,
students displayed a reluctance o rely on
athers sludents as a sofe rasaurce. This

In the
valua of
sochal
resourcas

was hellaved to be a dengergus and fsky
endeavour, Sludents who volesd Lhese
sorts of concarns sald that they typically
enjoysd group discussions, but would
alwaya consult the text independantly la
ensura that concepts presented by olhar
students wera comect and accounted for.

Q: There are alwsys & iot of ldeas, thaught,
comments and opiniens being cireulated in
group activities. Did the comments shared
today [n your group affect your leaming?
A: They did but not 100%. | might be geing
in one direction and | Hke to stick to what |
knaw, | don't always take on board what |
hear. I'l listen and make a judgment,

Q: [you] don't think it enriches what you are
thinking?

A Yaz it does — if | agree withil. {ID1M)

Lack af
comman
chjectives
and goals

While the students did intemst,
corversatlons were sarried out In parallel to
ong enolher and appeared uncoardinated
and without direction. This Is avidsnt In tha
glven example whare studenls discussed
the lypes of learning strategles they have
used in thelr lzeming, At firet glance, this
convarsation resembles a brainstorming
session where one |dea leads to ancther, A
closer examinalion shows however, that tha
students are largely pursuing their own
Ideas wilh litle regard for what the others
aro saying. Although not commen, Lhase
sorts of parallel conversations aceurred
when groups did not Identify what they
Intended i¢ achleve In an aclivity.

T:...] want you now to queslion yourseives
about the three types of leaming stratagies
you've used ovar the past couple of weaeks
[In these classes].

51: Highlighting key polnts. Try to pull lhem
{ogether.

52: Ate we to do all of them or just the first
ana [cognilive siralegies]?

S2: I'kept locking over my notes that |
wrote about the readings, al! the time.
51:...1 just highlighted. | hava greal trust In
my abillty ta highlight the really...actuslly
what | did was that | highlighted my
highlighting.

52: ) always ask myseif questions.
[CA3NGB)
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Nastasi and Clements {1992} claim that cognitive gains from social interactions occur
when members of a group synthesise their own and each other’s actions. This means
that in the pursuit of common objectives, each persons’ ideas are considered in the
light of what has already been said and is then fused into the overall picture. This

process can be likened to the joining of puzzle pieces to achieve a whole picture.

The notion of ‘synthesis of ideas’ is the antithesis of comments classified in the social
and cognitive mismatch category. Whether it was due to social or cognitive conflict, a
. lack of trust in social resources or an inability to form group goals, the groups’ failure
o I.:.:I"en'i:l ﬁoge'ther a range of thoughts has opposed the distribution of cognition,

._ Fmd.mgs in themext category differ in that they represent cogrugsun that has been
. d.lsmbuted albei't in 2 rather benign way.

. _'_Be_nlgn Interaction

Interaction in this category was more cohesive compared to the previous one, Students
_].isténgd to one another and used shared ideas as springboards for subsequent ideas.
H._I:)WE\'Ef., this was-typically in relation to issues that were either off-task, technically
-i'é]a't_&_ad-‘ to _t_h'e_task ot that simply scratched the surface of the task. For this reason,
 interaction in this category was- described as 'benign’ in that it generally did not

_gﬁéépﬁéﬁé'ﬁqg{ﬁﬁve growth, or if it did, it was usually only to a small degree. While
" there was evidence that-cognition was distributed across individuals, it was only ever
at a level thaf_p;mrlded students with a one-dimensional understanding of the topic.
The threa pﬁnm;y clasgifications of benign interactions are presented in Table 8.2:
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talking technically can ba 8 useful
‘avoldance’ strategy, providing students
with an opnertunity to sidestap the
conceplual issuas. The gven example
of ‘technical talk’ continued for
epproximately 60 seconds, in the
contaxt of the surraunding conversation,
ond the quality of the diagran that was
aventually produced, it is believed that
group did et have a sound grasp of the
concepts they were trying to Mustrate.

Table 8.2 Classifications of benign Interactions
Clasuiflcatian Doscription Example
51: ...When you trach sclence whare | come
from, you have to teach in groups because
Ihe classes ara big and there's nol much
Off-lask inlaractions emerged resources. s hmm-ig | lgamed.,
parnodically In discussions that lacked 52; Where do you come from again?
deplh and directlon. This |s apparent in s1: Saychalles,
the given exampla, whete (as 8 9roup) | g3: This iooks great, Its very much like the
the students wera attempling to identily | jooqny we viewed on TV, the constructivist
instances In thelr lesson plans where fne - on energy !
Benlpn off- | 40y actively encouraged thelr students S4: L ;
task : Look. It ran for B) minutes.
ta use leaming strategies. Only two 53: What! B0 minutes? Was it with a break?
students brought In lessan plans forthis | &3 no. [ was a doubie period, No breaks.
activity, which seemed to provent the 52; If they offerad me a Job like that d say
group's conversations from gathering “Farget it. Give me anathet school”...| mean
momenium. gven asking a Year 11 ar 12 to skt in ons
- room for B0 minutes I3 fidiculous. {CA1MGE}
While it Is expectad thel technical 51; This is totten. I'm net a tembly good
aspects of tasks are attended ta, il i5 arlist. Seeing as I'm the volunteer artist and
not necessary for discussions about 1'm not an artlst you'll have lo pul vp with
them to take a long perod of Umo. tis it...The subject matler and the teaching of
anticipated that issues of ‘what to do’ the strategies ks Integral.
snd *how to do it' are dealt with $2: Inlegral?
alongside conceptual discussions, 51: Inlegraled...We need a label don't we?
When students do extend discussions Il put it up here. | think | might hand this
abeut technical issues, it could be that over, 1t's just not heppening for me. Do they
they a} are unsure about the task, b} call it ‘programs?
era not motivated, or £} do not have the S82: So you've gol that, now put featuras of It.
prior knowledge needed for discussions | 51: So features comes next
tf:r:::fcll {o be based on. 'n these instances, $2: You've got a circle, an oval and now a

rectangle. This is very mathemalical. Are you
maths-minded?

B1; If | was to do this diagram agsin, I'd do it
very diferently, but anyhow. So... (CASHGA)
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Example

Clasgification

Benlgn an-
task

Dancription_

Instances where students havs moved
on from tha technical talk, but in
essence heve baen Juat ‘lalking', hava
also been calegorised as benlgn. Even
though thare was avidence that
cognition was being distribuled acrosa
membears of the group, the lavel o
which thls pccurred was low in the
sense Lhat concepts weve Jusl being
louchad uwpon and not developed in any
depth. This is avident in the given
example, whem the group focused
aolely on the ‘physical environment’
aspact of raseurce management
lsarning sirategies without
sonsideralion of its cther aqually
important facats such as lime
management, effort management
arflfor support from olthers,

$1: in this lesson though, the aclivities are afl
materfal-centred.

S52: Well, it takes & lol of ime setling It up
then?

S1: The sludents have assigned roles for
doing that,

53: So your resource managemant
stralaglies ara vary well developed.

S1: Yes mine are but 50 are the sludents,
They were part of that. They had to bs taught
how ta be arganised and how 10 use the
resourcas that wers avaliable and the rouline
of selting them up and packing them away.
I's all part of the lesson.

52: Hara you have a sclence technician that
does all thal,

S1: Ghyss, but you stlli need 1o get the
students Involved, It's al! part of the role of a
scianlist. (CAIAGE) 3

Division of labour

Interaction classified in this category was more robust and on-task compared to the
ptevious one. Students conversed with one another in an effort to discern the tasks'
requirements, identify group goals as well as methods of achieving these goals. There
was a mutual desire to attend to all of the task's specifications and, as such, the group
worked together cobesively and in a cooperative manner. This typically cccurred
through a division of labour, where components of tf  task were identified and then
delegated to group members, This is evident in the following group’s response to the
teacher’s requestto diagrammatically fllustrate concepts which had: been encountered

in the previous class:

52: [as 51 is beginning to draw something] Wa should be doing semething else while
you're dolng that.

$3: | was just golng to suggest that Dick. Let's get leaming resources management...l'l
just write down the rnain puints. You two discuss what that means as if you were
prasenting it to the whole class. By the time we're all finished, two jubs are done for the
price of one.

S4: Al right, so we need to get into the features bacause the olhers will need to know
that. Sowhat about the subject matter? (CAY1GA)

At a glance, this appeared to be an effective collaboration based on the mutual desire to
learn with and through one another, and had the goal been to achieve mutual
understandings, this possibly would have been the case. However, in examining this

example more closely, it was apparent that the groups’ intention was to distribute the
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thinking load for practical gains rather than conceptual ones, Even though there was a
sense of group unification in this and other similar examples, the objective was
primarily to reduce the cognitive demands of the task and complete it in a time-

efficient and effortless manner.

While Brown and Palincsar (1989) assert that a clear division of labour can result in
valuable cognitive consequences, Salomon (1993¢) argues that thinking collaboratively
about a problem can lead to even more impressive learning outcomes. Rather than a
tendency to individually separate aspects of a task, the collective intelligence of the
group is distributed across all members as they address the task together. This type of

=

distribution wasi:gvident in the following category.
Cullaboration

This category contains the most solid evidence that cognition was distributed across
individuals, Statements categorised here were typically segments of, or whole
conversations where groups of students negotiated and shared meanings relevant to
the tasks they were studying. These collaborative exchanges were the very kind
referred to in Chapter 5 that provided the communicative links for knewledge to be
propagated from one individual to another. They were patt of the fabric that sustained
the distribution of cognition and which enculturated students into the mindset that

learning is a social endeavour.

Discourse classiged as ‘collaborative’ diifered from discourse classified in the previous
categories in that its flow, content and structure was conducive to and supportive of
the ongoing development of understandings. Conversations usually began with
students trying to identify goals that they as a group were eager to achieve. Following
this, there was typically a successive flow of knowledge being introduced and accepted
into the discussion. Activity was regularly monitored for evidence of divergences in
meaning, and attempts were made to repair those divergences that threatened the

overall progress of collaboration.

Goal identification was never as precise as “What are our goeals for this activity” but

was evident in a more subtle, conversational way. For example, the following excerpt
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was from a group's attempt to design a tutorial on how learning strategies should be

taught ta students:

51: Well we'va baen saying all along that you need to give them a varlety of strategles.
Taach them ihe stralegy then giva tham the opportuniiles to do them and Lo use tham
so they become more skilled at it.

52: [thinking aloud] Why do students not use strategies — how to ge! studenls io...

83: Yeah.

51: So should we put that question up there [on a diagram]? Kind of sum it up...S0
what do you reckon Andy?

52: [Why don't we put| ‘why don't the studenis use learning strategies’, and Lhen 'how to
get them to use them'?

$1: But even when thay do use them, they don't mainlzin tham, so maybe we should
put 'use and maintain’,

52: Mm.

§1: Should | put that question here and then we can answer It [later]?

52: Yeah do that one first then we can address the other laler. | would put ‘Why don't
students use learning strategies’ then pull out a foew reasons. [S1 records this on the
ovarhead transparency].

53! Yeah sounds good. You also have to talk about the use of the strategy. [S1
continues to write]. (CA3/1GE)

This conversation continued for over seven minutes during which time Student 4
joined in the conversation and together each student contributed to the identification of
how they could present a simple but cohesive tutorial about how learning strategies
chould be taught in class.

The intreduction and acceptance of knowledge into the group followed what Teasley
and Roschelle (1993) call a cooperative ‘turn-taking’ process, One student would say
something while the others listened. This initial comment would then be accepted by
other members®of the group who would take turns to either confirm, question,
elaborate upon or challenge it. Each contribution would build upon the previous one,
thus taking the conversation deeper into the concept being studied. The next excerpt,
for example, was from a conversation that emerged from the third stage of a jigsaw
activity where each member of the group had to explain his or her section to the others,
with the intent of helping them understand it. In this conversation, students
consecutively commented, questioned, confirmed and elaborated upon the leading

person’s explanations until a convergence in meaning began to form:

S1: And then monitaring strategies — an example is self-testing. Now | was saying to the
group back there that funnily encugh when | got to reading that down here, 1 found
myself self-tasting. Did you hear the lecturer next deor talking about 'x' and 'y'?

82: Yes, the algsebra.

S1: Whall, | got sidetracked and | was listening to him, so t was thinking "Hang on, Get
back on this". So | did what they say hers, monltoring stratagles called 'racking your
attention when you read'...
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§3: And ¢ had o re-read seclions..,

$1: Exactly. And then | had ic do the other 1hings like testing by re-reading, espacially
whal | highlighlad to ses why | did hightight it In the first placa,

52: So you're using cognitive strategies with the added angle of knowing when, and
knowlng why you're uslng them.

S1: Yeah, 1 guess so, but the metacognitive is tha thinking ~ more the awareness and
being in conlro! of your thinking. So | guess metacognilive stralegies are the engines
that drive the cognitive anes. They conlrol them, and which ones you use and why
you're using ¢na over the other. Would you agree with that Dick?

83: Yes,

S4: It's like a cagnitive person wanling fo get to A’ and asking a metacaogniive person
how to gl thers, {CA111GB)

Teasley and Roschelle (1993} also emphasise the collaborative power of “turn-taking’
where one student’s turn begins a sentence or an idea, which is subsequently finished

off by anather student. This was evident in the following example:

81: | was 'ihlnking about the difference hatween Lhese three, or the similarilles between

these two [points to achieving and surface] and the end produet is quite important in all.

For example, for the surface just passing is important; that's the and product, and the

achieving is also focussed on the end product in terms of the best marks. Bui the desp

tends to...

§2: ...not worry about the end product.

§3: The deep parson iz more worried about the process...

&1; ...about understanding.

$2: So the deep leamar focuses on the processes of leaming, so does the achfeving

focus on the process and the end product? (CAZMGA)
These types of interactions are useful for observing the ways in which knowledge is
spread over collaborating individuals and how interpretations of concepts come to be
shared. As is evident in the above example, an idea Is introduced by one student,
which is then elaborated upon by other students until the idea has been articulated in a
mote complete fdrm. By the end of the conversation, the conception which was initially
the belief of the first student, has not ohly been refined but has come to be shared by all
those contributing to the conversation. Due to the spiral-like nature of distributed
cognition {Salomon, 1993b; Salomon & Perkins, 1998), it can be hypothesised that this
shared understanding was then appropriated {internalised) by individual students.
Interestingly, internalisations developed through communicative exchanges have been
found to be richer and more transferable compared to those that were formed through

individual study (Henderson, Eshet & Klemes, 2000).

‘There was also evidence that students monitored their discussions and attempted to
resolve divergences in meaning whenever they surfaced. In contrast to the irrevocable
conflicts that were characteristic of discourse classified in the first category, cognitive

conflicts categorised here were typically due to incompatible thought processes and
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ideas rather than a breakdown in the collaborative process itself. As stated by Teasley
and Roschelle (1993}, these ‘mutual intelligibilities” contribute towards the
consalidation of shared understandings and, consequently, are important
characteristics of collaborations. In the following excerpt, Student 2 held the
misconception that the achieving approach to learning is assaciated with a qualitative
conception of learning. Student 3 disagreed with him and explained why. Student 4
supported this explanation which Student 3 subsequently elaborated upon. Student 1
and 4 then diverged slightly from this original discrepancy in relation to other similar
concerns. Student 2 attempted to resolve these and in doing so came around to Student
3's way of thinking:
e =

S1: You know wilh the achieving learner, what sort of conception of learning do you

think they would hold?

52: They'd be qualitalive, don't worry. But the...meaning is not impariant. In their

process iney are deap but they're net doing It far the love of t, they're doing It because

they wani to be number gna...

53: Dan't you think their conceplion of learning would ba mere quantitative then?

S2 AR ...

S3: If they're not interested in the meaning then why do you say they would have a

qualitative conception of leamning?

52: Bacause they have a very qualltative approach, | mean a desp approach, which Is

more or lass the same thing.

84: You'rs talking more about a deep-achlever | think.

53: Yeah bacause the achiaver takes whatever approach that Is necessary lo get to his

goal. So he might use deep approaches or he might use surface cnes bul it's just to

achieve his yltimate ~oal which is getting lots of marks and thal's very much a

quantitative concaption gon't you think?

52 Mm...their strategies are very much time management...

£4; This Is confusing because with me I'm a surface learner cause I'm extrinsicaily

motivated ta study to get my BEd...But in the meanlime things | find interesting | think

I'm leaming quita deeply. | want to laam and | want 1o understand...And | also want ta

dowell...

S4: Sounds like maybe you're an achiever,

S1; But | don't want ko be the besl.

S2: But as was jusl established, we can mova around in between ali of these, even

within the unit it seems.

53: Quality leaming is leaming for meaning Isn't it? And that's what you achleve when

you leam deaply.

84: Do you always need a deep approach lo understand things?

$2; Possibly not depending on abllity maybe, | think what this question Is getting at Is if

a student walks inlo 1he classroom ... and galharig] up ... one handoul aftar the next...

that style of teaching did not motivate me to do well...All  could gee was this mountain

of information...that 1 had to remember so | look a surface approach to try and help me

get through it. But In olher lessans where we discuss things...that to me is much more

qualily leaming. S¢ has that answered your question...?
S4: | don't know, | stil! don't knaw.

The teacher noticed the conflict and approached the students to guide them through it.

Towards the end of the conversation a convergence in meaning began to emerge:
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Tr: Are you guys having troubla? What's the discrepancy?

S4: I'm just having iroubla rylng to understand whether you can understand without
taking a deep approach...)f someone takes a deep approach to learning is their
understanding geing to be different from somecne else wha doesn'l? Will everyone else
be unsuccessful?

T: It depends on how you define success | think. I8 success geiting 100% In your axam,
of is success being able 1o demonstrate you undersiand and can apply & concept...

$4: Well some may and soma may nat.

Tr: If the person took a surface approach In altaining that top mark would they also have
attalnad underslanding?

S4: Probably nol.

Tr: Would, therefore, that person hava allained a guallty learning culcome?

§4: No. So qualily learning 1s understanding and being able io make links betwsen
concapts and apply that understanding to differant tasks.

Tr: That's righl. And da you think il's possible to achieve that level of understanding If
you use an achlaving approach?

S4: Probably not.

52: Yeah right. So I'd agres with that.

S1: I'd agrée too. E

S3: Mm. *© -

S4: So there's a diffsrance in the quality of understanding depending on the approach
that you take. {CA2HGB}

The previous excerpt is alse indicative of the students’ attempts to repair divergences
which threatened to impede the progress of the collaboration. Student 4 was unsure as
to why deep learning was the only approach associated with quality learning. Her
consistent outbreaks of confusion could have thrown the others off course, who
thetnselves were trying to grasp the idea, but instead they offered her alternative

explanations, suggestions and justifications. For example:

S4; | don't know, | still don't know.

§2: Can | use anpther example? Jf say you had a video to say 1each kids how 1o bake
as opposed to say getting them o aclually bake a cake ... where lhey feel the lexture
and get rightinto the aclivity of actually baking a cake ... [cA2MGB)

Although a satisfactory collective understanding was eventually achieved with
interventicn from the teacher (also a social rescurce}, distinct attempts were made by

the students in this group to coordinate their partner towards a convergence in

meaning,

Each of the examples in this section constitutes collaboration and, by way of definition,
also constitutes the distributfon of cognition, Each interaction was indicative of peers
working together towards the construction and verification of shared knowledge,
There was evidence of students supporting each other and assisting those who clearly
were experiencing difficulty understanding the concepts on their own. Students were

representative of resources for one another, modifying and adapting their language,
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explanations and suggestions to fit within their peers’ knowledge status, that is, their
zones of proximal development (Vygotsky, 1978). Furthermore, these collaborations
(along with many cthers within this part of the study) are prime examples of the
communicative exchanges that induct students into the culture of distributing their
cagnition. It is through these types of conversations that the conventions of distribution

are spread over students in a group and participation frameworks come to be known,
Extending and abstracting

This category is similar to the previous one in that there was strong evidence of
collaboration and the distribution of coghition. The cutcomes of these collaborations,
however, were q:“?.mliiatively different to the previous category heru:f"l:ll its more extreme
position on the centinuum in Figure 8.1. In the ‘collaboration’ category, students
worked in partnership to negotiate and re-negotiate the meanings of concepts. When
one or more students experienced difficulty in comprehending a concept, others would
provide scaffolding that would ultimately guide all students towards a shared
conception. The outcome, as such, was the construction of meaning that was

collectively held by all members of the group.

In this category, interactions were still collaborative howevar the students appeared to
be more deeply engaged in their conversations and adept at articlulatlng their
knowledge. Having established sound understandings of certain concepts, the students
toyed with each;other’s perspectives and interpretations by distributing them across
the group in a _t.‘yple of mental interplay. This process enabled the introduction of a
variety of related concepts which were steadily integrated together in a logical and
meaningful way. These interrelationships were subsequently applied to real-life
contexts, the implications of which were critiqued and extended into new, more

abstract understandings:

Tr: Where does competilion fit Into all of this?

§1: Itll be a promater of the achieving approach.

52 It's sort of an extrinsic motivatar,

§1: ! personally don't believe In It.

Tr: In competition? Why not?

§1: Because children don't learn how to leatn, they just leamn how to competa. It's
usually based arcund the recafling of facts and that means lessons are assessment
driven...

Tr: | guess that gues back fo what you were saying earlter, you sither value the process
or you valua the product, And whal does competllion teach students to valua?

§1: The product.
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§2: Compatition feeds Lhe achlevers. Thal's whal thay wanl - to compale and to win.

Without that compatllion they can't really fulfill their dasire.

51: Compatition defeals tha purposa or aim of consirucling knowledge. The stress that

compeatitian causes encourages strategies to learn 1he material In whalever way and

that's usually nol the conslruclivist way.

$3: In fact, It encourages surface learning because you just gloss over the details to get

that product.

§1: And at the sama time you de-maotivate the low ability students because lhey feel no

good.

S4: and whan you engage in that negalive self-fulfilling prophecy that will make a huge

diffarence.

Tr: Wa all know how detrimental compelition Is yet it Is in the classrooms. | wonder

why?

51: We ancouraga it because that's what you need for the real world.

54: So you think it's heaflhy now?

S$1: No but that's what our society Is based on. [CAZHGA)
In summary, the.gxtent to which students distributed their learning o social resources,
ranged from no’ distribution at all to the distribution of abstract understandings.
Instances indicative of no distribution were infrequent and cften due to unfavourable
group dynamics. Also, some students” disbelief in the merit of social resources was
cleaxly detrimental to distribution. Students will be less inclined to commit to the joint
construction of knowledge if they are wary of the resources’ credibility. However, this

commitment is essential for a DLE to prosper.

A rather benign process of distribution was apparent when students discussed the
technical aspects of tasks and when ideas were verbalized but seldom integrated and
developed. The amount of time devoted to technical aspects of tasks appeared to
decrease as the groups became more familiar with class routines, Similarly,
conversations bécame more integrated as the groups’ collaborative skills grew. The
need to divide cognition rather than distribute it alse declined alongside the
development of collaborative skills, although certain students had a propensity for this

approach throughout the semester.

Effective distribution was most noticeable when students created what Teasley and
Roschelle (1993) describe as a Joint Problem Space {JP'S). Participation within a JPS is
collaborative and involves the joint identification of goals, integration of ideas and
collective monitoring and repairing of divergences, As these collaborative processes
* grew in proficiency, they enabled the groups to establish a common language and
develop mutual understandings. In some instances, these understandings were
extended and abstracted through the "dialectical intzrplay of minds’ (Goodman, 1986,
cited In Stage et al,, 1998) although this happened infrequently. In keeping with the
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claim made in Chapter 5, collaborative groupings are certalnly complementary to the

distribution of cognition.
Tha distribution of learning to physicai resources

There was widespread evidence that students used physical resources such as their
texts and set readings, the blackboard, their own notes and in-class videos. This

evidence Is presented in Table 8.3.

Tabla B.3 Physical resources to which cognition was distributed

Phyalcal Supperting Statoment
Rosource ¥ 3
Q: What ara Lhe most Important reseurces for you whan you tackle the tasks | give you

in class?

A: Generally lhe text. | llke to undedine and get key points out of that. And it's sort of the
framawark that averything kind of hangs on. (1434}

Taxt

A: ...l ke Tt when [informetion] goes on the board, t would much prefer it than just
Blackborrd discussing it because onca il's on the board you can kind of meve on. You dan't have to
worry about not getting the poinl. (1A341)

Q: Did you use any resources wilhin the classroom to help you leam the concepts?

Student notes | A: § was writing tilngs down while others warz lalking. | pui things Tn my own words. For
me, | think it will trigger things off in my head when | come back o it. (R17Y)

| viewad [the second vlewing of the video] vary much as before, noting the attention-
gabhing axercise, pricr knowledge through to final conslruction. The detail of the video |
Video saw sfightly differently and there's a noted change In use of language. When | talked

about It to the others In my group, | was definitely surprised at the words | used to
oxplaln myself comgersd o the last time we talked sbout It Maybe | am lesaming
something after all, (J1G)

These {and othef) examples, suggest that students were aware of resources within the
learning envirorument and accessed tHem in pursuit of their learning goals. However,
che cannot conclude that the students distributed their learning to these physical
resources simply because they were accessed. In fact, this insight was generally
difficult to glean from the interview and class activity data given that the students
maostly talked ‘about’ resources rather than "how’ they used resources. Conversely, the
student journals were valuable in that the students’ written reflections permitted
insight into the extent to which this resource mediated cognition. Consequently, the
journals were the primary data source in analysing the extent to which students

distributed their learning to physical resources within the learning environment.

A numbet of researchers have espoused the importance of journals in learning
(McCrindle & Christensen, 1995; November, 1996; Dart, Boulton-Lewis, Brownlee &
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McCrindle, 1998; O'Rourke, 1998; Woodward, 1998). They are forums for reflection,
which Vygotsky (1978) argues is integral to the construction and reconstruction of
learning experiences. When individuals reflect, they consciously contemplate situations
and things, and make Inferences about then in the light of stored knowledge, Jonassen
(1993} writes, "Reflective thought is the careful, deliberate kind of thinking that helps
us make sense of what we have experienced and what we know” {p, 13). He goes on i1
say that reflection usually requires some sort of external support such as books,

computers and other people.

The journal, in this instance, supported three types of reflective thought which ranged
in depth and rir::smess. The first type was characteristic of spantanequs thought about
concepts and cognitive processes, The second was deeper, in that reflections wer: more
critical and analytical, and the third was deeper again in that reflectiors were
abstracted and extended to other contexts. Within each of these thres tvpes of
reflections it was generally possible to identify student ruminations about the
knowledge they had constructed or the cognitive processes that fuelled these
canstructions. Where possible, therefore, each reflection is described in terms of its

content and process,
Ganaral reflactions

General reflectons on content were those where the student endeavoured to explain, in

his or her own wprds, the meaning of a concept. For example:

o

My undarstanding of constructivisrh (as it Is developing) 1s that fundamentzlly (sarning is
psrsonal and uniqus for every individual. The teacher should nat act as a dictator [but]
rather puplls should be encouraged to use their preferred and most effective learning
strategies. | do not balleve this lessens the role of the teacher but shifts teaching
lowards facllitaling knowledge... (J14)

Scmetimes entries were opportunities for students o off-load thoughts about concepts

as they materialised in their minds, For example:

The tdaas of lagking at ‘how | learn’ made me think quite consclously about ‘haw |
teach', (J1Gy)
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General reflections on process were metacognitive in that students articulated their
learning Intentiors. Identifying goals gave substance to students’ endeavours, and
provided them with a point from which learning could begin. The following excerpt is

an exatnple of the types of goals that were evident in the journals:

| want to knaw how, as a cognilive thinker, | can bscome more balanced In relation to
metlacognitive |saming strategies ~ to bacome mora famillar with learning strategias to
assist ma in my teaching and my own learming as wall. {116y}

Other metacognitive reflections were those where the students considered the
cognitive processes that either facilitated or constrained their learning. Entries where
students questioned the types of learning strategies they did or did not use were
indicative of tlusl As is evident in the following example, however, there is nothing to
suggest that these revelations were used to inform further learning e-xperiences. This is
an important action if students are to learn anything about and/or from their learning
(Bunlap & Grabinger, 1996):

| am a shallow achlever. Need recognition. Poor time management and low motivation

{or intallectual effort requires shallow appraach. Can only focus on one deep thing at a
time. Everyihing else must be shallow. Intsllectually interested but lazy. (1A}

Critical reflaction

Critical refections on content were indicative of students’ inner thoughts that emerged
as a result of interactions with peers, the teacher, text or other resources. While these
resources sparked the reflection initially, interaction with the journal was the fuel that
gave the reflecffon substance. That is, in the act of making the journal entry, the
reflection grew in depth, as did thé students’ understanding of the concept. As
students became more confident with the concepts, their reflections resemblad
attempts to integrate and synthesise these understandings into a coherent whole. For
example:
Another understanding of constructivism [ have is that It is entwined with Marion,
DallAlba & Bealy's (1993) — and other's — lavels of leaming, particularly the upper
qualitativa levels of D, E and F... (114}
Ther? was also evidence of understandings being developed further by being applied
to the students’ own lives and circumstances. For example;
...l belleve as a child, teenager and pessibly young adult, | held a quantiitative view of

learning. However, now | am leaning more towards a constructivist view. | am
constructing knowledge for myself. 'm looking for new Lhings to leam; to challenge ma,
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For exampla, taking on Lhis new...lsaching positlon {ltalian immarsion at XYZ Primary
School)...What | already knew about teaching, that is my previcus experlences in a
normal classroom situallon ... helped me make valuable links with naw information in
the ltalian Immerslon program, (11v}

Students also used these sorts of reflections to critique concepls in reference to their
own beliefs. For example:
! think the constructivist approach warks greal with practical subject areas like science,
dasignh and technology, art, maths [and} possibly some language areas, howaver, | do
think there is also a need for lime where thera can be individual learming, This does not
mean to say thal il ceasas being an approach where the focus is on the understanding
and meaning, but simply thal...the social interaction is excluded. [It} can still be an
active procass of Isarning, only it would be Lhe child inleracting with Ihe learing locls.
V)
Critical reflections on process were similar to those classified in the previous category
in that students self-evaluated their methods of learning. A definin'g" difference in this
category, however, was that students attemnpted to identify solutions that would
potentially ensure achievement of goals in subsequent learning situations. In essence,
the journal provided the students with an opportunity to articulate problems
associated with process and techniques that could be used to refine and adjust future

performances. For example:

{ couldn’t help but reflsct an my assignment and where | parlially confused learning
strategias with canducting teaming. Althcugh | se2 them as being {Inked | need to be
more direct in my explanation, &.g.., " conduct my leaming through rehearsal and
slabuoration, employing various cognitiva and resource management stralegies which
will be discussed In greater deplh later”, Leaming is...understanding and the laarning
strategles help us to get to this understanding, 1 think | nead o make that glear In my
assignment on this section, (J1G)

& :
The journal was also a gauge by which students could trace and moritor the progress

of their own learning over the course of the semester. For example:

...{ feel during this unit, I've grown in my leaming and shifted my approach to leaming
fram surface learning fo desp learning. | believe this has conttibuted 1o the
interestimolivation { have for the leaming material, possibly because its about myself,
analysing my leaming.,, (41v)

Reflecting and abstracting

Although the frequency of these types of reflections was limited, those that were
evident deserve recognition due to their rich level of abstraction. In the same way that
Hatton and Enith’s (1995) most sophisticated level of reflection entailed the provision

of reasons for decisions or events which recognised broader historical, social and
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political contexts, reflections in this category were generalised across wider contexts.

For example:
Interesting discussion about misconcaptions which helped clear up my misconceptions
about ‘misconceplions'. Apart from some of the obvious examples, pressure and heat, |
belisve my misconceptions are primarily incomplete concaptions, | don't lhink that il's
because | have the wrong idea, | think it's more that | haven't got the whola idea yet.
Like with conceptions of leaming, | wasn't sure what thay were all about but the more
we looked at them and what conceplions we alt had then | got the fuller picture better, |
think. Interesting to note the sirong response in class on religious subjects as being a
strong source of misconceplions. Gnee again, have we misconceived these ideas or
have we maybe just got anly part of the picture? | tend to Ihink that our religious beliefs
are not necessarily miscanceptions, but knowledge of what we wera told to believe as
children. Interestingly, it is hard for me 1o let go of these beliefs, even though | can't
justify them. They ara well and truly part of my stored knowledge and now, f | want 1o, |
have o recanstruct these beffefs - if | want to. It has 1o ba a consclous effort (116)

F 2

Within this category, there were no examples of reflections on process. Furthermore,

while these three reflection-types suggest cognition was distributed between the

student and the journal, there were also entries that exemplified no distribution at all,

These entries have been classified as non-reflective recordings.
Non-reflective recording

Non-reflective recordings are indicative of entries that are in no way reflective or
representative of inner thought. Entries in these instances are typically short statements
whitten in point form. For example:
Information processing keywords — mnemonics, elabaration, shor-term memary...(1A).
* t
Other non-reflective entries are those that are purely descriptive, usually explanations
of tertns as derived from another source such as the text, the teacher, or the overhead

projector. For example:

Learning stralegles according to Weinstein and Mayer (1986} include rehearsal
strategles {baslc and complex), elaboration {basic and complsz) crganisational {basic
and complex}), comprehensicn and affective. (J1Gy)
When there is no attempt to elzborate on recordings such as these - to Interpret the
author's meaning or to identify the relationships between terms - it can be inferred that
cognition has not been distributed between the students and the journal.. The
affordances offered by journals have not Eeen realised, rendering them little more than
pieces of paper upen which superficial notes are recorded. In their research of

university students’ journal writing, Hatton and Smith {1995) identified a similar type
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of entry which was ultimately descriptive in nature, non-reflective and simply referred

to literature or events,

Given that these non-reflections did not appear to suppress the students’ desire to
tnake reflective recordings, the journal has emerged as a support for reflective thinking
- a physical resource to which cognition was distributed. While not consistent across all
journals, the richness and depth of reflections appeared to develop as students became
tnore comfortable with the process of keeping a journal. Some journals therefore
contained all three levels of reflections ranging from brief reflections at the beginning,
to in-depth ones towards the end. Others, on the other hand, contained similar

reflections throughout. P

The distribution of learning to symbolic resources

By and large, this question has already been addressed. The findings that have
emerged . exploring the extent to which students distributed their cognition socially
and physically also encompass the distribution of cognition symbolically given that
symbol systems of varous kinds are the medium of interaction and exchange behween
individuals and artefacts. For example, when collaborating, students draw on symbolic
language systems to communicate with one another. When writing in their journals,
they employ a range of symbols to either display, interpret or extend their thoughts. In
a sense, distributing cognition symbolically is synonymous with distributing cognition
sodally and phx_;ically. The following section examiues the specific types of symbolic
resources accessed in this study, and the extent to which cognition was distributed

acrnss them.

The data reveals students accessed six specific types of symbolic resources. These
resources were: ¢ ntent-specific language, concept-maps, diagrams, tables, biackhoard
inscriptions ana models. Concept-maps, diagrams, tables and medels were accessed
both on an individual and group basis and wete either student drawn, or contained in
a text. Blackboard inscriptions were those that the teacher made while discussing or
summerising concepts with the class as a whale and content-specific Janguage was
primarily used in small group collaborations but was also evident in whole class

discussions. Each of the six resources is now examined more closely.

Content-specific language
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Conteit-specific language used in this study constituted the terms, phrases and words
that defined the unit material, and which enabled meaning to be exchanged between
individuals. In keeping with the claims made in Chapter 5, content-specific language
was essential for learning to occur as it was through articulation of phrases and terms
that shidents were able to ask for explanations of concepts, negotiate meanings and
ultimateiy construct understandings. Pea and Gowmez (1992) explain this process,
“Meaning negotiation takes place using diverse interactional procedures such as
requests for clarification or elaboration; gestural indications of misapprehension;
explicit paraphrasings ... [and] commentaries, repairs and other linguistic devices for

signaling and fixing troubles in shared understanding” (p. 80).

7 2
In the following example, students used content-specific language to interpsat a model

given to them by the teacher, and to navigate their way through the concept of deep
appreaches to learning;

S1: Essentially it's [the 3P model] saying the same thing that the deep approach is a
willingness 1o not facus totally on whera the marks are.

S§2: But when | look at what happens in the classroom...you know the inleraction
behwaen the teacher and the stedents and the consequences of that relationship in the
cumiculum.

53: Do you think the student can be a deep leamne: if the teacher isn't teaching with
experlise in a deep way?

52: No. That's why |...do you think they can?

53 Well I'm sure there are childran out there who have deep aporpaches and have bad
teachers,

52: They're the high achievers.

S1: | ihink that seif-motivation is required in thai environment...much more so.

S4: { think_1I'd put more importance on tha leamner, Yes the 1gacher influgnces but once
you take that joumey to scheal it's self-motivation. You haven't come to school to do
ncthing. .

52: But if you talk 1o secondary students In relation to their leaming, they'll say it's very
different.

53: So what are we saying here, does quality leamning and teaching result in the deep
approach?

54: Yeah.

53 Sounds like we're doing a debate on whether teaching affects the quality of our
leaming... (CAZMGA)

The quality of these types of interactions has been extensively reviewed in the section
exploring the extent to which students distributed their cognition socially. The
categories of communicative exchanges to emerge in this section were also indicative of
the extent to which students distributed their leamning to content-specific language. As
auch, a similar examination will not be repeated here. It is worth noting, however. the

importance the students’ themselves placed on content-specific language as a powerful
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learning resource. The following interview excerpt was one of many, where students
expressed their vnderstanding of the intricate relationship between using content-
specific language and effective learning:
Q: So did you use the spectic terminology in your group diseussions?
A Yes {ihink so.
Q: Did that help?
A: Yes...| quite enjoy collecling jargon and technical terminology because using Lhe
words sort of gets you moere inta it. The more you use the phrases, the more people will
bounce those same phrases back to you in discussion. The more you get into what you
are talking about, yau don't have to worry s¢ much about communicaling what you

mean because if you have mutual understanding of a term, you kind of clear tha ground
a hit to talk about what {hat msans and how that [inks to other things. {la21)

Pea and Gomez {1992) argue that traditional classroom settings often undervalue the
impact of ommunicative exchanges on learning. Typically, few opportumhe.; arise
where students are able to draw on the technical jargon of a subject to interpret its
meaning and use this interpretation as a vehicle to develop shared knowledge
constructions. In a DLE, it is essential that students are given opportunities to ‘talk
technically’ with one another. Not only do these communicative exchanges enhance
Iearning, they also contribute towards the development of a learning community
where a shared language base enables all members to a establish common ground
upon which the rituals and formalities of distributed leamning are mashred. This was
captured in the following interview excerpt:

Q; Did you use the specific terminology in your group discussions today?

A: Yeah, you have to. You have to use them lo make yourself understood. it's

impossible to talk about this stuff without using the words thal make i up.

Q: What do you mean?

Az Um, I'm not sure. It's like...you.can't talk about cars wilhout using car-related words.

And so, you can't lalk about leaming strategies without using leaming sirategy words,
you Know. {i511)

Markings on the blackboard

In Chapter 5, Pea and Gomez (1992) were gquoted as saying that insctiptions on the
board, and other symbel systems, were impartant features of DLEs, Whether they are
words, diagrams, pictures or formulae, the visual or explanatory nature of these
symbelic resources can be used by students to index their developing understandings
of concepts. In the following interview excerpt, the stedent talks about using the

teac er’s inscriptions on the board as a symbuolic resoutce to support her learning;

Q: Did my questions and the discusslons we had as a whole group help?
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A: Ch yeah, absolutely, Especially when you wers lalking on lhe board. That was really
good. It reinferced everylhing. Put it down on the board and | could gel Il off and il
backed up whal we were talking aboul at the time. (K1)

Dlagrams, tables, concept-maps and modols

Throughout the class activities and student journals there were numerous examples of
students distributing their learning to diagrams, tables, models and other pictorial
representations of the subject matter. In transforming information into symbols,
students are encouraged to engage in the material at a deeper level than had they
viewed or verbalized the concept only (Lowe, 1996). This was the impetus behind the
following example where students were asked to review previously encountered

concepts by diag?ammaﬁca]ly representing them: F

$1: Yeah, how aboul we do a symbol for surface, deep and achlever?

52 Yep.

31; What about a pond...I'm thinking maybe an ocean,

S2: Yeah, ccaan, let's settle on the ocean shall wa?

51; Yeeh, a boat on the suface, something undemeath the surfaca. ..

83: Afish,

§1: A fish and what about the achlever...a dolphin going through a hoop.

§2: Okay. Let's let that develop.

§3: A shark maybe, [S2 continues to draw...] What about a deep-sea diver?

$1: Yeah, and mayba a pirate for the achisver cause remember he doesn'l care how he
gets to where ha's gaing as long as he gets there.

82: And the achievar...

§1: They've gut thsir eyes on the goals don't they? How about somecne slanding there
with s prize - medal or sumething.

52: We need an ccean floor. Now maybe we have our second diver wha 15 deap but
has got a big bag full of pear shells or something like [hat.

$1: Do you think they'd be a diver? (ca21Gs)

¥ =

Similar exchanges were recorded as students collaborated to interpret tables and
models found in their text and readings. There were also moments of private reflection

about other students’ diagrams and concept maps, as recorded in the following journal
entry:

During the small group discussion about aur individual concept-maps, two of us...failed
to mention...the concept of...Executive Conlrol Processes. But [for] one member of the
group, it was on the top of the page of his map and...he explained how il affected the
whola model. Metacognition [as it refates to the Executive Control Proesses] and my
persnnal utlllsation of it in my awn learning is quite wesak. | realise il needs some
impravement...q1A)
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The student journals, in fact, were a significant medium for students to engage with
symbolic resources. Frequently, students accessed their journals to construct tables,
diagrams, models and concept-maps. These designs were highly idiosyncratic and
dependent upon the intention and perspective of the student creator. Some diagrams

appeared to be representative of spontaneous thought and reflection, for example: -

Flgure 8,2 Student’s symbalic representation of spentanegus thought

=T
"

The tables were generally used to graphically organise thoughts and ideas, for

example:
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Figure 8.3 ‘l‘a}%le created by student to organise thoughts &

Simplistic models, similar to the one below, appeared to be the beginnings of students’

new knowledge cons .ructions and personal theories:

Figure 8.4 Student's symbalic representation of a theory

The concept-maps, all of varying shapes, sizes and depths, were essentially
representative of the students’ understandings of concepts and the structural
relationships between thece cancepts, The following concept-map, for example,
reflected the student’s developing kinowledge siructure about how individuals process

information:
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Figure 8.5 Student created concept-map

It can be inferred that cognition was distributed to these diagrams, tables, concept-
maps and models to the extent that they enabled students to visually tepresent their
interpretations of the subject matter. Most of these visual representations were well-
defined reflectidhs of the students’ knowledge. Even those that were less elaborate,
however, could still be considered useful learning resources in that their deficiencies
provided insight into what the students didn‘t know and consequently needed to
develop further. Jonassen et al. (1997) argue that concept-maps are particularly useful
in this regard as they provide opportunities for students to reflect on their incomplete

understandings as to what concepts mean and how they relate.

In summary, content-specific language snabled students to develop a common
language base as well 2s a method of negotiating concapt meanings, Insctiptions on the
board, student notes and other language symbuls were used by the students to index
meaning, that s, to support, reshape and strengthen understandings. In terms of which
one of Liese symbolic resources was the most frequently used, content-specific

language was by far the most prevalent. Given that verbal exchanges are the primary
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means through which meaning can be negotiated and knowledge can be constructed,
this finding is not surprising, However, the importance the students themselves placed
on the content-specific language is interesting and perhaps indicative of the DLEs

endorsement of this symbolic resource’s inherent valuz.

Nevertheless, while the other types of symbolic resources were accessed less
frequently, their learning benefits were by no means inferior. The findings indicate that
the whiteboard inscriptions and student-created visuals supported both private and
collaborative thought processes. Given that most of the student-created diagrams,
concept-maps, written reflections and tables were recorded in their journals, it can be
inferred that th_g- presence of this resource in the DLE was crucial. One wonders
whether these symbolic resources would have been recorded elsewhere {or at all) had

the students not been encouraged to maintain a self-reflective journal.
The distribution of learning to intellectual resources

Given that tha knowledge an individual possesses constitutes his or her intellectua)
resources, this subsidiary research question was explered in terms of the extent to
which the students distributed their learning to their own internal knowledge
structures. Furthermore, because knowledge has two majer planes, conceptual
knowledge and metacognitive knowledge (Hedberg et a']., 1993), the data was analysed
to determine the extent to which both of these types of intellectual resources were
utifised, 2 !
Earlier in this thesis, conceptual kriuw]edge was described as the facts, figures,
understandings, experiences and perspectives individuals hold in their memories - the
existing knowledge structures they have pertaining to Interpretations they've
previously made about their world. From a social constructivist perspective, this prior
knowledge is the base to which new information is linked and given meaning and
structure, As such, it {s an invaluable resource for the continuation of new learnings
and the development of sound understandings. Because the notion of “prior
knowledge' was part of the unit material, as well as being an integral part of the DLE
framework, the students In this study were continuously encouraged to view it and vse
it as a resource for the support and development of their own learning. This is evident

in the following example:




Chapter 8: The sludents' distrbution of thelr leaming 148

Q: Does revising concepls help your leaming at all?

A: Oh yes. That's how ! leamn. In Lhe first wesk you just lislen and gain some {nsight to
trigger your thoughls, to activate thern. In the second week you use what you leamed in
the first week to isarmn some riore and by the ihird week you've gol the foundalion, a
good grounded understanding ic learn aven mora.

Q: So how doas revision help that?

A: Well,..at the baginning each week makes yau think about the things you know, that
foundation, and ihen you Just add to il Ihe new sluf, and |l makes sense because you're
building onto what you afready know.

Qr Gan you explaln what you mean?

A ... It's to do with constructivism and | know that now. | didn'l have the word for it

bafore ... you know, you build to what you've already got up there [points to head).
[Laf}]

Prior knowledge isn't only useful for advancing and developing sophisticated
knowledge structures. It is also useful for generally making sense of things - aven
concepts that hive not been encountered before. The conceptutl knowledge an
individual holds is made up of a wealth of experences and perspectives that can be
called upon at any time to be compared to, distinguished against, likened to, and
dissected, in the light of a concept or a situation that has not previously been
experienced. Dunlap and Grabinger (1996) explain this process, “Students want ta
understand and make the connections between existing and new knowledge not only
because it facilitates new learning but because in general, students are more
comfortable with what they are familiar with {p. 74}, This is evident in the following
interview excerpt where a student discusses her familiarity with deep and surface
concepts as they relate to an ‘ocean’ perspective, This student had been absent the
week before whe:. deep, surface and achieving approaches to learning were initjally
explored; =

Q: As a parsan who didn't have that background knowledge, did that piclure [of the

ocean with boats on the surface and deep-sea divers below etc] help your avalving

understanding?

A: Yes, it did because | didn't have the background knowledge of all these terms, They

were forelgn 1o me so naturally if they're fereign to me they're gonna go in one ear and

cut through the cther, whereas tha plcture | could relata te more. ! had prior knowledge

an the boat belng on Lhe surface and the diver baing underneath, su in that sense ! did

understand 1l more. It's got to do wilh prior knowledge dossn'tit?

Q: Do you think it doas?

Az | think so. I'm relying on my existing undersianding of levels — you know the boot on

the surface of the waler, the person beiny 2 dnsp.sea diver and relaling that to the
surface and deep approaches and orenlatians to leaming. gKzry

The other aspect of an individual's intellectual knowledge is their metacognitive
knowledge which, according to Hedberg et al. (1993) “firmly underpins learning” {p.

161). As outlined in Chapter 3, this knowledge is typically operationalised when

students engage in a range of learning strategies which have been described by
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McKeachie et al. (1986) as cognitive, metacognitive and resource management. There
was evidence throughout the data to suggest that students distributed their cognition

to cognitive learning strategies in an effort to complete the set task:

Q: Do you ramember using any learning strategles yoursaif to help you learn the
Information yesterday?

Az .| prelty well skim read than | read [in 8] mora detailed [way] and made notes at the
same tima to have a bit of a break. And when | was writing my notes, | was looking for
key words., Then | would also run it through my mind...The conneciions were coming to
me and then that got me to look for further connections...starting [with) the
gualitative/quanlitative view, through to locking more at the slx levels [and] then lhrough
to...tha information processing modsl - the strategles related ta it - and so yes, it was
imagery | suppose - writing, reading (different types of reading approaches)...and then
of course ... discussing It. G2y

There was alsq¥evidence that metacognitive learning strategies: were used. The

following example was evidence of this but also emphasised the student’s awareness

of his own intellectual knowledge as resocurce to be used in the development of his
learning:

Q; ....What I'm trying to gel al is to see if you are a metacognitive learmer (in this unit).

A | am, yas.

Q: Hov do you know thal?

Az Because I'm always walching my progress and how I'm going. If I don't understand it
then Il de what | have to do to undersiand.

Q: Lika what exactly?

A: Read mora, ask more questions, go to the lecturer and ask for help ~ whatever it
takas.

Q:: So you watch your leaming progress. You are a guide, a facllllator for your ownself,
as well as the teacher?

A. Yes. More so than the teacher? | can't rely 100% on the teacher. | have to do my
own facllitaling. | think that's what makes a good leamer ... when someone can rely on
themselves for leaming somelhing. (ID21)

The last example is indicative of the resource management strategy being employed in
a class activity where the group was planning a mini tuterial to present to the whole

class:

We should also plan our tima management fiere — how long to spend on each saction.
{CAIGA)
While there was widespread evidence in the data to suggest that all three types of
learning strategies were employed regularly, it is not possible to discern if each of the
eight participating students used a combination of these strategies themselves. It is
difficult to substantiate, therefore, a claim that each student distributed their learning
to a large extent to all three types of learning strategies. When working collaboratively,
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however, the data sugpests that each group employed all three types of learning

strategies, even though there was a greater emphasis on cognitive learning strategies.
Paszive versus active learning

When students are distributing learning to their intellectual resources, it can be said
that they are mentally attuned to the process of learning - they are actively involved
with the material. Conversely, when students do not distribute learning to their
inteliectual resources, it can be said that they are participating in a passive capacity,
that is, they are not consciously linking new to old knowledge nor calling upon
appropriate stra‘_tiegies to deal with task demands, While it appears gmat students were
actively involved in their learning most of the time, there is also evidenca in the data
indicating the students’ passive involvement. These incidents were c‘ten due to

students feeling overtired and unmotivated, as the followig example indicates:

Q: Whan you wera completing the activities, were you monitoring and checking vour
understanding of the concepts?

A: No. Maybe. | don't know. | was so lirad Jast night Lhat | doubt It If | was, | wasn'l
aware of it. (IR3M1)

In light of the next example, this passive involvement also might be due to a conflict
between learning styles and the desire to engage in aspects of intellectual resources.

For example:

Q: How Important Is it to you la set yourself goals?

A: 1 hardly. ever set goals. i'm almost anil goal setting. | generally find people who are
great goal setters to be abrasive, annoying and egolistical. Going through the 1880's
whaen {here was a lot of hype on motivational, self-halp seminars elc | could see that it
was a waste of time except for those who were making the money oul of il. What a
gimmick. it was all this geal setting stuff to fil} auditariums and get charged $80 per
head, So | have a real sirong thing about that. yg1)

Finally, distribution of cognition to intellectual resources must be intentional - a
conscious effert on the part of the levmer. So, even when students identify strategies
they’ve used but in an unintentional way, then it can be said that distribution has not
occurred. For example;
Q: You've been learning about learning strategles in this module. What soris of
slrategles did you yourself use today?

A: Took notes, wrote down lhe main ideas. Read a section-of the article...highlighted
ete.

Q; Wea a conselous effort to use tham?
A: No. It Just happened. [t's a habt. K111
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The data suggests, however, that learning was largely active and students distributed
their learning to their intellectual resources to the extent that they employed a range of
learndng strategies and made concerted efforts to learn the material by connecting new
informuation to existing knowledge structures. Dunlap and Grabinger (1996) claim that
teachers rarely allow students sufficient tme to determine the connections between
new information and prior knowledge, largely taking that responsibility on
themselves. This type of practice is detrimental to a DLE where students are
encocrag:d to explore a range of resources, including their prior knowledge for

themselves.
b 4 3
Discussion = i
In synthesising these findings it was found that the exteat to which the majority of
students distributed their cognition within the DLE was extensive. The findings
. showed that social, physical, symbolic and intellectual resources were not only
accessed but we:e incorporated in class activities as partners in Jeamning. While there
were varying degrees to which the resources were accessed as partners, the data
suggests that the majority of students rzlied heavily on all four resource categeries to

support and strengthen their develuping understandings.

Some of these resources were accessed more frequertly than others. For example,
learning was distributed more often to social resources in comparison to physical,
symbolic and irﬁellectua! rescurces, Given that the DLE promoteg a high degres of
collaboration, this finding was anticip.ated. Symbolic and intellectual resources appear
to have been less frequently accessed although this cannot be fully discerned frem the
data. While the reason for this disparity might be related to a deficlency in the DLE
framework {in that it did not sufficiently promate the potential of these resources}, the
abstract nature of symbols and knowledge also offers some explanatic~. Because
symbolic and intellectual resources are typically more obscure compared to their social
and physical counterparts, their affordances were perhaps less apparent and,

consequently, less accessible to the students in this stuady.

While an uneven distribution of learning to the four resocurce types is inevitable, a

significant imbalance could adversely affect the success of the DLE framework.
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Distributing cognition sclely to social resources, for example, could preclude the
mediating affordances offered by a range of other resource types. Conversely,
precluding social resources due to a preference for resources that facilitate individual
learning (as was the case w some instances in this study) impedes the path of
distribution generally, but also eliminates the invaluable support typically provided by
others in the social censtruction of knowledge, Notwithstanding the fact that all
resource-types vary in their mediational support (depending on their specific
affordances), cognition is most powerful when it is distributed across a range of
resources (Derry et al,, 1998; Hewitt & Scardamalia, 1998; Lebeau, 1998) rather than one
only. In other words, thinking with a peer is valuable but no more so than thinking
with a peer in 't;ﬁmjunction with paper for renording ideas, a caltulator or even a

concept-map that externalises mental mode!s and concepts,

In trying to discern why varying degrees of distribution were evident within the four
resource categories, the temporal nature of the DLE may provide some insight. Given
that the DLE gradually encourages students to distribute their learning to social,
physical, symbolic and intellectual resources, it is feasible to enpect that the proficiency
with which students use resaurces at the beginning of a semester will be less effective
compared to their use of rescurces at the end of a semester, In this investigation, many
instances of the more extensive, qualitatively richer distributions occurréd towards the
end of the semester (although not a consistent finding}. It would appear from these
findings, that prolonged participation in the DLE facilitated this outcomne. Had the
investigation fi:?cused on data collected in the Frst recording session only, the

conclusions would potentially be very c.ilfferent to those outlined,

Finally, this analysis axplored the general distribution of cognition to resources within
the classroom. It did not investigate the extent to which each individua! student
distributed his or her cognition specificatly. Had the data permitted this type of
analysis, a greater insight into the effects of the DLE on student learning would have
been gained, While this was not the aim of this particular investigation, further
research in this regard would potentally enrich the DLE framework by providing a
deeper understanding of the factors that influence distribution, why some resources
are preferred over others, and how reluctant students can be transformed into

enthusiastic members of a knowledge building community.
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Concilusion

The findings from this investigation suggest that the mental activity that accurred in
the classroom was performed in the context of tasks that encouraged cognition to be
distributed over the students, the teacher, physical, symbelic and intellectual reswurces.
Arguably, these taols both supported and expanded the students’ mental powers. The
next chapter is an analysis of this mental activity in the context of activities that were
centred around the cognitive toel. it explores the extent to which this resource

contributed to student learning when accessed within a DLE.
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The cognitive tool as a partner in cognition: The effects

Chapter overview

The two previous parts of this study were devoted to the design and implementation
of a framework that would ultimately facilitate the integration of the computer as a
copnitive taol, D;scribed as a distributed learning environment (DLE;}, this framewark
ancouraged students to spread their cognition over contextual resources as though
they were partners in learning. The aim of this part of the study (Part 3, therefore, vas
to explore the outcomes of this integration in terms of the extent to which the cognitive
tool contributed to student leaming, Consequently, this chapter presents the findings
that emerged from *he second research question:

How does a cognitive tool contribute to student learning when implemented in a
distributed learning environment?

It an effort to facilitate a meaningful dissemination of these findings, it is necessary to
firstly establish the grcunds upon which any contribution to student learning can be
qualified. Therefore, the chapter begins with a discussion which draws upan Pea’s
{1985) portrayalof the cognitive tool as a resource that can augment and enhance
cognition thrnu:g'h the development of rich representations of knowledge. Moreover,
because learning within a DLE is centred on shared constructions of knowledge, this
discussion is based on conceptual growth and changes in knowledge representations

as they pertain to cognitive systems.

The principles to emerge within this discussion are at the core of the analysis tool
which i{s subsequently described in detall, along with the analysis procedure,
Following this, the findings are presented and discussed.
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Conceptual growth: Tha developmant of rich natworks of knowledge

Pea (1980) argues that a cognitive tool's strength js evident in its ability to restructure
and reorganise students’ thoughts, In this regard, learning outcomes can be qualified
as the extent to which existing representations of knowledge have been re-shaped,
extended and meaningfully integrated with other knowledge representations.
Therefore, quality learning outcomes can be equated with coherent and extensively
connected knowledge structures, whereas poor learning outcomes can be equated with

knowledge structures that are tenuous, thin and lack meaningful integration.

This latter learning outcome is often associated with novice learners (Jonassen, Mayes
& McAleese, 199;) where inadequate existir. ; knowledge structures%bstruct attempts
to make sense of new knowledge, On the other hand, expert learners possess elaborate,
multilevel knowledge structures (Bereiter & Scardamalia, 1986) which enable them to
integrate new infermation more efficiently and manipulate it inte complex
understandings. While it is feasible for students to remain as novices indefinitely, there
is consensus in the literature that those who are experts in a particular field possess
knowledge structures that have gradually evolved over a series of stages (Biggs &
Moore, 1993; Jortassen et al,, 1993; Rumelhart & Norman, 1978; Shuell, 1990; Vosnfadou
& Brewer, 1987).

Although varying terms and phrases are used, these thearists contend that, at the
novice stage, students encounter a large array of bits of information that are more or
less isolated coric'eptually. Due to insufficient prior knowledge, support and guidance
from others is required to enable these students to develop foundational knowledge
structures. Once this occurs, the students are then able to lock for the similarities and
relationships between these previously isclated pieces of information, thus enriching
their fundamental understandings of the concepts. Furthermore, "As these
relationships become better developed, they are formed into higher order structures
and networks” (Shuel, 1950, p, 542) which opets up opportunities for the students ta
participate in more complex problem solving activities. However, the automation of
these advanced knowledge structures does not occur until the final stage where
previously formed schema become so intricately connected and coherent that students
can respond to problems in a more effortless, expert way and knowledge can be easily

transferred to a broad range of contexts.
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Consequently, quality learning can be described as an extensive, well-connected and
complex set of knowledge structures. More specifically, and in keeping with the
fundamental principles of social constructivism and distributed cognition, quality
learning is synonymous with extensive knowledge structures that have been
constructed colinboratively and, as such, are representative of commumal understandings.
In a DLE, for example, representations of knowledge are evident in the minds of
individuals and supporting resources, They are embuodied in the discourse that emerges
as students interact with each other and available tools, and they are embodied in the
tools themselves (e.g., a concept-map). And as is the case with individually constructed
knowledge structures, collaborative knowledge structures have the potential to evalve

into deep, richly ?\terconnected understandings of the subject matter, 2

However, some theorists dispute the notion of collaborative representations of
knowledge and question what it actually means for 2 group to know something. For
example, because a group has reached a consensus about something, does it mean that
each member has attained the same level of understanding (Nikerson, 1993)? Based on
the constructivist view that meaning cannot exist independent to an individual’s
subjective peint of view (Junassen et al., 1999), this is probably nat a likely outcome. In
fact, in a study conducted by Jeong and Chi {1999), only a small portion of knowledge
constructed during collaborations in dyads were actually represented by both students
(cited in Fischer & Mandl, 2000).

From a social cBnstructivist perspective, however, each member will take from a
collaboration what is appropriate to his or her ZPD. While this may mean that all
members of a group share the same understanding (albeit to a varying degree of
abstraction) it might also mean that some students will form {or refuse to let go of),
completely opposing views. Interestingly, this is no different to an individual’s internal
knowledge constructions where, as Hewitt and Scardamalia (1998) point out
“individuals ... can accommodate two or more sets of ideas that, under analysis, reveal

themselves to be mutually incompatible” (p. 78).

Consequently, defining what it means for a group to know something Is not altogether
different from defining what it means for an individual to know something (Hewitt &
Scardamalia, 1998). In this vein, Derry et al, (1998) draw on the cognitive theory of

information processing to conceptualise collaborative cognition. Similarly, Hinsz,
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Tindale and Vollrath (1997} describe an emerging view of groups as information
processing systems, For example, during collaboration, students’ privately held views
are shared, rejected, reintroduced and so on. These views are combined, built upon and
transformed into knowledge structures that are stored in the ‘collective memory” of the
group, which is embedded in the activity and the learning context (Holland & Cole,
1995), Jonassen et al. (1999) argue that a ‘collective memory” (or to use their term,

*distributed memory"), is far more capacious and dynamic than individual memories.

While these collaborative cognitions may or may not be appropriated by all group
members, the fact remains that they have evolved through the process of co-
construction anf_l therefore constitute group thought. “Shared information thus
provides potential bridging relationships among otherwise privately held knowledge
stores, linking all data in collective long-term memory” {Derry et al, 1998, p. 30). As
has been argued in Chapter 5, howevet, racall of this knowledge depends on access to
all contributing resources (social, physical, sytnbolic and Intellectual), not only those
internalised constructions that have been appropriated by individual students within
the group. Given that these resources have collectively mediated the group's evolving
understanding about something, it is feasible to expect that the group’s cogrdtion is

embodied in and spread over these resources.

This point is integral to the analysis of group cognition within a DLE. Given that
knowledge representations are largely embodied in the groups' interactions with each
other {and withTesources), the extent to which quality learnirg has occurred would
necessarily be evident in the discourse that emerged through their collaborations.
While it might be difficult to discern the actual structure of groups' knowledge
representations, discourse analysis would unearth the sorts of cognitive processes that
support, and are characteristic of, varying levels of understanding. This was evident in
Hogan's {1999} study where she aualysed both the socio-cognitive and interactional
processes in group collaborations. Although she did not assess knowledge structures
per se, she explored group discourse for evidence of the types of processes that

presuppose deep, extensive and well-connected understandings.

This was also the aim of analysis within this investigation and so an analysis toal was
devised that facilitated the examination of socic-cognitive processes in an effort to

determine the extent to which the cognitive tool augmented and enhanced learning.
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The framework that supported the development of thiz analysis tool Is discussed as

follows,
Framework for analysis

Models that describe varying forms, levels and phases of conceptual growth are
evident in the literature. The descriptive categories within these models represent the
evolving nature of student knowledge and are useful for assessing, among other
things, the cognitive and metacognitive processes that are characteristic of particular
knowledge structures. Given their endorsement of the ideals that subsume social
constructivism (and subsequently distributed cognition), three of tl;ese models were
identified as bemg potentially usefu! analysis tools for this study. Biggs & Collis’ (1982)
SOLO Taxonomy, Marton et al's (1993) conceptions of learning, and Jonassen and
Tessmer’s {1996) learning taxonomy each contain rich descriptions of learning
outcomes which can be applied to both solo and socio-cognitive processes. A brief

overview of each madel follows:
»  S0LO Taxonomy {Blggs and Collis, 1962)

The SOLO Taxonoemy (Structure of Observed Learning Outcomes) is a set of five
statements that reflect students’ growing understandings of concepts in relation to
particular tasks. These statements are indicative of the evolving nature of knowledge
constructions - each one characterises a particular level of schematic ;rowth which can
be evaluated in terrns of its structure and sophistication. As such, the SOLC Taxonomy
complements ZPD theory (Vygotsky, 1978) in that it can be used to trace students’
transitions within and between various zones. Prestructural responses, for example,
indicate that the task is perhaps too abstract for a student requiring him or her to
operate outside his or her ZPD. Given appropriate support, however, unistructural,
multistructural or even relational responses may be possible. While these three levels
are lypiéally the target mode in any given task, extended abstract responses are
indicative of students pushing beyond the level of abstraction at which the task has
been set. Some teachers may misconstrue these responses as being irrelevant (or maybe
even prestructural) rather than modal shifts between ZPDs (Biggs & Collis, 1989),
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McAlpine (1996) has identified the SOLO Taxonomy as a useful too) for measuring

depth of learning in computer assisted learning environments.
* Concaptions of learning (Marton et al., 1993)

These six levels of learning have emarged as a resutt of questioning university students
about their personal interpretation of what learning means. As previously discussed in
Chapter 5, Marton et al. {1993) found that students’ conceptions varied in complexity
and so described them as a hierarchy ranging from basic, Jow-level understandings
where learning is seen as something that happens to students, to more sophisticated
views where lea:_ging is seen as the result of an active effort on the pa;t of the learner to
abstract meaning from the material. Given that conceptions of learning have been
found to influence students’ approaches to learning, and subsequently their learning
outcomes (van Rossum & Schenk, 1984), it is feasible to perceive Marton et al's {1993)

hierarchy as a taxonomy of potzntial Jearning outcomes.
= Laaming taxonomy (Jonassen & Tessmer, 1986)

This taxonomy was primarily designed in response to Jonassen and Tessmer's (1993)
contention that traditional taxonomies {e.g., Bloom and Gagné), do not adequately

address important principles evident in current learning theories, They write:

[Current] views of learning believe that knowledge is distributed throughout the
environmentin which we work and is embedded in the artefacts and toals that we
use to engage in meaningful work, as well as in the dialogue and social relations

that bind communities of learners as they reflect on that work. (p. 28)
As such, their taxonomy Is indicative of meaningful leamning outcomes where active
leamers:
» interact with, explore and strategically manipulate their learning environment,
» intentfonally try to achieve learning objectives,
*« engage in dialogue with other active learners and instructional systems,
e reflect upon and articulate the processes of learning in relation to their experlences,

*  penerate assumptions, attributes and implications of what they’ve learned,
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The three models were compared and combined to develop a thorough set of learning

characteristics. This merger is presented in Table 9.1 along with a more detailed

description of each model.

Table 9.1

Merger of learning characteristics

S0L0 Taxonomy Cancoptions of Learning Outcomas Marger of learning
{Blggs & Collls, 1982} Learing Taxonomy [Jonassan characteristics
(Marton et al,, 1993) & Tosamer, 1996)

Prastructural: Increaslng One's Prestructural

Studenls engage tha Knewledge: Students knowladge: Sludents are

lask but have accumulats or absorh engaged In the {ask but

glfficully in places of unrelated have difficulty in

Interpreling its % | knowledge. interpreting requiremenis.

requiremenis. v Responses are often

Responses are ftlegical or rrafavanl. If

ilfogigal or irralavant. Lhay are ralavant, then
thay are usually [solated
facls that eilher lack

Unistructural; Memorlsing and Daclarative slructurs or are

Sludents are able to Reproducing: knowladge: Sludents | inadequately structured.

Interpret task Sludents rote leaming | can recal, recognise Thase facts are lyplcally

requirements, but informallon In orderta | and parephrase role leamed or

onlylnterms ofa 111 | recall places of declarative absorbed'.

relationship between knowledge. knowledge, albelt

8 selecled concepl unatructured er

and the information inadequately

supplied by the task, strustured knowledge,

Multistructural; Using Knowladge Structural Foundational

Students successhully for & varlaty of knawladga [basic): knowledge: Studenls

retate tagk
requiremants o a
number of
appropiate concepls.
Howaever, £
Intemrelationships ars
not usually made,

purposes; When
raqulred, students use
knowledge and skilis
that have been
accumulaled,
Applicalion, In thls
sensa, dogs not
presuppose
understanding.

Studants can Identiy
the rafationships
between one or more
baslc facls related lo
atask.

have sufficient
informalion in refatien to a
concept and can apply it
{o cengin task refated
situalons, Thereis a
growing understanding of
relevant concepls and the
relationships batween
lhese concepls are
beginning ta fom.

Relztional: Sudents
successhully select a
numbar of concapls
and idenlify the
ralationships between
them, Thesa
Interrelationships are
used o form
genesalisalions,
which are consistant
with the lask data.

Understanding:
Students use
strategies thal anable
them ta search for the
meaning inherent In
concepls,

Structural
knawledge
[complex): Siudents
demonstrate that they
have acquired 8 range
of divirse atid
tnteamealated semanlic
netwarks In refatlon le
lasks,

Mental models:
Knewing what, when
and why of a
particular congept,
Tha feundellons for
amgpllative leaming.

Ralat!anal knowledge:
Students have acguired a
hlghly developed
understanding of a
conecept which is
damanstratad In tha way
they are able to mulli-ink
It wilh ather concepls and
Ioples, Leaming
strateglas are adopted to
enable sludents to
develop undaerstandings
of lhe malarial which are
cftan on a par with
experis, Transfar to olther
similar contaxts Is
nossible.
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S0LO Taxonomy Canceptions of Learning Outcoman Margar of leaming

(Blggs & Collis, 1982) Lerrning Taxonomy {Jonasean charactartatics
{Marton at al,, 1993) & Tesamer, 1886)

Extended Abstract: Seeing thinge Ina Bituatad Learning: Extanded abstract
Sludents ara able lo different way: Having | Stutlents can knowladge: Students’
selact a wide range of | underalood tha succassfully tranafar understandings are so
concepls appraptiate Inhererl maaning uf a knowfedge of advanced that they can
ta the tesk concept, studenls are concepts and extand lhem lo clher
|equiraments, and to abls lo look at Hl from problems lo authentic similar and dissimiar
Intesratale thase a nimbar of diferent and divarse contaxts. circumstanges,

through the use of parspectivas. Applicallon lo aulhenlic
abstracl uni I siluations Is autematlc.
principles not directly | Ghanging as 2 Ampllative Skills: There Is evidence af
detalled In the task person: As a rasultof | Studants can use urderstandings belng
data, Students can lsaming experlences, rules of loglc and shsiracied to new
formulate hypolheses sludents grow and Imaginatlon to draw eonstructs that dra
and deduce from change within conclusions, explaln logical, imaginative and
Ihasa that certain themseives, These Impiications and unique, As a result of
events era [ikely to exparences lead to Imagine a range of thesa lsarming
follow, They can = new understandings plausible possibililes. expéflences, studenls
suctessiully Introdude | 2N appreciations. grow and change within
analogues not lhemselvas.
embodied in the data
lo explain principles,

Self-knowledge: Metacognitive

Students use
reflectlon and self-
knawledge lo Identify
cognilive and affeclive
sirenglhs and
wesknesses.

Executive contral:
Siudents demansimate
thalr abillty to control
intemal and extemal
faaming preblam
solving pocesses.

Motlvation: Students
damonstrate the wilful
manlpulation of 1ask
attantion, eflort, and
enthusiasm, They
consistently display
willingness,
parsistence and affort.

Attitude: Studenls
demcnslrate a healthy
atlitude lowards tasks.
They make cheoices In
keeping with
appropriate
behaviour,

knowladge: Sluden!s
demensirata their ability
to control thalr leaming by
adapling a ranga of
lsaming strategles, These
slrategles include those
thal can be used i
manipulate he leaming
malarial, as well as those
rolated to self, Self-
reflestion is adopled o
manitar and conlrdl
muothvation, atiftude and
affort.

These merged learning characteristics were subsequently converted into a workable

analytical tool by translating the five levels of knowledge into corresponding

discourse. Each level of discourse was described in terms of the types of socio-

cognitive processes which were characteristic of the knowledge category it was derived
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from. However, not all dialogue within the transcripts could be classified according to

these five types of discourse. There were instances where statements were made, or

conversations were held, about issues that were either socially or technically oriented

and in keeping with Hetrington and Oliver's (1999) findings, these instances have been

classified as either social or procedural discourse. Together, these seven types of

discourse constituted the fundamental analysis tool, the descriptions of which are

provided in Table 2.2,

Table 9.2 Analysls tool: Types of discourse

Type of diucou;aa Oascription
7 On-task: Any stalement or question which is an task but relales mora fo
Saclal discourse the social interaction of the sludents than the task itself.

Off-tasic Any statemant or quastion which is of-task,

Procadural discourse

Equfpment. Any statemant or question which relates io proceduras of the
equipment.

Softwane: Any statement or question which relates to procedures of Lhe
software.

Task: Any stalement or queslion which relates (o procedures of the lask.

Prestructurl discourse

Siatements hal ara illoglcal, Ielevant, incorect or incoherent.
Statements abaut related declarative knowledye that are Isolalad from
any cther Information. Statements that are indicative of memary recall or
recegnilion of Isolated declarllve knowledge.

Foundationa! discourse

Statements Lhat ara Indicative of a develaping underslanding — groups
czn identlfy more than ane refevent concepl snd wil endeavour {c (elther
succassfully or unsucceusfully} relsta lhese concepls together.
Slalements show conslstancy and congreence with expert perspaclives,

Relatlonal diswurse_":

Statements are indicaive of the formation of a diverse, complex semantlc
netwark of interrelaled concepts, Knowledge of these relationships is
arficulaled freely and eflecOvely io others. A range of strategles Is
amployed {o facllitate deep level understandings of material and
explanations ama logicat, coherent and speedy.

Exlended abatract discourse

Stalements indicate the group's abllity to apply concepls o a mnge of
situations using leamed operalions. There is a sense of emenging
originality and confidence to sxperiment wilh concapts In diverse contexts,
Analogies are being drawn, abstract Infarences made, as wall as persanal
theariea, all of which are highly plausible and sophisticated. As a resull of
these newly formed appreciations, chenges ara apparent in Lhe way tha
group percalves concepts about certaln phenomana.

Matacognitive discourse

Stalements reflect knowledge about the group's abllity as a learning antty
- tts sirangths and shertcomings. There is an swereness of the teaming
context - what tha lask requinements are, whal resaurces are avallable,
hiow these resources can be used effaclively, and what skills and
precesses will facilitale sueeessful completion of the task. This
ingorporatas knowledge and applicalion of sppropriate leaming sirategies
{cegnitlve, metacognitive and rescurce mansgement). Groups are able lo
arifculats, monitor end regulate their effart, and demonsirate persistence
and a willingness ta leam, Cholces are made thal [ndicale a heallhy
attilude towarda laarning [n general,
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Data analysis procedura

This analysis tool was not used to assess a final product as such (e.g,, an examination,
agsignment, presentation or concept-map) but instead, each category was used to
determine the socio-cognitive processes that facilitated the development of group
understandings, Because these processes were reflected in the dialogue that occurred
during collaborative group work, the transcripts of class activities were the main focus

of analysis (as opposed to the student interview and student journal transcripts).

These transcripts were coded in chronological order according to the class activities
from which they were taken. The unit of analysis was based on the collective
contribution of c?grﬁtian in relation to a particular theme (or idea, or €hallenge etc). For
example, the foll;wing excerpt is a theme about gaining student attention that has been
built up across multiple students within one group, and has been coded in the

*foundational discourse’ category:

§1: Wha's firsi?

$2:; Well you nead to copsider how you're going lo galn and malntain the students’
atiention If as Waalfolk says you need to gst the lass’s undivided atlention because of
the sensory register. If you don't attend to what's to be leamed then you don't leam it.

$3: Yes you need to have all iheir attenlion. It needs to be undivided as you say.

51: So Il just put [tiypes] “gaining undivided student attention” (CA2).

While many themes were relatively brief (as in the example above), they did vary in
length. Within those that were lengthy, a number of different types of discourse were
evident. In these instances the theme was divided up into sub-thenes, each of which
- were coded acc:;'ding to the category it most closely represerlted.-?Appendix Lisan
extract from a transcript that is indicative of a theme that has been segmented into sub-
themes based on the multiple categories evident within it,

Using NUD_IST as an organising tool, themes and sub-themes within ail 12 class
activity transcripts were explored using the data analysis tool and by following the
data analysis procedure described in Chapter 6 (Table 6.9). Although the data was
constantly compared and contrasted to ensure that classifications accurately reflected
the attributes of the categories within the analysis tool, this process did not force the
data into an a priori framework. Rather, it simply enabled the auther to explore the data
in greater detail. Schumacher and McMillan (1993) contend that this would still be

considered inductive analysis as “Any starting point begins an inductive, generative,
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and constructive process because the final set of categories are not totally
predetermined, but are carved out of the data according to their meaning” (p. 487).
Furthermare, this process contributed to the fundamental definition of each category as

the supperting data enriched and extended their specific features.

To ensure that confidence could be held in these categories, as well as the coding
process, two independent coders were asked to conduct separate interrater reliability
checks, otherwise known as ‘check<oding’ by Miles and Huberman (1994). These
coders were given the analysis tool, the coding scheme (developed with NUD_IST) and
2 pages from each groups’ transcripts for the first two recording sessions. The
following furmg@ (recommended by Miles and Huberman) was qi’Ed to discern the

extent to which te independent coding was consistent with the researcher’s coding,.

Relishility = Nomber of agreements

Totel number of agreements + disogreements

A reliability rate of 90% was reached with the first coder, and 85% with the second
coder. Given that Miles and Huberman (1994) recomnmend a reliability rate of 90% or
better, the exercise was completed again with the second coder, This was a
collaborative effort between the coder and the tesearcher, during which time the
meaning inherent within a certain category (metacognition) was clarified. Following
this exercise, a rs]iabi]ity rate of 95% was achieved, thus providing confidence in the

=

overall coding pfgocess and, conseguently, the findings.
Findings

One would expect that for the cogritive too! to have contributed to effective learning
within the DLE, the students’ discourse would be consistent with the sophisticated,
more structurally oriented types of discourse. In reality, all categories were represented
in the students’ discourse - some to a greater and lesser extent, A summary of the
nature and extent of this discourse is presented in Table 9.3. Accompanying this
summary is a short definition of the particular category and an example of discourse
taken from the transcripts.
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Table 9.3 summary of findings: Dlscourse evident In student collaborations
Duncnuras Characterlatic Summary of findIngs Examgpte from transcripts
cutagory
Any stalement or Evidant {Intarmittenty) In all 51: That's ke with my
guastion thal s fargely | transcrlpis. Mostly occurred daughtar who was told ...
Soctal social in nature bul whan sludents wars she needed 1o vary her
{on-task) somehow related to axplaining a concept and reading by the lbradan ..,
ther task. woliid go off on a tangent to sha hardly reads anylhing
a related but not very anymore and ...[CAZRGT}
relevant issue.
Any statement ar Evident {Inlarmittenty) in all S1: What'ra we doing?
question that s off- transcripts, Usually in the 52: Can wa have a break?
. Saclal task, form of one-sentence S1; I'm going to the Roya!
{off-ask) ramarks that generally wauld Show Saturday,
not affect task progress, S2: Are you? (CA2RG1)
Comments often relaled to
& stutants being tired. -
Afiy vtatement ar Evident moslly in Iransctipls S1: You type Deb. You'ra
questn related tothe | taken from the first data fasler than us.
compiisr hardware, recording sesslon where S2: No probs ... {CAN2G1)
"Procedural groups delegated conlral of
(equlpment) the mouse and keybsard. §1: ... our comptter has
Cther commants ware In 'usl cashed agaln,
relation to hardwara and 32; Cuick start ltup ...
system problems, {CA3R2GY)
Any statement ar Pravelant Lhroughott all 51; Oh don't forget we
question related tothe | transcripls, but most have to ask {the teachar]
computer softwara signifisant In tha first data about that litthe squara we
{insplration®). recording session. Many hit {ast week. {CA12GT)
comments, questions and
. excamalions made about
how to usa the software, and
?m':r:)l its various functigns, As .
groups bacama more
proficient users, thesa 51: I'm going to fiick
comments transformzd o threugh Lhe pictures hera to
statements in relalion to thelr make this look a bit better,
¥ ] degire to perform more {CA3IGY)
T complex and creatie )
functions.
Any statement or Pravalent throughout el 31; S0 what are we doing
question relatad lothe | transcripls, albelt o a greater hare?
specific lagk which or [esser exient between 52; We'ra just doing
groups were groups, Thosa groupa who implications of this — how
Procedural | completing atany didn't undarstand task we're going to arganise our
(task} gliven tme. requirements at the classroom to use this bast,
beginning of }esson spant 51: ) sen,
much time Irying lo grasp the 52: 5a [lyping] 're-cap what
objactives lhroughout the rest | was leamt In the previous
of lhe clasa. lesson’, (CA1RGY)
Ay statement or Moslly apparent ai the 51; Actually you know
quastion thatis inlraduction of topic modules canstructivism seams to
illegical, imelevant, whara graups encountered wark really well In my art
Incomest, Incotierant concepts for the first ima, classes becausa ... it's
Prestructural | or lsolated from any Comments made woukd be vutcomes based. You've
other relavant fact, based on mlsconceptions got to think of the culcome
previcusly held or simply first befora you can wille
staling facts that lacked tha program, (GA1/2G1)
meaning.
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sophistlcated
inferences made.

Dlacourse Characteriatic Summary of findings Exampla from tranacripts
category
Any statemenl or The mosl prevalant typa of S1: Yes | know thal bul
question that talk throughout the semaster herw do you actually conlrol
damonstrates a and across ail groups, that?
davelaping Evident when groups ware 52; ... I'va had encugh.
undarstanding of a 1rying 1o come lo terms with 53: But hang on, we've
concept. Studants can | concepts and Lhalr alrady got il here [raferring
tdentify more than one | Intemelationships. Quastions to map]. That's part of whal
refavant concept and were frequently posed and in we were talking aboul
will endeavour lo relalion to uncertalntias about | before wilth elabaralion and
integrale hem. concepts. In mosl cases, ... rehaarsal and those
these unceraintles wera things thal you do to leam
Foundational resolved with asslslance from something.
iha teachar. Diszussions 52 Mo thal was levels of
pecumed in conjunction with processing.
the concept-map, whare its 53:% eah | know but ..,
Image was used as a visual 31: Boif you're really
¥ prompt to aclivate thinking about how you're
= convarsations, going Tz laam it and trying
. to be fn control, you would
Iry o elaborate ke In a
deap level way and not rote
learn ... {CARRGY)
Any statermneni or Pravalent in all transcripts but 51: Well the concept of
concept lhat indicates diverslty between groups in construclivism to me is that
the formalicn of a tarms of who exhibitad this it's a form of leaming and
diverse, complex type of talk the most - some teaching where teachers,
semantic network of graups warn more consistent fnstead of belng Lhe
Intarrelated concepls. than athers. In attempling to expository type ... who
Explanations are explaln or Justify Inks made stands out tha front and
leglcel, accurate and on concept-map, there was a says “blah, blah™ ... the
speedy., senge of ease and canstruclivist teacher
Ralational automaticity that congisted of designs expariences where
integraled and relevant they capitalise on what the
ideas. Autherlic contexts sludents already know, and
were often drawn on for goas fram Lhere. So on the
sxplanations. vidao ... the first thing [the
teacher] did was to get the
kids to discuss the kinds of
g anergy they already knew
ghout ... (CA1/2)
Any statemant ar A faw, but not many 51:... 80 ks far thu
quaeslion thet Indicates | inatences of this talk and only qualitalive conception for
the groups' ability to in gna group. Commants reading you'd laok for
apply concepls o made in lhasa instances personal interpretations ...
similar and dissimitar ware rich, creative and on a So like the person plus the
sltuations as well as par with an sxpert’s text would give you the
authontic contexds, A definition. Attampts made to Interpretation ... what| do
senze of ofginallty Is canstrct own theotles about with my students. Like 'l
Exlended emaming. Analogies aspects of concept-maps. glve them this iittle diagram
Abstract ara beltg drawn and of a slick person, a book

and a light globe and this
means that the person plus
tha text gives you your awn
meaning of the story.

52: ... you'ra letling them
form their own epinions.
(CA1/263}
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DMacourse Characloristic Summary of findings Exampte from transeripts
cabegory
Any slatement or Eviden! throughout ell 51: Guys, I'd really llke to
queslion lhat reflacls tranacripis. In many knew a bt more about levels
knowledge about the Inatances, the congcagt-mag: of processing. Where's the
‘grevpy’ abllity as & was ugad a3 a metacognitive | note card for [1? (CA1/2G4}
lsaming enlity. Thara prempl. Sased on the
I3 &n awareness of farmation of the map, groups
Meta tha leaming context wrould [dentify areas that
- and lhe processas neaded clarification, Maps . h o t
vognitive | that wil faciitate wera used to Indicals the i a2
completion of the progracs baing mads by the knewledge here?
task. group, Evidence that groups 82: We do it's In the role
would monilor each student's card for ... no its not.
offort and glve S3: What should we pul
encodragamant to keep on with? What about ...
task. (CA1/2G3)

3

The findings sul::[g&laﬁsed in this table are further elaborated below. -
Social - on-task

In many instances, groups were in the midst of explaining or commenting onh a concept
but their explanations took them off on a tangent to a related, albeit not very relevant,
igsue or point. At times, groups were attempting to draw on authentic examples to
éxplain points but they quickly digressed and lost sight of specific task requirements.
This mostly hal:ipened when concepts were applied to family members or personal

classroom experiences, as in the example in Table 9.3.

Initially these mstances were misconstrued as a type of structural knowledge in light of
the groups’ attempt.-i to apply concepts to a range of contexts, However, in keeping
with the intention of the analysis framework, classifications were made on socio-
cognitive processes in relation to task requirements. Because these groups deviated off

the topic, their dialogue became more social than structural,

Other types of social on-task dialogue were those where groups discussed their
. experiences of _léam.iﬁg within the unit. Often, these Instances were in relation to, ) the

collaborative learning process or, b) using Inspiration® as a learning tool, For example:

81: You know I'm quite impressed that we remembared so much from last weask,
§2: Bacause thers was sc much visual repmsentatlon it made it asy — don't you think?
83:...But you know I'm. amazed how well wa'va tuned. into each other's thoughts about

this, We've only been working together for three weeks and. already we're thinking alike.
-(CANZGY) |
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Social « off-task

Statements classified as social off-task were those which were completely unrelated to
the task requirements, These comments were usually in relation to groups’ sorial lives,

student lives or their physiologlical state, for example:

51: Can | just go to sleap?
§2: No you can't. You can do some lyping now.
S1: 1 couldn't. I've got a headache coming on. ([CA1:2G3)

Because these comments were relatively rare and intermittent, they did not appear to

disrupt the groups’ thought processes.

Procedural - eq@pment 2

Gtatements classified here were those that related to the groups’ irteractions with the
computer hardware - their feelings towards the types of computers being used, who
should work the mouse and/or keyboard, disk issues and computer breakdowns. For

example:

51: What are we dolng?

§2: | don’t know. I'm trying to copy stuff anlo my disk.
§1: I this was an IBM it would be 50 much easier.
S3: Just click off it. {cAx2G3)

While these sorts of statements were generally rare, they increased when hardware and

system problems occurred.

3 z
Procedural = software

Given that none of the groups had used [wspiration® before, there were many
discussions about how to navigate the interface, what the many functions did, how

they could perform certain functions, and more, For example:

51: And whal's this red box here a'l about?

Tr: That's st {alling you that you've crealed a note-card for that concept. So if you
double cli.< on It you can open up the note-card. Oh there's nalhing in it.

52: No wa haven't done that yet,

$1: The other thing we want to know is how you bring in pictures?

Tr: You can bring them In from this symbal library over In the marg[n but you can

actually see that thers's hundreds of pictures In the library so you click these arrows.
{CAIR2GY)
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While .his type of discourse was particularly prevalent in the first few weeks of the
semester, it became less noticeable once the groups became more skilled users. With
this proficiency, however, came comments in relation to the groups’ desire to perfocm
more creative and sophisticated functions (e.g., how to make the map more
aesthetically pleasing, how to make the map more complex in terms of multilinks, how
to merge maps, how to take short cuts etc), There were also complaints made about

what the software could not de once the groups became familiar with what it could do.
Procedural - task

Discussions about the tasks (e.g, what they mean, how to do then;, how to involve
Inspiration®) were prevalent throughout all activities and in all groups, albeit some
meore than others. These discussions typically took place at the commencement of a
new activity and Intermittently thereafter in an effort to monitor progress. For

example:

S1: Okay, number two ‘what approach ta learning woulgd you like to encourage in your
classroom'?

$2: Wae talkad about that.

S1: Okay 'Explain the presage, process and product characteristics thal would typically
be applicable to a surface learner'. So we can do some things from each of these 1ao
[polnling to concept-map).

§2: Yeah, like siress and anxisty.

$1: Competition. Why dan't we do a rapid fire off the surface leemer?

52: Yep. [types].

S1: No that's not what we're dofng, Wa're Iocking for the types of things the surface
leamer exhiblis. Like they only do the minimum to survive. {CA2G1)

In contrast, those groups whe did not fully understand task requirements to begin with
were constantly trying to do so throughout the remainder of the lesson and devoted a

considerable amount of discussion ta this cause.
Prestructural

Discourse coded here was generally a consequence of discussions classified in the
previous category. When groups were unable to grasp task requirements, they often
embarked upon conversations about concepts that were irrelevant, This mostly
ocewrred when groups attended to trivial aspects of the task at the expense of the more

significant ones. For example:
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S1: Okay maintenance rehearsal I; Daslcally - I's by the articulatory loep. It's where
you only store It for a while, for like 1.5 seconds for afl thal you ean ramembar and then
it goss Inte the memory. So like | said before, a phone number for exampla. And that
comes out by forgetting, by Interfarence end by decay. Bui tha main bit which we are
very simllar about [comparing her map ta Bronte's] Is the rehearsal...
S2: Elaborate rehearsal, arlfeu ... whai? Stop, stop, siop, stop. What did you say about
arficuplanctory hoop? Ware we meant to know this?
§1: (laughing] Ne. | don't think so. | don't think It's Imporiant. Yeah but | thought it was
inleresling how the prior know!edge is what wa call constructivism, lsn't thal inleresting
how we'va both linked that?
$2: Yaah. | can't remember why though, What are we suppesed to be doing again?
{CA172G4)
Prestructural discourse was also evident when students witnin groups skimmed over
communications with one another without attempting to actively process the
information. Comments were vocalized and then blindly applied t% the concept-map

with few attempts to transact meaning. For example: -

$1: But do you know the term 'sognition’ will never changs.

§2: Put that in the map - very profound. What is cognilion [faughs]?

%3: What is cognition? Type that in too...that's profound teo. Like *what is knowing"?
51: Like you cognise over semelhing when you think about It

52: We never used that word twenty years ago when | did my teacher training. [CAT2G1)

Low-level scclo-cognitive processes, where groups recalled information in a form
which was unchanged from its original source (usually the text), were coded here also.
These facts, which were capied verbatim onto the concept-maps, were isolated from

ather relevant pieces of information or meaningful links, For example:

S1: Oh look [reading Wouolfulk] "Extrapolale is when you take the [dea further”. Add that
in as & um, as a bit of, as a 1ldbit.
$2: Thankyou, To if's nth degree. {CA1/261} .

Often, the identification of these isolated facts was a necessary starting point upon

.which meaning could belater attached.

Foundatlonal

Compared to the other categories, discourse characteristic of foundational knowledge
was the most prevalent throughout the three recording sessions. In these instances, the
groups’ prior know'lec_l.ge about concepts were pooled, evaluated, questioned and
challenged. There appeared tc be a genuine commitment towards understanding the

material which was evident in the students’ attempts ta explain concepts, relate them
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to personal experiences and fit them inta their concept-maps in Jogical and meaningful

ways, For example:

$1; Wa wers saylng that...it goes o lhe working memoary first so whenever you nead i,
you bring it out and then it goes inlo your long term [pointing to map). Do you know what
| mean? Bacause it has to go through the working memaory - every thing has lo go
Lhrough the werking memary.

Tr: All your knewladgs is housed In your long-term memory, but when you activale It far
whatever raasen, you bring [t back into yaur working memory to deal withit.

§1: Thats what we should put here 'activation' because it's a strong term thal makes
you Rnow...

S2: It s, | like that ward “activation’, [typing 1t in to nota card]

$1: Causa your activating tha software - opening up a file.

$2: And In the book it says you've got to cancentrale on it and put efferi Into It to make it
work.

Tr. What's effort?

$2: Canceplration. Focus. 2
.53 Time. £ ]

52: Understanding it

§3: Basically working it through.

$2: And you're trying to transfer I Into your long-lerm memory.

Tr: Tom you say you're working it through. What's that?

$3: You're thinking about it, trying lo make sense of L.

52: And wa'te trying ia link it to what we already know aboul that to build on it..

§1: To it the puzzle. (CA1/2G4H)

In this example, it is possible to see how a thought, which has been distributed across a
group, has become a reasoned view co-constructed by multiple members. While the
group has not attained a particularly deep understanding, they have laid the structural
foundations of the concept upon which more elabarate, complex understandings can
be built later.

Given that the -’groups were grappling with largely unfamiliar cc’:ﬁlcepts, there was
much uncertainty and indecision. While students brought a range of relevant ideas to
the activities, it was their attempts to fit these ideas into meaningful schemata {both on
the concept-map and in their heads) that fueled discussion and argument. The visual
appearance of the concept-map, in particular, often led to a sense of dissatisfaction as
to the meaning of certain concepts in relation to other concepts. If one or more students
within 2, group epposed the spatial placement of a concept, then a discussion would
follow where perspectives would be explained, argued, questioned and challenged.

For example;

81: Yesh. It's not new. Those [pointing to map], don't they go under...
§2: Daclarative and conditlonal...

S1: Dan't they go under metacognition? | wouldn't put them lhere.
§72: Metacognition Is thinking about thinklng.
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51z Yeah, Knowledga about knowledge and pracedural, conditional and declarative are
all diffarent types of knowledge.

§2: Right. Bul that's - they're kinds and lypes of knowledge bul metacegnition is
knewing about Lhis knowledge.

S3: It's a differant lype of knowledge - it's not any of them.

S1: No It's all of them.

83: Declaralive knowledge Is Just trivla and facts. How can that be metacognitive
knowledga?

51: Becausa il'5...

52: If 's nol any of them then whet kind of knowiedgs [s it?

S3: It's not really a kind of knowledge like those three. It's ust being able to think about
those diffarent kinds of knowledge when yau're trying to leam tham. So say you're Urying
to leamn how 1o shoot a basket, that's sort of {ike a procedurs, instead of just going up to
the ring and throwing the ball, you would think about how far you are away from the
ring, how heavy the ball is, how hard to throw the ball and stuff like thal. So you're
always thinking about how you're going la do it and the best way to da It.

S1: I thay don't go there then where? (CA172G3)

These differencé? were mostly resolved within the lesson but typiégly in conjunction
with the teacher. Having recognised that a group was experiencing a type of circular
conflict where resolution seemed unlikely, the teacher would intercede and encourage
all members to articulate their concerns. Through teacher-questioning, students were
encouraged to reflect on, justify and defend their positions, a process which not only
fosterad the development of joint understandings, but also guarded against the
degeneration of conversations into irrevocable conflicts (as was evident in some
collaborations held in Part 2 of this study).

There were numerous attempts to draw on real life examples (albeit simple ones) to
explain concepts and how they might relate to other concepts. This precess
authenticated thg activity for the group and consequently was angmportant step in
strengthening their understandings. This is evident in the following example where the
graup has simplified terms and ideas as they have become mor- comfortable with their
méahiné. The complementary partnership between the group and the cognitive iool is
also evident in this example as the students inc.rementally build on shared ideas which

emerged from the concept-map:

51: Do you know what I'm thinking right at this polnt in ima?
. 82: What s that? )
51: These are differen! {ypes of memory wa have right and memory is prior knowledge,
so thase must some how link up...with the. declarative, procedural and condiifonal
knowledge right? . ;
$3: Thai's what I'm rylng to figure out. Can you just go back to see what we've gol? [on
concepl-map}
&1; [reading concept-map] o procedural is just procedural, Episedic and semantic are
- semantic is avarything we know, sll the facts and figures that we know, Episodlc was
mera Images.
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$3: Semantic is where we stora knowledge aboul things. It's the schemala, Isr't It? It's
prasentad as a scheme of things that link on and relate 1o one another if they're
common - fike iha concept-map righl?

81: Mamory Is knowledga 5o is 1t a type of knowledga?

$3: Yeah but | think they'ra just trying to show you where differant types of knowledge is
stored, Diffsrent store houses for different knowledge.

51: 8o It's like & blg envelope for semantic memory, cne for episodic memory and one
for procedural, {CA1/12G62)

Relational

There was a greater diversity between groups in lerms of the transition te relational
knowledge, While all groups did conduct conversations characteristic of relaticnal
knowledge, some groups did so more consistently than others. Characteristic of this
type of lq'lowledé"ze was the ability to make logical and coherent infere__’nces based on the
integration of new ideas with concepts already displayed in the concept-map. For

example:

81: [puinting to pars of concept-map] Ah okay we've rehearsed it, we've acquired it,
wo'va done all that sort of stuff 5o now we're going to stick it in to the long term memory
hera,

82: How ara we going to do that?

&1: Unk It to something.

$2; How do we do that?

$1; Ma'a It meaningful,

§2: Oh_yeah, that's a good one. Apply it to real life sitvalions so they can see it has
appllcation. But ... that's in the rehearsal yeah?

53: Well it depends - no. Rehearsing can justbe 2 x 2 = 4 ... and you just say it over
and qver.

52: You're righl it"s what Sean said about linking it, Bon't woiry about me.

S1: it's make meaning and try to understand the subject, your times iables and
averything by linking it to your prior knowledge. .

83 Thals‘giaburalion lan'tit - Iinking the known to the new? {CA17262]

As concepts became firmly embedded in existing knowledge structures, there was an
obvious ease and automaticity with which they were discussed and explained. Because
there was less uncertainty and indecision, conversations were more fluid and there was

a greater acceptance of, and interest towards, multiple perspectives. For example:

§1: ... But just think about It. If you wera more awara of how you learn, do you think you
would ba a better leamer? If you set yourself goals and maonitarad your understanding
and did what you had to do 1o laam [t well, do you think you gat better marks?

S2: Prabebly. | don't think it could gat much worse anyway.

£3; Have your planc sludenis improved?

81: Thay seem to be mare organised and mora inlg it. i's ke you glve them some
responslbliity for iheir own learning and they lap it up.

§3: So what dig you da?

$1: Well rathar than tell them 1o do this exercise or play this plece ... | ask them what
ihey wauld (ke to do, why they want to do that particular thing and how they are going
io da it and it's like they're lhinking about these things for the {irst ime. And | don't know
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maybe I'm imagining it but ihay seem to play beller when it's because they decidad to
do it rather than me telling them o do it as part of the lesson.

52 Wall | know 1hat's irua of ma when | play jazz and it goas back lo making things
relevant 1o you because | play alrociously pleces I'm told 1o that | lealhe bul do really
well wilh the onas that are favourites.

33: Yeah but you probably praciice those more.

52: Oh yeah | do but | also practice them with meaning and feeling and | fisten with
adge and...

51: But that's it - that's the questian [reads] "o what exlent can students leam wilhout
dellbarately contralling Lhelr leaming processes*? You disagreed - no you said you don't
hava lo be deliberate In learming and now you'ra saying the exact opposite ...

§2: | Uil think you can, But what I'm saying is Inat vou probably learn beller when yau
do think about It. (CA142G2}

This skillful distribution of ideas facilitated the groups’ articulation of abstract concepts
and their evolving understandings. While conflicts and discrepancies were still
evident, they wge handled in a more proficient manner, The teacfier still mediated
most of these instances but it was generally to facilitate a‘mure advanced
understanding of a concept rather than a foundational one as was the case in the

previous category. For example:

§1: [teacher comes over] ... Sea up ths top you said metacognitive and | really agraed
with that beeause It's so connected. But | was thinking that what you were saying is that
that was the executlve control processes which links it back to the processing in the
Information processing model, So | was thinking you put metacognilion under the
execulive control processes so that's how we're inking it to that. Does that make
sense...?

Tr: Yes sure. It makes good sense because it shows thal you're thinking about this in
relation to the IPM ... You're saying "How do lhese learning sirategies fitin to the IPM",
That's great. And yeah you're right that your melacognitive processes are ... the same
as your executive canlrol processes bacause Lhay both oversee Teaming don't they?

S1; Okay cool. | just thought rather than go on I'd chack first because it was confusing
us at first. g::mm)

e

Interestingly, relational knowledge often emerged in conjunction with a groups’
decision to reorganize the layout of their concept-map. As their understandings
developed so too did their confidence to experiment with a range of spatial
possibilities. In justifying these rearrangements, groups articulated thoughts and ideas

that were representative of well-connected knowledge structures.
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Extended ahstract

In keeping with Biggs and Moore's {1993) contention that the presence of extended
abstract learning outcomes is a rarity in classrooms, groups in this study engaged in
conversations representative of these types of cognitive processes infrequently, In fact,
there was only one lncident across all three data recbrding sessions where a
conversation within a group made the transition from relational discourse to extended
abstract, In this instance, the group was attempting to integrate information processing
ideas into constructivist-oriented teaching contexts. Having previously reflected on
these ideas in relation to his own class, one student shared a diagram he constructed
that would encogage his students to search for meaning in film ger}re based on their

previous experiefices. For example:

. so like for the quatitative conception for reading you'd look for personal
interpretalions wouldn't you? So like the person plus the text would give you the
interpratalion ... [it's] what | do with my students. Like Il give them this lillle dlagram of
a stick person, a book and a light globe and this means that the person plus the text
gives you your own meaning of the story. So meaning is the focus of the ... the
objeclive, [CA12G63)

‘This student not only transferred an abstract concept to an authentic situation but did
so in a particulatly unique and creative way. The diagram {stick person + bock = light
globe) may appear simplistic but, in essence, it effectively captures the core of
constructivism in relation to his own area of tea.ching. Based on understandings
developed in previous collaborations, he has personalised a theory which, having

shared with the pfoup, was used as the basis of more abstractions, ¥

Cne or two extended abstractions were also evident in whole class collaborations.
While these discussions were not the focus of analysis, the following thought was
shared by a participating student in response to a previous comment that learning
strategies are not Eught in schools:

| think that it's not Just that we don't teach studenis those strategles, it's the
consequences of not teaching them, They are not taught them so they're not aware of
them so they don't use them not only in the present but in the fulure so it's like a cycle
of ... And.it's a cycle for the teachers too ... [teachers] have to know about them
themselves before they can get tha studanis {o know about them, We're caught in a
cycle and unless we recognize thal then the students ‘ara golng to remain unaware. It's
really ... up to the teachera | think. {cA22we)



Chapter 8 The computer as a pariner In cognltion; Tha effects 176

In this example, it can be inferred that a higher level of abstraction has been reached in
that the student has encoutaged the class to look at the consequences of a concept as it is
applied to a particular context, Rather than take the concept and its relationships at
face value, she has looked beyond the informaticn given and proposed an hypotheses

that has taken the discussion to new heights.
Metacognitive

Throughout the semester, there was evidence that the concept-mapping tool
encouraged the groups’ use of their executive control. Clearly, the concept-maps were
not only visual records of what the groups understood, but also a suggestion of what
they didn't undgstand fully, Missing links, incomplete note cards}-_%r the absence of
concept bubbles would serve as prompts for groups to reconsider their progress. For

example:

S4: | think we need {e Includs the 37 model in our map somewhere,
52: How, where? {CAM2G2}

There was a group awareness of knowledge construction procedures, for example:

51; Is the map helping you understand the concept a bit better?

82; Yeah | think so. IU's plctadal — what s it?

§1: Visual.

53; Yeah visual, so you can soe It &l betler and see how If all links. (CA12G3)

There was a group awareness of changes to their conceptual structures, for example:
1: And 'R confused about the ona we did last wesk now. ¥

S2: Why? How does [it] differ to what you've lalked about taday?

51: I's not making sense to me now because | think we've done thesa in the wrong

places. Wa've put this [evels of processing] aver hera as sofiware when actually parts

of it are the working memory and paris of it are ... the long-term memory and parts of it

are the procadure ... that's got to change | reckon. (CA126G4}

There was'a group effort in monitoring and regulating learning, for example:

S1; flooking at placement of lavals of processing on concept-mapj Yaah | think it would
go somewhere else too ... thal's not right.

82: What?

§1: Levals of processing. lsn't that what we're talking about? You've confused ma now.
Don't wa want to ... | think ... § don't think it should go in thers. I{'s linked but it's not the
same as ... : )

S3: You've confused me as well [aughs]

§2: Can we just get on with the note cards? Lel's just move on and maybe It will come

1o us. [CA1/2a3) :
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And there were general reflecions made in relation to feelings, attitudes and

physiclogical states about the task and their evolving knowledge, for example:

51: This is actually starting to all fall Inte place ... shall we add that ons to our map?
CA172G1

E.32: | thi}nk IPs locking gulte good. You can get the ovarall gist of what the IPM (s all
about by looking at how the concepts flaw. (CA122G2)

S3: This Is the firs time | feel confident that | know what we're doing ... 7 (CA2264)

I'm taking In so much. I'm fistening and going *“Wow this sounds so rAght and famlillar 1o
ma", It's funny actually bocause this class relales to all my other classes. (CA22G4)

These examples are indicative of the varying functions and levels of metacognitive
reflecton. For example, groups practiced basic metacognitive knowledge when they
- identiffed what they did or did not know, as well as more complex metacognitive
‘knowledge whefgthey acknowledged changes in their conceptual un@e:standings. Ina
way, the concept-maps enabled the students to observe the changing state, or the
‘runability’ (Henderson & Tallman, 1998), of their mental models whereby the
'id'e_ntiﬁcalion of incomplete schema led to the assimilation of new information and/or

_Lhe deletion of irrelevant information.

" While these varying levels of metacognition emerged throughout the semester, and in
all groups, they appeared to coincide with the quality of collaborations that occurred at
any one time. Prestructural discourse, for example, was supported by basic
ﬁletacogrﬂﬁve learning strategles, whereas relational discourse was supported by more

sophisticated learning strategies and metacognitive awareness.

Discussion :* ¥

Each category above represented a type of conceptual discourse that contributed in its
own way to the groups’ leamning outcomes. Sccial discourse allowed group members
to-gauge each other's commitment to, and perceptions of, the learning situation while
p'roéedural discourse operaﬁuna]iséd_the task and computer demands. Prestructural
Hishqm’se enabled the students to p’bol their knowledge resources and foundational
discourse provided the basic infrastructure upon which relational discourse could take
place. With sound understandings of the intricate relationships between cencepts in
i:»lace, extended abstract discoﬁrsé:__a_llowed some students to attain higher levels of

thought while metacognitive discourse mediated the entire collaborative experfence.
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However, even though each type of discourse was essential to the overall learning
process, the socio-cognitive processes behind each one varied in complexity. For
example, social, procedural and prestructural discourse was generally representative of
lower-order socio-cognitive processes whereas structural discourse (foundational,
telaticnal, extended abstract and metacognitive) was representative of higher-order
socio-tognitive processes. Therefore, for the cognitive tool to have augmented and
enhanced learning, it was hypothesised that structural-orfented socic-cognitive

processes would prevail within group collaborations.

‘The following graphs in Figure 9.1 provide an overview of the extent to which
structural socio—gggnitive processes were evident in comparison to the other categories
during the three fecording sessions and for each group, =
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Flgura. 2.1 Comparison of discourse within groups across the three racording sesslons

Given the temporal nature of DLEs, along with the fact that conceptual change is
evolutionary and involves the gradual adjustment and reorganization of central
con:;eﬁts (Tyson; Venville, Harrisjon & Treagust, 1997), a considerable degree of
presh'l:xk:tural discourse was éxpectecl to _f:revail in the first recording session as the

groups grappled with largely unfamiliar subject matter. Similarly, it was expected that
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procedural discourse would dominate initially given the groups’ inexperience with
Inspiration® and computers as learning tools. These types of discourse were then
expected to subside as a stronger focus on structural discourse emerged alongside the
groups’ growing proficiency with the concepts and the computer software and

hardware.

This scenario was partially evident in that substantial structural discourse was
apparent in the final recording sessions for each group. During this class, between 50
and 70 percent of all four groups’ discussions featured discourse which was indicative
of either structural, relational, extended abstract or metacognitive knowledge. There
was a definite sgpise of group solidarity where collaborations betvyjen the computer
and the studients facilitated the development and consolidation of conceptual
relationships. However, this relationship with the computer was not automatic. At the
beginning of the semester, discussions were held at the computer, where thoughts and
ideas were developed first then recorded in the concept-map. Eventually, students
began to incorporate the computer more into their groups and, as such, discussions

were held around and with the concept-map {Crock, 1994).

There was no prestructural discourse evident in the third recording session for Groups
1 and 2, and only a small amount for Groups 3 and 4, which pethaps is suggestive of
the groups’ attainment of higher levels of understanding of concepts, or at the very
least, their efforts to reach higher levels of understanding. The presence of
approximately 26 percent of procedural discourse in all groups wasilargely in relation
to technical problems with the computér hardware which occurred that day, While still
relatively low, social discourse was at its highest for most groups during the third
recording session. Interestingly, this sacial discourse was largely in relation to on-task

discussions that were so in-depth that the groups often lost focus and direction,

There is no consistent pattern, however, across the first two recording sessions, nor
across all four groups. For example, in the first recording session, Group 2 pacticipated
in structural discourse almost 80 percent of the time. Their explanations and challenges
were firmly grounded in existing knowledge which facilitated discussions that were
comprehensive and typically slitq:at_ia;:_l___in authentic situations, This finding is believed

to be an outcome of both the group’s previcus knowledge of the topie (informatien
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processing), and the DLE within which this collective memory was nurtured into well-

comnected knowledge structures.

Although still relatively high (approx 55%), structural discourse for the same group
decreased in the following recording session. Given that there were four students in

this group, this decline may be due to Hurwitz and Abegg's (1999) assertion that

computet-based learning is most favourable in groups of three,

Prestrucmrai discourse, on the other hand, was higher indicating the group’s efforts to
come to terms with new concept; This was the case for all groups during the second
: _recordmg session within which the topic of Learning Strategies was being tackled for
_ ' .the second consécutive week, This suggests that this topic was per'flaps a little more
. B cn_mplex than the others. Consequently, each group devoted between 15 and 30 percent
of "t_hei_i-' time trying to understand individual facts before integrating them into

‘meaningful, interconnected conceptions.

_ Procedural discourse was also prevalent in the second recording session, particularly
for Groups 1 and 4, Inlocking at the specific breakdown for these two groups, most of
'the procedural—onented discussion was in relation to the task. In both instances, these
_' groups rmsmherpreted the task requirements and consequently spent up to 40 percent

- of their.time trying to rectify the situation. Upon reflection, the task may have been too

am'mguous for the. students, which is in contrast to the specifications of DLE

framework Hag the task purpose and requirements been more?tramparent, it is
assumed that. procedural discourse would have been less prevalent during this

recording session,

Group 3 also experienced some degree of difficulty in their efforts to collaborate during
. the-second- recurdmg session, The outcome was a patchwork of various types of
. discourse’ that did rmt__ % '

when thls group ‘entered initc

in 'te m any cne area, Furthermore, there were Hmes

di ___ogue that was more indmdually oriented than

collaborative; In these ms%ances, there was a disconnection between group members
and so attempls to. dlstnbnte their cugrdnon to one another were unsuccessful.
Although they spoke to'on another it was not to bulld upon each other's thoughts,

- and- aspects _ eted ndependently This is evident in the
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following example, where one member of the group worked on the concept-map as he

spoke aloud to himself:

51; Maybe we need lo craate...whal we can do Is um..

§2: lt would be easier to just start again for ihis one [Pabln takes ihe keyboard and
siarls typing without saying what he's thinking about. After a while he says...)

§1: | suppose matacognition, (CAZ2G3)

Interestingly, the concept-map enabled the ather two members to see {to an extent)
what he was thinking as his thoughts became visual on the screen. More inferences

about this group are discussed in Chapter 10.

On the whole, however, it can be said that structural discourse had a strong presence in
each recording sessmn. When presented with a task or concept, thére was consistent
evidence in the data that groups reflected on their combined prior knowledge, made
inferences about it, determined its implicatiens in relationship to other cancepts and
made attempts to fit it into a coherent explanation. This was typically done in the
presence of the concept-mapping tool, which clearly provided the group with visual
rép're_sentaﬁons of their developing understandings. Given that the socio-cognitive
processes needed to construct these understandings were complex and required a
higher level of thinking, it can be inferred that the learning context was conducive to
this type of learning. In other words, the cognitive toul within the DLE, promoted
higher level socio-cognitive processing and kept “low-level directive interaction’
(Henderson et al,, 2000) to a minimum.

Conclusion

The findings suggest that the characteristics that presuppose the development of
foundational knowledge, relational knowledge, metacognitive knowledge and
(posslbly) extended abstract knowledge were present due to a form of socially
orgamsed intervention with the camputer. Collaborative group work with and around
{he computer fostered the conditions that lead to quality learning outcomes in a DLE.
Interaction with the cognitive tool appears to have mediated the groups’ attempts to
place structure in their dialogue, identify gaps in their understandings and take the
appropriate steps towards integrating knowledge.
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Due to the prevalence of foundational discourse in the data, jt appeared that the
cognitive tool was particularly useful in supporting students in their endeavour to
mrke sense of the materia) and work it into some form of logical structure upon which
deeper understandings could be developed. In terms of the phases of learning
addressed earlier in this chapter, foundationa! discourse can be equated with the
intermediate phase where students are neither novices nor experts bui are attenpting
to arrange an isolated set of facts into coherent, integrated and memorable
understandings. This endeavour can be challenging, frustrating and, at times, difficult
to accomplish. However, the cognitive tool appears to have successfully supported and
perhaps even prometed (given the prevalence of foundational discourse) the cognitive

processes that fadflitate learning within this phase.
3

D

Given the prevalence of metacagnitive discourse throughout the semnester and acress
all groups, it appears that the cognitive tool can be a useful resource in encouraging
students to become self-directed, self-motivated and skillful learners. The value
attached to this finding increases substantially in light of thearists’ claims that these
skills can be transferred to other learning situations - even those where the cognitive
tool is not present (Saloman et al, 1991; Salomen & Perkins, 1998; Underwood &
Underwood, 1990), While cognitive transfer was not the fecus of this study, the fact
remains that learning with the cognitive tool promotes metacognition, which enables
students te become increasingly adept in their field of study (Jones, Knuth & Duffy,
1993) is integral to effective learning in general.
]

H

The visual component of the computer clearly served a useful purpose, The images
produced by Inspiration® provided a basis for discussion amongst the groups.
Conversations held about the meaning and interpretation of these images enabled the
groups to uncover their partial understandings of concepts. This metacognitive facility
was prominent throughout the semester as a means for graups to control and regulate

their learning.

Additionally, it was apparent In this study that the teacher’s role in this collabarative
environment was of central importance. Whereas some approaches to computer-based
learning threaten to remove the teacher from active participation in student learning,
teacher intervention in this study was crucial. By participating in the groups’

conversations, the teacher was able ko determine the appropriate times at which she
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could share a level of expertise about the topic that would resolve cognitive disputes ar
extend understandings. This was particularly evident when the groups were engaged
in dialogue representative of the more structurally-oriented socio-cognitive processes.
In these instances, the teacher was also able to moniter the groups’ collaborative
abilities and mode) techniques that facilitated the students’ efforts to transact meanings

and develop a common knowledge base,

Ferry, Kiggins, Hoban and Lockyer (2001} also found teacher-input to be essential to
computer-mediated communications. In their attempts to provide teacher-education
students with a general view of the professional habits and obligations associated with
primary-school t?chmg, they devised a knowledge-building conunu;nty within which
students communicated with each other using a range of collaburahve computer
technologies. They found that providing the appropriate conditions for this type of
learning environment, as well as frequently monitoring student progress, is only half
the battle, Regular contributions from the teacher are also integral to the development
and maintenance of rich student dialogue and, subsequently, the construction of

shared understandings.

Perkins {1992) asserts that, within a DLE, input from the teacher is initially extensive
but then decreases gradually as the students become competent, independent
distributors of knowledge. While the temporal span of this study did not permit such
findings to be confirmed, it was apparent that the need for the teacher to explicitly
mode] the distbution of cognition lessened towards the endfof the semester.
Nevertheless, her mediating contributions to the student collaborations were clearly

valuable throughout the semester.

In an attempt to explore these collzborations further, and to discern the nature of the
relationships between the cognitive tool, the students and the learning environment as
a whole, the following chapter explores.these experiences from the perspectives of the
students. In response to the fina]"réséérch qu'éstion, Chapter 10 focuses on the students’
feelings towards computer-based 'Ié'arr;ing and the DLE, the outcome of which is an

insight into the ways in which the cognitive tool effectively mediated learning.
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St_u'__d_énts’ Perceptions of Cognitive Tools and
Distributed Learning Environments

Chapter Overview

In the previous chapters, the DLE framework was explored, implemented, analysed
and then used as a catalyst for the implementation of a cognitive tool, The
compatibility be"i'gveen the DLE and the cognitive tool was then asse.és?éd in terms of the
socio-cognitive processes this environment encouraged. In an effort to gain a greater
insight into the ways in which the cognitive tool supported these socioc-copgnitive
processes, the final phase of the study sought to examine the students” experiences of
using the computer as a cognitive tool in a distributed learning environment.
Conser.iuently,'thé third and final research question was posed:

What reactions typify students’ responses to the use of compulers as cognitive tools in a
distributed learning environment?

This affective aspect of the study not only provided insights into students’ perceptions
of how cognitive tools contributed to their learning but also the extent to which they
were prepared t_g adopt computer technology into their learning culture Given that
student commltment to resource-based learning is a key component within a DLE,
rejection of !he cognitive tool would potentially adversely affect the overall success of
this type of learning environment.

Therefore, the student interview and student jowrnal transcripts were exarnined using
the data analysis procedure described In Chapter & (Table £,9), This analysis procedure
is briefly described followed by the findings.

Data analysis procedure

Analysis of the interview and journal transcripts was once again an inductive process
where patterns in the data led to the development of four primary themes which the

students identifled as being significant In relation to their experiences with the
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cognitive tool in a DLE. The coding process was carried out over three integrated
stages using the data analysis procedure presented in Chapter 6. Due to the large
volume of data collected for this research question (39 interview transcripts and 13
journal lranscripts), coding was carried out in four batches, The first vhree batches were

the interview transcripts (13 per batch) and the fourth batch was the journal ranscripts,

Using NUD_IST, student statements within these transcripts were segmented into
units of meaning by constantly comparing and contrasting them. The classification aof
these units of meaning was based on a combination of ideas that came from the data,
related llterature and the study’s theoretical framework. These initial categories were
tentative and wge used as flexible working tools for making sens_eéof the numerous
pages of data. Moments of confusion were usually overcome by writing anecdotal
notes which enabled the researcher to uncover the properties of the emerging themes.
Lincoln and Guba (1985) have recognised this as a very significant stage in coding, not
only in the identification of a category’s attributes, but also in the identification of rules
by which assignment of segments cccurs. Thus the initial and somewhat intuitive
process of classification was replaced by a more concrete, rule gaverned judgment

system.

Having defined the preliminary categories, they were then arranged on a table against
which supporting data was ¢coded. This tabular display of the categories and the data
gave the researcher an intelligible overview of the nature of each category, thus making
coding more flufd and rigorous. Finally, these categories were refined, merged and
sorted into four primary themes and “their respective sub-themes. These themnes are

presented as follows.
Themes

The first two themes were in relation to the students’ perceptions of how the cognitive
tool cantributed to Lheir learning, For example, there were numerous references made
about the various ways In which the cognitive tool was a pariner in their learning, The
coliabarative, visual, metacognitive and motivational components of the concept-
mapping tool rendered it an impertant member of group negotiations. In addition to
this, the students identified the learning environment as one that promoted a deep

approach to learning. Mindful involvement with the copnitive tool and authentic
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~ activitles encouraged learning for understanding as opposed to the accrual of

" meaningless information.

The third theme was In relation to the students’ perceptions of computer technology as
a learning tool and its role in education in general, There were widespread references
‘throughout the interview transcripts and student journals to the computer as a
requisite. too] in their teaching careers, Based on the belief that most schools expect
teachers to be computev literate, the students voiced a strong desire for a heavier

emphasis on computer-based learning in all education units.

. The fourth theme was in relation to negative feelings the students held towards both
cogndtive and pr.;ichcal aspects of the cognitive tool. Although these -perceptions were
not typical of the data in general, their existence pravided insight into some of the
findings in the previous chapters, A mo- : detailed description of these four themes is
" provided in Table 1¢1 along with examples from the data.

"~ Tabla 10.1 Themes to emerge from the students’ perceptions of the cognitive taol

Theme | Sub-theme Deserlption Example
According to he students, the progess 5! [fnspiration® Is] great. It helps
of daveloping concept-maps with us a lot with what we're thinking
athers generated group discussions, and talking aboul. It's not ITke
Partner- | Collaborative| Students slaled thal discussing Ideas they're twa separate actlvilies,
ships partrar and building them [nto the maps wers you knaw talk than ge io tha
3 intardepandent elements hat computer... |t happens at the
= enhanced thelr undarstanding of the same tima (M3r2).
CONGepts, .
According to the sludents, the visual S: ... If anylhing ... [inspiration®
compenent of tha concept-maps has] helped us sea what things
enriched thelr undemiandings by mean. It's like a visual picture of
Vimual- allowing them to comprehand what the concepts mean and [t
partner, concepls and thelr relatlonships {ust makes more sengs when you
pictorially. It provided them with a cAn see it {IB2/2}
visual representation of Internal
schemala.
Acsomnding to the studanls, a kean S: ... | think the computers have
awareness of resources (cognltive besn goed as tools - lools that
tool, paars and [zaming strategias [n have halpad us leem .. tools Lhat
particular} was fosterad by the have golten us talking and
. Feamin? enyvironmant, Sludents thinking {IN3/2},
Metasognitlva| recognised thelr concapt-maps s JE: My expectation of Inspiraticn®
partnar important melacognitive tools, Also, Is to hsn;rp ;e map out wl'sl‘:t Vve
Iha goals et wara generally Indicative learnt In the unlt and hope it will
of highercrder objactives, which weng be a ... usaful organization tocl to
reallstie and arlented towards halp me understand and arganiza
understanding. tha Information I've gathorad
{.Br).
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Theme | Sub-theme Deacription Exampla
According lo the sludents, the sase 5: ... 1 enjoy lrylng o gel each
and flexitllity of the software made cancept and make them refale ...
laeming an enjoyable expariance, Loocking back aver tha concepl-
Following the mapa® progresslons was maps has been amazing. There's
mollvating. As they grew In size and g0 much work Lhere and you can
camplexity, so oo did the students’ gae the (hinking tha!'s gona into
Metivatlonal | yegirg i develop them mere. The the and they trigger off thoughts
partner relexing, communal nalure of ihe by Just looking at them (IN3/2).
learning anvironment fostared a
willingness to share [teas and take
rsks wilh the design of the concept-
maps.
According to the students, the pursult S: ... | think the whao'e Idea of
of using tha cognitive toal In a DLE Iinking Lhings, of belng forced to
. fostered a desire to undarstand the find ... lols of different links — that
Dasp Acthup materisl, lhe pmcess of which was raally gels yau looking ... You
approach| pursuifaf mentally demanding and requirad hava {o deva__ﬁ:p a bettar
to upderatanding efforl. understanding, a deaper
leaming | concepta unierstanding, a clearer
understending by seeling how the
relationships are developed
(IN3/2).
According to the students, schogls §:,..Computers ara [n lhe
expect teachers to be computar schools s¢ ... they should be in
litarate If Lhay are to cultivate the universilies too 5o we can
pospechve sludents' computer lzarn about them and nol be so
c?l't';]::::f- literasy. It 1s paramount, therefors, thal | technophobic anymore (1B1/2).
teachers teacher-aducation sludents be S: Sludents &re gaing to ba using
exposad to computer-basad leaming tham Tn tha futura, As a teacher, If
envimnments if they are to fulfil they you're not campuler litarale ...
Computer {ch expactailons, you're golng 1o ba in irouble.
as ah (iTasz}
!tr;l:Igf!:rl According o the students, most core 8: fyou laok at some of the
toacher- educalion units are not keeping theorles they teach us ... ey
atucation abreast of tachnological advances, nor | dop'l do anything like lhat in the
are they activaly prometing curmment classas ... My crilicism of
Edu csﬁnn leaming theory, While siudents aducation Is:that they've nof kept
courass oo parcelva a need for education to up with the times ... [computers
conventional incorporale cognilive toals Into ils gra not integrated inle the units)
culture, cartain batriers make this slm bacause they don'i see a nead to.
difficult, The caurses have been taught in
such a way for so many years
that Lhere’s no naed lo upset the
apple cart ([B1/2)
According to some students, 8: [The izarning envliionment Is}
collehoralve group work was not ... noigy. Somecne always has
conducive to sflactlve leeming. Also, something (o say. They're usually
the cognitve load essoclated with the loudest and they have to ba
having to learn ke software as well as heard evary week. II's group work
the unit matedal was seen as evary week ... that's fine but |
Negatlva | Cognltive | 5roptemalic, think there should ba a bit of your
foallngs |ssuas ; awn private time too.
[Collaborative graup work is] flne
but It's not the best way to leam
.. | prefer working Independently.
(IP22)
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Thems | Sub-theme Dencription Exampls
According te some studenls, cne or 5: [The visual representation of
two apecific functions of Lhe software the map la] a paln {because] you
were inafficlent. Alse, the hardware can'l ses it all in one go or print it

was belleved ta be problamatic fn that oul on ene page ... a bit bitsy,
the MACa were incompalible with PCs That would ba good to ses 1L all
used beyond the classroom, System pleced togelher. (IS3/2)
crashes were alsc described as
frustrating and deldmental ta general
progress,

Practicel
Iasues

These findings are elaborated upon and discussed as follows:
Discusslon

. Partnerships;g

RETI

According to Gilbert {1999), when cognitive tools are accessed as pariners in learning,
“the [student} and the computer work in an interactive partnership, directed by the
[student’s] intent” {p. 254}, The cognitive tool becomes a functional organ which
enhances the student’s ability to represent problems, envision solutions and provide

 visual feedback. In this regard, the cognitive taol moves closer towards achieving the

. c.lalms cited earlier that it can both amplify and augment cognitive activity. Therefore,
based on the findings in this study that the students perceived the cognitive tool to be a
E;ollaborative, visual, metacognitive and motivational parinier, it can be inferred that the
cognitive tool contributed to effective cognitive functioning,

Furthennore, gl\'rin that the DLE is based on the principle that leamié‘lg is a partnership
between the students and contextual resources, it can be inferred that the parinership
‘theme was a direct by-product of the environment within which learning took place.
_ 'I;_Ihxough careful orchestration of the tasks, curricula, teaching and assessment
.n-'l'i_a'thuds, the students were enculturated into this.partnership which, ir effect, enabled
them to participate in the distribution of thelr cognition, According to the students, the
precise way in which this partnership manifested itself was directly related to the
-cognitive tool,

For example, interactions with the cognitive tool were seen as being integral to the
collaborations that accurred between the students as the visual representation of

concepis stimulated Intensive discussions.
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Q: You've abviously geot a good grasp of this. How did you laam all of this?

A: Talking, 1atking and talking scme mara and Jusl fooking at where it's all ended up on
the map ... We just debate and present views on whal wa read, or didn't read but have
an oplnfon about anyway. Tom and Nat don't mind a bit of a debate so we strip
conicapts down fo the bare basics and won't move on until wa all agree what they mean
and if they're In the right spat on our map, {B2:2)

This finding suggests that the infrastructure for distributing learning to one another
had clearly been established and embraced by the students as being crucial to their
leﬁming. Collabarative pathways were not only a means of accessing social resources
but, more importantly, fuelled the entire DLE framework. Also, because these
collaborations were identified by the students as being crucial to making sense of the
material, this partnership was clearly impertant. In fact, many students stated that
thelr cuncept-mﬁ}s and their overall understandings wottld have béén less developed
had they been constructed individually, Furthermore, it can be inferred that this
partnership was enhanced by Inspirlion's® superfor visual compenent in light of
Gilbert's (1999) assertion that cognitive tools function more like partners in learning

when their representational capabilities are increased.

In fact, the visual component of the cognitive tool had several advantages which the
students recognised as being particularly helpful to their learning. Bacause the concept-
syliﬁbdls and their descriptive links were quickly and easily recognised by the students,
there was less of a straln on their group’s collective working memory to activate
previously learned concepts. Alsa, the spatial arrangement of the concepts allowed for
devélupment af a holistic understanding of the topic-modules that words alone could

; k]
notconvey: < :

Q: So tha concepl-map is part of your discussions?

A: Oh yeah ... it's sort of llke a visual representation of what's going on In the
discusslon ... and that's excsllent for me because I'm not good at picturing concepts ...
IT's allowing me to focus en understanding and it's doing the picturing for me. So it's
fraeing up my working memory if you llke. {i82:2)

Q: How have you foundg using the softwara?

Az it's gond cause it's organized my thoughis and I'm quite a visual leamer. If { can see
a pleture of It than I'l understand It batter. 512}

Furthermore, the visual representation of the concept-map encouraged the studenis o
not only uncover their thoughts, but to reflect upon them in a metacognitive way,
Reflecting upon one’s own experiences and cognitive development is an important
element of self-directed, autonomous learning, Metacognitive learners are aware of not
only their goals and objectives in completing a learning task, but the strategies

necessary to do so. They monitor their progress, evaluating and proceeding
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accordingly. This continuous engagement in reflection ultimately enables students to

become increasingly adept in their subject domain (Jones et al., 1933),

The notion of metacognition was raised frequently in the student interviews, which is
not surprising given that it was an integral part of both the DLE framework and the
unit materfal, However, while there was a general acknowledgement of the important
role played by resources in the process of [earning, the computer (in particular) stood
out as a tool that promoted metacognitive awareness, Not only did the concept-map
enable students to visualise their prior knowledge, which facilitated the process of
linking it to new informaticn, the spatial arrangement of concepts also encouraged the
students to evﬂ.\ate their overali understanding of concepts, cl:i?gnose potential

nﬂsunderstandin%s and take steps to reorganize concepts in more mea_f\ingful ways!

Q: Do you think [fnspirations) has helped you feam the material?

A: It's reinforced it ... made me more metacognitive. Bastcally it's made us look at what
is important in our nefes and where do these things fit and what should lhey be linked
1o? Where does the flow go? And It keeps on reinforcing it and each week there’s a
change and you kook at it and you think "Gosh why didn't | pul that there and how did
that affoct that"? (IN1/2)

-_This type of metacognitive self-evaluation, where students attempt to diagnose what
they dor’t know as well as what they do know, is vital to processing information deeply.
Bereiter and Scardamalia, (1989) contend that without this knowledge, “... the only
kind of learning goal one can set is to learn more about a tepic” (p. 375). The desire to
kniow more about a topic is at odds with the basic tenets of a DLE where the objective is
to make sense of ififormation and to build a comprehensive picture ofir;:ancepts and their
relationships. If parts of this picture are missing then students must call upon
appropriate resources that will enable them to determine where the deficiencies lie and
how they can be resolved. From the students’ perspectives, the most appropriate

resource in this instance was the cognitive tool.

From both an affective and cogaitive point of view, the students found the learning
environment very motivating, There was a definite sense of enjoyment and intersst in
the class activities, and an appreciation of the relaxed, communal atmosphere. The
cognitive t{_mls were hiéh_ly motivating in that they were novel, offered variety within
each class and enabled groups to work at their own pace. It can be inferred from the
students’ statements that their positive reactions to the cognitive tools led to an

increase In effort and an overall sense of satisfaction with their accomplishments. These
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positive attitudes also contributed to the development of a warm classroom climate
which were defined in Chapter 7 as being important within a DLE;

Q: Can you describe the leaming anvironmant as you see it In qur elassroom?

A: | think 1t's positive because ... | lhink mast people are ganuinely happy putting the

effort in and trying to undersiand the concepls and ses how they al! fit togeiher on the

map.

Q: Why Is that?

Al ... maybe be=zusp I's different to most other education units. Maybe because it's a

bit of a change for ence and we'ra all working In it togather. (B32)
The immediate feedback provided by the visual component of the concept-maps
challenged the students to reconsider and rearrange the links all the while adding
depth to their understandings. Mayes (1992} contends that the interactive properties of
cognitive tools -gpitalise on this type of intrinsic motivation in@‘hat they engage
students in the act of thinking. Similarly, Fisher (1992) argues that cognitive tools
“serve as an inducement to think as well as a too! for thinking with” (p. 68), She goes on
to say that “The challenge and satisfaction involved in organising and polishing one’s
knowledge representation can be addictive” (p. 68). While the students in this study
did not discuss their experiences with the cognitive tool as addictive, they were

nonetheless, motivating and rewarding.

In esgence, the four compenents of this partnership are interrelated In that their
existence is dependent upon and fuelled by each other. For example, through
interaction with the computer, the studenis were able to visualise their developing
understandings of concepts, which frequently stimulated discugsion and further
collaboration with their group. This collaboration (in conjunctio: with subsequent
visualisations) acted as a metacognitive prompt enabling the students to discuss both
what they did and did not understand, This experience was clearly motivating for the

students which influenced subsequent interactions and learning outcomes.

Cléarly, the cognitive tool's visual component played a leading role in this
interrelationship given that it inftiated and maintained discussion. Without the visual
image of the concept-map (and the ease with which this image could be manipulated
and transformed}, it can be assumed that collaborative, metacognitive and
motivational affordances would have been less accessible, Although further research is
necessary, this interrelationship may-address (to some extent) Chan Lin and Reeves'
(1994) concern as to hew interaction with cu:ﬁputer graphics enhances students’

academic goals,
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» Deap approach to learning

While this theme is essentially an outcome of the previcus one (i.e., when used as a
partner in learning, the cognitive tocl promotes Jearning for understanding) the extent
to which the students’ discussed it in the data has led to the development of a separate
category. Throughout the interview transeripts, students referred to learning as an
endeavour to make sense of the unit material. There was a distinct desire to understand
the relationships between concepts, rather than simply remember facts for future recall.
According to the students, the concept-map was an important resource in this
endeavour as it generated the type of discussion necessary for deep level processing.
van Boxtel, van Der Linden and Kanselaar (2000} support this finding with their
assertion that c%cept—mapping facilitates the type of discourse @at is considered

important'in stimalating conceptual understanding,

Interestingly, many students said that their groups’ interactions with the computer
forced them to search for meaning within concepts, and the very act of collaboratively
. linking ideas together made passive invoivement difficult. Learning, then, was an
active pursuit where students drew on a range of resources and cognitive processes in
an effort to understand the material. The intensive discussions which transpired
support this view given that their momentum could only have been achieved through
the involvement of mentally attuned students. While the students frequently described
this intensivity as demanding, tiring, hard, challenging and tough, they appeared to

acceptitas an un%voidab]e characterfstic of the learning environment: i

Q: Has /nspiratione affected your learning?

A: ... It's forcing us ... o put everylhing Into perspective. It's hard but I've sort of gotten
used to it now ... it's making ma make the links and I'm thinking "Oh yeah, that makes
sensa”, At the moment we're just doing a skeleten map and working out what IInks to
what but even in doing that it's haiping us get a better understanding of the bigger
ploture ... {IN2/2)

However, this acceptance should not be confused with compliance where cognition has
been distributed simply as a consequence of participation within a DLE. Apart from
the fact that student-commitment is paramount to the distribution of cognition,
cognitive tools will only be successful if “students ... agree that thinking hard is a
meaningful goal unto itself” {Jonassen, 1992, p. 258). This acceptance, therefore, can be
equated with the students’ commitment to, and recognition of, leaning as a mentally

demanding, infentional pursuit where the construction of knowledge is a goal rather
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than an Incidental outcome (Bereiter & Scardamalia, 1989). The DLE framework,

therefore, was an invaluable catalyst for the development of this intentional mindset.

According to Wild (1996), the intentional construction of computer models (such as the
concept-maps in this study) has implications for the mental models that they represent.
Mental models are internalised conceptions of phenomena and because they are
typically constructed incidentally, they are not generally readily available for
reflection, nor are they easily manipulated, However, because the construction of
computer models involves sophisticated thinking about concepts and their
interrelationships, the mental models they represent are more accessible, relevant and
flexible. ConSeq___ ty, because the construtction of the Inspirafions cg;lcept—maps was a
- conscious process - one that required the groups” active mental involvement - it can be
inferred that the mental models they represented wil! be more meaningful and readily

accessible for future recall, interpretation and communication.
= A requisite tool for teachers

Another clear source of students’ enthusiasm about working with cognitive tools was
their conviction that computer-literacy was or would soon be a requisite in their
teaching careér_s. They perceived computers as being so._ pervasive in schools that
familiarity with a range of software and hardware would be a professional necessity.
Thiss in describing the role computers would play in their positions as teachers, the

students frequengy used phrases like: B

It's a must It's tha way of the futurd (12472}

It should be a standard expectation ... to be able i access and use computers {1B1:2)

It's the future. Computers are ir the schoals 5o ... lhay should be in the universities too
. (181/2)

1 think they have ic come inta everything. (B22)

I think they're the way the world Is going and those who choose not to leam them will be
at a digadvantage — that includes lecturars and students and kids in the classroams too,
{22) .

| think It's really important being a teacher o be able to use the computars otherwise
students run rings around yau and It's anothaer resource you can use [n the classroom.
{18172) :

Teachars are going to ba expecied to use them so the people who teach the teachers
should also ba teaching them how o use the computer. (151/2)

As g teacher, if yau're not computer [lterate within the next five years you'ra going 1o be
in frouble. (32}

Accompanying this enthusiasm, however, was an element of concern that computer-
based learning was not more prevalent across alf units within the students’ respective

courses, While the students were gehera]ly willing to implement Inspiration® into their
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own classrooms based on their recent experlences with it, they were less willing to
adopt other applications as cognitive tools. On the whole, the students felt ill-prepared
to integrate computer-based learning in schools, and generally dissatisfied with their
training in this area, A similar finding was reported in Byrum and Cashman’s (1993)
study into pre-service teachers’ perceptions of educational computing. In asking the
students in this study why they thought computers were not more prevalent in other
units, they responded:

A: | think it's because of the class sizes, A lot of the classes are too big for everyone to

b sitting around a eomputer. (IM222)
A: | think the Tecturers' knowledge of the computer and the scftware would have a lot to

do with it gM22
A: | think-a ot of peaple have a fear. A fear of ime. Some people gan't seem to put in
the tima [ guess. £

A: | think Because ... it's sort of a relatively new concept and maybe the changes will
come around ... Maybe they don't have the funding. Maybe they don'l have the know-
haw (15152

A: The teachers we've had are predominantly ... not familiar with fechnology and to be
fair to them tha classrooms just aren't set up for it. This unl was bulit in the times when
all you needed was a blackboard so It's not easy to bring in computers unless you go to
a lab. And | think also people are afrald of techinclogy. They are intimidated by it and
they dor't want It to make them leck dumb In front of the class (Sc1/2)

A It's threatening If you don't know it and t takes a lot of time too I'm sura, (u/2)

While thes2 responses generally relate to practical issues, other students draw on the
‘culture’ of education to explain why computers have not been established as learning
tools across all wnits:
A: Its a cullural mind-sat. | think there's a bit of a mind block to stay away from
computers (IM2/2} .
A: Maybe-3. they don't ses a need lo. The courses have been taught in such a way for
50 many years that there's no need lo upset the apple cart. (184/2)
A A lot of lecturers are of ihe older generation and they're not about o lsam. They've

resisted learning them In the past and while they're araund the culture will remain as |t
is. (P22}’

Others have argued along these lines and claimed that the integration of technology
inte the discii:_lihe of education has been resisted simply because it does not sit
comfortably w'i.tl'.l.existing university culture (Pearce, 1993}, While this argument might
appear dated, a recent exploration of tertiary students’ access to and competency with
information communication technology (ICT) suggests that little has changed. In their
camparisan-c;if_: ICT skills between courses among university students, Cliver and
Tawets (ZGG_D)' reported that Eduﬁéﬁ_én, Tralning and Childcare returned the lowest
scores whereas the more technic'al.l:y '.6r_iented disciplines of Science, Engineering and
Computing scored the highest.
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In this vein, it can be argued that because education is traditionally a non-technical
discipline, the possession of computer skills has not been a prerequisite for successful
completion of related courses, Consequently, exposure to technology is usually
superticial and based on the objective of learning about cemputers rather than how
students can learn with them. As such, content within this domain is generally taught

using the more traditional approachis.

. 'Négative reactions to the cognitive tools and the DLE

"_{In addluou to the themes that revealed the students’ positive perceptions of the
'cogrutwe tool in a DLE, negative perceptions also emerged, For example, for the same
re on that somgtudents in Part 2 did not distribute their learning r.g social resources,

ﬁ W pfeference for individualised learning made it difficult for one student in Part 3 to

1o terms with collaboration. His dislike of coflaborative group work not only

L Jmpeded his attempts at distribution, but also appeared to affect his perception of the
' .cogmu\re tool in peneral, Although he recognised the merits associated with the
L concept—nwppmg tool, he believed that the collaborative way in which he interacted
- with.

-cullaburating wlth others around: the cognitive tool was a risky and ineflicient way of

' as detrlmental to these merits being realised. According to this student,

o leammg the umt m.atenal

Tt What about Insplrationd? Has that helped [you leam the concepts]?
A Not yét.ne ... For me, | have to go read, then /| come back and. use lnspiration® o
help me put it Into a more clear picture which is difficult If the others have gat their own
ideas thal.‘are rot.like mine. But anyway, If | don't raad or: undafstand the lext first
fnsp.'rah'onm won't ba any help io me sa it's taking up time that | could be daing it
properly by myself (p22)

This student was a member of Group 3 whose discourse was cccasionally found to be
‘individually oriented’ in the previous chapter, Clearly, his aversion towards

T _col]aborahun surfaced in, his mterachons with his group to the extent that the other

' ._students attemp to. dlstnbute cogmuon were also suppressed. This inference is

'supported by t the followmg smtement made by another member of Group 3:

Q: ... Canyou dascr{bs the actions faken by your greup to creata this map?
oA As wa always. do it - Pablo typas and preity much takes.ihe lead and Sally and |
- input our lheughts; Wa don't talk too much abeut it - we just do It.
* Qx-S0 it's not really a ‘collaborative effort?.
A Yes and no. Wa discuss things a lttie but | find Pablo Is very aingle-mlnded and so if
- he beifeves the map should hava something In.it or changed soniewhere he jist does It
ithout really La_lking 1o us about It. gazz)
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The implications of this finding are two-fold. For example, had student resistance
extended beyond this one student, would the entire fabric of the DLE framework been
jeopardised, and if it had, how might the teacher have overcome this problem? In the
event that a large number of students were opposed to any element of the participation
infrastructure, it can be inferred that the DLE framework would be negatively affected.
Given that-collaboration, using resources and strategic thinking are the tradeinarks of
DLEs, even erratic participation by a large number of students would be detrimental to
the overall flow of distribution. Assuming that the only way to resolve this problem is
to promote the learning benefits associated with distributing cognition, the teacher
would have to persistently encourage his or her students to adopt this approach. This

solution, howevég presents ethical implications.

1 f,‘j“

If the teaching and learning methods used to promoted distributed cognition are in
opposition to the students’ preferred learning styles, can it be inferred that the teacher
is in fact imposing his or her own belief upon the students? Certainly, the frequent
‘appearance of the term force in the data implies that the students had no other choice
but to comply with the requirements of the learning environment and adopt its
learning methads. While this cutcome might be favourable in terms of guaranteeing
the success of a DLE, forzing its features on students whose learning style is
diametrically opposed to its principles Is potentially unethical. However, because the
students mostly used the term force to describe the way in which the framework
sustained and engouraged, rather than dictated its defining principles, the ethics of this
study have not:been compromised. The fact that some students cbl;\sciously refected

aspects of the participation framework s;uppcrts this claim,

Cogrdtive overload was alsa identified by some students as being a problematic factor
in using the cognitive tools. For example:

Q: How do you fee! about using /nspiration® as a taal In 1hls class?

A:Um ... concernad al this stags. | think thara's sUlll se much about it that | den'{ know

and wa're always irying to learn about the different keys and Lhings so that sort of gels
In the way of geiting on with the activity. 4T1/2)

However, these sorts of comments were rare and were mainly made in the first
tecording session when some students were still coming to terms with the cognitive

tool's functions. Most students belleved Inspiration® to be an easy tool to learn which

did not interfere with their atternpts to learn the material. Nevertheless, the students



Chapter 10 - Sludents' percaptions of the cagnilive tool and the DLE 197

did believe Inspiration® had its limitations which were largely related to practical

issnes,

For example, as the concept-maps grew In size over the course of the semester, the
students were frustrated that they cnuld only view one or two sections of it at a time.
Reduction of their maps to fit one page meant text was illegible thus voiding the

students’ ability to view their thought processes of a topic in its entirety:

A: What do you think about using the map as en overview of what you've learnt In the
unii?

€ Yash good. It's good but it's a pain that you can't see it all In one go or print it cut on
one pags ... a it bilsy. That would be good to see H all pleced logether. (52/2)

Furthermore the%uth‘ne view which is a text version of the links betf-;reen concepts did
not reflect the links between concepts as the students interpreted them. For some
reason, the software arranged the relationships between the concepts according to its
-perception of the main concepts. Given that most of the students’ concept-maps were
not hierarchical, this ‘ranked’ representation was not accurate, The outline view
therefore was not a correct summary of the interrelationships between concepts and

could not be used as a point of reference for later study.

In addition to these software problems the system’s hardware did not seem to like the
visual demands of Inspiration® and each week computers crashed and screens would
freeze for no apparent reason. The following extract from a journal illustrates the

students’ exaspegtion in relation to this preblem:

B

Macintosh computers are very frustrating, in particular the ones in room 302. They are
constanlly crashing, losing material, freezing, geliing my disk stuck ... and other vary
frustrating problems (JB2)

As is indicated in this example, many students held Macintosh computers responsible
for these problems, While they were not to blame for most of the crashes, the students
_were equally frustrated at their inability to continue their mups at home given the
incompatibility between the Macs and PCs, which most of the students used beyond
the classmo.m environment:
o Aré you anjoying [the concept-maps]?
Al ... ¥es but it's frustrating when you can't bring it home. You kind of get pumped up

and motivaied in class and you want Io continue a line of thought and tinks at ivame but
you can't - well | cant because we've got IBMs ... gw2i2)

Conclusion
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Although some negative perceptions were evident, the students generally felt very
positive towards the cognitive tool and the learning environment, In light of the three
positive themes to emerge from the data, the majority of the students appeared to have
perceived the cognitive tool as a partner in their learning, one that was motivational
and encouraged collaboration and learning tor understanding, Their experfences of
using the computer as a cognitive tocl led many students to question the lack of
computer-based leatning in other units within their courses, given their perceptions

that computer technology will prevail in learning environments in the near future.

Despite the challenges posed by cognitive tools and the DLE in general, these findings
suggest that atugnts are willing to move away from the more traditiona] approaches
to learning and®adopt tools and methods that facilitate mearungfu] purposeful
learning. While a DLE does not offer students (nor teachers for that matter) an
effortless approach to learning, the opportunity to attain an understanding of the
subject matter by expleoring concepts socially (and with a range of mediating resources)

is, it seems, well worth the exertion,

Furthermbfe, this study suggests that the use of a cognitive tool within a DLE can
promote intentional learning, a goal that typically eludes educators and students alike,
Given that intentional learning, where students are consciously attuned to the
demands of the tasks and the learning environment, is crucial to effective learning, this
implication holds much promise for learning environments in general, The generic
nature of the QEE means that its features can be adapted to an)i‘: type of learning
environment and, indeed, can accominodate any number of {good} cognitive tools.
Consequently, this combination would appear to have the potential to induce
intentional léaming across a broad spectrum of learning contexts, Provided all features
of the DLE are implemented éppropﬁately, the parinership that powers this intentional
learning has the ability to induce rich cognitive and affective gains in students of
varying age groups and disciplines.

Nevertheless, this conjecture, along with those that have emerged from the
investigations described in Chapters 8 and 9, puses implications for teachers and
students alike, Following a summary of each investigation, the next chapter explores

these implications and suggests opportunities for further research in this area,
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Conclusions

A summary of the study and its findings

The aim of this study was to develop a framewaork for the implementation of cognitive
tools sitch that effective learning was promoted. Cognitive toals were defined as
computer-based devices that promoted reflection and student-regulated knowledge
construction, Prgjv‘iding the studenfs’ learning intentions were favdurable, cognitive,
social, affective and (arguably) administrative affordances were described as attributes
of good cognitive tools that had the potential o facilitate the development of deep
understandings and extensive knowledge structures. However, in keeping with claims
that these types of learning outcomes can be realised only when cognitive tools are
implemented within learning environments that are conducive to their inherent
al-_fribute'é, exploration was undertaken to identify this environment and, subsequently,

to devélbp an appropriate implementation framework.

Given that the atiributes afforded by cognitive tools are closely aligned with the
principles of soclal constructivism, this literature base was consulted and found to be
parﬁcu]aﬂy supportive. Based on the fundamental belief that knowledge is mindfully
constructed in ﬁartnership with a range of contextually defined reé%u:ces_. this theory
endorsed the use of cognitive tools as‘ mediating devices that promoted active mental
engagement. Social constructivism also acknowledged the shared, distributive nature
of learning and postulated that cognition i5 not an individual pursuit but is spread
over ah.';rra'y of resources found within.lhe learning environment. These resources
were categorised as social, physical, symbolic and infellectur! and it was suggested that
while it is possible to learn by drawing on only cne resource (e.g., an individual’s
intellect), cognition is most powerful when it is distributed across a variety of

resources,

In researching this belief, the literature on distributed cognition was consulted and was
subsequently introduced in this thesis as an extension of social constructivism. In

effect, the discussion ofi distributed cognition provided rationale as to the means by
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which learning occurs in a social constructivist learning environment, For example,
when completing a task collaboratively, the cognitive effort contributed by a student
influences the joint achievements of the group, which in turn, alters the student's
existing cognitions. A spiral-like distribution of cognition is formed when the student’s
altered cognitions are once again contributed to the group, thus resulting in
‘subsequent, altered joint performances {Salomon & Perkins, 1998; Salomon et al., 1991).
‘Add to this the mediating effects of other resources (e.g., concept-maps, computer
- applications, texts, calculators, ete) and leaming becomes “a recursive, bidirectional
[affair within which] mediated activity simultaneously modifies [the copnitive state of]
. .both the environment and the [student}” (Cole & Engestrdm, 1993, p. 9).

IL,;.\IL\I

The rasearcf;“design

In an effort to define the characteristics by which this scenario is encouraged in the
classroom, an extensive literature review on distributed cognition was conducted and a
distributed learning environment framework was developed. This process was the first
and most important part of the study, given that the success of each part thereafter was
: contingent on.the guality of this framework. In keeping with the principles associated
_with action research, each of these parts transpired as a result of three interrelated plans
~ of action that were devised in an effort to determine the extent to which cognitive tools
contributed towards effective leaming when implemented within a DLE. Figure 11.1 s
- a pictorial overview of the research design and illustrates how the three interrelated
plans worked igg‘ﬁmison to address the main investigation (as oppua{éd to isclated sub-
investigations).



Chapter 11: Concluslons 201

Part 1 Part 2 Part 3
Implemanted lhe DLE inte Usad (he OLE {0
a tertiary leaming introduce a concepl-
environmant mapping cognilve teal
Into a lartlary leaming
: Varifled Ihat its environmont.
Devoloped a characledstics ware
distributed leaming presant, Explored the extent to
environment {DLE) by » | which thla rescurca
reviewing the relatled -| Explored the exlenl lo contribuled lo student
litarature. which (he students learning.
distrbuled thelr leaming
within this environment. Explored the sludenls’
parceptions of the
Medifled Lhe DLE to cognilive tool and the
% accommotate findings 10 DLE.
E emearge from this part of the —5
study.

Flgure 11.1  Overvlew of research design and its three Interrelated plans of actlon

As is evident within this diagram, the first plan constituted Part 1 of the study where
the literature was reviewed in an effort to develop 2 DLE framework, The second plan
coﬁstf_tuted Part 2 where this framework was implemented and the students were
nbse'r\'r.ed to detérmine the extent to which they distributed their leamning within this
setting, The final plan constituted Part 3 of the study within which the DLE framework
was used to introduce the cognitive tool. During this part of the study, the extent to
which the cognitive tool contributed to student learning was assessed, as was the
students’ perceptmns of using the cognitive tool within a DLE. The ﬁndmgs of each of
these paris are bneﬂy addressed below,

Part 1 Tha BLE framework

The-DLE framework consisted of three interrelated components {ieaching context
characterisfics, sh_t__dent characteristics and process characteristics) and Functioned in the
same way that a isystem might. Although the defining features differed within these
three components, their presence in the classroom was mutually dependent. For
example, it was argued that the process characteristics would proceed accordingly only if
the student characteristics were favourable, which in turn was contingent on effective
impl'ementation' of the tear:ht’r:é context charackeristics: Conversely, it was stated that the
teaching confext characteristics would have little effect if the student characteristics were

not conducive, which would ultimately adversely effect the process characleristics.
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The teaching context characteristics were described as factors within the teaching context
that are influenced by the teacher, It was suggested that through careful orchestration
of tasks, curricula, teaching and assessment methods, the teacher shows students how
to participate in distribution through the processes of collaboration, using resources
and thinking strategically. However, effective implementation of these features is
dependent upon the teacher’s commitment to the principles of distributed learning,
which in turn, impacts upon the student characleristics.

The student characieristics were associated with the students’ perceptions of the learning
environment and their rotes within it. These perceptions are believed to influence the

*udents’ cumm;‘gnents to distributed learning methods, as well as I:helr acceptance of
the responsibility they have for their own learning and the learnmg of others.
Consequently, they affect the way students approach their leaming, that is, the
processes they adopt. Process characteristics were defined as the students’ use of social,

phvsical, symbolic and intellectual resources.

© While each compenent was described as being essential within a DLE, the feaching
context characieristics were identified as particularly important. It was suggested that
unless these features were present, the likelihood that the other components’ features
would pre'vail was low. In particular, the teacher's commitment to the principles of
djsu-ibﬁted cognition was identified as being paramount. While it was acknowledged
that some teaching context characteristics are fixed institutional features (e.g., curriculum
content), mostgfare teacher-controllable and a direct reflectior® of the teacher’s
commitment towards distributed learning.

This framework paved the way for exploration into the study’s three research
questions. Following the implementation of the framework into a fourth year Bachelor
of Bducation unit, the first research question sought to determine the extent to which
students distributed their learning within this type of environment. The findings from
this part of the study and Part 3 are discussed below.
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Part 2 Implamentation of the DLE

‘RQIL:  Towhat extent do students disiribute their learning wilkin 4 distributed learning
environinent?

Gatisfled that all elements of the DLE framework had been implemented appropriately,
data ‘was analysed to explore the first research question. To gain a comprehensive
:'_ inslght into this concern, this questicn was initially looked at from the point of view of
: the resources ‘which the students accessed in the Ieammg environment and distributed
thezr learn.irlg to. Consequently, analysis was carried out in four stages and in response

o t_h_e four resource categorles - social, physical, symbolic and intellectual.

While each- of-:%ese resource categories was accessed frequentlf':?;thxoughout class
' activities, the extent to which cognition was actually distributed to them varied. For
example, in attempting to discern the extent to which students distributed their
learning to social resources, five categories were identified ranging from instances
_where there was no distribution to tnstances where quality distribution was apparent.
. Sinﬁlarl'y, in examining students’ distribution to physical resources, three types of
: reﬂectwe thought were evident in their journals. The first type was characteristic of
spontaneous thought about concepts and cognitive processes. The second was deeper
in that reflections were more critical and analytical, and the third was deeper again in
that reﬂe'ctio:ns were abstracted and extended to other contexts, .

'Dlscemmg the e,gtent to which leamning was distributed to symbohc.reeources was less
stralghtforward compared to social and physical resources. For example, although
qualitauve differem:es were evident in the diagrams constructed by the students, even

the lese eIaborate ones had the potential to encourage deep cognitive processing given

that | _eﬁciencles pro\rlded msight into what the students did not know and
conseq __ntly needed to develop further Therefore, rather. than' presenting a
- continu.um of categones ‘for thls resource category, all of the symbalic resources
accessed by the students were discussed in terms of the way in which cognition was
dmh-ibuted to them. Content-specific language, for example, enabled students to
de\relop a common language base as well as a method of negotiating concept
Imeanmgs Inscnptions on the board, student notes am:l other 1anguage symbels were

" used by the students to mdex meanmg'
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Distribution of cognition to intellectual resources was evident in that students used a
range of cognitive, metacognitive and resource management learning strategies. The
extent ta which each of these types of learning strategies was used was not evident in
the data although cognitive strategies appeared to be more prevalent. Given that
learning is enhanced when all three types are used consistently, this perceived
deficiency needs to be further researched in the context of a DLE framework. Although
there were instances where the students unintentionally accessed their intellectual
resources, distribution was largely active and students made concerted efforts to link

new information to their existing knowledge structures.

Part3 Ir%roduction of the cognitive tool Into a DLE _1

RQ2:  How does a cognitive tool contribuie to student learning when 1mpiemented ina
distributed learning environment?

‘The findings from Part 2 confirmed that the DLE framework successfully encouraged
students to distribute their learning to resources within the classroom. With this in
mind, the DLE framework was used as a catalyst for the introduction of a
computerised concept-mapping tool known as Inspiration® into the same unit but in the
following semester. In an effort to determine the effects of the cognitive tool, four
groups were audiotaped on three separate occasions as they collaborated with each
other around Inspiration®, The discourse to emerge from these collaborations was
subsequently analysed for the serts of secio-cognitive processes that support and are
characteristic of Jarying levels of understanding. ¥

Seven categoties of discourse were identified, each of which represented a type of
conceptual discourse that contributed in its own way to the groups’ learning cutcomes.
For example, social discourse allowed group members to gauge each other's
commitment to and perceptiohs of the learning situation while procedural discourse
operationalised the task and computer demands. Prestructural discourse enabled the
studénts to pocﬂ their knowledge resources and arHculate misconceptions, and
foundational discourse provided the basic infrastructure upan which developing
knowledge structures could be based. Relational discourse facilitated the development of
. the intricate relationships between concepts and extended abstract discourse allowed
some individuals to attain higher levels of thought, Finally, metacognitive discourse

mediated the entire collaborative experience.
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However, given that social, procedural and prestructural discourse were generally
representative of lower-order socio-cognitive processes whereas foundational, relational,
extended abstract and melacognitive discotrse were representative of higher-order socio-
cognitive processes, it was expected that these latter categories would prevail if the
cognitive tool was to enhance learning, While the lower-order socia-cognitive
" processes were evident, group discourse was mostly representative of the high-level
soéio—cognitive processes that support quality learning, It was concluded from these
findings that collaborative group work around'the computer fostered the conditions
that led to quality learning outcomes in a DLE. Interaction with the computer appeared
to haw.lre mediated the groups’ attempts to place structure and coherency in their
dia.logue, identifi¥ gaps in their understandings and take the appropgate steps towards
integrating knowTedge. s

RQ3:  Whal reactions lypify shudenls” responses fo the use of computers as cognitive tools
in a distributed learning environment?

Even though the findings from research question two suggested that the cognitive tool
sﬁﬁborted the development of deep socio-cognitive processes, the students’
perﬁpectives were subsequently sought in an effort to determine the precise way in
wlﬁch this support manifested itself. A range of themes emerged from this inquiry,
most of which related to the students’ perceptions of the cognitive tool as a
col.]'aborative', visual, mefacognitive and motivational partner in their learning. For
example, through interaction with the computer, the students were able to viszalise
their developméunderstanmngs of cuncepts which frequently stithulated discussion
and further collaberation with their group. This collaboration (in conjunction with
subsequent visualisations) acted as a metacognitive prompt enabling the students ta
discuss both what they did and did not understand. This experience was clearly
m_ﬁ_tiVating for the students which influenced subsequent interactions and learning

cutcomes.

In relation to the secend theme, the students identified the learning environment as
one that promoted a deep approach to learning. Mindful involvement with the
cogmtwe too! and the actwltles encouraged leaming for understanding as opposed to
the accrual of meanmglms infermation, Many students actually said that their groups’
interactions with the computer 'forced' them to search for meaning and the very act of

collaboratively lmkmg ideas together made pnséive involvement difficult,
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The third theme was in relation to the students’ perceptions of computer technology as
a learning tool and its role in education in general, There were widespread references
throughout the interview transcripts and student journals to the computer as a
requisite too! in their teaching careers. Based on the belief that most schools expect
teachers to be computer literate, the students voiced a strong desire for a heavier

emphasis on computer-based leamning in all education units.

Finallf, the fourth theme was in relation to negative feelings the students held towards
both cognitive and practical aspects of the cognitive tool. Although these perceptions
were not typical of the data in general, their existence provided insight into findings

which emerged i,gprevious phases of the research project.

ik

The findirgs from these investigations have implications for teaching and learning,

which are discussed as follows.

What are the implications associated with using cognitive tools in a
DLE?

In Chapter 2, the cognitive, social, affective and administrative affordances associated
'w"ith. ;i;ﬁgrﬁﬁve tools were discussed and described as qualitfes that have the potential
to significantly enhance learning, The results from this study concur with these claims
in that they demonstrate the positive impact cognitive tools can have on student

learning. For example, when accessed as an intellectual pariner, the cognitive tool can:
«  stimulate the type of discourse thatleads to conceptual growth and understanding;

. encdu.rage students to construct knowledge by creating visual representations of
mental models, rather than absorb representations preconceived by others;

» facilitate collaboration and the social construction of knowledge;
» - promote cognitive and metacognitive awareness;

= motivate students such that they are intrinsically encouraged to make sense of the
subject matter, and

. pi'omote deep, reflective thinking that Is necessary for meaningful learning,
The.sé_affordancéé. however, are double-edged in that the intellectual, social and

affective challenges they present are representative of both their strengths and their
potential downfall (Jonassen, 1996). While the learning benefits of socially constructing
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knowledge in partnership with the cognitive tool are immense, the demands of

supporting this endeavour in the classroom are also considerable.

However, the DLE framework appears to have met this challenge, in that its features
support the inherent qualities assaciated with cognitive tools. Findings indicate that
this framework presents teachers with a practical opportunity to operationalise current
learning thecry in their classrcoms, and at the same time, tmplement an environment

that embraces and advances the learning benefits associated with cognitive tools.

Recommendations for implementing this environment are listed in Table 11.1. The
cross-references refer to the parts of the thesis where a more detailed account of each
recommendanomcan be found: (e.g,, TTC/CTF is the abbreviation fo% Teaching context
‘characteristics: Curriculum and Task features, as is evident in Table 5.3).

Table11.1  Recommendations for Implementing a DLE

The teachar must Cross
Refaronce
»  Be fully conversant with the principles of saeial constructiviam and
distibuted cogntion. Chaplers 3.4
= Design coursework accordingly. For example, tasks should:
" - te based on regilslic and relevant problems Table 5.3
. pramote leaming for undersianding (TTCICTR
- encoursge discussion, use of resources and leaming
. Sirategles
= Ensure laaching, leaming and assassmesnt mathods are fully ’ Table 5.3
aligned. & & (TCIAF)
«  Identify leaming tesourcas {including the cognitive tocl} hat are
conducive ta The units cbjectives, Ensurs the cognitive toat Is Table 5.3 {PC)
representative of one that is good and has a powerful graphical Talhle 2.2
companent.
«  Sacure a room that Is physically conduciva to tha Imptsmentation of Table 5.3 {PC)

thesa resourcas (8.9., a computer laboratory).

«  Digcuss these methads wilh ths studants and evoka questions and Tabla 5.3
concems about the participation frrmewerk {L.e., leaming through i

collabaration, using resourcas and thinking strategizally). [FCGITF & 5C)

«  Model sffactive usa of resources (social, physical, symbolic and Tabile 5.3
Intallectuaty and discuss thelr potentlal as leaming toals, (TECITR)

«  Monilor the sludents' callaboratlons with each other and the Table 5.3
avallgtle resources, all the white ensuring that the fnea of ‘
communication and distribution are kapt cpen. {TCCITF & 5C)

«  Moniltor the usefulness of rasourcas to ensure lhat their affordances Table 53

remaln challenging to the students’ ZP0s. - (TCCATF &PC)
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Nevertheless, the features upon which these recommendations are based are extensive
and stem from principles that are in direct contrast to those that transpire in
conventional classrooms (Jonassen, 1996). Given that many classrooms follow
~ instructivist models of teaching and learning, acceptance of the socfal constructivist

‘theories that inspife distributed cognition inspires fundamental restructuring of the

‘learning environment, After all, "If nothing significant changes in the classroom save
the ixit_rqd_uction of a tool, few if any important effects can be expected, Indeed ... If the

_ tboi is- :to be effective, mast everything in the classroom leamning environment ought o
- change ‘(Salomon, 1993¢, p; 189), These changes present implications for both teachers
-and students.

il

it

" How does the cBgnitiv tool in a DLE impact teachers?

' Whereas some approaches to computer-based learning-threatent to remove the teacher
] '_from actwe parhmpatlon in the students’ learning, teacher intervention and
- :;m:_r_t_rrdtment in a DLE is paramount. Intervention is evident in the fundamental role
the" teaéher plays-as LE engineer, co-learner and facilitator, and commitment is

_ endent m l'l.lS or her dedication to the framewoerk’s-aims. This level of involvement will

";_not | nly encourage the teacher to persevere with the demands associated with

_lmple__;n:gntat:qp and mamt_enan_c_e of the DLE, but will sensitise him or her to the type

_ nfleammgthat is vccurring in the elagsroom.

- In this {véy,_ the ___éggnitive tuol.wit_h.ih a DLE becomes an effective melgns for the teacher
1o assess the pace and progress of student learning. Given that the cognitive tool
externalises group éog_nitidﬁ'(both in its visual representations and the discourse it
promdteé) the 't'ea'che'r'.is able to clo#ely monitor conceptual growth as well as the
development of: nusconcept:ons However, while collaborative learning outcomes are
- ._an_ impurtant aspect ofa’ DLE, teachers also have an obligation to evaluate individual

th"dlscusswn un_dlstnbuted cogrutlon, it'was proposed that

duals apprapnate somally _onstmcted knnwledge ‘and understandmgs based on

-theu' current ZPDs, Teachers need to: tap into these apprupriat:ons if they are to
; prowde adequate support for mdiwdual cogmtwe growth as well as meet the practical

.- Tequirement of cIassruam asaessment I cnnsultation wlth the asgegsment features

“presented-in Chapter mdwidua__l'_pc_l_uevemg_:; canbe r_neasu;ed successfully within |
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DLEs without compromising the fundamental principles of social constructivism or

distributed cognition,

Furthermore, the four interrelating components of the students’ partnership with the
cognitive tool (visual, eollaborative, metacognitive & motivational) have [mplications
for the type of cognitive tool teachers wish to implement in their classrcoms. Given the
leading role played by the visual component, it is impartant that teachers choose one
‘with strong graphical capabilities. Even though all cognitive tools have a visual
component, some are better than athers. The graphical capabilities of [nspirations, for
example, exceed other concept-mapping software in that its extensive symbol-library
. enables smdentsgo attach visual meaning to the nodes they choose t(;represent various

concepts, Thesehodes are easily manjpulated, thus encouraging stitdents ta re-work
the spatial arrangement of the concepts and revise conceptual relationships. This
flexibility is further enhanced by directional links that can be drawn straight or curved
and [abeled for additional meaning.

" How does tha cognitive too! in a DLE impact students?

While all classroom resources mediate student learning to some extent, the cognitive
t-ool, placed within a DLE, is a particularly powerful device. When accessed within a
DLE, the cognitive tool becomes an intellectual partner that places form and logic in
student collaborations and cognition. Although not explored in this study, this
partnership can %lso have resounding effects on student learning in gther contexts. The
skills and understandings learned in parinership with the cognitive tool can potentially
enhance performance in other contexts irrespective of whether the cognitive tool is
present or not (Salomon & Perkins, 1998; Salomon et al., 1991). Consequently, the
cognitive tool has the potential to become an integral and Invaluable presence in

students’ learning experiences.

" For these Igaming' benefits to"kranspire, however, students must be committed to the
DLE and be prepared to meet ifs. challenges. This means acceptance of, and a
willingness to participate in, activities that are centred around collaboration, using
resources and thinking strategically. Given that students are more familiar with

" - teacher-centred classrooms [Hurw1tz & Abegg, 1999), they may find the transitmn toa

gtudent-centred environment taxing and difficult. Indeed, the responsibility they have

for their own learning, as well as the learning of others, may appear overwhelming at
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times. This is unavoidable, however, given that learning within a DLE is primarily a
soclal pursuil, where each student's contribution adds to a communal netwock of

knowledge.

In this way, the affordances of any one resource, whether it's social, physical, symbolic
or intellectual, has implicatiens for student learning. Given that students learn with
and .through these resources, their inherent qualities influence the nature of what Is
learned within the classroom. While this is largely a constructive experience, not all
resources rmediate learning in a positive way. Take for example the distribukion of a
misconception by one student to his peers in a collabuorative group setting. Rather than
EXten_d concep_t%al understanding, this misrepresentation can ir_&lpecle conceptual
growth. Similarly, the use of inappropriate resources in u particular Context can thwart
the efforts of students who have become increasingly reliant upon the mediating
effects of tools as scaffolds, Teacher intervention is the only way to overcome these

problems.

Finally, teacher-education students’ desires to be more conversant with computer-
based learning has implications for the culture of teacher education as a whole. By
integrating cognitive tools into the mainstream of teaching and learning, its courses
will not only lose their ‘non-technical’ label, but will also adopt a leading role in
preparing these students for the roles they will inevitably play in implementing
cognitive tools into their own classte..nz. In this way, effective implementation is
distributed acrod multiple learning environments thus providing students of all ages
with a powerful learning tool. The tisefulness of the DLE, therefore, is potentially
extended beyond the confines of tertiary classtooms to learning contexts of ail

descriptions.
Significance of this Study

Possibly the most significant aspect of this study is the identification of the DLE
framework that allows the potential of cognitive tools to be recognised, In light of the
numerous claims that, given the riglit environment, cognitive toals can enhance
learning, this framework is long overdue. Based on the principles of distributed
cognition, it prevides a solid infrastructure for the implementation of cognitive tools as
intellectual partners, While discussions about distributed cognition are becoming more
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prevalent in the literature, those that actually operationalise it in the classroom are
limited.

Based on the social constructivist belief that learning is a collaborative endeavour, this
study also provides insight into the development of shared understandings and graup
constructions of knowledge. Rather than examining the effects of the cognitive tool on
individual learning outcomes (as many studies do), the analysis focused on the socio-
cognitive processes that student-groups engage in. Given that individual knowledge is,
to a large extent, the by-product of socio-cognitive processes, a sound understanding of

thesa processes is important and typically undervalued.

Furthermore, p;gvious studies in distributed cognition have most’f? been concerned
with how knowledge representations are coordinated and distributed among resources
and individuals (Fler & Hutchins, 1991; Hutchins, 1955; Rogers & Ellis, 1994). Whil=
this is a valid endeavour, there is consensus in the literature that the study of
distributed cognition must alse include an analysis of changes in knowledge
representations and cognitive processes (Greenberg & Dickelman, 2000; Moore &
Rocklin, 1998). This study addresses this need and, as such, positively contributes to
knowledge in this area.

A muore practical (but no less important) significance of this study is its focus on the
exposure of computer-based learning to teacher-education students. Exposure such as
this is of paramgmt importance as it prepares teachers-of-the-ﬁm:rs far the roles they
will inevitably play in implementigg computer-based learning inte mainstream
education. It also provides them with insight into the capabilities of cognitive tools

and, most impurtaﬂﬂy, into the charactetistics of effective instruction and learning,.
Limitations of the study

Potental limitations of the study are associated with threats to its validity and
reliability. Although these concerns have been addressed in Chapter 6, other issues
require recognition; For example, in keeping with Reeves (2000b) contention that action
research projects can lack genera_.lisability, the outcomes of this study are largely
confined to the conditions within which it was conducted,
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While the DLE has been designed to accommaodate any good cognitive tool (see Table
2.2), the results of this study are based un students’ experience with one particular type
of application only. Concept-mapping software was used in this study due to its
compliance with the unit's goal to encourage students to interrelate concepts and
understandings. A different set of objectves, however, would potentially require the
use of a different cognitive tool, which could result in different learning outcomes.
Transferability of the findings is, therefore, limited to the same or similar cognitive tool
applied to a unit with similarly styled objectives. Furthermore, based on the inference
that the visual component of the cognitive tool influenced the partnership that ensued
between the cognitive tool and the students, the use of a less graphically capable

application wdug perhaps yield different results again.

g

Other methﬁdological limitations were also evident. Although the teacher-researcher
was ideally placed to monitor the overall progress and success of the study, her
position was also a petential limitation in relation to her association with the students.
It is possible that the students provided positive responses in the interviews due to the
fact that it was their teacher who was interviewing them about their learning
experiences. Had they been interviewed by another individual, their comments might

have been more open.
Opportunities for further research

The ideﬁﬁfi_caﬁ_gg of a DLE framework has yielded positive resultsin this research -
results that provide educators with an opportunity to integrate contemporary theories
of learning into the classroom, alongside a range of rich resources that promise to
enhance thinking and learning. For this framework to be adopted as a mainstream
‘method of teaching and learning, however, and for the affordances of cognitive tools to
be more fully understoud; further research is required. Table 11.2 outlines these

research opportunities:
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Tabla 11.2

Cpportunitles for further research

Invastigation

Ratlonale

Conduct a study into tha extent io which the
DLE framework conlributes to student and
group learning.

To determine the extent to which the DLE
framawork enhances learning both
individually and soclally.

Conduct a study using the DLE framewark In
a varlety of units using a varlety of cognitive
tools.

To determine Lhe effectiveness of the DLE
as a generic framework for the
Implementation of any type of cognitive tool.

Canduct a study into the effect cognitive
tools have on individual cognition whan
implemented within a DLE.

‘To determine the extent to which cognllive
tools suppart cognitive residue and
individual knowledge construction.

Conduct a sludy into the effect cognitive
tcols have on a range of leaming conlexis
when implemented within & DLE.

To determine the effectiveness of the
cognitive tool and the DLE with & range of
demographics and student-groups.

Conduct a studiinto the extent to which
knowladge and skills leamed in partnership
with the cognitive tool are iransferable to
other confexts.

To determine tha usafulriéfss of knawledge
constructed In a computer-based leaming
snvironmenl

Condugt a study into the effect cognitive
tools have on group learning using a
combinalion of group sizes.

To detarmlae the mast sultable group size
for maximising the benefits of cogniilve tools
fi.e., qualify Hurwitz & Abegg’s
recommendation of three students).

Conclusion

Clearly, cognitive tools present students with powerful learning devices that have the

potential to greatly enhance their learning, Maximising this potential, however, is not a

straightforward pursuit and teachers are required to cultivate an intellectual

partnership between the cognitive tool and the students. The,;‘. DLE framework

developed in tHis study has demonstrated its value in providing a practical guide to

the conditions that are necessary for the development of this intellectual partnershi,

Notwithstanding the usefulness of this framework, further research into this area is

paramount if educators are to achieve the inspiring claim that cognitive tools can

extend human processing capabilities and enable students to achieve increasingly

higher, more sophisticated levels of learning and cogmition.
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Appendix A

Guidelines for research assistant

Dear

Below are a few pointers that you may like to consider when working the equipment
over the next three recording sesstons:

Check equipment is working / batteries are sufficient prior to commencement
of recording. Refer to the checklist below to confirm all equipment is on hand.

Apart from my initial introduction, do not make contact with any of the
students gm are filming / recording,

vkl

Be as unobtrusive as is physically possible, that is:

Prior to arrival of students, arrange desks in groups of four such that 2 x 2 studenls
facing one another.

In relation to the 2 x 4 participating students, position cameras / audio recorders
accordingly (prior ta commencement of lesson).

Onee students have settled into their desks, make adjustments to the equipment to
ensure both groups are in focus, and close enough to tape recorders.

Do not make any adjustments thereafter, except to change tapes if necessary.

Start recording after my initial address to the students. | may ask you to stop
recording on certain occasions in relation to activities that are not relevant to the
study. When you start recording again, do so with little disruption to the students.
Onee the lesson is underway, do nat ask any students to reposition themselves to
ensure they are in focus. Do your best to get as much of the group as possible on
tape.

Agart from ghecking the running of the equipment every nowzand then, quietly
seat yourself away from the groups,

If students ask you questions, direct them to me.

Immediately. after the lessan, clearly record the session date on both VCR and
audio cassette tapes (e.g., Session 1: 21/4/99: Group 1)

Omnce again, thank you for your assistance. [ appreciate your help.

Regards
Carole Steketee

2 x VCR cameras
2 x tape recorders
2 x tripods

2x 90 minute VCR cassette tapes
2x 90 minute audio cassette tapes
2x extension cords

i
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Appendix B

Guidelines for participating students

Dear

Below, are a few pointers you may like to consider during today’s lesson with regards
to the collection of data for my study.

* Try to ignore the recording equipment, and the research assistant, as much as
possible.

» Conduct yourselves as you normally would in class activities, that is, any
commeng questions or concerns can be openly directed®o your peers or
myself, as per usual (not the research assistant),

*  As the activities are group centred, please do not work individually, but rather
collaborate with others within your group.,

* Speakclearly.

. Spéak':frgely. Do not hesitate to verbalise any thoughts or reflections that come
into your head, even when you think they may nat be totally relevant.

+ Pleass leave any quc ‘lons you have about the actual study to the end of the
session, or the 15 minute break.

* Remember that your identification will remain anonymous in the analysis of
the data.

‘Towards the endbof the lesson, I will provide you with a list of possible times for the
interview sessiors. Please indicate, which time and location is most suitable for you.

Once again, thank you for agreelng to partake in the data callection for this study.

Regards

Carole Steketee



Appendix C

220

Principal Interview Schedule: Part 2
Schedule, classification and rationale

Question DLE Charactosistic Qn Ratlenale
e Type
. TGC 3¢ | PROC | GEN
Having completed the modulz on Gel student to focus
{topiz}, how do you feel about your ¢ 2 on previaus class and
understanding of the concapts the concepls covered
encounlered? to rafresh thelr
What are the main things lhal you've mamories about thelr
leamed about (topic% ¥ v 4 ?éleaming expariences.
What sort of things did you do In class J 1
ta leam these Lhings?
What resources did you use within the
clasaroom te help you leam these ¥ 4 Gel students to focus
sancepts? on process of [eaming
Why did you use these rescurcas [n and types of rasources
particular? v 1 accessad.
Ware there rescunces that you would
like to hava used, but for some reason v 2
didn't? Explaln,
Cast your thoughts back to (e
beginning of the lessan on
Wednasday. You'll remember we:
« revised prevlous concepts
+ looked at the day’s objectives
+ [dentifled personal goals Determine If teacher
In yaur opinion, why:io you hink we :has crehestrated
revised last waek's %mpls'? v 2 [teaming cantext
appropriately.
In your opinien, why de you think we
had an overview of the day's ¥ 2
objertives?
Why do you think [ asked you le ¢ 2
identily paracral goals?
‘You worked a lot In groups today? ¥ 3 Catermine the sxtent to
How did you find this? which soclal resources
d in learning
Did your group help you learn ¥ ] wane use
something todzy? If 30, what was 17 the concepts.
When working [n groups, do you fesl a
sansa of reaponsibillty to tha cthers ta v 3 Detarrlnfna if stugigt ls
contribute to the discussions? committed to a DLE.
Do you think you taught the olhers In
your group anything today? lf yes, N 2 Datermine the axtent to
whal? If no, why? which social resources
wara uzgd in learming
What sorts of things did yau do if you the concepts.
did not understand fagres wilh what ¥ 1
others wara saying?
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Queatlon OLE Characteristic an Ratlonale
Type
TCC §C | PROC | GEN
- DId you fesl a sense of responslblity
‘e help your group understand and ¥ 3
leam somelhing?
Do you Lhink Lhat evaryona in your
group shared the sams laaming goals ¥ 2 Delarmine if student s
for the tasks you were doing? Explain, committed to a DLE.
What are your feelings aboul gmup
leaming within the class, as oppusad 4 3
-to just leaming for yoursalf?
Does it matter if not averyone within
‘the group Is commitied to group ¥ 2
{eaming? Explain.
-What kinds of asslstaica did | provide v 1 I
you as you worked off tha activitles? [:Determina Lhe axient to
: Wwhich teacher was
Haw importani was my presence and used as a sotdal
_contributlons 1o your group ¥ 2 resource.
" disgusslons?
Describe the leaming envimnment in v 2 Datermine classroom
“this class to me. climale.
Today you parlicipated In a figeaw
activity and other collaborative group Eeterrnf;a ?r;?::her
“activities. How did you know how to ¥ 2 a:u;rc ;s e
conduct yourself, and what was pa nffa ;’“
expectad of you? accordingly
‘Desctibe ane of the activilles hat we
did In class loday, Whai did you think ¥ a
about this activily? Delarming whelher
1asks have purposa
if possible, how could you apply this and are authentic.
activity le yau as & leamer andfor ¥ 2
teachar?
You've baan laamingtabout learning A
strategles In this unlt"What sorts of v 4  [Ostermine if students
strateples did you use today? have eccessed thelr
Indfvideral mental
Why did you use lhesa lzaming v 1 resaurces.
stratagles In particular?
What are the main phrases and tarms
that you used to conversa with alhars v 4 Detarmine i students
about thia topic? have used the symbolic
In what way did using this specific resaurce of the unit's
language fielp/hinder your v 2 {anguage to leam.
undersianding of the tople?
Their answar witl be
If a eolleagus or friend asked you
what was so Impartent about (toplg), ¥ 2 Indctlcalitv e gf facts or
what would you tsli himher? lindersiandings
learmed.
Thelr anzwer wilthwill
How would you suggest they go about v not reflact an
2 appreclation of a
\e2ming thesa things? distributed orant-alion
ta leaming,
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Appendix D

Example of a lesson plan

Week 8 - Learning Strategies 2
Introi?uction

. Housekeeping issues.

Revision

=  Students usefnspiration® maps to recall concepts encountered in lgt class (i.e.
learning strategies). -3

= Evoke a definition of learning strategies and why they are important, Use overhead
to consolidate these points.

* Posequestion “What are the three types of learning strategies”? Write on beard
and elicit examples of these learning strategies that students use themselves.

* Ask"Why have McKeachie et al. (1986) and others found it necessary to define the
different types of strategies we use™?

*  Callfor those who tan remember the analogy we used to explain this classificaticn
scheme better {i.e, in the same way we need to draw from variety of food BToups to
stay healthy, we also need to use a range of learning strategy types to learn
effectively). Elicit other analogies.

Revlew today's objectlves and call for personal goals

* Explain that althuugh activities will be different, main areas covered in last class
will be revisited fo consolidate understandings of learning strategies.

* Remind students to, wherever possible, relate concepts covered to themselves as
learners, and¥o their own students. &

* Show overhead of activities and explain briefly. Ask students te think about and
write one or two objectives they would like to achieve in Jesson.

Revise McKaachle et al's. (1386) classlfication schems using Jigsaw method

+  Show overhead reminding students of jigsaw stages completed last week
(individual and expert group study).

*  Retumn to computer groups to discuss understandings developed with expert
group. Do this with Inspiration® maps to enrich in light of any new information
learned.

* Towards end of discussions, pose question, “Just how important are the differant
types of learning sirategies”? Get stucdents to think about this in relation to
Norman's (1980} quote.
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Norman's {1980} quote

* Show quote on overhead. Ask students to paraphrase (e.g., we expect students to
thintk about, remember and understand subject matter, some of which is quite abstract,
without actually teaching them how to do this).

*  Whole group discussion, understandings from which are basis of group
collaborations about experiences at university where leaming strategles have/have
not been explicitly taught.

» Discussions centred around Inspiration®. Notecards on specific strategies elaborated
upon and links consolidated.

* Asawhole class, elicit thoughts and comments to emerge Erom collaborations, Use
these as a lead in to next acHvity.

Analysis of lasson plans {or videos if avallabla}

+  Students cnngue personal lesson plans - one at a time to discern if they explicitly
teach their o students learning strategies.

*  Use nspirtion® to guide collaborations (i.e,, are concepts evident concept-map
also evident in lesson plans?).

*  Aspwhole class, encourage groups to share their findings. What types of strategies
in particular were deficient?

* Return to Norman's (1980) quote and ask students If it {s true of them as teachers.

* Briefly summarise reading by Gaskins and Elliott {1991}. (Whole school focus on
teaching leamning strategies yet strong deficiency in metacognitive strategies).

+ Pose question, “Do we as teachers rab students of opportunities to be
metacognitive”? If so, how? (i.e,, tell students how to complete tasks, what
resources they’ll need, what the outcomes should be etc).

*  Was this evident in their lesson plans / in their learning experiences at university?

15 minute break

{_earnirg strategles questionnaire

* Inform studegits that a good way of becoming more familiar with different types of
learning strategies is to try to identify those they use a5 & learner,

» Inrelation to this unit, student complete “learning strategies’ questicnnaire. Explain
scoring process and help students interpret scores.

* Based on results, agk students if they adopt a healthy combination of learning
strategies or is there a deficiency? Discuss.

Evaluation of Learning Goals

» Students deicide if set goals have been achieved. Clarify areas of concern.

Alternative Articles on Learning Strategles

+  Refer students to Gaskins & Elliott (1991} and Weinstein & Mayer {1986) as
complementary resources to McKeachie et al. (1986).

Homewaork

* Digtribute handout.
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Principal Interview Schedule: Part 3

Schedule, classification and rationale

in yaur course? Why/Why not?

" . Questions Question Rationale
R T typo
" Today wa explared kurthar, {topic-module).
| - How do you fest about your understanding of 3 Encourage student bo focus on
3-“?“._‘?0"03_'-‘_‘3 -°_'_"°°““i°’°d? previous class and io dstarmine the
"What stands out In ypur mind as something 4 sart of leaming to emerge.
significant you learrsd In this laason? _g
© | What things did you do In class 1o laam these 1 )
-\ things?
.| What resourees did you use Tn the classrcom o 3 Determina the extent to which tha
| heip you come to these understandings? student has pariicipaled in DLE
| whiy did you use these resources in particular? 1 precesses o leam,
| Were thars rasoureas you waould like to have 2
usad but for some reasen didn't? ) )
|- What ane your thoughts on using inspiration® as a Délerming the student's feelings about
| & rescurce to help you learn the unli materiar? using the computer &s a lsaming tool.
*| Looking at your concept-map, ¢an you giva me 4
-} an overvisw of its meaning?
"] 1t a friend eskad you o explain to himher what .
tris map was about, what would you ssy? et o g e moie o,
‘If you had to highlight a parlicufar component er
aspect of this map In terms of lls Importance to 2
Isaming, what wouldlt be? Why? F
| can you describe the acticns taken by your i E;f;m‘;::haa&*:’:tg‘r:gwa
group to create this map? processes topleam?
What wera your Inilal thoughts when you
discavared you would be using a computar in 3 Determins the student's atitude
| tnis unit? LT _ towards compulers as cagnilive tools
| Wihet ara your expectalions of inspiration® as a and tr_\lalr axpectations of success when
| teaming tool? Do'you expect i will enhance ot 2 using It
I hinder your leaming of tha tunlt matedal? :
Do you typlcally use computers as leaming tools 2 E:;f;m:r: t::i:ﬁ%‘:‘;*&f:?ﬁfﬁ:k"f

laarning cufiura,
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Queastien
Al
Questions typa Rationala
L '_How have you found worklng In groups for this 3
| unll‘?
Dascrlba what your group helpad you Team In 4

the last class {if Ihay did)?
‘Desciibe ﬁrhal yau helped your group leamn n

"] thelast clasa (i you did)?

. 'escrlba the learnfng environmant In our
-+, classmom ag you expetiencad it In our last
| class. -

Detarmine stucdent's commilment
‘owards DLE appreaches to leaming.

- .What_wn_l.i!d you say taa colleague of friend
.who was thinking of doing this unlt but was
‘goncerned about the computer campanent?

Datammine studsnt's perceplion of using
computer to fearm wilh in education unit.

“Tha elass Is awajs aranged In a particy, Jr way
| for this unlt |s i acc@nmodating for your
‘¥ leaming, or has It been a hindrance? Explain.

Delermine siudentd commitment
towards DLE approaches lo leaming.

How do );nu faal about using a computer in this
’ _n_om_'lally camputer-frea leaming envirenment?

Determine the sludent's parception of
compulers as cognilive tocls in their
leaming culture.

[
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Appendix F

Statement of Disclosure and Informed Consent: Part 2
Dear Student,

This letter is to inform you of the nature and purpose of the research I am completing
as part of my PhD degree at Edith Cowan University. The study is an interpretive one
entitled Exploring conditions for the effective implementation and use of compulerised
cognitive tools. The purpose of the study is ko use the relatively new learning theory of
distributed cogrdtion as a framework for the implementation of cognitive tools into
tertiary learning environments. Cognitive tocls are computer applications, such as
concept-maps, word pracessors and databases that can potentially enhance the way
you think about ?& material you are studying. 3
If you agree to i::a:ticipate in the study, you will be videotaped on three separate
occasions as you carry out learning tasks within normal class times, I will also
interview you on three occasions, the times of which will be arranged to suit you. As
your student journal will reflect your learning experiences, 1 would also like to access
these at certain times. The information gathered by video, interview and student
journal will be analysed by myself using qualitative research methods. There will be no
discomfort to you, nor any risks, and steps will be taken to ensure that videc sessions
will be as unobtrusive as passible to your learning. Your journal will be returned to
you once I have accessed the relevant material,

Confidentiality is assured, and you will not be identified in any part of the research.
Furthermore, you are free to withdraw from the study at any time and non-
participation will in no way prejudice your completion of the unit.

The advantages of participating in a study such as this are evident in the piccess of
talking about ypur learning, and making self-reflective notes; These stratagies
encourage independence in learning and promote deep, quality learning outcomes.
You will also be contributing to a much-needed hody of knowledge on computer-based
Iearning, which will ulmately enhance teaching and leamning at university,

If you have any concerns about the project, you can contact me as follows:

Telephone: 9385 7720, Facsimile: 9385 7595 Email: cnsteket@echidna.stu.cowan.eduau
Alternatively, you may like to contact my principal supervisor Dr Jan Herrington on
9273 8794, If you agree to take part in the research, please sign the consent form below.

Carole Steketee

Consent Form

| - : {Name of participant)
have read the information above and any questions [ hava asked have been answered to my
satisfaction, | agree to participate in this research, Exploring conditions for the effective
implsmentation and use of comgulersed cognitive tools realising | may wilhdraw at any time.

Signed Date
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Appendix G

Statement of Disclosure and Informed Consent: Part 3
Dear Student,

This letter is to inform you of the nature and purpose of the research [ am completing
as part of my PhD degree at Edith Cowan University. The study is an interpretive one
_entitled Exploring conditions for the effective implementation and use of comiputerised
cognitive tools. The purpose of the study is to use the relatively new learning theory of
distributed cognition as a framework for the implementation of cognitive tools Irio
tertiary learning environments, Cognitive tools are computer applications, such as
concept-maps, word processors and databases that can potentially enhance the way
you think about %e material you are studying.

Vi

If you agree to participate in the study, you will be audiotaped on three separate
occasions as you carry out learning tasks with your group and within normail class
times. [ will also interview you on three occasions, the times of which will be arranged
to suit you. As your student journal will reflect your learning experiences, [ would also
like to access these at certain times The information gathered by audiotape, interview
and student journal will be analysed by myself using qualitative vesearch methods.
There will be ne discomfort to you, nor any risks, and steps will be taken to ensure that
taped sessions will be as unobtrusive as possible to your learning, Your journal will be
returned to you once I have accessed the relevant material.

Confidentiality is assured, and you will not be identified in any part of the research.
Futthermore, you are free to withdraw from the study at any time and non-
parhcipation will in no way prejudice your campletion of the unit.

The advantages of participating in a study such as this are evident in the process of
talking about ypur learning, and making self-reflective notes.: These strategies
encourage independence in learning and promote deep, quality learning outcomes.
You will also be contributing to a much-needed body of knowledge on romputer-based
learning, which will ultimately enhance teaching and learning at university.

If you have any concerns about the project, you can contact me as follows:

Telephone: 9385 7720, Facsimile: 9385 7595 Email: cnsteket@echidna.stu.cowan.edu.au
Alternatively, you may like to contact my principal supervisor Dr Jan Herrington on
9273 8794, If you agree to take part in the reseatch, please sign the consent form below.

Carale Steketee

Consent Form

| {Nama of participant)
have read 1he infarmation abeve and any questions | have asked hava besn answered to my
satisfaction. § agree to participate In this research, Explaring conditions for the effective
implementation and use of computernsed cognilive lools realising | may withdraw at any ime.

Signed Date
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Apnendix H

Checklist:
Verification of disiributed cognition in lesson plans

Teaching context features

In this lesson,

the teacher models distribution of cognition in the following ways (TCCITF):
L}
a

group collabaration is promoled in the following ways (TCC/TF):

vl

tha cpporiunity to use the following resources s evidanl (TCCITF):

strateglc thinking s encouraged in the leflowing ways (TCCITF):
L}

the development of skills asscckated with collaboration, resource-use, and leaming strategies is
promoted in tha follawing ways {TCC/TF):
»

. A
2 ]
there is an obvious smphasls on studanl understanding rather than the accumulation of facts. This is
evidsnt in the following ways (TCG/CTF):
L]

the tasks ara suthei.c in that they are representative of real world problems and situations
{TCCICTF}. For example,

Activity one:
Activity two:
Acth ity three:

students have apporturities to self-assess their individual and group dndings ard understandings by
(TCCIAFY:
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Appendix I

Explanation of coding references and coding styles

Coding references

Coding that begins with ‘I’ is data from an interview transcript (e.g., [1/1D).
Coding that begins with *CA’ is data from a class activity transcript (e.g, CAZ/1GA}.
Coding that begins with ‘" is data from a journal kranseript (2.8 J1V).

Interviews

All interview letfirs {I) are followed by numbers that refer to the recgrding session and
the semester within which the inwestigation took place. For example 12/1L refers to
data that has come from an interview transcript in the third recording session of
semester one.

The letter that follows these numbers is the first initial of the pseudonym given to each
participating student. The pseudonyms given to the participating students in semesters
one and two were as follows:

Semester One: Andy, Viv, Gill, Dick, Fran, Rea, Kay and Linda
Semester Two: Wanda, Deb, Sally, Tom, Nat, Bronte, Una, Sean, Mary, Jess, Pablo,
Susie and Bree

Therefore, the coding reference 13/1L refers to data from Linda's interview transcript
during the third recording session in setaester one.

Class Activitles _
2

All class activity letters {CA) are followed by numbers that refer to the recerding

session and the semester within which the investigation took place. For example

CA3/1GA refers to data that has come from a class activity transcript in the third

recording session of semester one.

The letters that follow these numbers refer to the group to which the transcript
belongs. In semester cne the groups were named Group A and Group B whereas the
groups in semester two were nar ied Group 1, Greup 2, Group 3 and Group 4.

Therefore, the coding reference CA3/2G3 refers to data from Group 3's class activity
transcript during the third recording session in semestar two,

w.Jas that de not have a group reference at the end but rather have a WC reference
telate to whole class discussions. nly whole class discussions involving participating
students have been transcribed .nd referenced in the thesis.
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Journals

Because journals were transcribed as one whole document, rather than in relation to
different recording sessions, the number that follows the ] simply refers to the semester
it was related to, For example, ]2 refers to data from a journal transcript in semester
two. The letter that follows this number is the first letter of the pseudonym given to the
participating students. For example J2N refers to data that has come from a Nat's
journal transcript in semester two.

Quoting styles

When students are quoted from the class activity transcripts, they are referred to at
Student 1 {51), Student 2 (52), Student 3 (53) etc consecutively, The teacher’'s comments
are delineated by "Tr". For example:

§1: Do yotfihink metacognilive tasks ara different from cognitve oneg...?

52: Cognition is goa) seting. See this might be our problem. 2

S1: But you can't se1 goals without thinking about it.

83 See most [metacognilive strategies] are tools ta think with .. So it's what to contral
... how you're going to sava lime ... Saying to yourseif “Co | undaerstand this™?

Tr: Yes ihere are... two aspects of metacagnition ... one aspect is the regulation of your

leaming, like saif-tasting. The other is knowledge ... about cognitive leaming] strategles.
{CAINGE)

Quotes from the interview transcripts are delineated by Q' which is the question asked
by the teacher and ‘A’ which is the response provided by the student. For example;

Q: Do you do that in these classes? Do you always think about the new concepts in
refation 1o what you already know about them?

A: Yes. | can definitely answer yes becausa you make us do that.

Q; How's thal?

A: Um, I'm trying to think of an sxampis ... wall just when we stait a new lesson, we
always bagin it by looking al whal we think it means before we find out what it really
means. (121G}

Quotes from théjuumal transcripts do not have a preceding intrd?iuc:mry letter, For
exarnple: -

1 am a shallow achiever, Need recognition. Poor time managsment and low motivation
for intelleciual effort requires =haliow apptoach. Can enly focus en one deep thing at a
time. Everything else must be shallow. Intelleclually interested but lazy. (1A}

Individual quotes from either the class activity transcripts or the interview transcripts
do not have a preceding introductory letter either. For example:

. so fike for the gualltative conception for reading you'ds look for personal
interpretations wouldn'i you™ %o like tha person plus the text would give you the
intarpratation _.. [it's] what 1 do with my studenis. Like Il give them this (ittle diagram of
a stick person, a book and a light globe and this means that the person plus the texl
gives you your own meaning of the story. So meaning is the focus of the ... lhe
ohjective. ([CA1/2G3)
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Appendix J

Preliminary coding: Part 2

Data representative of instances where learning has been
distributed to social resources

The following data constitutes the first six pages of instances where cognition was
distributed to social resources, The data was taken from class activity transcripts,
interview transcripts and journal transcripts. However, because the class activity
transcripts were coded first, they are the only data to show in these samp'e pages.
Some coding has been cut to make room for examples from other transcripts.

Q.8.R. NUD.IST F§wer varsion, revision 4.0. h%

Licenses: Carole Steketes,
PROJECT: PhD Analysis Part 2, User Carole, B:26 pm, Mar 4, 2002,

ratank

{131 1) Characterislics of a DLE/Process Characteristics/Jocial Resources/Yes
==+ Definition:
Examples of Incidents where knowledge has been distibuted socially

.......... e b2 b e e e o e o e e e e e e o -

+++ ON-LINE DOCUMENT: Class Act 171 - GA
*Semestar One - Part 2; Distributing cognllion
*First Session - 21/4/9%

*Group A - Rea, Linda, Andy, Kay

++ Text units 14-87:

K: Yeah, basically the k 1g-lerm. Baslc's more working memary -

shorl-term mamory. Now it involves three leaming stralegies within those

baslc and complex tasks. First one s rehearsal strategles. An example of

basic task Is 1o say.read your list. 4 14
R: Read it? o 7 16
i Yeah, like to mamorise il if you like, Rehearsal i like more

short-term, working memory, It says here, "Rehearsal skrategles are there

mainly to stmulate the attenfion and encoding process” not necessarily

to bulld on prior knowledge. I's kind of the first step In tha leaming

process. When you leam scmething brand new, you'va gol te start

somewhere when you don't have any existing knowledge about it. 18
.; Just to get into your ... which memory? 20
K: Into your working memory really. It's like we're just reading the text

to Just get it in there [points to head] but we're not actually

ronnecting it to anything al this stage. So for basic tasks they've got

‘reading a list, for complex tasks thay've gol ‘note-taking'. When |

read this article § just ook noles, underlined, read it out aloud. |

didn't necessarlly connect it or intemailisa it with other exarnples but |

think wa have to use those rehsarsal stralegies in conjunction wilh

elaboration stravegies.

R: Which is the nexi slep up, is 17 z
K: There's both basic and complex in each, right, bul elaboralion

strategies are those sirateglss you usa in addition to your rehearsal

strategles snd [} glve you some baslc and complax sirategies for

elaboration as well. 26
R: Sarry. I'm a blt confused. Do you use rehearsal strategles for

.




basle...? 28
K: You've got complax, but... ao
R: Do you use them in both? a2

K: Veah, you use them in bath, and crganisational yeu use beoth. So

elaboration you just have fo build links to stimulate the long-term

memory. Your basic tasks invoive doing things like imagery, reading a

list and tha complex tasks Invelve 1hings like paraphrasing, putting

things Into your own words, summarising, building analogies and maybe

answering quastions like those generic questions we got in class a few

weeks ago. You also have organisallonal stralegles that also help to

buid eonneciions between different types of information yau've leamad.

The baslc strategles for those are clustering (ke grouping information

inlo categories like mnernonics) and complex tasks are things (ke

analysing text, maybe trying to plck your theme for a novel, maln ideas,

diagramming or a concept-map | suppose. They use lhe ward networking for

concapt-maps in this [articla]. 34
[Teacher joins in discussian wih group) 36
Tr: The basic strategies you ‘ware talking about like mnemonics, method of

loef and the cthersZare they important? Do we need to know aboul these %

sorts of sirategles® < a7
K: Yaah. 39
T: Why? Rehearsal strategies, De wa nesd ‘o know sbout them? 41
R: Do you mean oulside institutions? 43
T+ Well within formal leaming situations? 45

R: I think you do. There's always a time, sspecially at unl whera you've

got 1o memorise scmething, or when you need fo start saomewhare for

leaming socmething, 47
Tr: What you'ra saying then Rea is that, depending on the task ... well we

draw an strategles that are suitable for the lask we're doing at any

particular moment. So there's ne need to elaborate - to pracess somalhing

deeply, in a meaningful way if we're just irying to leam someone's phone

number, 49
R: Well yeah. There's no need to elaborale or whatever If we'ra just
trying to remember a phane number or whatever, Yeah. 51

A: It's amazing with phone numbers for me. | don process them anyway
I've come lo reallse because | find that sach time | want to call a
particular person, | go to remember their number and I'm like looking in
the phone baok sagh time, | can't work out why | haven't remembered it by
now. li's so damn J%Jstrahng

T: Why do you think you haven't been able lo remember it. How have you
been trying to remamber it? 55
A: | haven't been doing any Lhing really, apart from repaating It a

coupla of times i my head as | dial it. It's not a number that | thought

| would be phening more than once, but sinca they kesp on stuffing up,

I've had to keep calling - It's a tiing company. 57
R: Thal's probably why isn't it? The fact that you haven't ... you didnt

think you would need the number again so yeu didn't process it into your

leng-term memary. You just kept it in your working memory each ime you

# 53

phoned thinking that hat would be the last ime. 59
K: So can you remember lhe number now? 61
A: No. Not at all. 63

Tr: [ think Rea is rght. You prelty much malntainad tha number in your

working memory using malnienance rehearsal slrateg[as then discarded it

onoe you diafed it. . 65
A: | vhould have just written it down. a7

++ Text unils 110-116;

A: Yaah; lke one of the examples it gave s ke if you're reading
something you'd say “Right, Do | undersiand what 'm raauding? MNo. Wall |
bettar slow it dawn” Try o 1ake Jess In. So'actually change what you're
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doing to try 1o Improve the feaming.

K [ think it's like when you'ra reading something that you pretty much
have a good knowledge about you skim over It or at lsasl it's not hard to
quickly go over lt. But if you'rs reading something you don't know
anything about Lhen you read evary single word. S fike you adjust your
raading habit for the stuff you're raading about. | thought that was an
interesting point they made and so true to life wilk the journal articles
we read atuni. Like half of these Joumal articles you're not even aware
of being metacognitive, You Just do [t out of habit or just because you
have to and you hope that you'ii learn samething.

A: It also depends a fot on what you read, You see a phrase or a word and
if you know L, lIke If you've sean it before, It just sort of sllps

stralghtinle your mind nice and easy. But if it's new then you've got to
go through this tedious linking of pracessing and encoding and it takes a
bit longer befare you can move on to the next phrase.

R It's easy when |t's somelhing you know. Ii's almost exclling.

++ Text unliis 272-320:

Tr: Okay, Just iookiffg at this lesson plan [Kay's] it's clear lo sea

you'va spanl a lot of time planning and preparing for it You know what
you want the studenlts ta leam and you know what activities to da to
achiava them, Wilhin this lesson, though does it say how students are
going to grasp that knowledge?

K: | use alot of chalk as an instructional strategy. Like with playoffs

a lot of studants gel confizsed which feet to use and | say "rghl, feft"
and then you shaw them, but most kids go left, righl and they're not
sure. So wharg they're suppased to do the 277 | draw a little fool wilh
tha chalk and [ put an *r* in it for right and they put their foot in the

'r' and | do the same for the left. So they ga right, left. Thal's a too!
isn'il?

Tr. That's a locl for sure. It's a symbollc leol if you like, it's

faclitating the leaming process.

R: But thal's just the activity isn'tit,

K: Yes and no. | thought to myself ') want the students 1o be able to do
a playoff praperdy. They're still confused and gatting il wrong. What can
1 do - what skill ¢an | teach them 1o help them get i right”. So | was
aclually providing them with a way of getting around the problem,

Tr: Kay's described, ona kind of tool. The symbollc tool of a diagram on
the pavement thatBnables the students ko follaw the skill of a playoff.

| want you also to'glve theught to tha laols that you can't see, The
unobsarvable ones that are in the students' heads. The cognitive,
metacognitive and rescurce management strategies Lhat they know about and
use whenever the need arises,

K: With the litte kids where the lesson is hands-on, and I'm trying to

teach them aboul mallaable substances and how temperature affecls those,
how would | approach their leaming. ! don't really undersland how (

could bring cognitive and metacognitive strategies into it for tha little

ones.

Tr: Just think about the information you're trying to gel them to leam.

Retum to your objectivas and based un tha'. you anbicipata Lhe problems
they mighl have understanding it. S¢ you ank yourself “What is it thal [s
galng ta help my sitdents understand this materal*? You cannot Just
assuma Lhat by camying out the activilies, they are going to have an
understanding of whalaver your objectives were. They ara activities that

will {acilitals lhe undersianding - sura, but by simply camying out that

actvily, you cannot assume that understanding will eventuata,

F: | still don't undsrsland how | cavld da that with this, I'm getting

them 1o use their hands and I'm not telling them the informallon, I'm

getting them to discover it for themselves,

Tr: Okay il's good that they are physically involved - lhay are 'doing’,

il
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but you want lhem to be mentally involved as well - you want ham to be
‘thinking'. What things tell you that thay are thinking?

R: That's It | don't know.

Tr: Well, you want them Lo question themsalves, So the students have their
hands in a tub of ... what was It?

R: Plasticine and butter,

Tr: So you say "What Is this all about™? "Why is one different to the

other"? Get them to talk to one another about what they're thinking, Why
does ane child have a different [dea to another? Tatking ...

R: And askIng quastions ...

“Tr: All the time.

R: Of each ather and me ..

L: And themselves | would suspacl

R: But how do you de that, How can you ba sure that Year Ones are asking
themsalves questions?

Tr-They leam io aver a period of Uma. Its the style of teaching you

-adopt. t's part of the routine of your classroom. It's part of the

leaming envirenment. At first [hey find it hard to do but eventually, it

becomes commoractics, 3
A: That would be the same with all sorts of stralegies wouldn't it, for i
any age group? They wouldn't be able to use them properly or consistently
strafght away, but after a lot of practice it bacomes second nature.

Tr: Yas, that's right.

L: Also with your little ones Rea, you could them to predict ... to work

out for themselves the sarts of things they could do for themselves if

they had problems. Like as my five year old does all the time saying "I

can't do this and | can't do that™, ralher than doing it for him, | ask

him vshat things he thinks he can do, what steps he can take 1o overcome

that pariicular prablem.

Tr: Right. Putting the onus to laam hack on the individual,

R I{'s a lot easier to get someone else to do it - to be

non-metacognitive, | think it's easier said than done - what you're

saying. It sounds weil and good hut ... | don't know. I'm a bit skeptical

still | think.

R L e e L T Y s
+++ ON-LINE DOCUMENT: Class Act 11 - GB
“Semester One ~ Part 2: Distributing cognition

“Flrst Sesslon - 21

*Group B - Dick, Gill, Fran, Viv

'ﬁk’-l

++ Text units 35-51;

V: And than monitoring strategies - an example is self-testing. Now | was
saying te the group back there that funnily enough when | got to reading
thai dawn hera, ) found myself self-testing. Did you hear the lecturer

next door talking about 'x’ and 'y".

F: Yas, the algebra. 7
V: Well, | got sidelracked and | was listaning to him. Se | was thinking
"Hang on. Get back on this", So | did what they say hera - monitoring
strategles called 'tracking yeur altenfion when you read’. And that was
what ! was dolng and it was only then when | realisad that | was reading
what | was doing.

Dz And | had 1o re-read sactions "

V: Exactly. And then | had 1o do the olher things like lesting by

re-reading, especially what | highlighted to sée why 1 did highlight it

in the first | acs.

F: So you're using cogn[tiva slrateg[es with the added angle of knowing
when, and knowing why. you're using them.

V: Yeah, | guess so: But the metacognltive Is the thinking - more the
awaraness and baing In control of your lhlnklng Sol guess metacngniuva
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sirategles are {he englnes that drive tha cognilive ones. They control

them, and which oner you use and why you're using ene over ancther. Would
you agree with thal Diek?

O: Yes.

G: It's like a cognitive person wanting 1o gat to A and asking a

metatognlive person how to get thers, {teacher appears to enguire how
group progressing].

++ Text units 53-85

Tr: How ars you gofng in this group? Anything you're not quile sure of?

V: Do you think metacegnitive tasks are different to cognitive ones - the
planning, the monitoring and lhe regulating? In the pfanning you set

goals ..

F: Cognition is goal setting. See this could be cur preblam.

V: But you can't set goals withoul thinking about it.

D: Ses most of them are tocls to think with; that you uss lo make the

mast of with iha tools that you already have. So il's what to controf,

when and how, how you'rs going to save time sle, ete. Saying to yourself
"Do | undarstand t¥s? Am | an the right irack®. 2
Tr: Yes, There are“h fact two aspects of metacognition, which you K3
probably reallse. Qne aspect is the regulation of your leaming, like
self-testing. The other Is knowledge about knowledge which includes
knowledge about cognitive strategies. Does that answer your question Viv?
V. So the metacognitive sirategies are ke the ones that help you think

and leam and the cognitive stralegies are the ones that get you thinking
about what you're leaming.

Tr. Yes. Right.

F: Really, then, metacagnition should accompany all of the different

types of leaming stralegies, or at least guide them.

G: They're not as effeclive olherwise. Shou!d wa get on lo resource
managemenl? The taxonomy [n the reader | suppose Is a very usaful guide, But
1 think | saw them being as sandwiched intg two, that is, extemal

resources and Intemal rescurces. Now to me, it was 'effort’ that made the
biggest impact on me. When we got lagether to nut this out C came
around and showed us how management of affort is related to the way ...
what you attribute leaming to. Um, for example you may think thal you
failed at somelhing due to ana of four things. You may think you failed
becauss of tho tagks - It was too hard. Or you may think you failed R
because you ha\nﬂad luck. Or you may think you fafled because youare 3
not as bright as mosi kids or you may think you've failed because you
haven't put the efforl in. Um so oul of those which would you like your kids
to attribute thelr leaming to?

F: What do you mean my ‘attribute’ their leaming lo?

G: I{'s ke when you leamn something you may fail at it or you may do

wall at It. If someone asked you why you falled or why you did well, you
may say "Oh because it was an easy task, or It was your lucky day or you
are really smart at Maths" ar whataver,

F:lsge.

(: So [f you could choose one of those four 1hat you would Hke your

klds 1o attribute thelr [earning successes and failures ta, what would it

be?

Vi Not luck.

G: Or the task.

F: What were thay again?

G: Task, luck, abillly and effort.

F: Ability or effort.

Gi: Well affort Is tha only one you can actually control, end teach your

kids to contral. All the others are not contrallable so you'd want your
students io see that they did well or nat so well at something because

they gither did or didn’t put the effort in,
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F: Thal's well and good bul what about a little five year old who has
put fiis hearl and soul into trying to read something but he just can't
undersland the words.

V: The book is probably toa hard in thal case and the (eacher nseds lo
reallse that quickly befara he slarts thinking that he's tha one with the
problem and ... [teacher speaking to whole class]

PSR TERE TR AR
44+ ON-LINE DOCUMENT: Class Act 2/ - GA
*Samester One - Dislributing cogniion

*Second Sesslon - 5/5/99

*Group A - Rea, Fran, Andy, Dick

++ Text unils 1-97:

D: i'm hinking about the main stuff we went over last week - the three

main approaches. And in fact if you combine the deep-achieving togather
yau get the best results. And then the strategies that you use - the differant
approaches yau use 1o Jeam. If you use the surface spproach; Jf you hava
{hat %ind of approagh, you use the surface type of stralagies that goes with it.3
G: Like rote leaming. . 2
D: Yep. And then what makes someona choose these approaches depends on
the motivatlon and the ‘why' you leam, for what reason, Ok,

@G: Yeah, Perfect. So is that what you discussed [asl week?

R: Yeah and we analysed a questionnalre we filled out because like Dick
says there's the three appreaches - deap, surface and achieving, but you

can combing themn so thers's six. So we found out that there are really

six approachas you can use. So you can be a deep-achlever - and the
muolivation behind each one. And she gave us the equallon - the motivation
you have for doing somathing, plus the strategies you use equals tha lype

af approach you adopt. And she talked a lot about extrinsic and intinsic
motivation and ... I'm sura you know all this [to Fran]. And that's connected to,
um ...

D: Tha intrinsic is relaled to metacognitive stralagies.

G And the intrinsic would be representative of deep leaming - when it's
comlng from within, Is that right?

R: Yeah intinsic woulu be deep learning. And the achlaving ona is
interasling.

G: I's a llla blt superficial too fsn't it? .
R: Yeah cause thegachiever leams for lhemselves as well as having the i
objective of being the bast in the glass, They're pretty smart. | think

she was saying the achiever utllises the resources really well; the me
management really well, Whal they need to do (s just enough, but they do

it well snaugh 1o gat the lop results,

G: They are also the ones who look for what will be quastioned in the

axams 5o they will need to know that and would Lhay study anything that
wouldn't be examined in tha test?

D: Probably not but they would optimise everything lo gat higher grades.

R: Thay probably would understand it lhough.

D: They can ...

G: But some pecple make cholcas like thal when theyts 2tudying for exams.
R: Yeah.

G: They ‘hink that becausa it's such a broad sublect they will only sludy

ona area and go with thelr luck,

D: Not the achfevers though,

G: Not achieving?

Codng cut hara
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Appendix K

Preliminary coding: Part 2

Data representative of instances where learning has not been
distributed to social resources

The following data constitutes the first six pages of instances where cognition was net
distributed to social resources. The data was taken from class activity transcripts,
interview transcripts and jeurnal transcripts. However, because the class activity
transcripts were coded first, they are the only data to show in these sample pages.
Some coding has been cut to make room for examples from ather transcripts.

Q.5.R. NUDL.IST Hdwer verslon, revision 4.0, %
Licensee: Carcle Sleketee.

PROJECT: PhD Analysis Part 2, User Carole, 11:07 am, Mar 4, 200Z.

{1 31 2) Charactensltics of a OLE/Process Characteristics/Social Reseurces/No
* Definilon:

Examples where knowladge has not been distributed socially

B S A e ™ )

+4+ ON-LINE DOCUMENT: Class Act 111 - GA

*Semester One - Part 2: Distribullng cognition

*First Session - 21/4/99

*Group A - Rea, Linda, Andy, Kay

++ Text units 134-152:
R: Shall we do half and half [to Linda who's studied the same saction in

tha article]. 133
L: No. Lets do it together. 136
R: All fight. You go.first. 4 138
L: well, Resaurcai{anagement glrategies, they're talking about the F

environment and tha resources so that the leamer is aware of and uses
resources and s able to changa or adapt to the environment in thefr
lsaming, And there are a (ot of different aspecls to It - would you

agree with that Rea? : . 140
R: Yeah, | see there are ... one, two, three, four things. Is that what

¥ou mean? 142
L: Yep. You go ahead [lo Rea]. 144

R: Well the first one's time, the secand one's place, tha third one s
athers and the fourth Is effort. The article is saying that physlcally
and mentally how we approach our laaming Is very Important. So
evarylhing has o be righl with these things, Then | locked at place

[to Linda]. 146
L: Do you mean ‘environment'? 148
R: Yeah, you can do that, 150

L: Somne peopla hava a very defined place where they study. Some peopls

need to have a very organised area whare they sludy, or one cartain

placa, and they need 10 be aware of that and be able to efficiently use

It as a resource ... [teacher Intammupts group discussions) 1562

A s e SR T R S AWy
+++ ON-LINE DOCUMENT: Class Act 14 - GB
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+++ Document Header:

*Semester One - Distributing cognition
"Flrst Sesslon - 21/4/95

*Group B - Dick, G, Fran, viv

++ Taxt units 15-17:

F: So anyway that's pratty much the cognitive strategies and now it

links In with the information-processing mode!. But we aiso looked at
spacific examples. Wilh maihs, when you're leaming your tables, you just
reclle them and leam them off by heart. Then you efaborate on them and
look at the meaning behind multiplication as a mathemalical phanomenan,
Then you come ta a more organisational process where you look at division
as being the reverse of multiplication, So ke when you're learning your
slx limes tables, you rote leam them; you rehaarse them, Then you
elaborate by locking at them as a multiplication concept, lika six times
four ls just four lots of six and then you organisa this information

further by saylng how many times will six go inta twenty-four? So lhat's

the cognitiva strategies. Whet's the metacognitive ones sbout? 15
V: Well basically tiliorists say there’s two parts 1o metacognilive 3
strategies. Ona Is Me awareness of and the knowledge of learning. Ok. 217
++ Text units 132-138:

F God that Is 5o true. It's true for me when | was leaming. When | was

a young girl leaming, you jusi had to remamber as much as you could and
repeat it in the comect fashion, That's what leaming was. But even
knowing that, | dan't know who taught me haw to rote leam, Maybe it was

a subconscious thing, a skill you plcked up becausa you had to, 132
V: o what Norman is saying |s that we don't teach studenls strategies (o

{eam with, is that right? 134
G: Lel's move on.. 136

V: I'd llke 1o know when this was quoted cause [ befieve things have

changed from the days when you ware at school Fran [laughs]. So

serfousty, it's not as bad as all that. | know in my class much of our leaming

is problem based. 138

++ Taxt unils 148-177;

G: When | was In the army raserve and they spoke about ‘man-managemant’,

and the adage was. that ona man can't manage more than five men -
effectively and thaflvas reflected right throughout tha structure of the A

ammy. You atways find that generally ane person can't really manage more

than five people. Sa then you lock at the leaming environment and you

586 ONS person managing 25 studants ... 148
V: 32 in my case, 150
G: I's a totally unrealistic environment. On average [n that sitvalion

you've got two minutes per child and so how can you bg expected ta make

sura that each of those kids has the tools to leam wilth? 152
V: This issue came up last year at school v.ere 8 parent was petitiching

about somathing and | said to her "Loak, if you're gaing to petition

about enything, do it about the fact that your son Js 1n a class of 31

ather students. 154
G: Shall we go back to the Irsson plans? | was sort of sxperimenting with

times here, in other words we were dealing with ... 156
V: What was the subject? - 158

G: Bank reconciliaticns. Business studfes. One of my lesson plans says
to giva them 25 to 30 minutas to tackls the questions, And my supervisor
says, “Ok, you'va got 28 yaar 10 kids, and you're expecting them o sit
quislly and work indlvidually an these problams"™? He sald "25 minutes is
& whola quaiter of AFL foctball. You'rs actually axpacting tham sit
qulatly and do your work for that time"? So what he then sald was to
break it up, llke give them a few ininules to do that bit then check it,




than do ine next bit, Lhen check it.

V: Sa slsp by slep.

F: Somy. What are we doing again?

G Not bank reconclilation as such but | was expacting yaar 10s 1o ba able
to control thermselves for that ameunt of time.

V: Dld you actually do this iesson.

G: Yop,

\: How did tha students go siting 30 minules of work on their own?

G: Not all that good, | found that | was picking them up on certain
things therefore interrupting them "CK you stop doing this, you stop
playing with that" so | might as weli have split the Uma vp

anyway. So whan 1 did it |ater, | did slice it up more.

F: | like to give my kids a bit of a break in the day ... for them io

just think ahout nothing or think about what we've done during the day.

++ Text units 189-227.
[: I'va got my 'esscn plan here. I's Sclence - states of matier [gives a
copy the others in his group whe skim read it].

F: This bit Is like: réfgalling prior knowledge to ma. 19%

. Yes. [reads a pah] "siudents have knowledge that chemists are
Interested In studles of malter”

F: Have thay already got that knowledge? 195

D: Yes.

F: How do you know?

D: Because they waere taught it In the previous lesson.

F: Ch ok, so they understcod It?

D: Yes, it was evaluated here [points to program).

F: o how did you avaluale?

D: Qusstioning and discussing and whatever and lhe way | was teaching
allowed for a lot of self-avalualion also - letting thern do what they
Lhaught was necessary 1o increase thelr understanding.

F: So you did what Gill did - a lot of thelr own work?

D: No, Net really. Thera was mare group woerk. When yeu teach sclence
where | come from, you have to leach in groups because the classes are
big and there's not much resources. It's how | leamed.

G: Whare are you from again?

0: Seychelles,

V: This locks great, IU's vary much (ke the lesson wa viewsd on TV - lhe
construclivist one_éon anergy.

G: Look. It ran for 80 minutes. .

V: Whaltl 80 minutes. Was it with a oreak?

D: No. It was a double period. No breaks.

G: f they offerad me a [ob like that I'd say "Forget it. Give ma another
school, | mesn even asking a Year {1 or 1210 sit in ene room for BG minules is
rdiculous.

Coding cut here io provide axamples irom othar transcrpls

B L R S
+++ ON-LINE DOCUMENT: Class Act 211 - GA
*Semaster One ~ Part 2: Distributing cognition
“Second Sasslon - 5/5/69

‘Group A - Rea, Fran, Andy, Dick

++ Text units 194-208:

G: Well, do you agres with it [comment on study guida saying that implicit in
lhe chaptar {hat quality leaming is associated with use of a deep

appreach to leaming.]? i

[ Yas, yas.

R: Yes. Maybe. 1 dunno.
G:Why? '

160
162
167

168
170
172
174

176
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205
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213
215
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219
221
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225

227

184
188
188
200

248



A: If you're only leaming ... If you're taking the shallow approach then
you're only achieving pcints being made in the curiculum, which may not
be evarything In that subject, By definltion you're only leaming that
which will be assessed and anything not assessed you don'tleam.

G: The hidden curreulum,

A: Yos axatly.

G: ... it says “explora the relationship betwesn what happens in the
classroom and the approaches to {eaming that students adopt”, So...a
tsacher sees her object to work to the curriculum very closely so that all
the checklists are mat.

R: ...They're not taliing about teachers' teaching habits,

G: No [reads sheet again]

At It's more about student willingness to go cutslde the guidelines rather
than teacher willingness lo go outs!de the guidelines.

C: And um...

A: Well they are both the same thing.

R: Butthey'ra not saying the teaching will change the approaches to leaming.

++++i++++++ﬂ4§l-++++++++++++++++++++++++
+++ ON-LINE DOCLIMENT: Class Act 2/1 - B
“Semester One - Part 2: Distribuling cognition
*Second Session - 5/5/99

*Graup B - Viv, G|, Kay, Linda

++ Text units 42-56;

K: Are they your notes from last week?

G: Yeah - the anes | took in class.

K: Can ] hava a look al them?

G: Yaah, yeah, you can copy them. ! guess that leaves you and me an the
poster then [to Linda and Kay and Viv were away last wask].

K: | really haven't got any background infoermatlon to contribute,

L: De you want 1o pholocopy my notes [to Kay]? I've got about ten pagss.
K: Qid you take ten pages of noles last week in class?

G: Actually there weren't class noles as such, i was just things she

sald,

B e a & LI R R AR S P
+++ ON-LINE DOGUMENT: Glass Act 3H - GA
*Semaster One - Part 2: Distributing cognition

*Third Session - 26/5/89 .

*Group A - Giil, Dick, Fran

++ Text units 163-235:

G: This is roiters. 'm not a terribiy good artist. Seelng as I'm the
volunteer artist and 'm not an artist you'l have to put up with It. But
that's - the tool of tha mind right. The subject matter and the teaching
of the sirategias is integral.

F: Integra}

G: Integrated. Oh my Ged have | Just drawn a male symbol there?
O: Very biological,

G: We nead a lesel don't vie? I'i put it up here.

G: | think | might hand this ovar. (s Just not happening for me. Do
they call it programmes? :

F: So you've got that, now put features of it

G: Yep, so fealures comes next?

F: You've got a circle, an oval and now a rectangle. This Is vary
mathematiezl, Are you maths-mindad?

G: If | was to do this diagram agaln, I'd da [t very differsntly, but
anyhow, So ...

PN
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250



0: We should be doing something else while you're doing that.

G: | was Just going to suggest thal Dick. Let's get leaming resocurce
managemant ... Il just write down the main painls. You two discuss what
that means as if you were presenting it to the whola class. By lhe time

we'ra all finished, two jobs done for tha price of one,

F: All right, so we need to get into the features because the olhers

will naed to know that, So what aboul lhe subject malter?

[; Wall It's subject matter and teaching slralegies.

F: Lika ingredients for cooking.

G: Thare's a goad one.

F: We cou!d make our presentailon like a demonsiration on how to make a
cake.

D: Or something else.

F: Yeah. What dish would you like Dick?

0: 1 don't mind really.

f: Do you have a favouriie Seychelles dish? 203
D: Na, It's the sama food as we have here.

F: Any speclal rice dishes? We don'l have lo do cooking.

G: 'm not sure wh%you're trying to achieve hut it could be relatad to
big-mechanics or Motar mechanics, or woodwark ... you do this follawed
by that, Army instructions are vary much a step by step thing - weapons
handling and thai sort of thing.

F: | don't know much about that.

D: Qkay so we need the right ingredlents.

F: Yeah but that's the recipe, we want 1o do the menu - planning what
you'ra going to have. So this here wauld become like the planning
session, so like an entree, maln cc rse and a sweet, Then you'd plan tha
guest fist. Stap three would be finarces, hew much It's all going to

cost, and you'd also plan decorations for the table and when you would
have it (teacher comes over].

Tr: What number are you?

D: Two. Integrated Leaning Sirategles.

F: We're looklng at cooking,

D: How are we going to integrale the stralegies here?

- Well, looking at the in-context bit ... | don't know.

Tr. What are you trying to do?

F: Explain this in the conlexi of a dinner party.

Tr: Great. How are you going lo de that?

F: Thal's the hard fart. We're not sura really.

G: It's not warking at all.

wike

[

++ Taxl units 277-339:

[ Ok come on cook [te Fran),

F: But I'm the world's worst cooi.
G: What ara you guys acivally doing here’? Are you getting stuck with
this cowking thing?

£: Wa ware looking at actual stralegies.

D: [pointing o his work] These are the steps and thase are the actual
content. And we can put the stralegles ir..

3 Yes but what's the foundalion?

Dt §'m ... we're luaking at cognillve strategies, where lhey coma inand
why.

F: You'd prohably take those two out now and see where they balance.
G: | don't gel it

: We're putting this inlo The subject matter of cooking and tha
teaching leaming stratagies we're looking at step by step, the menu us
actually covering the cccasion.

G: So you're camying cooking through these five polnts?

F: Yeah. Asking questions.

G: What son of quastions are you asking?
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F: If ... well using cogniliva sirategies “Who's going 1o come and who
won't™?

D; How are we golng to present this?

G: That's what | maan. | think you've dug a hole for yourselves hare, What
| would be dolng would be to look for a very simple way of getting this
across,

F: Wall lha recipe is how you go aboul the cocking.

G: 507 |s that gaing 1o help this class understand this section?

D: The subjaci malter is lhe planning of Ihe birthday party. Thats your
topic. Mow to plan il.

G: | would tend 1o carry ona thing thraugh and use a varety of
axamplas, The obvious one for me is pulling a plece of machinery aparl.
or malhs, As a kid is doing long-division he {s saying "What ¥'ve gol lo

da hare Is say 'Is six going to go inte 13 and how much will | have fefl
aver™, Sp that's sort of thinking a loud Ihe slrategy. Or on a grander
scale ..

*[Teacher talks to whole class asking them i now teach the whole class
about the section they as z group studiec. Calls on group A first.

G: |to Fran and theXast of the class) I bring up the madel and you

can explain it as o were discussing it before,

F: Oh [to the class] Dick and $ were on another plane.

G: Wa picked the strategy that while ) picked the bonas cut of the
matarial, they would discuss how te explain it 1o you. We agresd on it
but alas here | am and there they are. We're saying here lhal ws hava the
tnlegrated Leaming Strategles Program [polniing to overhead made by
Gill] 5o in oiber words in the classreom you not enly teach the subject
matter but the leaming strategies at Ihe same lime. Thal approach has a
number of features, the first one being the step-by-siep approach,

F: [from her chalr] Yes the step-by-step is very procedural and that's
why Dick and | immediately fooked at cooking and the process of ... we
had headings like pfanning ...

G: And it's also saying that it's related lo the subject in a way, like

ihe stralagy is suited to a particutar problem Iin a subject. The naxl one
Is ... aclvally Fran you can do this one.

F: Oh, Okay.

G: Why don't you come up?

F: No. | don't want o {class inughs, and Gill looking annoyed].

G: What the naxt cns meant! 1o me was whan someone Is teaching maths
rather than doing ﬂe calculation on the board the teacher is thinking
aloud as he is doing I, lika "I'm thinking of solving this prablem by

doing this. Then | think | will do that. What do you think? Is there a
batter way of daing this?" Thinking aloud thelr own thoughis and
strategies, Also largating or directing thinking, so lhe leacher asks
certain questions about the subject to gel the students thinking. The
next one, props and clues, 'l just read that one straight out of the

book far you, "As you're teaching you ramind students about particular
strategles, Iike ‘remember this strategy, remamber that strategy’, Vi

start you off on this then you ean finlsh on your own™, And Lha last

one, Informatien on the various faatures of siralegles diracled towards
the usafulness of tham. So that's just explaining to the class lhe
advantsges of cerlain faatures, what they can do and whal they can't do.
F: ‘Nell done Gill.

G: Yeah, no lhanks tc you [class laughs].
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Appendix L

Unit of analysis: Part 3

Example of sub-themes within a main theme

The following 30 text units constitute one theme and relate to a discussion on ‘levels of
processing’. Various sub-themes are evident within this main theme. These sub-themes
are delimited by the coding references (44,11,2 2 etc).

Q.S,R. NUD.IST Power version, revision 4.0.
Licenses: Carola Seketee.
PROJECT: Part 3tser Carcle, 10:32 am, Fab 22, 2002, 3

e b s g e e e e d dr e e e Ao et e e e e b e e e o e e e e e A
ML o ot kot LI It b e ko o o o 4t g e g o t

+++ ON-LINE DOCUMENT: Class Act 1/2 - G1
“Semastar Twa - Pant 3; Inspimation® as a cognitive tool
"First Sesslon - 25/R/9%

*Group 1 - Suste, Wanda & Deb

++ Toxt units 32-81;

§: Guys I'd really Ilke to know a bit more aboul fevels of processing. a2
(44)

D Ch that's what { was looking for, 33
(44)

§: [reading the texi] "developing your own knowledge, constructivism,

situated leaming metacognition”. You know | don't know enough about that

either. i'm so glad we don't have an exam In this unit because | hate

memorising. 4
{44)

D: Me too. its usudlly irivial stuff too - like NAFTA - Norih Amarican ;

Free Trade Agresment, Don't know anything about the agreement but | know

what NAFTA stands for. Whoopas. I'd ba good al a quiz night laughs). 38
(11
W: Here it is. Paga 262 lovels of processing theories, Cralk and Lockhart. 36
(44)

D: There's tha definition in the margin [reads] "theory that recall of

information is based on how desply it s processed”. So what does that

maan? a7
A4 _ .

W: The way you go about memorising It - whelhar it's In the peananent

long term memory for storage - hera we ara [feads book] "Materiaf that

I elaborated when it is first feamed will be easier to recall ... 38
{4 4}
S: Wail a minute. | can't keep up typing or understanding. Say that again, a9
(44)

W. It's a form of rehearsal. It keeps the infarmation activated In the

working mamory long enough o have a chance for permanent storaga in the
leng-term memery. So you've got to keep rehashing it and that's whare
discusalon relnforcas it. So you're congtanty relnfarcing It And zee it

saya here "Second, slaboratlon bullds exira links to existing knowledge,

The mors cna bil of information is assoclated wilh other Lils, the mere



roules thers ara to follow to get to the original bil". So reslly,
alaboralion [s different to rehearsal because you're not just rehashing
over and over again bul your linking It to experiences you've had io try
and make It stick.

(41)

S: Yaah but how would thal work for children?

(41)

D: Wall Lhe same way,

#1)

S: Sols that elaboration?

{41}

W | think that's a good definition of it.

(44}

S: Is that the same as extrapolation?

41

D: § think that elaboration is (ke reinforcing where you're talking

about things and refaling it to experiences and extrapolation Is where
you dissact things and look at bits then put [l all back together agaln.
Woglfc!k doesn't s& It that way but that's how | see that word. %
{414 "3
W Do we want to pul that In [the concept map] - levels of procassing?

4 4)
S: Yes. Ooh what happened there [referring to Inspirations]?

g zgliﬂ on {his and it will never happen agaln. See.

(Sz ﬂhy have we gt this lightening bolt [refering to symbol in map}?
‘Dz:_ﬁ:aughing] cause | thaught it was a bolt out of the blue.

{r\zf:zéo we want to add elaboration and rehearsal.

E‘: }I]ut arent they the metacognitive skill? What were they?

}

5: Yes | think sc. Because metacognitive skills were the processes thal
control how you leam something. So s elaboration and extrapolation and
rehearsal a metacognitiva skill - it would be wouldn't it?

31
D: I'mso confusadi
3N [
“W: Well yes because they [metacognitive skills] Intantionally regulate
cogritlon.
A{31)
D: But you don't intentionally - you don't say "I'm gong to intenticnally
rehearse these tables or I'm going to intentionally elaborate this idea®
do you,
(31}
W Not to that extent no. | don't think It has - well yes, You don't say
it like that but yau will intentlonally keep going back over sometiing
until you're satisfied you‘ve lsamad jt.

o

(31

S: This is actually slarting 1o all fall Into place for me, Shall we add
that one fo our map.

(44

W: Oh look [reading Woolfalk] *Extrapolate Is when you take the idea
further”. Add that In as a um, as a bit of, as a lidbit,

(32)

D ‘Thank you. To It's nth degres,

(32)
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