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This study deals with smoothing the transition from developmentally oriented
education in the preparatory phase to curriculum-oriented education from the third
grade onward. The emphasis on inductive reasoning that already existsin the prepa-
ratory phase was extended to the third and the fourth grades by implementing two
classroom-teaching programs. Theories on inductive reasoning provided the founda-
tion for the operationalization of the tasks that were used and the reasoning processes
that were taught. The tasks and processes were embedded in athree-phase procedure
for teaching, which was based on the development of metacognitive knowledge.
The materials chosen for teaching inductive reasoning were adapted to the develop-
mental level and educational needs of the pupils: in Grade 3, visual material (build-
ing blocks and pictures) was used, and in Grade 4 verbal material (texts) was used.

Results demonstrated that the teachers were able to apply the programs as in-
tended, athough they needed support to shift their attention from the reasoning
product to the reasoning process. They also experienced difficultiesin implementing
the role swap between the teacher and the pupils in the third phase of the teaching
procedure. The pupils who were administered the programs significantly outper-
formed pupils from the control condition on near-transfer tests. Doubly taught pupils
(i.e., in Grade 3 and Grade 4) significantly outperformed singly taught pupils on a
far-transfer test, and singly taught pupils significantly outperformed pupils from the
control condition. The learning effects of both programsindicated that pupils’ better
performance was due to their increased inductive reasoning ability. Suggestions are
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provided for improving the teaching programs and for future research on develop-
mentally appropriate and cognitively based change in education. 0 2002 Elsevier Sci-
ence (USA)

This article reports on a 2-year-long longitudinal study on teaching of
inductive reasoning in Grades 3 and 4 of primary education. This study ex-
tended the present emphasis on inductive reasoning in the preparatory phase
to the third and the fourth grades by implementing two teaching programs.

Induction is the formulation of general laws from particular cases, for
example, ‘‘all observed cats are black, therefore al cats are black.”” Obvi-
ously, inductive reasoning does not necessarily results in valid laws. In this
study, the process of induction is of interest, not the validity of the laws that
are produced by the process. The fundamental role of the process of inductive
reasoning for child development and its domain-independent applicability
has been widely recognized (Holland, Holyoak, Nisbett, & Thagard, 1986;
McShane, 1991; Snow, Kyllonen, & Marshalek, 1984; Sternberg, 1998;
Sternberg & Gardner, 1983).

In most western countries, the preparatory phase of primary education
closely follows and stimulates the development of children. That is, educat-
ing pupils aims at supporting their gradual understanding of the world. For
example, education in the preparatory phase links with age-appropriate men-
tal representations (e.g., Piaget, 1970) and age-appropriate mental processing
capacity (e.g., Halford, 1993). Furthermore, the natural developmental mech-
anisms are supported, for example, by the equilibration process (Adey,
1999), causal reasoning (Goswami, 1998), and automating of cognitive pro-
cessing for freeing memory space (Case, 1974). Examples of activities in
the preparatory phase of primary education are classifying and seriating of
blocks with respect to color, form, and number and discovering relationships
such as action—reaction or cause—effect with lotto cards. These activities
require pupils to order their environment by connecting units using the defi-
nition of laws. This is inductive reasoning.

From the third grade of primary education onward, such general reasoning
activities are no longer part of the lessons. Instead, education becomes fo-
cused on reading, writing, and math, which are considered to be the main
requirements for participation in our western society. This curriculum-ori-
ented education is led by internal structures of specific domain knowledge
(e.g., the syntax of the language and the metric system) and by the domain-
tied cognitive processes that underlie efficient learning (e.g., distinguishing
nouns from verbs and counting). Research on learning and information pro-
cessing provides methods as to how knowledge could best be sequenced and
what instruction procedures would work well.

The current transition from devel opmentally oriented education in the pre-
paratory phase to curriculum oriented education from the third grade onward
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is rather abrupt. There are two main reasons for wanting to bridge this gap.
First, our increasingly more complex society demands people to handle huge
amounts of information that becomes dated quickly (Hamers, De Koning, &
Sijtsma, 1998). Hence, pupils should not only be taught considerable
amounts of knowledge and skills for reading, writing, and math, but they
should also be equipped with general reasoning skills to order information
processing. This enables them, for example, to connect bits of information
into meaningful representations and to distinguish relevant and irrelevant
information for a particular task.

Second, reading, writing, and math performances are dependent on general
reasoning skills (DeKoning & Hamers, 1999). For example, text comprehen-
sion isaconstructive process that involves making inferences and integrating
information from separate words and sentences. Basically, this process is
inductive. At present, it is assumed that all pupils enter the third grade with
sufficient inductive reasoning skills for good performances on, for example,
reading comprehension. Many studies showed that |ow-socioeconomic
(SES) pupils do not reach standards set for reading and math performances
and that they have lower scores on inductive reasoning tests than their class-
room peers from middle-class backgrounds (Demery, 2000; Hamers et al.,
1998; Hessels & Hamers, 1999; Janssen, Van der Schoot, Hemker, & Ver-
helst, 1999; Leseman & De Jong, 2001; Ma & Klinger, 2000; Stipek, 2001).
De Koning (2000) showed that in a sample of 945 pupils the scores of low-
SES pupils on an inductive reasoning test (Standard Progressive Matrices;
Raven, 1958) were significantly lower than the scores of pupils from higher
SES levels. An explanation is that these low-SES pupils lack experience
with the verbal routines, such as making verbal comparisons and identifying
attributes, typical of parent—child interactions in middle-class homes
(Yuill & Oakhill, 1991). In the following, we show that these verbal routines
are essentially inductive.

There have been many attempts to smooth the transition from develop-
mentally oriented to curriculum-oriented education. On the one hand, in the
preparatory phase activities have been implemented that underlie later read-
ing, writing, and math. On the other hand, from the third grade onward,
“*adaptive education’” aims at adapting the curriculum to the individual de-
velopment of pupils. Implementing ‘‘ adaptive education’’ requires major ad-
aptations of the curriculum, the instruction, and the classroom organization.
Up to now, this ‘‘cross-fertilization’” between both phases in education re-
sulted mainly in the addition of (domain-tied) third-grade activities to the
preparatory phase. This is aso the focus of many intervention programs
meant to prevent academic backwardness of low-SES pupils. In contrast,
this study aims at extending the stimulation of the development of inductive
reasoning in the preparatory phase to the third and fourth grades by embed-
ding special teaching programsin this part of the curriculum. It was expected
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that inductive reasoning could be taught in regular classroom settings and
then transferred to regular school-curriculum domains, independent of the
material used for teaching.

Operationalization of Inductive Reasoning Tasks

Klauer (1989) defined inductive reasoning as the systematic and analytic
comparison of objects aimed at discovering regularity in apparent chaos and
irregularity in apparent order. Regularities and irregularities at the nominal
level are recognized through comparing the attributes of elements, and com-
parisons at the ordinal level and the ratio level involve relationships among
elements. As comparison processes can be aimed at finding similarities, dis-
similarities, or both, attribute tasks and relationship tasks can both deal with
any of these three modes. Thisresultsin the definition of six kinds of domain-
independent inductive reasoning tasks (De Koning, Sijtsma, & Hamers, in
press-a, -b). Thismeansthat, for example, classification and seriation of basic
building blocks are considered to be based on the same reasoning processes
as classification and seriation of sentences in a text, athough the mental
codes used for representing visual and verbal material are different. Common
to these codes isthat there is a network that links units of codes in categories
and relationships among categories. This linking corresponds to classifica-
tion, seriation, and finding analogies typically of tasks used for measuring
inductive reasoning (e.g., Sternberg & Gardner, 1983).

For teaching inductive reasoning it was assumed that visua materia
would best facilitate third-grade pupils learning as it links up with their
preference for perceptual information processing. Also, the mgjority of the
material regularly used in preparatory education demands perceptual pro-
cessing. As development proceeds, semantic representations of conceptual
categories and relationships among categories come aong with ability to
verbally process information. Therefore, verbal material (texts) was used for
teaching inductive reasoning in the fourth grade. In addition, this material
links up with the huge difficulties disadvantaged pupils encounter in compre-
hensive reading from the very start in the fourth grade onward. Figure 1
presents four examples of some relative easy tasks that were used in the first
phasein either of the two teaching programs. In the upper half of the figure,
the tasks require pupils to discover similarities and dissimilarities among
attributes of objects (visual material) or sentences (verbal material). The bot-
tom half of the figure shows examples of tasksthat demand pupilsto compare
objects or sentences with respect to their relationships.

The domain independence of inductive reasoning expects pupilsto transfer
reasoning between visual and verbal material. However, transfer between
domains does not occur easily (e.g., Brown, Bransford, Ferrara, & Campione,
1983). Many researchers agree now on the importance of incorporating meta-
cognitive knowledge into teaching for transfer (e.g., Campione, Brown, &
Ferrara, 1982). Severa intervention studies explicitly aimed at enhancing
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metacognitive knowledge showed higher performancesin, for example, writ-
ing (Scardamalia & Bereiter, 1986), reading comprehension (Palinscar &
Brown, 1984), and math (De Corte, Verschaffel, & Op 'T Eynde, 2000).

Operationalization of a Teaching Procedure

For operationaizing the teaching procedure of the third and the fourth
grade teaching programs we adopted Boekaerts's (1997) model of self-regu-
lated learning, which describes the development of metacognitive knowl-
edge. The model consists of three levels of prior knowledge that can be used
to teach for transfer. The process of transfer ison alow level (i.e., low road
transfer: Sallomon & Perkins, 1989) if it involves a simple application of con-
ceptual and procedural knowledge in the same domain used for teaching the
knowledge. Thedomain-specific subset of pupils knowledgewill berelatively
easily activated when pupils are confronted with a learning task that clearly
resemblesthe key features of thetask previously used to teach the knowledge.
The key features refer to surface attributes of the tasks, such as perceptual
similarities(Baron & Sternberg, 1987). Theknowledge can bridge only asmall
gap betweentwotasks; hencethislow-level processof transfer resultsin higher
scores on near-transfer tasks but not on far-transfer tasks.

The process of transfer isonamiddlelevel if it refersto the use of strategic
knowledge. This kind of knowledge relates to general cognitive strategies,
such as elementary deductive and inductive reasoning rules and means—end
analyses. It is necessary to explicitly direct instruction and practice at induc-
ing transfer of these strategies to new domains (Ennis, 1990). This middle
level process of transfer can bridge a wider gap between two tasks, which
resultsin higher scores on near-transfer tasks and near-far transfer tasks, but
not on far-transfer tasks.

The highest process level of transfer (i.e., high road transfer: Salomon &
Perkins, 1989) is connected to decontextualized knowledge, such as scientific
thinking schemes, main ideas, and final learning goals. The transfer relies on
mindful application of the schemes encompassing metacognitive strategies.
These strategies sequence the information processing from *‘orientation’
regarding the task at hand to the*‘ planning’’ of actionsthat are ‘* monitored’’
and ‘‘evauated’’ with respect to predefined criteria. This high level process
of transfer can result in high scores on near-transfer tasks, near-far transfer
tasks, and far-transfer tasks.

In our study, the three levels of transfer were connected to a three-phased
teaching and learning sequence of inductive reasoning processes. The mea-
surement periods were before and after the teaching programs and involved
tests comprising of near-transfer and far-transfer tasks. The section on instru-
ments provides examples of these tasks.

Operationalization of Inductive Reasoning Processes

For operationalizing inductive reasoning processes of the third- and the
fourth-grade teaching programs we followed Nisbett (1993) in defining top-
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down processes and Sternberg and Gardner (1983), who defined the bottom-
up processes of inductive reasoning. Top-down processing is important in
induction given its probabilistic character: In contrast to computers, people
make use of top-down shortcuts (Holyoak & Nisbett, 1988). For adults, Nis-
bett (1993) described two domain-independent inductive reasoning schemes
that are based on two statistical rules, the “‘rule of large numbers’ and the
““rule of regression.”’ Basically, these rules deal with the certainty with
which the induced general laws sufficiently cover reality. De Koning and
Hamers (1999) assumed that for pupils to develop these top-down inductive
reasoning schemes, they could benefit from an awareness of how knowledge
parts are connected. Following Nisbett's (1993) statistical terminology, for
pupils two domain-independent schemes were described: a‘* group structure
scheme’’, expressed on a nominal scale, and a ‘‘row structure scheme’’,
expressed on an ordinal or rational scale (see also Halford, 1993). The group
structure scheme directs classification processes, and the row structure
scheme directs seriation processes (De Koning & Hamers, 1999).
Sternberg and Gardner (1983) investigated the bottom-up processes of in-
ductive reasoning by analyzing how people solved analogies. For classroom
teaching, the bottom-up processes in both group and row structure taskswere
translated as follows: search for the relevant attributes or relationships, conm-
pare similarities or dissimilarities of attributes or relationships, solve the
problem on the basis of comparison, and control the solution (De Koning &
Hamers, 1999; Hamers, et al., 1998). See Fig. 2 for a schematic overview.

Integration of Tasks, Processes, and Teaching

In this study, the inductive reasoning tasks, the inductive reasoning top-
down and bottom-up processes, and the three-phase procedure for teaching

Group - Structure Scheme Row - Structure Scheme
(Nominal level: Attributes) (Ordinal Level: Relationships)
X XXX 7

x x X X ?

+ * + + + Step 1: Search \ AT AN ) ‘._.:,' Step 1: Search
Step 2: Compare \I/ - Step 2: Compare

@/@ Step 3: Solve « x X X xX Step 3: Solve

Step 4: Control Step 4: Control

FIG. 2. Group and row structure schemes and bottom-up reasoning processes.
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transfer were integrated and implemented into two programs. The program
using visual material was a new classroom version of Klauer's Program
Inductive Reasoning 1 (De Koning & Hamers, 1995) and was applied to the
third grade. The Program Inductive Reasoning in Reading Comprehension
(De Koning & Hamers, 1996) consisted of verbal material and was applied
to the fourth grade. In both programs, teaching and learning were embedded
in a classroom dialog in which the pupils and the teacher explicated exactly
how they reasoned inductively. The use of dialog is rooted in Vygotsky’s
view that children’s development moves from the socia, intermental plane
on which collaboration with knowledgeable other people is central to the
psychological, intramental plane (Wertsch & Kanner, 1992). The programs
introduce the reasoning processes using easy-to-perceive (visual program)
and easy-to-understand (verbal program) materials. Hence, each pupil pos-
sessed the same prior inductive reasoning experiences when more abstract
and unfamiliar contexts were introduced into the programs’ tasks. More spe-
cifically, the visual material changed from building blocks to pictures of
objects and to pictures of situations and abstract figures; the verbal material
changed from short texts with everyday context to longer texts with everyday
context and to longer texts with unfamiliar context (see Fig. 3). During the
program, the variation in tasks demanding different inductive reasoning strat-
egies increased. A more detailed description of the programs can be found
under Method.

The three instruction phases aim at the integration of the top-down pro-
cesses (i.e., the group structure scheme and the row structure scheme) and
the bottom-up processes (i.e., searching, comparing, solving, and checking).
During the three instruction phases, the responsibility for appropriate reason-
ing shifts from the teacher to the pupil (see Fig. 3). In the introductory phase,
the teacher provides the pupils with maximum assistance, or even models
the use of the top-down processes and the bottom-up processes, such that
pupils become able to use parts of them. In the practice and reflection phase,
the teacher guides the pupils such that they become aware of both kinds of
processes. Before problem solving, the teacher activates the pupils prior
knowledge by reminding them of similar problems solved earlier. During
problem solving, the teacher questions the pupils about their reasoning pro-
cesses. After problem solving, the pupils explicate their reasoning processes
and justify their reasoning results. Furthermore, the teacher enhances the
pupils' reflection on the inductive reasoning processes by stimulating them
to classify the tasks into group or row structure tasks and by explicitly re-
peating the pupils’ application of the processes search, compare, solve, and
check. Finally, the teacher provides the pupils with an adequate vocabulary
to describe their thinking processes. In general, in this phase the teacher and
the pupils share responsibility for the learning process. In the reciprocal
phase, the teacher supports the integration of both the top-down processes
and the four bottom-up processes such that pupils learn to regulate their
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inductive reasoning. That is, they learn to orientate themselves on what kind
of reasoning structure (i.e., group or row structure) they are dealing with
and to monitor and evaluate the steps taken in the solution process. Further-
more, in this phase the pupils take over the role of the teacher so that it
becomes clear when their self-regulation is insufficient.

In this study, first it was investigated whether teachers were able to apply
the teaching programsto their own class. Second, it wasinvestigated whether
the pupils reached higher scores on transfer tests after finishing a program
than the control pupils who followed the regular curriculum. The near-trans-
fer tests measured learning effects on tasks that closely resembled the tasks
from the programs. The far-transfer test consisted of tasks not trained in
the programs. The tests were administered immediately after finishing the
programs and once more after 3 months. Third, it was investigated whether
pupils who followed both teaching programsin succession had higher scores
on the transfer tests than pupils who followed only one teaching program.

METHOD

Design

A three-group pretest/posttest/follow-up test control group design was
used (see Fig. 4). Conditions 1, 2, and 3 were experimental conditions, and
Condition 4 was a control condition. Pupils in Condition 1 followed two
teaching phases. In the first phase, the Program Inductive Reasoning 1 (De
Koning & Hamers, 1995) with visual material was applied to Grade 3, and
in the second phase the Program Inductive Reasoning in Reading Compre-
hension (De Koning & Hamers, 1996) with verbal material was used in
Grade 4. Pupils in Condition 2 were only taught with visual material in the
first phase in Grade 3, and pupils in the third Condition were only taught
with verbal material in the second phase in Grade 4. In the control Condition
(C4), the pupils were not taught by means of any of the two programs.

Phase 1: Grade Three Phase 2: Grade Four
Sept.- Jan.-April May- Sept.- Oct.-Jan. Feb.- June-
Dec. June Oct. March July

Meas. 1 Program Ind. Reas. Meas.2  Meas. 3 Program Ind. Reas. In Meas.4 Meas. 5
Read. Comprehension

(Visual Tasks) (Verbal Tasks)
Cl1 X (0] X X o X X
C2 X 0 X X X X
C3 X X X (o) X X
Cc4 X X X X X

FIG. 4. Design of the study with four conditions (C1 through C4), two teaching phases
(Grade 3 and Grade 4), and five measurements (1 through 5).
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Tests were administered during five measurement periods, before both
teaching phases, immediately after, and 3 months later. Each condition com-
prised four classes (with four teachers) selected from eight different schools,
thus preventing confounding between school and condition effects. For ana-
lyzing the near-transfer effect of the first teaching phase in Grade 3, Condi-
tions 1 and 2 were compared to Conditions 3 and 4. The near-transfer effect
of the second teaching phase in Grade 4 was evaluated by comparing Condi-
tions 3 and 4. The Conditions 1, 2, 3, and 4 were compared for analyzing
far-transfer effects.

Population and Sample

The population consisted of Dutch schools with more than 80% low-SES
pupils. For these pupils their limited experiences in inductive reasoning at
home are arisk for lower academic achievements. The mgjority of the pupils
came from ethnic minorities (particularly from Turkey, Morocco, and the
Netherlands Antilles). The inclusion criterion *‘school’’ was operationalized
by means of a‘‘school score,’”’” which reflects the number of pupils visiting
the school, each pupil weighted by his or her SES score. Based on a higher
school score, a school receives additional financial support from the national
government. The weights are 1.25 for Dutch working-class children, 1.40
for bargee children not living with their parents, 1.90 for children having at
least one non-Dutch parent, and 1.00 for all other children. If the school
population consisted of more than 80% pupils with a weight of 1.90 it was
a candidate for inclusion in the sample. From alist of 31 schools complying
with this criterion, eight schools were randomly selected. The mean pupil
SES weights did not differ across the conditions (F = 1.123, df = 3, p =
.34). The mean age of the pupilswas 85.73 months and the standard deviation
was 6.09. The mean ages did not differ across the conditions (F = .183,
df = 3, p = .91). The mean (standardized) score on the Standard Progressive
Matrices (Raven, 1958) was comparable to the score of pupils with SES
score of 1.90 in another sample that contained 945 pupils in total. In that
sample the scores of the pupils with SES score of 1.90 differed significantly
from the scores of pupils with SES scores of 1.25 and 1.00. Table 1 shows
the numbers of pupilsinvolved inthis study. For testing the differential learn-
ing effects of the conditions, only pupils who took all the tests were included
in the analyses.

Materials for Teaching and Learning Inductive Reasoning: Two Teaching
Programs

The Program Inductive Reasoning 1 consists of visual material: building
blocks and large picturesthat can be attached to the blackboard. The program
comprises 20 lessons, each containing six tasks. In the first 4 lessons only
generalization tasks (similarity of attributes) and seriation tasks (similarity
of relationships) were discussed. From lesson five onward discrimination
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TABLE 1
Frequences of Pupils in the Conditions and the Two Teaching Phases
Phase 1 +
Phase 2 N Phase 1 N Phase2 N
C1 98 Cl+ C2 189
C2 91
C3 61 C3+C4 142 C3 61
C4 81 - c4 81
Total Conditions 331 331 142
Pupils from C3 and C4 who 1
left after Phase 1
Total Phase 1 342
Pupils new in Phase 2: extrain 14
Condition 3
Pupils new in Phase 2: extrain 28
Condition 4
Total Phase 2 184

tasks (dissimilarity of attributes), disturbed seriation tasks (dissimilarity of
relationships), cross-classification (similarity and dissimilarity of attributes),
and system formation tasks (similarity and dissimilarity of relationships)
were gradually introduced. First similar kinds of tasks were clustered to-
gether and then, in the last 2 lessons, each of the six kinds of tasks had to
be solved.

The relevant attributes and relationships that had to be discovered were
hidden to a higher degree as the lessons progressed. In the introductory
phase, building blocks with simple shapes were used. By manipulating the
blocks it was possible to actually show the results of various classifications
on the basis of different attributes or seriations on the basis of different rela-
tions. In the practice and reflection phase, pictures of objects from everyday
life were used. An example is a generalization task that required the pupils
to find the common attribute in pictures of a helicopter, abutterfly, and akite.
In this phase, the manipulation part of the solution procedure was mental: the
teacher and the pupils had to verbalize their thinking. In the reciprocal teach-
ing phase, pictures of realistic situations and abstract (i.e., meaningless) ma-
terial were used. An example of a cross-classification task asked pupils to
place a sugar pot in a cupboard of which the content was organized with
respect to two attributes that had to be discovered. Thefirst attribute referred
to the material the objects in the cupboard were made of (e.g., porcelain or
not porcelain). The second attribute referred to the function of the objects
(e.g., used for drinking or not used for drinking). To emphasize the impor-
tance of the group and row structures, during each lesson the group tasks
remained visible on the right-hand side of the blackboard and the row tasks
on the left-hand side.
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The Program Inductive Reasoning in Reading Comprehension comprised
16 lessons and consisted of tasks composed of texts. The problem solving
procedure was divided into a reading part and a thinking part (De Koning &
Hamers, 1999). In the reading part, the structure of each sentence in the text
was analyzed into a noun phrase (who is it about and what is it about) and
a verb phrase (what is said about it). To reduce memory load, for each text
a scheme was used in which the structure of the sentences and the text was
visualized. That is, on the blackboard for every sentence the ‘‘who’’ part
was written down and for the ‘*what’’ part a picture was attached. Also the
pupils had their own scheme and pictures. In thisway, the pupils were shown
that it is necessary to consciously convert the abstract verbal symbols (i.e.,
the written text) into semantic meaningful images (Yuill & Oakhill, 1991).

The thinking part was directed at the discovery of similarities and dissimi-
larities in attributes and relationships between text parts. The aim was to
induce how the sentences in the text were ordered or why they were incor-
rectly ordered. Ordered texts consisted of sentences that dealt with the same
theme (generalization task: similarity of attributes) or that had alogical se-
guence (seriation: similarity of relationships). In unordered texts, that is, texts
with gaps or inconsistencies, there were sentences which did not deal with
the main theme (discrimination task: dissimilarity of attributes) or in which
the sequence was disturbed by an abnormal relationship (disturbed seriation
task: dissimilarity of relationships).

In the introductory phase, the four task types were operationalized in sepa-
rate texts. The group structure tasks (similarity and dissimilarity of attributes)
and the row structure tasks (similarity and dissimilarity of relationships) were
combined in the practice and reflection phase. Finally, in the reciprocal teach-
ing phase, the four task types were combined into onelong text. After solving
the tasks pupils had to compose an appropriate title for the text. The texts
changed from everyday content to one that was more abstract and unknown.
The texts in the first half of the program involved situation sketches, which
linked up to the pupils knowledge representations. The second half of the
program dealt with expository texts. It was assumed that many pupils had
insufficient knowledge of all the words in the text and of the theme of the
text. By analogy with the build-up of the visual program, the relevant attri-
butes and rel ationships that had to be discovered were thus hidden to ahigher
degree as the lessons progressed.

Instruments

Test for Inductive Reasoning (TIR). The near-transfer learning effects of
the Program Inductive Reasoning with visual tasks were measured by means
of the Test for Inductive Reasoning (TIR), which was specially designed for
this research project (De Koning et al., in press-a, -b). The TIR contains six
types of inductive reasoning problems that reflect the six types of tasks of
the program. The six types of tasks are pictured both in daily life objects
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Row-Tasks

Grade3 Teaching Program Task Test Item

(Test for Inductive Reasoning: near-transfer)

000000 e | T | G| ob |G

What's wrong?

What's wrong?

Graded4 Teaching Program Task Test Item
(Reading Comprehension: near-transfer)
John goes to his chicken. I give the flowers to mum.
He looks for an egg in the chicken coop T gather a bunch of flowers for mum.
John gives the egg to his uncle. There are lots of flowers in the field.
Uncle fries the chicken in the pan. Mum puts the flowers in a vase.

John likes his egg.

What should be the last sentence?
What seems wrong here?
Think of a title.

FIG. 5. Examples of tasks in the teaching programs and test items in the near-transfer
tests.

and in meaningless abstract shapes. The test consists of a pretest that is ad-
ministered before the program and a posttest for measuring the learning ef-
fects after the program. The pupils scores on the pretest and the posttest
were transferred to a common scale comprising the estimates of their latent
inductive reasoning ability. The pretest and posttest consist of 25 and 30
multiple-choice questions, respectively. Figure 5 contains an example of a
teaching task and a test item that require pupils to focus on the dissimilarity
of relationships among objects.

Tests for reading comprehension. Tests for reading comprehension (Ver-
hoeven, 1992) were used to measure the near-transfer learning effects of the
program using verbal tasks and the far-transfer effects of the program using
visual tasks. The tests have satisfactory reliabilities and are widely used in
Dutch primary education for comparing the reading comprehension achieve-
ment of individual pupils or groups of pupils. Two kinds of tests were used
that closely resembled the learning aims of the program. Similar to the TIR,
the pretest and posttest scores were transformed to a common scale of latent
comprehensive reading ability. The first kind of tests measured whether pu-
pilswere ableto construct ameaning from sentences with or without pictures
and from combinations of sentences (short stories). The pretest consisted of



TEACHING INDUCTIVE REASONING 225
27 multiple-choice questions, and the posttest consisted of 30 questions. The
second kind of tests measured whether pupils were able to construct correct
inferences about persons, time, space, actions, and events figuring in short
stories. Both pretest and posttest consist of 24 multiple-choice questions.
Figure 5 contains an example of ateaching task and atest item that require
pupils to focus on the dissimilarity of relationships among sentences.

Raven’s Standard Progressive Matrices. The far-transfer learning effects
of both the visual and the verbal programs were measured with the Standard
Progressive Matrices (SPM; Raven, 1958). Much research confirmed that
the SPM-Raven test is a valid and reliable measure of inductive reasoning
(Carpenter, Just, & Shell, 1990) and that the scores are fairly independent
from ones native tongue. The test consists of 60 items divided into five parts
(called sets A through E). Each of the 60 pages, oneitem per page, is divided
into two half-pages. On the upper half, a matrix of figures is depicted con-
taining a missing element. This element has to be detected among the six
alternatives (sets A and B) or eight alternatives (sets C through E) printed
at the bottom of the page. As the SPM-Raven contains tasks of various diffi-
culty, Bereiter and Scardamalia (1979) quantified 48 of the 60 SPM-Raven
items in terms of Mental Demand (MD), which they defined as increasing
from level 1 tolevel 5 (Fig. 6). For correctly solving the easiest items (MD
= 1) al that is necessary is to retain one stimulus feature in mind while
inspecting adjacent elements. Furthermore, apart from inductive reasoning
processes Gestalt effects might also be part of the problem-solving proce-
dure. Items with mental demands at levels 2, 3, 4, and 5 can only be solved
by inductive reasoning. The items are progressively more complex because
they require a mental coordination of an increasing amount of discovered
features in memory. It was expected that the scores of pupils in this study
would increase from MD2 items through MD4 items and that MD5 items
would be too difficult (see also Case, 1974).

Other Tests

It was expected that the pupils of the low-SES sample would differ in
their understanding of the Dutch language. For separating the learning effects
due to Program Inductive Reasoning with visual material and the verbal

* o0 || M X ¥| XH® B X M
+ + + |[|{BM X & || X H® + @ X EEI
co[IMx X¥B[O (X E[D BBHD

MD1 MD2 MD3 MD4 MDS5

FIG. 6. Examples of SPM-Raven items with different levels of mental demands (MD).
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communication skills, a Vocabulary Test (Verhoeven, 1996) and a Test for
Listening Comprehension (CITO, 1995) were administered. The VVocabulary
Test consisted of four pictures per item. The pupils had to indicate a picture
that fit the description read by the teachers. The test consisted of 50 items.
The Listening Comprehension Test consisted of 44 statements and short sto-
ries the teacher read out loud. The pupils had to indicate the picture that
matched the teacher’s reading.

The scores on reading comprehension are influenced by the ability to ade-
quately decode the written symbols. Pupilsin Grade 4 may differ remarkably
intheir decoding ability. To separate the learning effects due to the Program
Inductive Reasoning with verbal material and the decoding ability, a Techni-
cal Reading Test (Verhoeven, 1995) was administered. The test consisted
of acard on which 150 words are printed. Pupils had to read as many words
as possible in 1 min. The score was the number of words the pupil was able
to read correctly.

All tests have satisfactory reliabilities and are widely used in Dutch pri-
mary education for comparing the achievements of individua pupils or
groups of pupils. Apart from the Technical Reading Test that had to be ad-
ministered individualy, all tests could be applied in classroom sessions. The
administration of the SPM-Raven and the TIR took 45 and 60 min, respec-
tively. The Reading Comprehension Tests, the Vocabulary Test, andtheLis-
tening Comprehension Test took approximately 90 min each.

Observations

The lessons of the teaching programs were observed and rated using 17
statements with Likert scales ranging from 1 to 5, each indicating to what
degree the statements characterized the lesson correctly. The statements re-
ferred to the key features of the lesson, such as the classroom dialog, the
three-phase instructions, and attention given to the inductive reasoning pro-
cesses. One observer (first author) attended part of the lessons of all teachers.
Six other observers (graduate students) each closely monitored a few teach-
ers during most of the program lessons. The observers compared their obser-
vations of particular teachers. The observation forms were filled out during
or immediately after the lesson and discussed with the teacher. Figure 7
provides an overview of the time schedule of the study, the conditions, and
the instruments used.

Procedure

Theteacherswere provided with two kinds of information. First, the objec-
tives underlying the three-phase teaching method were described in general,
rather than abstract, terms. Second, the teachers received a manua with de-
tailed examples of the typical tasks and dialogs to be used preferably in each
separate phase. In afew sessions teachers were supported to connect the two
kinds of information. Special attention was given to the classroom dialog.
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It was emphasized in particular that correct solutions without scheme-based
and process-based justifications were not considered to be accurate answers.

The Program Inductive Reasoning using visual material was applied to
Grade 3 after the midterm break from January until April/May. The Program
Inductive Reasoning using verbal material in Grade 4 started in October be-
fore the midterm break and lasted until February/March. To prevent the pu-
pils in Condition 3 from doubling their learning experience, al tasks that
resembled the tasksin the Program Inductive Reasoning with verbal material
were deleted from the regular curriculum.

Data Analysis Methods

Analysis of covariance (ANCOVA) was done with factor Condition with
four levels (see Fig. 7). The pretest scores on the instruments that were used
as dependent variables were incorporated in the analyses as covariates. For
testing the learning effects of Program Inductive Reasoning using visua
material on the TIR, Conditions 1 and 2 were compared with Conditions 3
and 4. The differences between the means of the scores on the Vocabulary
Test and the scores on the Listening Comprehension Test were tested. In
case of significant differences the scores on these instruments were incorpo-
rated as covariates. Comparison of Condition 3 and Condition 4 tested the
learning effects on the tests for reading comprehension of Program Inductive
Reasoning using verbal material. The difference between the means of the
scores on the Technical Reading Test was tested. If the conditions differed
significantly, the scores were incorporated as covariates. The differential
learning effects among the four conditions on the SPM-Raven and the tests
for reading comprehension were tested by means of ANCOVA with a re-
peated-measure procedure.

We anticipated that the singly taught pupils would outperform pupils from
the control condition on near-transfer tests (Grade 3: Condition 1 and 2 ver-
sus Conditions 3 and 4; Grade 4: Condition 3 versus Condition 4). Further-
more, it was expected that doubly taught pupils (i.e., pupils in Condition 1
who followed the third- and fourth-grade programs) would outperform singly
taught pupils on the far-transfer test (i.e., pupilsin Conditions 2 and 3) and
that these singly taught pupils would significantly outperform pupils from
the control condition (i.e., pupils in Condition 4).

RESULTS
Teaching Inductive Reasoning: Classroom Observations

Without exception the lessons were very demanding for the teachers. First,
teachers had to be assisted in bringing about a process-focused attitude while
weakening their emphasis on the product of reasoning. For example, they
had to be taught how to ask their pupils questions like **Why do you think
this answer is correct’” or ‘“What other correct solutions do you suggest’’
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instead of the more usual *‘Right, thisis correct.”’ In using the fourth-grade
program in particular it was difficult for teachers to distract from the content
and to concentrate on the underlying reasoning because the content resem-
bled the regular reading comprehension curriculum. Second, planned three-
phase instructions were not an integral part of daily educational practice.
Although the teachers weakened their scaffolding in the process of learning,
it proved to be difficult to fully implement the role swap in the reciprocal
phase. By providing feedback after the lessons and, if needed, assistance
during the lessons, all teachers gradually managed to implement the main
requirements of the programs.

Learning Inductive Reasoning: Near-Transfer

Phase 1: Learning effects of Program Inductive Reasoning with Visual
Material. The means, standard errors, and the 95% confidence intervals of
the scores on the instruments that were applied to the third grade are dis-
played in Table 2. The mean sum scores on the vocabulary test and the
listening comprehension test did not differ significantly between the experi-
mental conditions (1 and 2) and the control conditions (3 and 4). Hence,
these test scores were not incorporated as covariates into the next analyses of
the scores on the TIR. ANCOV As showed that the experimental conditions
significantly outperformed the control conditions on the TIR posttest and the
follow-up test. The corrected effect size on the follow-up test was .48.

Phase 2: Learning effects of Program Inductive Reasoning with Verbal
Material. The means, standard errors, and 95% confidence intervals of the
scores on the instruments that were applied to the fourth grade are displayed
in Table 3. As the mean scores on the Test for Technical Reading differed
significantly between Experimental Condition 3 and Control Condition 4,
they were included as a covariate in the next ANCOVAs. With respect to
the Test for Meaning Construction, ANCOV As showed no significant differ-
ences between the conditions on the posttest, but the conditions differed on
the follow-up test. The corrected effect size on the follow-up test was .58.
For the Test for Inferences Construction, the ANCOV As showed significant
differences between the conditions on the posttest and on the follow-up test.
The corrected effect size on the follow-up test was .43.

Learning Inductive Reasoning in Phase 1 and Phase 2: Far-Transfer

The means, standard errors, and 95% confidence intervals of the scores
on the SPM-Raven are displayed in Table 4. An ANCOVA with repeated
measures revealed a significant effect of Condition (F = 18.311, df = 3,
p = .000). A multivariate analysis of variance (MANOVA) showed that the
scores on the second through the fifth administration differed significantly
among the four conditions.

In Fig. 8 the mean SPM-Raven scores on al items (total scores) and sub-
groups of items with different Mental Demands are displayed. Pairwise com-
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TABLE 2
Mean, Standard Error, and 95% Confidence Intervals of the Scores on the Test for Listening
Comprehension and the Vocabulary Test and Person Parameter Estimates on the Test for
Inductive Reasoning in the Experimental Conditions and the Control Conditions on the
Pretests, Posttests, and Follow-Up Tests in Phase 1

95% confidence
interval

Standard Lower  Upper
Condition N Mean error bound bound F test

Test for listening

comprehension
Exp. Cond. 1+2 150 30.46 .50 2948 3144
Contr. Cond. 3+4 109 30.01 .58 2886 31.16
p = .556
Vocabulary test
Exp. Cond. 1+2 150 25.38 53 2434 2642
Contr. Cond. 3+4 109 2481 .62 2359 26.03
p = .482
Test for inductive
reasoning
Pretest
Exp. Cond. 1+2 150 473 .03 42 .53
Contr. Cond. 3+4 109 437 .03 .38 .50
Posttest
Exp. Cond. 1+2 150 787 .03 .73 .84
Contr. Cond. 3+4 109 .567 .03 .51 .63
p = .000
Follow-up test
Exp. Cond. 1+2 150 .885 .03 .83 94
Contr. Cond. 3+4 109 .695 .03 .63 .76
p = .000

parisons of the total scores of the conditions for each administration were
done to check (at a 5% level) whether the doubly taught pupilsin Condition
1 outperformed the singly taught pupils in the Conditions 2 and 3 and
whether the singly taught pupils outperformed the pupilsin control Condition
4. In the second and third administration, Condition 1 significantly outper-
formed Conditions 3 and 4. Condition 2 significantly outperformed control
Conditions 3 and 4 in the second administration and Condition 4 in the third
administration. In the fourth and fifth administrations Condition 1 signifi-
cantly outperformed the other conditions. Conditions 2 and 3 did not differ
significantly and they both outperformed the control Condition 4. Pairwise
comparisons across all administrations revealed that doubly taught pupilsin
Condition 1 differed significantly from the other conditions and that singly
taught pupils in Conditions 2 and 3 did not differ from one another, but that
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TABLE 3
Mean, Standard Error, and 95% Confidence Intervals of the Scores on the Test for Technical
Reading and Person Parameter Estimates on the Tests for Reading Comprehension in the
Experimental Condition and the Control Condition on the Pretests, Posttests, and Follow-Up
Tests in Phase 2

95% confidence
interval

Standard  Lower  Upper
Condition N Mean error bound  bound F test

Test for technical reading

Exp. Cond. 3 54 40.38 2.66 3511 45.64
Contr. Cond. 4 75 32.56 2.67 28.08 37.05
p = .027
Reading comprehension:
meaning construction
Pretest
Exp. Cond. 3 54 92.61 .99 90.66 94.57
Contr. Cond. 4 75 91.75 .84 90.09 93.41
Posttest
Exp. Cond. 3 54 95.83 .83 94.20 97.47
Contr. Cond. 4 75 93.75 .70 92.36 95.13
p=.131
Follow-up test
Exp. Cond. 3 54 97.28 .83 95.63 98.93
Contr. Cond. 4 75 94.31 71 92.91 95.71
p = .006
Reading comprehension:
inferences construction
Pretest
Exp. Cond. 3 54 97.39 1.77 93.90 100.88
Contr. Cond. 4 75 96.47 150 93.51 99.43
Posttest
Exp. Cond. 3 54 103.43 1.72 100.02  106.83
Contr. Cond. 4 75 97.84 1.46 9496 100.73
p = .009
Follow-up test
Exp. Cond. 3 54 107.82 1.87 104.12 11151
Contr. Cond. 4 75 101.16 1.58 98.03 104.30
p = .006

they differed from the pupilsin control Condition 4. These results confirmed
our expectations.

Compared to the first administration, the corrected effect size on the fifth
administration revealed small to strong effect sizes: Conditions 1-2: d =
41; Conditions 1-3: d =.81; Conditions 1-4: d = 1.22; Conditions 2—4:
d = .73; and Conditions 3—4: d = .30 (Cohen, 1988). The program with the
visual material, which was applied to Condition 2, caused better learning
effects on the SPM-Raven than the program with the verbal material (Condi-
tion 3). It was expected that irrespective of the material used, the tasks and
the teaching sequence in both programs would result in pupils’ development
of metacognitive knowledge about the top-down and bottom-up inductive
reasoning processes. The effect sizes suggested that the visual program was
superior.
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TABLE 4
Mean, Standard Error, and 95% Confidence Intervals of the Scores of Pupils on the First
Through the Fifth Administrations of the SPM Raven in the Four Conditions

95% confidence
interval

Standard  Lower  Upper
Administration ~ Condition N Mean error bound  bound F test

1 1 70 2054 .88 18.82 22.27
2 70 18.83 .88 17.10 20.55
3 43  23.09 112 20.89 25.29
4 54 2187 1.00 19.91 23.84
2 1 70  29.67 .95 27.79 31.55
2 70  26.99 .95 2511 28.86
3 43 2758 122 25.19 29.98
4 54 2559 1.09 23.45 27.73
p=.00
3 1 70 3054 1.03 28,51 32.58
2 70 28.01 1.03 2598  30.05
3 43  29.63 1.32 27.03 32.23
4 54  27.30 1.18 24.98 29.61
p = .002
4 1 70 35.64 .93 3381 3748
2 70 30.13 .93 28.29 31.97
3 43 3195 1.20 2961  34.30
4 54  27.82 1.06 25.72 29.91
p = .000
5 1 70  36.96 .90 35.19 38.72
2 70 3231 .90 30.55 34.08
3 43 3347 114 31.21 35.72
4 54  29.83 1.02 27.83 31.84
p = .000

Pairwise comparisons of the scores on subsets of SPM-Raven items of
the conditions in the fifth administration showed that the scores on the rela-
tively easy MD1 items showed a ceiling effect and, thus, they did not differ
(seeFig. 8). Notice that apart from inductive reasoning Gestalt effects proba-
bly influence the solving procedure as well. The scores on the relatively
difficult MD5 items showed floor effectsand thus did not differ. As expected,
the scores on the MD2 items, MD3 items, and M D4 items decreased, which
reflected the increasing demand on inductive reasoning. The graphs of the
scores on these items showed common patterns across conditions. The fifth
administration showed a significant effect of condition (MD2, MD3, and
MD4: p = .000). Pairwise comparisons of the conditions showed that doubly
taught pupilsin Condition 1 significantly outperformed the other conditions
and that pupils in the singly taught Conditions 2 and 3 did not differ. The
scores of pupilsin the control Condition 4 were significantly lower than the
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FIG. 8. Mean scores on the SPM-Raven of Condition 1 through Condition 4 (C1-C4).

All items and subsets of items with different levels of mental demand (MD).
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Meaning Construction Inference Construction
Scale Scores Scale Scores

Administrations Administrations

FIG. 9. Mean scores on the test for meaning construction and the test for inference con-
struction of Condition 1 through Condition 4 (C1-C4).

scores of pupils in each of the other conditions, except for the scores with
aMD of 2. In Condition 3, the scores on these MD2 items did not signifi-
cantly differ from the scores in Condition 4. These results confirmed the
expectations regarding the differential learning effects among the conditions
and they indicated that the learning effects on the SPM-Raven were due to
an increased inductive reasoning ability.

Figure 9 shows the scores on the Test for Meaning Construction and the
Test for Inference Construction that were administered in Grade 4. The
scoreson the Test for Technical Reading were used asacovariate. ANCOV A
with repeated measures of the scores on the Test for Meaning Construction
revealed a significant effect of condition (F = 6.253, df = 3, p = .000).
A MANOVA showed that the scores differed significantly among the four
conditions in the three administrations (administration 1 through 3: F =
3.589, df = 3,p =.014; F = 3.876, df = 3, p = .010; and F = 6.577, df =
3, p = .000, respectively).

For administration 1, which came after the visual teaching phase in Grade
3, pairwise comparisons showed that the significant differences were due to
significantly higher scores of doubly taught pupilsin Condition 1 compared
to the scores in the other three conditions. For administration 2, which came
after the verbal teaching phase in Grade 4, the difference between the condi-
tions was caused by doubly taught pupils in Condition 1 who significantly
outperformed both the singly taught pupilsin Condition 2 who followed the
visual program and the pupils in control Condition 4. Pupils in Condition 3
who followed the verbal program did not differ significantly from Condition
1 or from Conditions 2 and 4. For administration 3, doubly taught pupilsin
Condition 1 again outperformed both the singly taught pupils in Condition
2 who followed the visual program and the pupils in the control Condition
4, but not the pupils in Condition 3 who followed the verba program. The
scores of these pupils differed significantly from Conditions 2 and 4. Pair-
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wise comparisons across al administrations revealed that doubly taught pu-
pils in Condition 1 differed significantly from the other conditions and that
singly taught pupils who followed the verbal program in Condition 3 differed
from the control Condition 4. Singly taught pupils in Condition 2 who
followed the visual program did not differ significantly from control Condi-
tion 4.

An ANCOVA with repeated measurements of the scores on the Test for
Inference Construction revealed a significant effect of condition (F = 5.999,
df = 3, p =.001) (seeFig. 9). A MANOVA showed that the four conditions
did not differ significantly in the first administration (F = .953, df = 3, p =
.415), but that they differed in the second and the third administrations (F
= 0.200, df = 3, p = .000; and F = 5.476, df = 3, p = .001, respectively).

For administration 1, which came after the visual teaching phasein Grade
3, pairwise comparisons showed that none of the conditions differed from
one another. After the verbal teaching phase in Grade 4, the significant differ-
ences in the second administration were due to doubly taught pupilsin Con-
dition 1 who outperformed pupils in the other three conditions. Also in the
third administration the significant difference was caused by Condition 1,
which outperformed the other conditions. Furthermore, in this administration
the singly taught pupils in Condition 3 who followed the verbal program
outperformed the pupils in the control Condition 4. Pairwise comparisons
across all administrations revealed that doubly taught pupilsin Condition 1
differed significantly from pupils in the other conditions.

It can be concluded that a single application of the program with visual
material did not result into a far-transfer to reading comprehension and that
the single application of the program with verbal tasks did result in a near-
transfer to reading comprehension. Successive application of both programs
was superior to a single application of the program with verbal tasks. The
development of decontextualized inductive reasoning top-down schemes and
bottom-up steps during the verbal program in Grade 4 was probably facili-
tated by the visual program that was applied to Grade 3.

CONCLUSIONS AND DISCUSSION

Our research aimed at smoothing the transition from developmentally ori-
ented education in the preparatory phase to curriculum-oriented education
from the third grade onward. Therefore, we extended the emphasis on induc-
tive reasoning in the preparatory phase to the third and the fourth grades by
implementing two teaching programs that were applied by the teachers to
their own classrooms.

All teachers needed support to shift their attention from the reasoning
product (correct or incorrect answer) to the reasoning process (how was the
answer found) in order to enhance the pupils metacognitive development
of the inductive top-down and bottom-up reasoning processes. Generally,
the teachers were able to apply the programs as intended. However, the role
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swap between teacher and pupil that should have been accomplished in the
third and last instruction phases of both programs was difficult to implement.
One explanation is that the pupils were not competent enough in Dutch to
verbally reflect on their thinking processes. Another explanation isthat teach-
ers and pupils were not familiar with this kind of instruction because ex-
changing roles is not an integrated part of daily educational practice in the
Netherlands.

Theresults showed that the taught pupils significantly outperformed pupils
from the control condition on near-transfer tests. Doubly taught pupils (i.e.,
in the third and the fourth grades) significantly outperformed singly taught
pupils on the far-transfer test, and singly taught pupils significantly outper-
formed pupils from the control condition. Pupils who followed the program
with visual material showed greater learning effects than pupils who were
taught using the program with verbal material. As both programs had the
same objectives, probably the common visual mode of the third-grade pro-
gram and the far-transfer test induced better learning results. To precisely
focus on the inductive reasoning processes, the far-transfer test was divided
into groups of tasks that differed in their demand on inductive reasoning. It
was concluded that the learning effects of both programs indicated that pu-
pils’ better performance was due to their increased ability of inductive rea
soning. This was corroborated by the facilitating influence of the visual pro-
gram on the verbal program.

Contrary to Hager and Hasselhorn (1998) and other research on the origi-
nal Program Inductive Reasoning 1 (Klauer, 1989), in our study equal impor-
tance was attached to the operationalization of inductive reasoning tasks, on
the one hand, and the types and teaching sequence of the inductive reasoning
processes, on the other hand. Our study corroborates with the view that learn-
ing is not considered a passive, knowledge-consuming, and externally di-
rected process, but an active, constructive, and self-directed process (Bednar,
Cunningham, Duffy, & Perry, 1991).

In this respect we follow Vermunt and Verloop (1999) in making a plea
for conducting research that aims at the development of theories in which
teaching, learning, and knowledge are intertwined. They integrated various
teaching activities and learning strategies and showed possible interactions
in terms of congruence and friction. Whether there is congruence or friction
depends on the extent the teacher’s and pupils' regulation of the learning
process complement one another. In this study, the sequence of three instruc-
tion phases of modeling, practicing, reflection, and, finally, reciprocal teach-
ing using role swapping, corresponds to three pupil—teacher interactions
characterized as congruent. Also Elshout-Mohr, Van Hout-Wolters, and
Broekkamp (1999) emphasized the usefulness of implementing learning
phases, which aim at gradualy transferring the responsibility from the
teacher to the pupils. Furthermore, Elshout et al. (1999) suggested that train-
ing for transfer of knowledge should be prolonged and take place under vary-
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ing conditions using different materials. Our study complies with these crite-
ria as the design permitted comparison of different training materias (i.e.,
visual and verbal material) and duration (doubly and singly taught pupils).

Nevertheless, some critical remarks concerning this study and suggestions
for future research can be made. Although the integration into two programs
of theory-based operationalizations of tasks and processes and the develop-
mentally based teaching sequence and choice of material seemed successful,
it is not possible to conclude unequivocally which particular aspect of the
programs was helpful. For instance, our results support the hypothesis that
the underlying mechanism that produced the |earning effects was metacogni-
tive, but we did not prove it beyond doubt because we did not compare
inductive reasoning programs with and without metacognitive elements.
However, we expected that a transfer between two different contexts (i.e.,
pictures and texts) would be possible only if pupils developed conscious
knowledge of the inductive reasoning top-down schemes and the bottom-up
steps. Thisis supported by other research on inductive reasoning that showed
that transfer between tasks of the visual and verbal modes is difficult to
accomplish when the focus on metacognition in the instruction is less salient
(see, for example, Resing & Roth-van der Werf, 1997).

In future research new observation tools and instruments could be de-
signed for collecting more information about the dialogs that underlie the
learning effects. Also more detailed analyses of the strategies that pupils use
(e.g., thinking-aloud protocols) while solving inductive reasoning tasks could
provide more information about the development of the decontextualization
of the reasoning schemes and steps. Furthermore, instruments could be added
for measuring the transfer levels after each of the three teaching phases.

A challenging question is how the role swap in the third instruction phase
could be brought about more easily. We assume that an integration of the
exploratory talk rules (Wegerif, Mercer, & Dawes, 1999) in the programs
could improve the role swap. Wegerif et a. (1999) taught 8- and 9-year-old
pupils to use exploratory talk and found learning effects on the SPM-Raven.
Explorativetalk is characterized by acritical and constructive engagement in
which statements and suggestions are offered for joint consideration. Mercer
(1996) stated that ‘‘in exploratory talk knowledge is made more publicly
accountable and reasoning ismorevisible'” (p. 369). Furthermore, self-regu-
lation, which is reflected in a proper role swap, depends on cognitive vari-
ables and on affective variables (Boekaerts, 2000). Including affective vari-
ables should therefore broaden the cognitive focus of the model in Fig. 3.

How can future research on inductive reasoning contribute to the devel op-
ment of theories that connect development, teaching, and learning? The Cog-
nition and Technology Group at Vanderbilt (1996) designed aframework for
research. It suggested explicitly connecting scientific research to educational
practice by increasing-the sample size from a few small training groups,
through teaching individual classrooms and connected sets of classrooms,



238 DE KONING ET AL.

to teaching whole schools. Furthermore, it suggested using the model of
constructivelearning, in which learning is considered an active, constructive,
and self-directed process. Our study was carried out in connected classrooms
and fit into this model of learning. Our future research could be directed at
extending the sample size such that the school as awhole would be covered.
For example, the programs for teaching inductive reasoning could be ex-
tended to the second and thefifth grades of primary education. For the second
grade, it will be sufficient to reorganize the learning materials already avail-
able. In the fifth grade, it would be possible to embed the programs’ princi-
ples into, for example, the domain of writing. After analyzing and con-
structing the meaning of texts in the fourth grade, it would be alogical next
step to teach pupilsto actively produce their own texts. Thiskind of research
would reveal whether the integration of inductive reasoning tasks, processes,
and teaching is suitable for pupils younger and older than those who partici-
pated in this study. By using analogous exercises in various contexts the
inductive reasoning development will be continuously supported during pri-
mary education.

We hypothesize that there might be transfer effects on science education
as well. Scientific reasoning involves generalizing rules from measurement
results or everyday experiences, hypothesis formation and hypothesistesting,
grouping of facts using two-dimensional or multidimensional tables, and
concept formation and concept development. These are activities typical for
inductive reasoning (Csapo, 1999). Science education starts, at least in the
Netherlands, by the end of primary education and gets increasingly more
important in secondary education. It would be interesting to investigate the
presumed beneficial effects on science in primary and secondary education
of pupilswho have learned to consciously reflect on their inductive reasoning
in primary school. We suggest that by focusing on the devel opment of induc-
tive reasoning it will be possible to define a line of thinking on how we best
could design our learning materials and instruct our pupils during their whole
course of primary and secondary education such that they become efficient
and critical learners.
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