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Abstract

Educational differentiation and ICT can be designed to better recognize and integrate
learning differences across students particularly by assisting instructional management and
the self-regulation of students. A conceptual framework for such practice is elaborated here.
First, learning as an interactional co-constructive process at various levels is considered. The
diagnostic, instructional, management, and system aspects of the learning process can be
stimulated and maximized. Second, differentiation of learning procedures and materials,
design of integrating ICT support, and improvement of development and learning progress
are recommended as contextual conditions to optimize the learning process. The combination
of the learning aspects with these contextual conditions provides theoretical guidelines for the
transition from a nondifferentiating system of education to a differentiating, ICT-based system
of instructional management for all students. Information is given about the realization of two
of the differentiation guidelines and all ICT design guidelines. The first products were used in
kindergarten, to start the improvement of educational practice. This occurred in co-develop-
ment with kindergarten teachers of three Dutch kindergartens. Information is given about the
process and outcomes of this first transformation step in practice. Finally, next co-develop-
ment steps are discussed.
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1. Introduction

Designing instruction for students who deviate considerably from their peers with
respect to cognitive, social, or learning abilities has been the subject of research for
some time already (e.g., Durkin, 1966; Gardner, 1961; Parkhurst, 1922). The ques-
tions and problems inherent to the matching of educational and student character-
istics have prompted different approaches to the education of students with
different learning abilities. For example, a reactive approach to this matching in carly
education has been developed by Jewett et al. (1998) who introduced various peda-
gogical, diagnostic, play, and learning materials and procedures for use with kinder-
garten students experiencing different types of problems. Skinner, Bryant, Coffman,
and Campbell (1998) have concentrated on the interactional processes between child
and play/learning environment and developed a more preventive approach with a
focus on the facilitation of actual developmental levels. According to others, the
involvement of parents and professionals from outside the school for extra pedagog-
ical and instructional support starting in kindergarten can be very helpful (Walker
et al., 1998). Later curricular, instructional, and social differentiation of the learning
process can also promote progress and greater self-regulation of student behavior
(Mooij, Terwel, & Huber, 2000). That is, unsuccessful matching of educational
and student characteristics can result in student demotivation, disturbed or
withdrawn behavior, aggressive or criminal behavior, and even school dropout (cf.
Garnier, Stein, & Jacobs, 1997; Sherman et al., 1998; U.S. Department of Health,
Education & Welfare, 1973).

Two main categories of student do not fit easily into the regular educational sys-
tem. The first category consists of children with relatively low learning abilities or
innate handicaps (cf. American Psychiatric Association, 1994; Botting, Castilla,
Mastroiacovo, & Siffel, 1998; Hille et al., 1994). To learn more about the educational
circumstances for such students, the European Agency for Development in Special
Needs Education initiated a comprehensive study of effective classroom practices
in 15 European countries (Meijer, 2001, 2003). The methods used were literature
review, case studies, expert visits for seven countries, and discussions with experts
and Agency Working Partners. The focus of the study was on the revelation, ana-
lysis, and description of classroom practices in such a manner that teachers can more
easily integrate students with special needs in regular classrooms. The results showed
that this ‘inclusive’ education can be characterized by (a) large differences across
countries, (b} behavioral and social-emotional problems of students, and (c) dealing
with the diversity within classrooms as one of the biggest problems of teachers (see
Meijer, o.c.).

The second category of student not fitting easily into the regular educational
system is formed by children scoring above average in one or more domains of
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education, or so-called gifted students. The research devoted to this second category
of student is less coordinated than the research concerned with the first category. In
general, however, gifted students have been found to also experience various social,
emotional, motivational, and achievement problems from a very early age onwards
(Davis & Rimm, 1985; Lloyd, 1999; Mooij, 1999). When Purcell, Burns, Tomlinson,
Imbeau, and Martin (2002) considered various curricula, textbooks, international
studies, and studies of learning effects in the USA, an immense gap between curric-
ular units and the learning needs of particularly gifted or talented learners was
detected, which led the authors to conclude that mediocre educational standards
and uninspiring textbooks were largely the case (cf. Lohman, 1990). Massé and
Gagné (2002) investigated the social difficulties experienced by talented high school
students in Canada with attention to the envy experienced towards other gifted
students and the envy experienced by the talented students themselves. The results
of the questionnaire research showed greater envy with regard to the social and
financial successes of other gifted students than with regard to their academic
achievements or intelligence but greater envy of the academic achievements of the
talented students themselves.

For both categories of students, timely and adequate knowledge of their learning-
relevant characteristics appears to be essential for teachers, parents, and other pro-
fessionals to provide a stimulating learning environment. Sternberg and Grigorenko
(2002) stated that successful intelligence is not completely inborn, which implies that
schools can help children maximize their development and expertise. According to
Sternberg and Grigorenko, instruction and assessment should help students identify
and concentrate on their strengths and compensate for any weaknesses. Instruction
and assessment should also help students select and shape the learning environment
for maximum adaptation to their learning needs and integrate the different elements
of intelligence.

For each child, the relevant diagnostic, instructional, and management features
should be available from the first day of education. In addition, these different
features must be sufficiently integrated to produce positive learning effects for all
children within the group. Relevant innovation or school change processes must also
occur at times, which makes for a very complex process (see, e.g., the review of
school innovation research by Johnsen, Haensly, Ryser, & Ford, 2002). Many
factors must be considered, designed, coordinated, and checked for their assumed
effect on students. However, the information storage and processing capacities of
teachers, coaches and the other professionals involved in everyday educational
practice are generally limited for groups of 20-30 students (Kounin, 1970; Raver
& Zigler, 1997). Information and Communication Technology (ICT) can help realize
desired changes via its ability to log and monitor the different types of play, learning,
and teaching characteristics and processes occurring at different times and places
(Blumenfeld, Fishman, Krajcik, Marx, & Soloway, 2000). According to Ayersman
and von Minden (1995), computers can help differentiate learning in terms of such
categories as cognitive control, cognitive style, learning style, and personality type.
Similarly, ICT has the potential to integrate and optimize information regarding
instruction, learning, and the characteristics of the educational system at a variety
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of levels (cf. Ely, 1999; Watkins, 2001). Therefore, the question for research is
whether it is possible to design and integrate various educational and ICT factors in
such a manner that the learning differences between students can be better recognized
and integrated.

A first activity in answering the aforementioned question with regard to
instructional design is to elaborate a theoretical framework that is also relevant
for actual practice (Earle, 2000). For this purpose, learning as a co-constructive
process that occurs at different levels will be considered. In order to facilitate
the recognition and integration of differences in learning, a number of the educa-
tional conditions needed to individualize the curriculum and optimize student
development will also be specified (cf. Gustafson, 2002; Kemp, 2000; Mooij,
2002). Theoretically, the combination of these contextual conditions with the dif-
ferent learning process aspects is expected to build a flexible and transparent mul-
tilevel system of education and thereby facilitate the recognition and integration of
learning differences.

A second activity to answer the research question concerns the realization of these
contextual learning conditions in educational practice. Some general guidelines
based on these conditions are made concrete, including a general software prototype.
Then the focus is on theoretically guided changes of educational practice in three
Dutch kindergartens, to start the improvement of development and learning pro-
gress. The concrete experiences with this first educational transformation step also
suggest next steps to transform nondifferentiated education into an integrated,
ICT-based system to promote instructional self-regulation on the parts of all
students.

2. Contextual learning theory
2.1. Development domain, interactional learning, level of competence

Children differ with respect to an innate “internal structure of potential skills” or
more or less general domains of development (Gallagher, 1975; Magnusson & Allen,
1983). Examples are the social-communicative domain of development (Goleman,
1995), the general intellectual domain of development (Collier, 1994), specific intel-
lectual domains of development such as language (Byrne, 1998) or mathematics
(Borko, Davinroy, Bliem, & Cumbo, 2000}, the motor domain (van den Einden &
Pecht, 1995), the creative domain (Jellen & Urban, 1986), and the emotional domain
(Frijda, 1994). The characteristics of the innate internal structure and characteristics
of the immediate environment constantly affect a child’s actual behavior and beha-
vioral potential (cf. Leseman, 2002; Monks & Lehwald, 1991). Learning can thus
be defined as an interactional process via which the individual develops his or her
potential skills within various developmental domains into actual competencies or
levels of achievement (Heckhausen, 1980; Khatena, 1982; Mehlhorn, 1988). The level
of competence with respect to a particular domain of development can be defined as
the degree to which a child’s behavior matches specific criteria, standards, or norims.
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Both the home situation and pedagogical or educational institutions can then pro-
duce differences in children’s competencies, skills, cognitions, beliefs, and attitudes
(Jones, Gullo, Burton-Maxwell, & Stoiber, 1998; Marjoribanks, 1994).

2.2. Individual learning characteristics and learning progress

Children develop different competencies by actively seeking specific information,
constructing knowledge, and displaying different types of behavior. Children may
differ with regard to the extent to which they favor a specific learning strategy; their
development may be largely self-regulated, for example, or they may look for
detailed pedagogical, didactic, or coaching support. Sternberg and Grigorenko
(2002) have defined successful intelligence as “the ability to succeed in life according
to one’s own definition of success, within one’s sociocultural context, by capitalizing
on one’s strerigths and correcting or compensating for one’s weaknesses; in order to
adapt to, shape, and select environments; through a combination of analytical, cre-
ative, and practical abilities” (p. 265). People can vary with regard to their ability to
analyze, judge, critique, compare and contrast, evaluate, and explain. Successfully
intelligent persons do well in school and on standardized tests. And people can vary
with regard to their ability to create, invent, discover, explore, imagine, and suppose.
According to Sternberg and Grigorenko, creativity is the ability to generate ideas
that are novel, high in quality, and task appropriate. People can vary also with
regard to their ability to use, utilize, apply, implement, and put things into actual
practice. A practical person “shows intelligence in highly contextualized situations”
(p. 266). The authors hypothesized that a set of universal processes underlies all
aspects of intelligence. More specifically, there are metacomponents or executive
processes, performance components that execute the instructions provided by the
metacomponents, and knowledge-acquisition components that are used to learn
how to solve problems and acquire declarative knowledge.

In order to optimize the learning of each student, curricular and instructional
characteristics should be based on the learning characteristics and strategies of the
individual student within the small group.or class. In addition, the student should
be stimulated at a level somewhat above his or her actual level of competence (Cron-
bach, 1970). When such matching does not occur across a longer period of time,
negative motivational, emotional, behavioral, cognitive, or social effects may be
the result. Relatively low-ability learners may thus benefit from specific and carefully
ordered steps of competency, as in programmed instruction or mastery learning
(Bloom, 1968). Conversely, Purcell et al. (2002) have argued that the instruction
of gifted students “should include open-ended questions and activities, as well as
choices related to learning activities and topics” (p. 309).

2.3. Group characteristics, evaluations of learning, and individuallgroup effects

Most students learn within a group situation, which may be the small group
or class. Curricular and instructional prescriptions determine the extent to which
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student learning occurs individually or involves some type of group work. That
is, group instructional characteristics can promote or block various individual
and group learning processes (Dillenbourg, 2002; Jochems, 2002). Interactions
between various individual and group characteristics may also occur and relate
to the content of the task or lesson, the degree of pedagogical-didactic differen-
tiation, and means of evaluation (cf. Ames, 1984; Kirschner, 2002). Individual
evaluation based on a learner’s progress with respect to a specific set of learning
activities is criterion-referenced and will usually be positive, which can then — in
turn — motivate the learner (Heckhausen, 1980). Given the same individual
progress, evaluation based on the group or normed mean can indicate insuffi-
cient achievement progress or school marks and therefore be negative, which
can demotivate the learner in the long run. On the other hand, the students
who achieve relatively best compared to the group mean are motivated and will
do better. These contrasting motivational and achievement effects are known as
frog pond effects (Davis, 1966) or Matthew effects (cf. Aarnoutse & Verhoeven,
2003).

Assessment procedures that are not criterion-referenced and only mean-based
can be particularly handicapping for learners who — for whatever reason — ini-
tially score significantly above or below their peers (Collier, 1994). This is
revealed by student monitoring systems that are based on normed means (see,
for example, Evers et al., 2002; Kemp, 2000; Kuhlemeier, Kleintjes, & van den
Bergh, 2001). Peetsma, van der Veen, Koopman, and van Schooten (2003) con-
ducted a longitudinal multilevel study of the class effects on the progress of about
6000 Dutch students between the ages of 10 and 12 in four areas of competence
for about 460 elementary classes. Of particular interest were the influence of
ethnic minority composition and the degree of heterogencity along these lines
on student growth within the domain of math, Dutch language, cognitive self-
image, and feelings of well-being. These issues were analyzed while controlling
for pretest scores, IQ, sex, age, level of parental education, and ethnic back-
ground. For math in general, the higher the percentage ethnic minority students
in the class, the lower the math progress; for two of the ethnic minority groups,
however, classes with more than 30% ethnic minority students were found to
produce relatively greater math progress for the ethnic minority students when
compared to the other students. For language in general, the higher the percent-
age students with low-educated parents in the class, the lower the progress for
Dutch language; for the classes with lower educated parents, however, relatively
greater language progress was shown by particularly the students of the lower-
educated parents. Comparable results were nevertheless not found for self-image
or feelings of well-being.

The aforementioned multilevel results confirm the assumption that the interac-
tional effects of various kinds of group and individual characteristics can differ
according to school subject. Knowledge of these complex interactions can be used
to improve the design of education for students at all levels (cf. Lajoie, 2003; Mooij,
2005).
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2.4. Multilevel diagnostic, instructional, management, and system aspects

The preceding information suggests that learning must start with some type of
diagnostics with respect to the level of competence of the individual student within
a specific domain and the context of peers. Specific instructional guidelines or
prescriptions can then be developed on the basis of such diagnostics to assist each
learner, small group, or class. The related learning processes and effects can be
evaluated and managed in order to provide for further positive learning steps. And
finally, diagnostics, instruction, and management have to be integrated within a
sufficiently flexible multilevel system to provide adequate support for the differences
in learning and development across students. A model to illustrate this cyclic process
of diagnostics, instruction, and management within a multilevel system (DIMS) is
presented in Fig. 1.

The lowest level in Fig. 1 involves the individual learner. In a differentiating
educational system, teachers, parents, and other pedagogical and health care pro-
fessionals can concentrate diagnostic, instructional, and management characteristics
on the provision of preventive support for slower or ‘non-regular’ learners and the
adequate stimulation of highly able or gifted learners with completely different
instructional content and procedures much more easily than in a nondifferentiating
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system. In a differentiating system, initially low achievers can do something better
and initially high achievers can do something much better. At the higher level of
the small group or class, the degree of instructional differentiation will then correlate
with mean achievement and heterogeneity of achievement.

At the level of the school, diagnostic, instructional, and management characteris-
tics can reflect school policy or ethos, priorities set by school leaders, and the regional
interrelations related to socio-economic neighborhood. At this level, student means
and heterogeneities reflect primary, secondary, and tertiary educational and organi-
zational processes. And ICT-based monitoring can provide the school team and man-
agement with integrated longitudinal data on the achievement of the individual, smail
group, class, and school. At the municipal or regional levels, moreover, specification
of curricular content can promote ICT-supported collaboration or differentiation
between schools and other institutions with respect to the needs of specific learners.
Such collaboration or differentiation can then lead to — for example — more preventive
integrated coaching by teachers, parents, and external professionals (cf. Gilsing,
Roes, Veldheer, & Vorthoren, 2000).

At the national and international levels, normed psychometric indicators can be
used as benchmarks for the assessment and comparison of learning and competency
within and across schools. National educational policies and national educational
support agencies can be coordinated with the aid of ICT-based bottom-up data.
Compared to a nondifferentiating system with little or no ICT-based education,
differentiated ICT-based education can be expected to provide greater reliability,
validity, and efficiency of data collection and greater ease of analysis, evaluation,
and interpretation at any educational level (cf. Fig. 1).

2.5. Designing integration of learning differences by three types of conditions

The European Agency for Development in Special Needs Education has recom-
mended the following practices as most effective for the establishment of inclusive
classrooms: (a) cooperative or team teaching, (b) cooperative learning or peer tutor-
ing, (c) individual planning, (d) collaborative problem solving, and (¢) heterogeneous
grouping with flexible instruction and differentiation (Meijer, 2001, 2003). Johnsen
et al. (2002) mentioned the following as particularly effective for the adaptation of
general classroom practices to the needs of gifted students: (a) acceleration, (b)
curriculum compacting, (c) enrichment, (d) use of learning centers, (e} creative prob-
lem solving, (f) independent study, (g) interdisciplinary curricula, (h) problem-based
curricula, and (i) recognition of instructional style preferences.

Integration of these two research outcomes into the DIMS aspects of the learning
model in Fig. 1 results in three contextual conditions that seem essential for the edu-
cational recognition and integration of differences in learning (cf. also Mooij, in
press). The first condition pertains to differentiation of learning procedures and mate-
rials to facilitate not only diagnostics but also adequate individualization of the
instructional process. In other words, this condition concerns the relations
between the various diagnostic and instructional aspects of learning. The second
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condition is the design and use of integrating ICT to enable information connections
between the various diagnostic, instructional, and management features and the
system transformation needed to recognize and integrate differences in learning
across students. The third condition involves the improvement of development and
learning progress, or the facilitation and optimization of selected level-specific and
between-level interactions which can help link the instructional and management
aspects of learning processes and outcomes.

In the following, the diagnostic, instructional, management, and system aspects of
the multilevel model of student learning will be considered for each of the three
contextual conditions seen as essential for the educational recognition and integra-
tion of differences in student learning.

2.6. Differentiation of learning procedures and materials

Differentiation of learning procedures and materials is defined as the structured
adaptation or individualization of the curriculum to the learning characteristics
and potentials of individual students and small groups of students. A curriculum
refers to specific content-based concepts, subconcepts, and themes with different
learning activities representing specific types of knowledge, skills, and competencies
or aptitudes and attitudes. A curriculum is designed to inspire, motivate, support,
and challenge learners with the corresponding learning activities. An overview of
curricular differentiation aspects relevant to learning can be found in the second
column of Table 1.

2.6.1. Identify a pedagogical-didactic kernel structure with competence (sub)domains

Curricular differentiation has to reflect the order, evaluation or measurement of
the development and learning processes associated with the relevant learning pro-
cedures and materials. From a diagnostic point of view, learning procedures and
materials can be organized in more or less hierarchically structured competence
domains and sub-domains like language, general cognition, social-emotional per-
formances, and mathematics. Competence domains and sub-domains reflect struc-
tured sets of learning procedures and materials which order, evaluate or measure
the relevant development and learning processes. The term pedagogical-didactic
kernel structure (PDKS) can be used to indicate the corresponding structure based
on normed instruments to assess related levels of competency, or skills (cf. Mooij,
2004).

2.6.2. Structure competence (sub)domains into (sub)skills and instructional lines
Curricular learning activities and materials, including intermediate and final per-
formance or achievement tests, constitute competence (sub)domains and (sub)skills
of the official curriculum and characterize the particular type of education. While
school curricula reflect the educational identity of a school, the national curriculum
sets learning standards and examination norms for specific learning processes. Cur-
ricular units and subunits can be seen as content-based streams of learning activities
and can be used to structure students into flexible groups. Learning activities and



Table 1

Theoretical guidelines to improve instruction and learning by types of contextual conditions and DIMS aspects

Learning aspect (DIMS) Type of contextual condition

Differentiation of learning procedures
and materials

Design and use of integrating ICT
support

Improvement of development and
learning progress

Diagnostic

Instruction

Management

System

1. Identify a pedagogical-didactic kernel
structure with competence (sub)domains

2. Structure competence (sub)domains
into (sub)skills and instructional lines
3. Include psychometrically valid
indicators to evaluate learning progress

4. Organize and match flexible groups of
learners and teachers/coaches

5. Use integrated systems for monitoring,
evaluation, and administration

1. Facilitate construction and use of a
pedagogical-didactic kernel structure

2. Facilitate structuring, transparency,
and flexible use of instructional lines

3. Facilitate individualized instruction,
collaborative learning, and self-regulation

4. Facilitate multilevel organization and
differentiated evaluation of learning

S. Integrate instruction and learning in
different contexts, in longitudinal designs

1. Use a learner’s entry characteristics
to assign instructional (sub)lines

2. Create and control prosocial
relationships in and around school

3. Use collaborative didactic procedures
to support learners’ self-regulation

4. Concentrate teacher coaching on
those learners who most need this

5. Use multilevel indicators to improve
instruction and learning progress
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Table 2

Multilevel curricular structure and differentiation of instruction and learning

Curricular level Instruction/learning

10. International curriculum  Similarities and differences in educational systems across countries

9. National curriculum National educational system, examination requirements, educational
policy

8. Regional curriculum Instructional lines characterizing schools and institutes within a
particular region, district, or community

7. School curriculum Instructional lines characterizing the type(s) of education for one school

6. Location curriculum Instructional lines characterizing the type(s) of education for one school
location

5. Curricular unit A set of instructional lines characterizing a specific type of education; can

also be used to structure students into groups (e.g., into the lowest,
middle, or highest curricular levels for a location or school)

4. Curricular subunit A subset of instructional lines characterizing a specific type of education;
can also be used to structure students into groups

3. Instructional line Ordered arrangement of learning activities; may include evaluative or
normed learning activities as indicators of a specific level of difficulty

2. Learning activity Specific knowledge, skills, competencies, aptitudes, or attitudes to be
mastered or learned

1. Task Element of a learning activity

tasks — defined as the elements of learning activities — can be ordered along instruc-
tional lines, which may include evaluative or normed indicators for a specific level of
difficulty (cf. Brush & Saye, 2001). An overview of the multilevel structure of curric-
ular concepts and their instructional and learning relevance is given in Table 2.

Evaluation or test procedures and the corresponding learner selection processes
are intended to see that each learner develops and learns according to the curriculum
(cf. also Nadolski, Kirschner, van Merriénboer, & Hummel, 2001; van den Akker,
1999). In addition to the official curriculum, many free activities can be chosen or
developed by the learners themselves (cf. Pellegrini & Boyd, 1993) and later evalu-
ated by the learners themselves or in cooperation with the teacher.

2.6.3. Include psychometrically valid indicators to evaluate learning progress
Different indicators can be integrated into the instructional lines of the curriculum
in order to evaluate the specific development and learning of each learner (cf.
Meisels, DiPrima Bickel, Nicholson, Xue, & Atkins-Burnett, 2001). A first evalua-
tion variant is the use of psychometrically normed indicators for the various
domains, sub-domains, skills or sub-skills of the learning processes. At the national
level, different types of norms for all educational types can be established (e.g., an
architecture of age-normed means for concepts measured by various screening
instruments or tests). A PDKS would enable coherent evaluation of learning compe-
tency or progress at the levels of, for example, the individual, small group, class,
school, or nation. A learner’s school path can then be determined on the basis of
individual progress against a background of different types of means and norms.
In other words, evaluation can occur independent of comparison to only school
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Table 3

Pedagogical—didactic kernel structure (PDKS) and normative concepts

Curricular level* Normative concepts Definition of concepts

9. National curriculum  Pedagogical-didactic kernel Set of ordered concepts used to reliably
structure (PDKS) and validly assess learning progress

within specific (sub)domains or (sub)skills
for one or more learners in a standardized
manner

7. School curriculum PDKS at the level of the school Subset of PDKS selected by a school to
assess progress of students

6. Location curriculum  PDKS at the level of the location ~ Subset of PDKS selected by a school
location to assess progress of students

3. Instructional line Normed instructional line Set of related learning activities with at
least one learning activity or task serving
as a progress indicator for the PDKS

2. Learning activity Normed learning activity Learning activity serving as a progress
indicator for the PDKS
1. Task Normed task Task serving as a progress indicator for
the PDKS
# Cf. Table 2.

and peer means or the traditional grading system. An overview of some relevant
progress indicators is provided in Table 3.

A second evaluation variant is more content-based with respect to the concepts,
sub-concepts, themes, and learning activitics related to the PDKS. This variant
concerns the degree of mastery for specific information, competencies, or behavior.
Evaluation is now based on the individual, subjective judgments of the teachers and
other individuals involved in the education of students. The evaluation process thus
relates to the group of learners within a class or school and enables more learner- or
situation-specific evaluation.

A third evaluation variant involves an integrated combination of the first and
second variants. Both the PDKS and relevant evaluation methods are considered,
on the one hand, and content-based individual or group variations, on the other
hand. Different evaluation possibilities, which can often be made more user-friendly
when ICT-based, are thus available. One example of such a combined approach to
evaluation is the human benchmarking of O’Neil, Ni, Baker, and Wittrock (2002)
who assessed the quality of individual problem solving against a range of expert
problem-solving achievements.

2.6.4. Organize and match flexible groups of learners and teachers/coaches

Making the organization of learners more flexible by matching their entry char-
acteristics or instructional needs is another conditional guideline that may clearly
promote the recognition and integration of learning differences (Bennathan &
Boxall, 1996; Cooper & Ideus, 1998; Kanselaar, 2002; Underwood, 2003). Flexible
small learner groups can be formed, for example, on the basis of initial competency
levels, learning style, specific instructional requirements in the case of particular
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handicaps, or giftedness (Gross, 1996, 2001). Such matching is in line with an
Aptitude-Treatment-Interaction design (ATI design; Cronbach & Snow, 1977)
and can greatly facilitate multilevel effects on learner progress. Along these lines,
Tennyson and Breuer (2002) have adopted an interactional cognitive learning
and thinking model. Of particular interest are the interactions of content know-
ledge and cognitive learning strategies with such higher order cognitive processes
as problem solving and creativity. The authors developed the Minnesota Adaptive
Instructional System (MAIS) to improve learning using complex and dynamic
computer simulation techniques. One of the main research outcomes was that
group membership based on similar cognitive ability best promoted the develop-
ment of thinking strategies.

2.6.5. Use integrated systems for monitoring, evaluation, and administration
The systematic and integrated registration, evaluation, and administration of
results is yet another condition that can help recognition and integration of diffe-
rences in learning. The registration of results with respect to instructional lines,
for example, can produce transparency and thereby insight into learner progress
“and any potential learning problems. ICT-based registration, evaluation, and admin-
istration can also link different levels of information and thereby provide insight into
the progress of various individuals, groups, schools, and institutions. Moreover,
ICT-based indicators can provide a common pedagogical-didactic language for
instructional clarity, the flexible design of learning arrangements for individual
learners or groups of learners, and evaluation by teachers, parents, and other profes-
sionals either inside or outside the school.

2.7. Design and use of integrating ICT support

One of the main functions of ICT support involves the linking of different types of
information for various learners or groups of learners across time, place, and media
(Sinko & Lehtinen, 1999). In doing this, ICT has an obvious and major role to play
in the various diagnostic, instructional, management, and system aspects of student
learning — as can be seen in Table 1.

2.7.1. Facilitate construction and use of a pedagogical-didactic kernel structure

In a differentiating ICT-based educational system, a PDKS can provide a psy-
chologically valid and normed basis for the assessment of learning progress and
flexible integration of differences in learning. For example, ICT can help build a
normed reference system of competencies measured in a psychometrically reliable
and valid manner and then provide immediate feedback to local users with regard
to specific characteristics of the curriculum and relevant learning processes and
effects.

2.7.2. Facilitate structuring, transparency, and flexible use of instructional lines
ICT can help further structure, enhance the transparency of, and promote the use
of the curriculum across the different educational levels (see Fig. 1 and Table 2). For



1512 T. Mooij | Computers in Human Behavior 23 (2007) 1499-1530

example, the establishment of instructional lines with respect to specific groups of
learners and for the qualitative or quantitative analysis of multilevel data for
research and development purposes can be undertaken (Cronbach, 1983). For
national and international management and policy purposes, ICT can provide data
and feedback with respect to many different psychological, learning, and instruc-
tional factors. Furthermore, the nationally normed benchmarks related to the PDKS
can be used to locally construct or complete instructional lines and evaluate student
learning from a multilevel perspective. The relations between national and local
benchmarks or evaluation outcomes can also be used to qualify local features and
identify possible areas for improvement.

2.7.3. Facilitate individualized instruction, collaborative learning, and self-regulation

ICT can help individualize instruction and transform learning into pedagogically
responsible self-management. Hooper (2003) compared groups of students with dif-
ferent levels of persistence for their ability to learn from computer-based instruc-
tion within cooperative groups and found average persisters to interact more
than high or low persisters. ICT can thus play a role in the creation of support
for learners with different abilities and levels of persistence by preselecting partic-
ular content or procedures and thereby helping users to regulate their own learn-
ing. In other research, van Merriénboer (1997) and van Merriénboer, Kirschner,
and Kester (2003) have concentrated on the development of a theoretical frame-
work and instructional software for complex learning. These authors presented
information on a four-components instructional design model (4C ID model)
and emphasized the use of authentic and complex learning tasks. Instructional de-
sign should focus a combination of performance support and fading, by scaffolding
whole-task practice. This can be realized by simple-to-complex sequencing of whole
tasks into task classes, and by differentiation between types of learning tasks, e.g.,
from worked-out examples or completion assignments to conventional tasks.
Instructional design can also promote learning by just-in-time presentation of
information about the nature of the learning tasks. Supportive information is pre-
sented before equivalent learning tasks; procedural information is supplied during
specific task performance.

Kuo et al. (2002) have similarly designed an intelligent web-based interactive lan-
guage-learning system to support English learning via the internet. And when Calisir
and Gurel (2003) investigated the influence of text structure and prior knowledge on
reading comprehension, browsing, and perceived control, the use of hierarchical
hypertext was found to be most appropriate for nonknowledgeable learners. The
use of the computer to support instructional management is — in and of itself — also
an issue for further research. Chalmers (2003) has examined the interactions between
people and the computer and suggested that the human—computer interface requires
very different characteristics or forms of interaction due to differences in the cogni-
tive functioning and representations of the users. In other words, research on the
human-computer interface should be undertaken in addition to research on learn-
ing, the retention of information, the organization of information, and individual
differences.
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2.7.4. Facilitate multilevel organization and differentiated evaluation of learning

The multilevel organization and evaluation of learning can be clearly facilitated
by ICT. For example, individual students or groups of students can work along
instructional lines while being coached by teachers, parents, or external professionals
located in other places and working at different times. Within an instructional line,
specific characteristics or items on a questionnaire, observation list, test, or topic can
be referred to in a specific order and the degree of progress then specified with respect
to various types of users, various types of institutions, or various levels of function-
ing. An example of the multilevel organization and interactional sharing of informa-
tion is provided by Bennett, Schreiber, and Andrews (2002) who developed a
competency-based method to train aircrew members both individually and collec-
tively using real, virtual, and computer-generated systems. Their Distributed Mission
Training (DMT) involves a network of individual cockpits and visual systems that
thus allow interactive training using both single and multiple aircraft. In other
words, DMT involves the dynamic sharing and use of simulated information among
a group of individuals engaged in real-time training scenarios.

2.7.5. Integrate instruction and learning in different contexts, in longitudinal designs

ICT can integrate multilevel diagnostic, instructional, and management aspects of
learning and different categories of users across time, place, and media. ICT can do
this in a systematic way, for different fields or structures.

2.8. Improvement of development and learning progress

The improvement of development and learning progress is defined as the match-
ing of specific instructional lines with specific learners or groups of learners in such a
manner that maximum learning progress is realized for each individual learner. Five
conditional guidelines can be distinguished with respect to this improvement: see the
fourth column of Table 1.

2.8.1. Use a learner’s entry characteristics to assign instructional (sub)lines

Entry characteristics function as first pedagogical, didactic, or instructional
diagnostics to support and guide a learner’s ways through a structured set of instruc-
tional (sub)lines, in multiple learning settings. Differences in the initial characteristics
of learners and their levels of initial competence can be expressed as differences in
entry characteristics. Along these lines, Jewett et al. (1998) and Walker et al.
(1998) have considered early identification and compensating measures for kinder-
garten students achieving very low within the social and cognitive domains. Early
information from parents and teachers was combined to adapt the pedagogical-
didactic characteristics of the curriculum to the characteristics of the students
actually present in the class which had positive effects on the functioning of the stu-
dents. On a different note, Caplan, Henderson, Henderson, and Fleming (2002)
investigated which socio-emotional variables were relevant for the adjustment of
carly-entrance college students — defined as gifted students entering college early
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because of acceleration during elementary or high school — and found no detrimental
effects for accelerated students when compared to nonaccelerated students (see also
Gross, 1992). Caplan et al. also investigated the role of self-concept and perceptions
of family environment in the psychosocial adjustment and achievement of acceler-
ated college students within a residential early-entrance-to-college program and
found family cohesion, conflict, expressiveness, and overall self-concept to be predic-
tive of adjustment to college. Furthermore, family cohesion, organization, control,
conflict, and overall self-concept predicted academic achievement as measured by
first-semester grade-point average.

When Veenman, Prins, and Elshout (2002) examined the role of metacognitive
skills and intellectual ability among university students during an initial inductive
learning task involving a complex computer simulation, they found the learners to
initially manipulate the input variables in a qualitative manner and thereby create
examples of situations for the induction of qualitative rules. Once some of the rele-
vant variables were identified, the learners then developed hypotheses and theories
about the relations between the variables. When the learners confronted a task that
was far below or far above their capacities, the role of intellectual ability was found
to be relatively small. This finding led the researchers to conclude that metacognitive
awareness and skill play a critical role in learning. That is, learners with a high level
of metacognitive skill performed more actions in the laboratory, which then led to
greater qualitative knowledge while greater quantitative knowledge was acquired
by learners with high intellectual abilities.

Cognitive load theory has examined cognitive processing and the structuring of
information into appropriate instructional designs (Paas, Renkl, & Sweller, 2003).
In general, instructional designs are used to specify how a person is expected to learn
and how the person can learn most efficiently when it comes to complex learning
tasks (van Merriénboer et al., 2003). According to cognitive load theory, instruction
should be based on each learner’s initial level of competence. Kalyuga, Ayres, Chan-
dler, and Sweller (2003) have shown those instructional designs that are effective with
inexperienced learners to lose their effectiveness and even have negative effects when
used with more experienced learners -- which the authors have called “the expertise
reversal shift”.

2.8.2. Create and control prosocial relationships in and around school

In general, the creation and stimulation of a prosocial pedagogical climate is an
important instructional condition (Alschuler, 1980). Teachers may realize this by
making students responsible for the formulation and enforcement of positive rules
of conduct. The involvement of learners in the definition of prosocial behavior and
behavioral rules should then occur from the first day of school (Mooij et al., 2000).
Collaborative didactic procedures can also be integrated into different instructional
lines (cf. Kaplan, Gheen, & Midgley, 2002). According to Kreijns, Kirschner, and
Jochems (2003), the social collaboration in small groups requires specific didactic
support to result in positive group processes and outcomes (also see Crook,
1998). Gentry, Rizza, and Owen (2002) investigated the perceptions of challenge
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and choice for teachers versus students, on the one hand, and ordinary versus
gifted students, on the other hand. With respect to their perceptions of challenge,
no relations were detected between what teachers report and students report during
elementary or high school. With respect to perceptions of choice, only a small
positive correlation was found for the reports of teachers and students during
elementary school, which suggests that the reports of teachers may not always
reflect the actual experiences of their students. Regarding the perceptions of
challenge on the parts of ordinary versus gifted students, gifted students attending
magnet schools reported significantly greater challenge in their school activities
than gifted and other students attending a regular middle school. No differences
were found at the elementary school level.

2.8.3. Use collaborative didactic procedures to support learners’ self-regulation

The use of collaborative instructional procedures to support self-regulation can
motivate learners and thereby promote both individual and group learning
outcomes. Bergqvist and Séljé (1998) found collaboration among seven- to nine-
year-old elementary students in Sweden to greatly facilitate the transfer of many
responsibilities from the teacher to learners. According to the authors, this was made
possible by the social, pedagogical, and learning roles being closely related to the
organization of the teaching and learning within the age-integrated classes using
an individualized curriculum (cf. Jones, Rasmussen, & Moffitt, 1997).

In research by Neber and Schommer-Aikins (2002} on self-regulated learning
among highly gifted elementary and high-school students, self-regulated learning
was defined as the ability to direct one’s own learning with respect to both content
and process. The gifted elementary students showed a higher level of investigation
in the science environment and less test anxiety and work avoidance than the gifted
high-school students. The science-related motivational beliefs of the highly gifted
boys proved more positive than the science-related motivational beliefs of the highly
gifted girls. The level of investigation in the science learning environment was found
to provide the motivational and epistemological prerequisites for self-regulation on
the part of all the gifted students, which led the researchers to conclude that explo-
ration and discovery should be clearly promoted in the science curricula for highly
gifted students (cf. also Freeman & Josepsson, 2002).

2.8.4. Concentrate teacher coaching on those learners who most need this

With the encouragement of self-regulation on the part of learners, teachers can
devote greater attention to those learners who need extra guidance or coaching with-
out the progress of the other children in the class suffering. On the one hand, it is
usually the teacher who must specify how learning activities should proceed when
a learner encounters problems, which means that time must be made available for
this. On the other hand, learners can learn from helping each other and explaining
things to each other, which means that they need not necessarily suffer from less tea-
cher attention. When Jewett et al. (1998) examined the pedagogical and curricular
factors that enabled kindergarten teachers to help children with special needs, they
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found curricular adaptations and teacher assistance for learners at risk to clearly
reduce the motivational and achievement problems of such children.

2.8.5. Use multilevel indicators to improve instruction and learning progress

With the use of integrated systems for the registration, evaluation, and adminis-
tration of learner progress, it is possible to measure and check the progress of
students on a number of different levels. The teacher can involve other learners, other
teachers, parents, or professionals from outside the school in the initial diagnostic
process, the learning process, the design of interventions, and the evaluation of out-
comes. In a longitudinal intervention study of eight elementary schools with about
50% disadvantaged students by Johnsen et al. (2002), the principals were informed
about the intervention and mentor teachers were then selected and trained to collab-
orate with 71 cohort teachers. Systematic classroom observations aimed at the
assessment of instructional variation in lesson content, timing of instruction, rate
of assessment, environmental involvement, and student choice of lessons or lesson
materials showed greater adaptation of teachers to the individual differences among
students following training. The researchers concluded that ‘“transformational
changes in environment and preference occurred first for the majority of teachers,
perhaps because they were more visible or easier to accomplish. It did appear that
changes in environment or preference were precursors to more substantial changes
in rate and content (...)” (p. 61).

2.9. Multilevel hypothesis

A general multilevel hypothesis formulated on the basis of the aforementioned
modeling can be formulated as follows: The higher the degree of realization for
the three conditions known to facilitate the recognition and integration of learning
differences, the higher the multilevel differentiation of the learning process, differen-
tiated evaluation of the learning process, and learning outcomes for particularly
those students who initially deviate the most from the mean for their peer group
or class.

Two main arguments underlie this general hypothesis. First, use of a PDKS
realizes the adequate design and differentiation of learning arrangements. This will
produce a more supportive, more motivating, and more productive learning environ-
ment and thus more positive learning effects (cf. Schnotz & Lowe, 2003). Second, the
provision of integrating ICT will create greater opportunities for self-regulation of
the learning process. With a shift from a nondifferentiating to a differentiating
ICT-based educational system, thus, teachers and other professionals can provide
greater support for slower or less capable learners while gifted learners are encour-
aged to regulate their own learning in a most stimulating manner (cf. King et al.,
1985).

The general hypothesis outlined above can be checked empirically when the three
types of contextual conditions have been realized at least in part. A first priority
along these lines, then, is the development of a concept PDKS and a corresponding
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software prototype (see columns 2 and 3 of Table 1). Both are necessary to start the
adequate recognition and integration of learning differences in educational practice
or, in other terms, to transform the educational system. A second priority is the
corresponding user-based change of educational practice, to realize and check the
contextual improvement guidelines of column 4 in Table 1.

3. Method
3.1. Constructing a concept PKDS and a general software prototype

An inventory was made of Dutch diagnostic and achievement tests for youth aged
0-20 across various fields including psychology, youth health, and education.
Relevant handbooks (Evers, van Vliet-Mulder, & Groot, 2000; Evers et al., 2002;
Resing et al., 2002) and internet information of Dutch institutes for educational
policy, assessment, and development were the main sources of information. Instru-
ments or tests selected were checked for reliability, concept validity, or criterion
validity. Normed concepts and sub-concepts measuring comparable behavior or
performances were tentatively organized into provisional ‘tree-structures’ concerning
competence domains, sub-domains, skills, and sub-skills.

The features of this concept PDKS were used in the design process of integrating
ICT. Relevant design characteristics were discussed and evaluated mainly by the
researcher team and the software developers involved. The potential use of the
tree-structures in educational practice raised issues concerning different types of
activities according to the four learning aspects (diagnostic, instructional, manage-
rial, and systemic: see Table 1). Following this, the characteristics and functioning
of a general software prototype were designed and created in the form of an inter-
net-based computer program. The program design concentrated on the support of
each of the contextual guidelines of the differentiation of learning procedures and
materials, hence the acronym ‘DIMS’ (diagnostic, instructional, and management
systems). The combination of the concept PDKS and the general software prototype
DIMS generated issues about concrete forms and interfaces in practice. This
required the specification and use of both PDKS and DIMS in educational practice,
to try to improve practice according to the improvement guidelines of Table 1.

3.2. Co-development in kindergarten practice

Clark and Estes (1999) illustrated the relevance of co-development between prac-
tice and research. These authors used a cycle of development beginning with descrip-
tive and empirical research; construction of generic technology; contextualization of
the technology to generate new issues for further research; continuation with the next
cycle of development; and so on. In the present situation, teachers and school staff
can collaborate with research and other development specialists to specify software
features and to insure the validity of the innovation and transformation processes
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(cf. Crosier, Cobb, & Wilson, 2002; Kensing, Simonsen, & Bodker, 1998; Proudfoot
et al., 2003). Wilson (1999) stated that use-oriented strategies can ““(...) increase the
likelihood of successful implementation because they take the end use into account
at the beginning design stages” (p. 13).

The practice context of the improvement research is The Netherlands where
kindergarten (4-6 years) and elementary school (612 years) are integrated. Children
normally attend the same school for the first eight years of their education. Three
kindergartens agreed to participate in the pilot. The kindergartens were located in,
and within a circle of about five miles around, a middle-sized town in the eastern part
of the country. One kindergarten teacher from each kindergarten collaborated with
the researcher team.

4. Results
4.1. Concept PDKS

A cluster of activities or tasks which share a psychological, pedagogical, or learn-
ing attribute was defined as a skill. A skill (or a set of skills) is related to, or a part of,
one or more specific areas of human performance. For example, skills are relevant in
development areas or competence domains characterizing youth health, general and
developmental psychology, pedagogics, regular education, and inclusive or special
and gifted education.

Different types of activities or tasks were specified with respect to development or
learning processes within a skill. A regular activity refers to activities or tasks carried
out by the learner in order to play, practice, or attain one or more skills. An evalu-
ation activity is an activity or task used to measure the degree of skill of the learner.
Psychometric procedures can be used to norm a level of competency with respect to a
skill. A normed activity is defined as an evaluation activity or task which is measured
on, or can be compared to, a national scale.

The inventory of Dutch instruments and tests for youth aged 0-20 resulted in a
concept set of more or less hierarchically structured competence domains and sub-
domains. These (sub)domains reflect a multi-disciplinary, integrated classification
based on measurable skills and (sub)skills made concrete via reliable and valid
instruments. The term pedagogical-didactic kernel structure (PDKS) was used to
indicate the overall hierarchical structure based on normed instruments to assess
related levels of competency, or skills. Additionally, criterion-based evaluative
instruments, activities or tasks were introduced in this concept PDKS at places
where skills or sub-skills were present or expected, but where no normed indicator
was available. These evaluative instruments, activities or tasks were or could be
related directly or indirectly to the normed concepts or sub-concepts.

The resulting tentative tree-structures need implementation and validation in
educational practice, however. The present concept PDKS contains (sub)skills with
respect to the competence domains:
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. language;

. general cognition;

. social-emotional performances;

. mathematics;

. physical-medical aspects;

. general psychological characteristics; and
. motor activities.

NN R W N

An instructional line was conceptualized as an activity scheme aiming at the
realization of a specific level of competence or skill in the context of the PDKS.
An instructional line is an activity scheme beginning or ending with an evaluation
activity or normed activity. An instructional line can contain one or more evaluative
or normed activities or tasks, to evaluate or measure the level of competency or skill
of a learner. A learner always plays or works with activities or tasks in a local situ-
ation. An instructional line is thus a comprehensive set of activities or tasks wiich is
locally created or selected, usually by a teacher, to enable specific learning processes
and outcomes with one or more learners. Evaluation of a learner’s competency level
or progress with respect to a specific instructional line can be carried out by either
one or more of the evaluation activities or tasks, or one or more of the normed
activities or tasks.

4.2. General software prototype

The software prototype was designed to support the diagnostic creation and use
of the concept PDKS at a national scale and the relevant curricular and instruc-
tional elements at both a national and a local institutional or school scale. The pro-
totype addresses national research and curriculum development, local curriculum
development, and the creation and use of instructional lines by teachers, manage-
ment, external professionals, and students themselves. From an instructional point
of view, the DIMS prototype is intended to assist in creating flexible groupings and
to assign a student or group of students to different instructional lines. An overview
of the different aspects of the software for users at different levels is presented in
Table 4.

The diagnostic, instructional, and management aspects of the software are sum-
marized in the columns on the left side of Table 4. The different levels of users are
presented in columns 1-12 on the right side of Table 4. The combination of the diag-
nostic, instructional, and management aspects of the software with the different lev-
els of users implies an integrated system. Cells marked with an X’ indicate
integration of the aspect in the prototype; cells marked with an ‘O’ indicate that
development of the aspect has been planned. The multilevel data with regard to
the concept PDKS and corresponding instructional lines and learning processes will
contribute to the creation of an integrated, longitudinal, and multilevel database.
Teachers, parents, school management, other professionals, and research personnel
can then obtain a multidimensional perspective on a particular learner’s or group of
learners’ progress on the basis of this information.



Table 4

Diagnostic, Instructional, Management, and System (DIMS) integration of learning: Design of the general sofiware prototype®

Aspects of Specification System integration: users related to software functions
learning Learner Parent External Kindergarten Teacher Kernel Adminis- Management School National Inter- Research
spec:ialisv.b teacher group tration school board policy national
teachers policy
1 2 3 4 5 6 7 8 9 10 11 12
Diagnostic Pedagogical- National Creation X
didactic Use (o] (o] X
kernel Linking national-local X
structure Local Use X X X X X X o]
Instructional Normed Creation X
(sub)line Use X X X X (6] X
Evaluative  Creation X X X (o]
Use X X X X (o] X
Questionnaire, X X X X X (o] X o] 0 (o] (o] X
observation list®
Instructional ~ Assignment Instructional Learner X X X (o]
(sub)line Group(s) X X X o]
QuestionnaireLearner X X X (o]
Group(s) X X X o]
Planning & Instructional (sub)line X X X (o] X (o] X
progress Learner(s)/group(s) X X X X (o]
Management  Evaluate or Learner(s) X X X o]
report Group(s} X X X (o]
results/next Instructional (sub)line X X X [¢] X o] ¢] (o] (o] X
steps Questionnaire X X X o} X (o] o] O 0 X
(New) user Family/parent(s) X X
Learner(s) X X
Teacher(s)/external X X X X
Group(s) of learners X X X X
Change learner/group allocation X X
Remove learner(s) or group(s) X
Reset user password X

® X, realized in November 2004; O, next development.
b E.g. external coach, health professional. These persons use the software in collaboration with teachers.
¢ E.g., kindergarten entry characteristics; prosocial behavior; teacher qualities.
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The supposed functioning of the DIMS prototype can be sketched as follows. In
Fig. 2, a screen dump of one of the specifications of the concept PDKS is presented.
Within the competence domain ‘language’, sub-domain ‘writing’, skill ‘reading’ and
subskill ‘beginning to read (technical reading)’, the focus is on ‘sound-letter connec-
tion (reading)’: see the middle or darkest rectangle in Fig. 2. In this figure (from the
left to the right), ‘visual analysis’ is a precondition to ‘visual discrimination’; both
‘auditory discrimination’ and ‘visual discrimination’ are preconditions of ‘sound-
letter connection (reading)’; this connection is a precondition to ‘visual synthesis’,
‘sound-letter connection (spelling)’ and ‘direct word recognition’; and ‘sound-letter
connection (spelling)’ on its turn is a precondition to ‘word dictation (a term in
testing)’.

Within a local kindergarten or school, each of these concepts can be chosen as an
anchoring point for connecting one or more instructional lines characterized by
different learning activities and evaluative or normed learning activities. Moreover,
different instructional lines can be assigned to one student, a group of students, or
groups of students. Students can then receive their learning/playing instructions
from the computer in the classroom. The students conduct the playing, learning,
or work activities independent of the computer. The students interact with the soft-
ware to indicate that they have started or completed the specific activity selected for
them. The program thus supports the instructional management of student activities,
although instructional lines may be designed to include or require computer work.
For individual students or groups of students the status of instructional lines is
monitored (i.e., planned, currently in use, completed, or ready to be evaluated).
The teacher can also add more information in the form of written observations with
regard to the student, other teachers, parents, or professionals from outside the
school (cf. Chang, 2001).
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Fig. 2. Screen dump of an example of a skill order (part of the concept PDKS).
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4.3. Improving kindergarten practice

Improving development and learning progress starts with the use of a learner’s
entry characteristics to assign instructional lines (see Table 1, column 4, guideline
1). Therefore, researchers and kindergarten teachers looked for an instrument to esti-
mate the entry characteristics of the kindergarten children. The instrument selected is
based upon a psychometrically controlled screening procedure developed with 966
four-year-old children just starting to attend kindergarten (Mooij, 2000). The
questionnaire contains seven behavioral rating categories and can be used by the
parents at intake and by the kindergarten teacher after the child’s first month in
kindergarten. The seven categories correspond with the competence domains and
refer, respectively, to:

. social interaction/communication;
. general cognition;

. language proficiency;

. pre-arithmetic;

. emotional-expressive;

. sensory-motor; and

. expected educational behavior.
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Scores on a child’s entry characteristics can be made by the kindergarten play-
group teacher if the child has gone to such a playgroup, the parents, and the kinder-
garten teacher. With the aid of software specifications in DIMS the items, item
scores, and the means of item categories can be compared numerically and graphi-
cally, for parents and teachers. The results of a particular child can also be compared
to his or her own group or class, or to normed scores.

The actual use of this screening procedure in practice helped both parents and
teachers in getting a clear view of a child’s entry characteristics. The intake procedure
also assisted in developing a positively oriented frame of reference between parents
and teachers: DIMS facilitated more specific communication about the child and
supported coordination of development and learning processes both in kindergarten
and at home (see also Blumenfeld et al., 2000; Mangione & Speth, 1998). In addition,
the outcome of this screening procedure was used to assign specific playing or diag-
nostic and learning activities to specific children, as a basis to further pedagogical
and didactic support.

At first, this was done without using DIMS. Collaboration with the teachers
resulted in construction of some first instructional lines based on play and deve-
lopment or learning aspects. An instructional line was for example characterized
by a specific logo (e.g., a simple geometrical shape for a pre-arithmetic line), a
specific color and a corresponding name or text. Learning materials and activities
within a line were usually ordered by difficulty level, with activities and tests
included if desirable or possible. Children were allowed to independently access
and return playing or learning resources. To support this self-regulated approach,
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individual children or small groups of children could make use of a planning board
(cf. also Mooij, 2002).

Practice experiences showed that working with instructional lines helped to
identify possible difficulties in playing, developing and learning. These diagnoses
allowed playing and learning to be integrated better, in particular for exceptional
children. These experiences convinced the teachers to use DIMS for the construc-
tion and use of instructional lines. In cooperation with the teachers, a DIMS
interface was designed for students who are not yet able to read. For example,
instructional information is mediated by logos, colors, and pictures or photo-
graphs of relevant materials. Whether the new learning arrangements do differ
from the old ones in their functioning with, or effects on, the young children
cannot yet be indicated, however.

5. Discussion

The theoretical focus of this paper is on learning as an interactional multilevel pro-
cess involving diagnostic, instructional, management, and system (DIMS) aspects. In
order to enable the integration of major differences in learning across students and
particularly those students scoring greatly below or above their peers, three types
of contextual conditions were identified as critical: differentiation of learning proce-
dures and materials, design and use of integrating ICT support, and improvement of
development and learning progress. When combined with the learning aspects, the
contextual conditions create a contextual learning theory which can be summarized
in 15 guidelines (see Table 1). The total set of guidelines is expected to provide an
individualizing educational system and thereby facilitate the integration of learning
differences and multilevel treatment of the learning process. The guidelines also help
specify how a nondifferentiating educational system can be transformed into a differ-
entiating, ICT-based instructional management system.

To start the transformation process, a concept pedagogical-didactic kernel struc-
ture (PDKS) and a genecral internet-based software prototype (DIMS) were made
concrete. In collaboration with research, three kindergarten teachers started the
development of ICT-supported learning arrangements by using a screening instru-
ment with respect to children’s entry characteristics. This intake procedure facili-
tated the communication about children between teacher and parents. Both
parties were now using the same language to discuss the child. Highly relevant in
the teachers’ professional learning from these changes were the observed variations
in the children’s development levels and learning processes. Also, actual problems
or potential risk characteristics of a child could be given more attention in class.
The children seemed to receive more systematic — and more immediate — diagnostic
or instructional support than they had received prior to the project. Given the
present state of practice development, however, it is not yet possible to present
systematic quantitative information on the improvement of development and learn-
ing processes or outcomes.
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The theoretical design and development characteristics as presented in Tables 1
and 4 suggest a number of future steps for empirical investigation. Next co-develop-
ment will focus on (a) the user-based development and implementation of the
concept PDKS in kindergarten and successive educational types according to the
differentiation guidelines in Table 1, (b) the multilevel integration in practice of
instructional lines according to the improvement guidelines, (c) the construction of
corresponding user interface specifications in DIMS, and (d) the multilevel measure-
ment and improvement of instructional and learning processes and outcomes (cf.
also Blumenfeld et al., 2000; Clark & Estes, 1999). The results will also provide
quantitative evidence regarding the general multilevel hypothesis posited above
and suggest further steps for the development of the software prototype and the
improvement of educational practice.

The collaboration between research and practice also suggested how to further
evolve the present educational system into a more differentiating, ICT-based
instructional management system for all learners (a ‘multilevel transformation
approach’ see Mooij, 2004). The main advantage of a PDKS is the continuous
curricular support for individual learners or groups of learners in motivating
educational contexts. Essential to this transformation process is the realistic, mul-
tifold positive evaluation of progress in competency level, e.g., individual and
small group progress, progress relative to the small group or class, and progress
relative to the age-group. In contrast, the regular Dutch pupil monitoring system
only emphasizes a comparison with the age-group, which in the long run usually
has negative consequences for the motivation and achievement of students at risk
(cf. Collier, 1994; Kemp, 2000). This may also explain why a national campaign
to reduce secondary students’ bullying and violence seems to have hardly no
effects (cf. Mooij, 2005).

Finally, user-based co-development and implementation of both PDKS and
DIMS will require a lot of work. And educational transformation is also depen-
dent on the support of local and national educational institutions with innova-
tion, assessment, research, coaching, or policy tasks. Successful optimizing of
education asks for a gradually broadening collaboration between institutions
involved in educational practices and instruments, at an increasing number of
levels, in subsequent educational types (see also Griffin & Beagles, 2000).
However, assistance will be provided by the self-disseminating role of internet-
based software and the positive influences of concrete improvements as experi-
enced by teachers, learners, school management, and parents (cf. also Murphy
& Lick, 2001; Remillard, 2000).
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