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study investigated potential differences in the processes of solving analogies
between gifted and average-ability children (aged 9–10 years old) in a dynamic testing
setting. Utilizing a pre-test-training-post-test control group design, participants were
split in four subgroups: gifted dynamic testing (n = 24), gifted control (n = 26), average-
ability dynamic testing (n=48), and average-ability control (n=52). Irrespective of abil-
ity group, dynamic testing resulted in a larger number of accurately applied transforma-
tions, changes in the proportion of preparation time utilized, andmore advanced usage
of solution categories. Differences were found between and within the groups of gifted
and average-ability children in relation to the different process variables examined.
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n educational settings, when the cognitive abilities of gifted children are to be measured,
often (shortened) traditional intelligence tests are used (Pierson, Kilmer, Rothlisberg, &
McIntosh, 2012). In such tests, the focus is predominantly on the end products of these

tests, in many cases IQ scores. When focusing toomuch on test scores, however, we run the risk
of neglecting the underlying learning and thinking processes that allow children to achieve these
scores. It has been argued that analysis of such processes provides useful insights into children’s
cognitive abilities (Sternberg&Grigorenko, 2002). Indeed, research demonstrates that effective
task approaches and solving procedures not only predict performance on cognitive tasks (e.g.,
Siegler & Svetina, 2002), but also scholastic achievement (Parrila & McQuarrie, 2015; Stern-
berg & Grigorenko, 2002). Therefore, it may not come as a surprise that high level performance
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of gifted children is often ascribed to usage of high level problem-solving steps and procedures
(Cho & Ahn, 2003; Muir-Broaddus, 1995).

Conventional

ID:p0085

(intelligence) tests, however, do not systematically provide information about
the processes involved in problem-solving. In addition, since these tests capture previous learn-
ing experiences, with children solving tasks independently (Sternberg & Grigorenko, 2002),
researchers believe they do not to provide insight into children’s learning ability or potential for
learning (Elliott, Grigorenko, & Resing, 2010). Previous studies have, moreover, suggested that,
irrespective of children’s cognitive abilities, their past learning performances or assumed cog-
nitive ability level are not predictive of their potential for learning (Vogelaar, Bakker, Elliott, &
Resing, 2017). An alternative means of testing, which taps into children’s potential for learning
is dynamic testing. In this form of testing, training or extensive instruction are integrated into
the testing procedure (Sternberg &Grigorenko, 2002). As dynamic tests utilize skills or abilities
that are yet to develop or in development, this form of testing allows for measuring children’s
learningwhile testing (Elliott, Resing,&Beckmann, 2018). As such, these tests donot only allow
for measuring children’s potential for learning, but also for detailed examination of the pro-
cesses involved in learning (Elliott et al., 2018). The aim of the current study was to investigate
whether a dynamic test of analogical reasoning could shed light on differences in the processes
of problem-solving of gifted and average-ability children.

DYNAMIC

ID:TI0020

TESTING

Different

ID:p0090

from traditional, also known as static testing, dynamic testing refers to an interactive
approach to psychoeducational assessment, incorporating help, often in the form of feedback
or instruction, into the testing procedure (e.g., Sternberg &Grigorenko, 2002). Dynamic testing
finds its origin in the ideas of Vygotsky (1978), who posited that children develop and learn
within a zone of proximal development (ZPD). According to Vygotsky, learning occurs within
the ZPD with children learning with and from other, more capable individuals. The ZPD refers
to the distance between the actual level (independent problem-solving, before help has been
given) and potential level (problem-solving after help has been given) of development.

As

ID:p0095

many dynamic tests have a test-training-test design, they are assumed to tap into chil-
dren’s ZPD, providing measures of both the actual (pre-test) and potential (post-test) levels of
development, providing insight into an individual child’s potential for learning (Elliott et al.,
2010; Robinson-Zañartu & Carlson, 2013). These tests often utilize inductive reasoning tasks
(e.g., Hessels, Vanderlinden, & Rojas, 2011; Resing, 2013). This form of reasoning is believed to
tap into a variety of cognitive and intellectual processes, and play a role in transfer of knowledge,
general problem-solving, and everyday learning (e.g., Goswami, 2012; Klauer & Phye, 2008;
Richland & Burchinal, 2012; Sternberg & Rifkin, 1979). In the current study, we employed a
dynamic test of analogical reasoning, a subtype of the ability to reason inductively.The test items
consisted of visuo-spatial geometric analogies of the form A:B::C:D, which consist of a number
of geometrical elements (task attributes) that undergo one or several transformations (changes;
see Figure 1 in the “Method” section for more information).

Dynamic

ID:p0100

tests of analogical reasoning with a test-training-test design are sometimes com-
bined with a graduated prompts training (e.g., Campione, Brown, Ferrara, Jones, & Steinberg,
1985; Resing, 2013).This highly structured training procedure involves providing testees with a
graduated, hierarchically administered, series of predetermined prompts. Each time a child can-
not solve a problemwithout help from the examiner, a child is providedwith a prompt, with eachPdf_Folio:44
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new prompt becoming more specific. For each training item, prompts range in specificity from
metacognitive prompts, geared atmetacognitive processes underlying the problem-solving pro-
cess, to cognitive prompts, tailored to each individual item, to modeling of the correct answer.
Its hierarchical structure potentially enables researchers and practitioners to examine children’s
individual instructional needs (Ferrara, Brown, & Campione, 1986; Sternberg & Grigorenko,
2002).

PROCESS

ID:TI0025

-ORIENTED DYNAMIC TESTING OF INDUCTIVE REASONING

Dynamic

ID:p0105

tests of inductive reasoning with a graduated prompts training have been used
successfully to provide insight into the processes occurring during the solving of inductive rea-
soning tasks (Resing, 2013; Resing, Xenidou-Dervou, Steijn, & Elliott, 2012). Focusing on pro-
cess variables enabled researchers in this field to utilize more fine-grained analyses of children’s
variations in changes in performance than when only focusing on test outcomes, such as accu-
racy scores. Such process variables include the type and number of transformations (changes)
children are able to deal with, verbalizations of the inductive reasoning procedures they used,
and also their time-on-task (Resing, Touw, Veerbeek, & Elliott, 2017; Tunteler, Pronk, & Resing,
2008; Tzuriel & Galinka, 2000).

With

ID:p0110

regard to time-on-task, researchers examined the time children spend on different
phases in the process of problem-solving. Investing in the initial phases of the analogical reason-
ing process is seen as an advanced approach to solving inductive reasoning tasks, which likely
leads to success (Klauer& Phye, 2008; Sternberg, 1985). In previous studies, the amount of time
children used for preparing to solve an inductive reasoning task (preparation time) relative to
the total time it took them to complete the solving of an item (solving time) was used in order
to obtain insight into children’s reasoning process (Kossowska & Nęcka, 1994; Resing et al.,
2012). In the present study, we utilized Kossowska and Nęcka’s (1994) approach to analyzing
children’s reaction times to examine differences between the children in the proportion of time
they spent on preparation when solving the analogical reasoning tasks. In addition, researchers
have analyzed the different types of solutions children provided by examining, for each indi-
vidual solution, the proportion of changes of the different task attributes the children could
apply accurately (e.g., Resing et al., 2017; Richland, Morrison, & Holyoak, 2006). In studying
children’s verbal solving of inductive seriation tasks, Resing et al. (2017), for instance, found
that all groups of children showed changes in the proportion of transformations they reported
accurately, whereby most children showed significant improvements from pre-test to post-test.

Studies

ID:p0115

regarding differences in the process of solving inductive reasoning tasks of gifted
and average-ability children in the analogical reasoning domain remain scarce. Muir-Broaddus
(1995), for instance, reported that high-achieving gifted children utilized larger numbers of
sophisticated verbalizations than both underachieving gifted and non-gifted age-mates, but
were also more likely to use flexibly those verbalizations that were deemed most beneficial for
solving novel problems.

DYNAMICALLY

ID:TI0030

TESTING GIFTED CHILDREN’S INDUCTIVE REASONING
ABILITIES

A

ID:p0120

number of studies have shown that dynamic tests are valuable instruments for unveiling the
potential of a wide range of children (e.g., Lidz, 1987; Resing, 2013; Tzuriel, 2013). Only fewPdf_Folio:45
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studies, however, investigated the use of dynamic testing for gifted children (Calero, García-
Martín, & Robles, 2011; Kanevsky, 2000), especially with regard to dynamic tests of inductive
reasoning. In a study into a dynamic test utilizing analogy items of the form A:B::C:D, four
groups of third grade children were studied: gifted, outstanding high performance, outstand-
ing low performance, and typically performing children (Tzuriel, Bengio, & Kashy-Rosenbaum,
2011). Both before and after training gifted children outperformed the others in accuracy, but
only differences between the gifted and outstandingly low performing groups of children were
significant. In addition, studies by Vogelaar and Resing (2016) and Vogelaar et al. (2017), which
both utilized a dynamic test of analogical reasoning, demonstrated that gifted children achieved
significantly higher accuracy scores than their average-ability peers at the pre-test, before train-
ing, and at the post-test, after training.They also found, in contrast to what they expected, that
the extent to which they improved in accuracy was similar.

More
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importantly, in these three studies it was consistently found that the cognitive abilities
of gifted children can be characterized by large individual differences, providing support for
the growing notion that gifted children do not form a homogeneous group when it comes to
their cognitive capacities (Reis & Renzulli, 2009). Although these studies have demonstrated
the value of testing gifted children’s inductive reasoning capacities dynamically, no studies have
been conducted that systematically investigate the problem-solving processes of gifted children
in a dynamic test setting.

THE

ID:TI0035

CURRENT STUDY

The

ID:p0130

current study aimed to shed light onpotential differences between gifted and average-ability
children in the processes occurring when solving analogy items in a dynamic test setting. We
specifically sought to examinewhether a dynamic test with a pre-test-training-post-test format,
vis-à-vis a static test consisting of a pre-test and a post-test only, could provide us with addi-
tional insight into different aspects in the processes occurring during solving of analogies. Our
first research question concerned children’s changes from pre-test to post-test in the number of
transformations they could apply accurately. We expected (1a) that the children who received
dynamic training would show more improvement in accurately applied transformations than
their peers in the control group, who received the pre-test and post-test only (Resing & Elliott,
2011; Tunteler et al., 2008). As to the potential differences between gifted and average-ability
children, we expected (1b) that both at pre-test and post-test gifted childrenwould show a larger
number of accurately applied transformations than their average-ability peers (Calero et al.,
2011; Kanevsky, 2000; Steiner, 2006).

Secondly

ID:p0135

, we examined potential changes in the proportion of preparation time children uti-
lized when solving analogies. It was expected (2a) that all groups of children would spend rela-
tivelymore time onpreparation at the post-test than at the pre-test, with (2b) childrenwhowere
dynamically trained showing larger changes in the time they spent on preparing their solutions
than those in the control group (Resing et al., 2012). Regarding potential differences between
gifted and average-ability children, we expected that (2c) the gifted childrenwould show a larger
increase from pre-test to post-test in the proportion of time they spent on preparation than
their average-ability peers (Cho & Ahn, 2003; Muir-Broaddus, 1995; Steiner, 2006).

Thirdly

ID:p0140

, the quality of children’s solutions provided at pre-test and post-test was examined
in terms of the proportion of changes children applied accurately. Similar to previous studies,Pdf_Folio:46
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children’s solutionswere divided into three separate categories based on the proportion of trans-
formations applied accurately: “high,” “medium,” and “low” (e.g. Resing et al., 2017). Based on
these research findings, it was expected that (3a) from pre-test to post-test all groups of chil-
dren would show an increase in the medium and high solution categories, and a decrease in the
low solution category. It was further expected (3b) that the children who were trained would
show the same changes as their peers in the control group, but that the difference between
pre-test and post-test would bemore salient for these children. Finally, in relation to differences
between gifted and average-ability children, it was expected (3c) that the changes from pre-test
to post-test of the gifted children would be more pronounced than their average-ability peers
(Muir-Broaddus, 1995).

In
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addition, we examined whether we could allocate children to specific groups, based on the
quality of the solutions they provided (a high, medium or low proportion of accurately applied
transformations). We expected (3d) that children would be more likely to be categorized as pro-
viding “high” solutions as a consequence of training (Resing et al., 2017). Furthermore, we antic-
ipated that (3e) at the pre-test as well as the post-test gifted children would be more likely to be
allocated to the “high” solution group than their average-ability peers (Muir-Broaddus, 1995).

METHOD

ID:TI0040

Participants

The
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study employed 150 nine- to 10-year-old participants, Mage = 9;11, SDage = 0;6, 72 boys
and 78 girls.The participants were enrolled in primary schools inmiddle and high SES neighbor-
hoods located in the western part of theNetherlands. Selection of children and schools occurred
on the basis of their willingness to participate. All parents had given written informed con-
sent prior to the children participating in the study. In total, 100 children were categorized as
average-ability and 50 as gifted. Gifted children were oversampled. Eight children did not com-
plete all sessions of the study due to illness. Their data were removed from the calculations.
The overall sample size was calculated by means of a sample size analysis (Hulley, Cummings,
Browner, Grady, & Newman, 2013), which revealed a power of 80% to find an effect size of .49
when comparing gifted and average-ability children, and a power of 80% to find an effect size of
.46 comparing the two experimental conditions (dynamic testing versus control condition).

Giftedness

ID:p0155

identification was conducted based on children’s scores on the Raven Standard
Progressive Matrices (RSPM) (Raven, Raven, & Court, 2000). In accordance with the position
statement of the National Association for Gifted Children (2010), children were categorized as
gifted if the scored at or above the 90th percentile of the RSPM.

Design

The

ID:p0160

present study utilized an experimental two-session (pre-test-post-test) control groupdesign
with randomized blocking with two conditions: dynamic testing versus control condition (see
Table 1 for a schematic overview of the design).

Test

ID:p0175

sessionswere administered once aweek, over a total period of five subsequentweeks. All
test sessions were administered individually, and took approximately 20–30 minutes each. The
children in the dynamic testing condition were given two short training sessions between the
pre-test and post-test.The children in the control conditionwere asked to complete an unrelated
control task consisting of paper and pencil dots-to-dot tasks. In these tasks, childrenwere askedPdf_Folio:47
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TABLE 1. Overview

ID:p0165

of the Experimental Design

Condition Groups Dynamic versus static test

ID:t0005ID:t0010ID:t0015

Raven

ID:t0020

Pre-test

ID:t0025

Training
1

ID:t0030

Training
2

ID:t0035

Post-test

ID:t0040

Dynamic test-
ing

ID:t0045

Gifted (n = 24)
Av. ability
(n = 48)

ID:t0050

X

ID:t0055

X

ID:t0060

X

ID:t0065

X

ID:t0070

X

ID:t0075

Control

ID:t0080

Gifted (n = 26)
Av. ability
(n = 52)

ID:t0085

X

ID:t0090

X

ID:t0095

CT

ID:t0100

CT

ID:t0105

X

Note

ID:p0170

. CT = control task.

to connect the dots on a piece of paper that together form a picture. Administration of the
control task took the same amount of time as the training sessions, to ensure that the children in
the control condition had a similar amount of one-on-one time with the experimenter as those
who received training.

Prior

ID:p0180

to pre-testing, the RSPMwas administered.TheRSPM is assumed to provide an indica-
tion of children’s fluid intelligence, which, in turn, is considered a key component in many con-
ceptions of intellectual abilities (Sternberg, Jarvin, & Grigorenko, 2011). Randomized blocking
was utilized per gender and school with children’s initial reasoning ability (raw scores on the
RSPM), as the independent blocking variable (Kirk, 2013). On the basis of their RSPM scores,
per ability group, pairs of children were created and randomly assigned to the two conditions,
per school and gender. This procedure was meant to ensure that the two conditions would not
differ significantly in inductive reasoning ability. Children were allocated to one of the follow-
ing subgroups based on our blocking procedure: gifted dynamic testing (n = 24), gifted control
(n = 26), average-ability dynamic testing (n = 48), and average-ability control (n = 52).

Materials

Raven’s Standard Progressive Matrices. The

ID:p0185

RSPM (Raven et al., 2000) was used as our
independent blocking variable. The RSPM is a non-verbal test of inductive reasoning which uti-
lizes visual analogies. The split-half-reliability is r = .91 (Raven et al., 2000). In our sample of
participants, good reliability was found (Cronbach’s 𝛼 = .88). The 1992 corrected norm scores
for the Dutch population were used in the current study to calculate percentile scores.

DynamicTestofAnalogicalReasoning. The

ID:p0190

dynamic test employed visual-spatial geomet-
ric analogies.The items usedwere originally developed byHosenfeld, Van den Boom, and Resing
(1997), and converted by Tunteler et al. (2008) into separate test sessions.The test, consisting of
four sessions in total (a pre-test, two short training sessions followed by a post-test), has a con-
structed response format. Each itemwas constructed using the following geometric shapes (the
elements): hexagons, pentagons, squares, triangles, ellipses and circles, and the answers had to
be drawn by the children.The original items were constructed using a maximum of six different
transformations (changes): adding or subtracting an element (doubling), changes in position,
changes in size, and halving. As the original item-sets were developed for young children, andPdf_Folio:48
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Figure 1. Example
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of an analogy item, including the correct answer, a correct and an incorrect answer.

the present study employed older children, aged 9–10, the items utilized were made more diffi-
cult by adding possible extra transformations: rotation, adding of middle line, and color.

In

ID:p0195

solving analogies of this type, children have to compare A and B, and identify the transfor-
mations (changes in task features). Then, they have to compare A and C, and map the transfor-
mations occurring fromA to B onto C, in such a way that the correct solution can be constructed
in D. A correct solution of such an analogy, therefore, implies that all transformations occur-
ring from box A to B are identified, and applied accurately from box C to D. Item complexity was
defined by both the number of elements (the different shapes used for an item) and the number
of transformations these elements undergo (changes in the shapes from A to B, and, similarly,
from C to D; Mulholland, Pellegrino, & Glaser, 1980; Sternberg, 1977). The items’ theoretical
level of difficulty was defined on the basis of a simplified equation posited by Mulholland et al.
(1980): Difficulty level = 0.5 × Elements + 1 × Transformations.

In

ID:p0200

Figure 1, a sample item is provided, including the correct solution, a correct and an incor-
rect solution provided by a participant, and an explanation regarding the different elements and
transformations.

Pre-test and Post-test. Both

ID:p0210

the pre-test and post-test contained 20 items of varying dif-
ficulty. The two test sessions were constructed as equivalent parallel versions, as the difficulty
level of the items and the sequence of the items were kept equal. At the start of the pre-test and
post-test, children received general, short instructions only, telling them to solve the analogy
puzzles without any help.

Both

ID:p0215

test sessions consisted of 20 items, each having a total of 119 transformations that had
to be applied accurately. In Appendix A, an overview of the division of transformations, number
of elements, and corresponding theoretical difficulty levels is provided. Good internal consis-
tency was found for the pre-test (𝛼 = .84). In addition, test-retest reliability analysis revealed
a stronger correlation for those in the control condition (r = .87, p < .001) than those in the
dynamic testing condition (r = .56, p < .001). Fisher’s r to z transformation demonstrated that
the two test-retest correlations were significantly different, z = 4.2, p < .001.Pdf_Folio:49
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Dynamic Training. Children
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in the dynamic testing condition were provided with a grad-
uated prompts training consisting of two short sessions. Each session consisted of six similar
analogy items.The dynamic training utilized a graduated prompts procedure used in several ear-
lier studies (e.g., Resing & Elliott, 2011; Stevenson, Hickendorff, Resing, Heiser, & De Boeck,
2013; Vogelaar & Resing, 2016; Vogelaar et al., 2017). Graduated prompting involved provid-
ing children with a series of predetermined, standardized prompts when they made a mistake
in solving an analogy item.The training items were similar to those provided in the pre-test and
post-test.The provision of prompts occurred hierarchically: starting with four general metacog-
nitive prompts (e.g., “How did you solve the task last time?”), followed by four item-specific cog-
nitive prompts (e.g., “What are the similarities between these two boxes of the puzzle?”). Due
to the hierarchy in the provision of prompts, with each prompt becoming more specific, this
procedure allowed for measuring the differing degrees of help individual children needed when
solving problems.

After

ID:p0225

provision of a prompt, the children had to draw the answer they believed was accu-
rate, and then check its accuracy. If a child provided an incorrect answer, the experimenter
would say that the answer was not correct yet, and that the child would receive help to come
to the correct answer. If after a child had been provided with seven prompts, he or she was
not able to come to the accurate solution, the eighth cognitive prompt provided was based
on modeling. As a final step of the training procedure, the examiner asked the children to
explain why they thought the solution they had drawn was correct, after which the exam-
iner modeled an accurate self-explanation. Overall, the prompts provided encouraged chil-
dren to solve the analogy items analytically; that is, they trained the children to first think
about their prior knowledge, then encode the different elements of the analogy, identifying
similarities and differences, and find relationships between the different elements of the
item.

The

ID:p0230

graduated prompts utilizedwere based on task analysis of solving analogies (e.g., Resing,
1993; Sternberg, 1985). The training protocol was highly standardized, written out in full, so
all examiners used exactly the same prompts. A schematic overview of the training protocol is
provided in Appendix B.

General Procedure

All

ID:p0235

different sessions of the current studywere administered following a protocol, which ensured
that all examiners gave the same instructions to the participants. The data were collected by
postgraduate psychology students who received extensive training in how to administer and
score the dynamic test. Every week during the data collection, the examiners met with the first
author to discuss test administration and scoring method, as well as any potential problems
arising.

At

ID:p0240

the start of both the pre- and post-test, the children were given a piece of paper
that contained the geometrical shapes that were utilized in the construction of the analo-
gies. They were asked to provide the names of the shapes, and then to draw them under-
neath the printed ones, trying to copy the original shape as closely as possible. It was assumed
that it would not only activate the pre-knowledge of the children, but would also facilitate
the scoring procedure, enabling the examiner and the child to use the same words for the
shapes.
Pdf_Folio:50
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Scoring

Three

ID:p0245

aspects of the processes occurring during the solving of analogy items were investigated.
We analyzed (a) the number of accurately applied transformations, (b) the proportion of prepa-
ration time in relation to the total time spent on solving the analogy items, as well as (c) the clas-
sification of children’s given solutions based on the proportion of transformations they applied
accurately. To estimate the reliability of the coding procedure, the pre-test datawere scored inde-
pendently by two examiners. Inter-rater reliability for the accurately applied transformations in
children’s drawings was 𝜅 = .85, p < .001.

Number of Accurately Applied Transformations. For

ID:p0250

each given answer on the pre-test
and post-test, the number of accurately applied transformations was counted, with a maximum
of 119 transformations that the child could have applied accurately in both the pre-test and the
post-test.

Proportion of Preparation Time. Solving

ID:p0255

time per item, registered by means of a stop-
watch, started immediately after the item was presented, and ended when the child had drawn
an answer and indicated that they had finished.We distinguished between preparation time, the
time children used to prepare and think about their solution, and execution time, the time they
spent on drawing their answers. Preparation time ended as soon as the child started drawing a
shape, which was the start of the execution time variable. The proportion of preparation time
was calculated as follows: preparation time divided by the total solving time (preparation time
+ execution time), multiplied by 100 (Kossowska & NÈ©cka, 1994). High scores were taken to
reflect children spending relatively more time on preparation, whereas low scores were taken to
reflect children spending relatively less time on preparing their solutions.

Solution Categories. Children

ID:p0260

’s solutions to the analogy items solved during pre-test and
post-test were categorized as “high,” “medium,” or “low” based on the proportion of transfor-
mations they had applied accurately. Originally, this system was used to categorize the verbal
solutions of series completion tasks, based on the number of transformations mentioned accu-
rately in the children’s verbalisations (Resing et al., 2017). In the current study, we adapted this
system to the solving (drawing) of visual geometric analogy tasks. Each of the children’s solu-
tions on the pre-test and post-test was analyzed with regard to the proportion of transforma-
tions the child had applied accurately.Those drawings containing 0%–25% of accurately applied
transformations were categorized as “low,” those containing 25%–75% as “medium,” and those
containing 75%–100% of correct transformations as “high.”

Solution Subgroups. In

ID:p0265

addition, all children were assigned to a solution subgroup, based
on their solutions (Resing et al., 2017). Five different solution subgroups were distinguished,
depending on the percentage of high, medium, or low solutions given. Appendix C shows in
more detail the categorization rules for the five different subgroups.

RESULTS

ID:TI0110

Initial Group Comparisons

Before

ID:p0270

examining the research questions, potential differences were examined between the
two experimental conditions, and the two ability groups. A multivariate analysis of variance
(MANOVA) demonstrated that the children in the two conditions (dynamic testing versus con-
trol) did not differ significantly in age (p = .522) or initial reasoning ability, as measured by their
Raven scores (p = .362). In addition, it was found that the gifted and average-ability children alsoPdf_Folio:51
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did not differ significantly in age, (p = .436), but, as expected, did show a significant difference
in Raven scores, with an advantage for the gifted group (p < .001, 𝜂p² = .24). The gifted children
had obtained a mean raw score of 46.35 (SD = 5.59; Mpercentile = 91.60; SDpercentile = 2.27),
and the average-ability children 39.04 (SD = 7.14;Mpercentile = 43.16; SDpercentile = 25.56).

Differences in the Processes of Solving Analogies

The
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effect of training on the two process variables was investigated by means of a repeated
measures multivariate analysis of variance (RMMANOVA) including Session (Pre-test vs. Post-
test) as within-subjects factor, and Condition (dynamic testing versus control) and Ability group
(gifted vs. average-ability) as the between-subjects factors. The number of accurately applied
transformations, the proportion of preparation time, and the solution categories (low,medium,
and high) served as the dependent variables. Allmultivariate and univariate effects can be found
in Table 2.

The

ID:p0285

multivariate results demonstrated significant Session, Session × Condition, Session ×
Ability group, and Session × Condition × Ability group effects. Basic statistics for the different
variables examined are provided below in Table 3 and Figure 2.

Accurately Applied Transformations. The

ID:p0290

univariate effects revealed significant Session,
and, more interestingly, Session × Condition effects. In accordance with our expectations, these
findings indicated, after inspection of the means, that the participating groups of children
showed significant improvements in the total number of transformations they had applied accu-
rately, and that dynamically tested children showed more improvement than their peers in the
control group. Significant interaction effects of Session × Ability group, and Session × Condition
× Ability group were revealed. Contrary to our hypotheses, however, a visual examination of the
means indicated that the average-ability children demonstratedmore improvement in the num-
ber of accurately applied transformations, and benefitted differently from training than their
gifted age-mates. The gifted children, however, did apply accurately more transformations than
their average-ability peers at the pre- and the post-test, as indicated by a significant between-
subjects effect of Ability group, F (1, 146) = 38.55, p < .001, 𝜂p² = .21.

ProportionPreparationTime. A

ID:p0295

significant effect of Session was revealed, indicating that
the groups of children, unexpectedly, showed a decrease from pre-test to post-test in the time
they spent on preparing their solution relative to the total solving time. The significant inter-
action effect of Session × Condition indicated that children in the dynamic testing condition
showed a more substantial decrease in the proportion of time they spent on preparing their
solution than those who were not trained. The non-significant interaction of Session × Ability
group further seemed to suggest that the groups of gifted and average-ability children demon-
strated similar instead of differential changes in the proportion of time they spent on preparing
their solution. However, a significant interaction effect of Session × Condition × Ability group
revealed, contrary to our hypotheses, that amongst the untrained children, the gifted children
demonstrated a more substantial decrease while for those who were trained, the average-ability
children demonstrated a larger decrease in the proportion of time spent on preparation.

Solution Categories. In

ID:p0300

accordance with our hypotheses, a significant main effect of Ses-
sionwas found for each of the three solution categories. All groups of children showed a decrease
in the low and medium solution categories, and an increase in the high solutions. As to the
effect of training, a significant interaction effect was found between Session × Condition for
the medium and high solutions, indicating differences in changes from pre-test to post-test as a
Pdf_Folio:52
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TABLE 2. Multivariate

ID:p0280

and Univariate Outcomes of the RM MANOVA for the Different Process
Variables: Number of Accurately Applied Transformations, Proportion Preparation Time, and
the Solution Categories at Pre- and Post-test

Wilks’ 𝜆 F p 𝜂p²

ID:t0110

Multivariate effects

ID:t0115ID:t0120ID:t0125ID:t0130ID:t0135

Session

ID:t0140

.31

ID:t0145

78.03

ID:t0150

< .001

ID:t0155

.69

ID:t0160

Session × Condition

ID:t0165

.85

ID:t0170

6.10

ID:t0175

< .001

ID:t0180

.15

ID:t0185

Session × Ability group

ID:t0190

.86

ID:t0195

5.77

ID:t0200

< .001

ID:t0205

.14

ID:t0210

Session × Condition × Ability group

ID:t0215

.92

ID:t0220

3.04

ID:t0225

.019

ID:t0230

.08

ID:t0235

Univariate effects

ID:t0240ID:t0245ID:t0250ID:t0255ID:t0260

Transformations

ID:t0265ID:t0270ID:t0275ID:t0280ID:t0285

Session

ID:t0290ID:t0295

136.26

ID:t0300

< .001

ID:t0305

.48

ID:t0310

Session × Condition

ID:t0315ID:t0320

12.61

ID:t0325

< .001

ID:t0330

.08

ID:t0335

Session × Ability group

ID:t0340ID:t0345

18.79

ID:t0350

< .001

ID:t0355

.11

ID:t0360

Session × Condition × Ability group

ID:t0365ID:t0370

3.94

ID:t0375

.049

ID:t0380

.03

ID:t0385

Proportion preparation time

ID:t0390ID:t0395ID:t0400ID:t0405ID:t0410

Session

ID:t0415ID:t0420

96.62

ID:t0425

< .001

ID:t0430

.40

ID:t0435

Session × Condition

ID:t0440ID:t0445

8.67

ID:t0450

.004

ID:t0455

.06

ID:t0460

Session × Ability group

ID:t0465ID:t0470

.04

ID:t0475

.847

ID:t0480

< .001

ID:t0485

Session × Condition × Ability group

ID:t0490ID:t0495

7.08

ID:t0500

.009

ID:t0505

.05

ID:t0510

Solution categories

ID:t0515ID:t0520ID:t0525ID:t0530ID:t0535

Low solutions

ID:t0540ID:t0545ID:t0550ID:t0555ID:t0560

Session

ID:t0565ID:t0570

56.87

ID:t0575

< .001

ID:t0580

.28

ID:t0585

Session × Condition

ID:t0590ID:t0595

2.51

ID:t0600

.115

ID:t0605

.02

ID:t0610

Session × Ability group

ID:t0615ID:t0620

18.03

ID:t0625

< .001

ID:t0630

.11

ID:t0635

Session × Condition × Ability group

ID:t0640ID:t0645

2.80

ID:t0650

.097

ID:t0655

.02

ID:t0660

Medium solutions

ID:t0665ID:t0670ID:t0675ID:t0680ID:t0685

Session

ID:t0690ID:t0695

105.81

ID:t0700

< .001

ID:t0705

.42

ID:t0710

Session × Condition

ID:t0715ID:t0720

7.90

ID:t0725

.006

ID:t0730

.05

ID:t0735

Session × Ability group

ID:t0740ID:t0745

.38

ID:t0750

.537

ID:t0755

.003

ID:t0760

Session × Condition × Ability group

ID:t0765ID:t0770

1.16

ID:t0775

.284

ID:t0780

.01

ID:t0785

High solutions

ID:t0790ID:t0795ID:t0800ID:t0805ID:t0810

Session

ID:t0815ID:t0820

223.18

ID:t0825

< .001

ID:t0830

.61

ID:t0835

Session × Condition

ID:t0840ID:t0845

13.43

ID:t0850

< .001

ID:t0855

.08

ID:t0860

Session × Ability group

ID:t0865ID:t0870

17.82

ID:t0875

< .001

ID:t0880

.11

ID:t0885

Session × Condition × Ability group

ID:t0890ID:t0895

5.46

ID:t0900

.021

ID:t0905

.04
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result of training for the medium and high solution categories only. The mean scores suggested
that children who received training demonstrated a larger increase in the number of solutions
categorized as medium and high than those that were untrained.

Finally

ID:p0305

, we analyzed differences between gifted and average-ability children in relation to the
different solution categories, and found significant Session × Ability group interaction effects
for those solutions categorized as low andhigh only. In contrastwith our expectations, themean
scores revealed larger changes from pre-test to post-test for the average-ability children than
for their gifted peers. Furthermore, a significant Session × Condition × Ability group effect was
found for the high solutions. Again, the average-ability children in the dynamic testing condition
showed larger changes than their gifted trained peers.

TABLE 3. Basic

ID:p0310

Statistics for the Number of Accurately Applied Transformations, Proportion
Preparation Time, and the Solution Categories at Pre- and Post-test

Dynamic Testing Control

ID:t0910ID:t0915ID:t0920

Gifted

ID:t0925

Average-
ability

ID:t0930

Gifted

ID:t0935

Average-
ability

ID:t0940

Pre-test

ID:t0945ID:t0950ID:t0955ID:t0960ID:t0965

Transforma-
tions

ID:t0970

M (SD)

ID:t0975

91.54
(15.53)

ID:t0980

62.73
(28.53)

ID:t0985

92.88
(17.30)

ID:t0990

63.37
(28.52)

ID:t0995

Proportion
preparation time

ID:t1000

M (SD)

ID:t1005

32.72
(7.60)

ID:t1010

32.79
(13.96)

ID:t1015

34.28
(9.19)

ID:t1020

31.97
(9.82)

ID:t1025

Low solutions

ID:t1030

M (SD)

ID:t1035

.88
(1.15)

ID:t1040

4.60
(4.95)

ID:t1045

1.19
(1.70)

ID:t1050

4.42
(5.17)

ID:t1055

Medium solu-
tions

ID:t1060

M (SD)

ID:t1065

4.67
(2.78)

ID:t1070

6.77
(2.62)

ID:t1075

4.15
(2.40)

ID:t1080

6.69
(2.83)

ID:t1085

High solutions

ID:t1090

M (SD)

ID:t1095

14.46
(3.53)

ID:t1100

8.63
(4.68)

ID:t1105

14.65
(3.44)

ID:t1110

8.88
(4.88)

ID:t1115

Post-test

ID:t1120ID:t1125ID:t1130ID:t1135ID:t1140

Transforma-
tions

ID:t1145

M (SD)

ID:t1150

105.54
(5.54)

ID:t1155

96.60
(17.39)

ID:t1160

101.96
(8.52)

ID:t1165

79.83
(28.18)

ID:t1170

Proportion
preparation time

ID:t1175

M (SD)

ID:t1180

25.16
(5.05)

ID:t1185

21.61
(6.30)

ID:t1190

27.14
(7.68)

ID:t1195

29.01
(7.76)

ID:t1200

Low solutions

ID:t1205

M (SD)

ID:t1210

.00 (.00)

ID:t1215

.50
(2.34)

ID:t1220

.27 (.72)

ID:t1225

2.10
(4.02)

ID:t1230

Medium solu-
tions

ID:t1235

M (SD)

ID:t1240

1.79
(1.53)

ID:t1245

3.04
(1.44)

ID:t1250

2.15
(1.80)

ID:t1255

4.92
(2.98)

ID:t1260

High solutions

ID:t1265

M (SD)

ID:t1270

18.21
(1.53)

ID:t1275

16.46
(2.87)

ID:t1280

17.58
(2.00)

ID:t1285

12.98
(5.32)
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Figure 2. Changes

ID:p0315

from pre-test to post-test for the number of accurately applied transformations,
proportion of preparation time and solution categories divided by condition and ability group.

Exploring Solution Subgroups. The

ID:p0320

children were allocated to one of five solution sub-
groups, based on the categorization of their solutions on the pre-test and the post-test. As the
solution subgroup variable was measured at an ordinal level, chi-square tests were used to ana-
lyze the distribution of the children across the different solution subgroups. The outcomes of a
first chi-square test for the pre-test showed, as expected, only significant differences in score dis-
tributions for ability groups, with an advantage for the gifted children, 𝜒²(4, N = 150) = 37.70,
p < .001, but not for condition, 𝜒²(4, N = 150) = 3.34, p = .502. The outcomes of a second chi-
square test for the post-test scores, however, showed a significant difference in score distribu-
tions for the children in the two conditions, 𝜒²(4, N = 150) = 19.70, p = .001. The frequencies
depicted in Table 4, as hypothesized, suggested that the children who were trained were more
likely to be allocated to solution subgroups that provided larger numbers of medium and high
solutions than the children who did not receive training.
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Two

ID:p0325

separate chi-square tests regarding the post-test were conducted for children in the two
conditions. The results revealed that gifted and average-ability children were distributed differ-
entially across the five solution subgroups in the control condition,𝜒²(4) = 15.08, p = .005, with,
as expected, significantly more gifted children than average-ability children who were catego-
rized in the medium and high solution subgroups. In the dynamic testing condition, however,
gifted and average-ability childrenwere found to be distributed evenly across the five subgroups,
𝜒²(4) = 1.13, p = .569.

DISCUSSION

ID:TI0145

The

ID:p0335

present study sought to examine whether dynamic testing could be used to uncover
information about the processes occurring when 9- and 10-year-old gifted and average-ability
children solve analogies. In doing so, we focused on changes in the number of transformations
children could apply accurately, the proportion of preparation time they used and categoriza-
tion of children’s provided solutions.

Firstly

ID:p0340

, focusing on changes in the processes occurring during solving of analogies, we found
that children who were tested dynamically showed larger improvements in the number of accu-
rately applied transformations after training than their non-trained peers, which is in line with
the literature (Elliott et al., 2010; Robinson-Zañartu & Carlson, 2013; Sternberg & Grigorenko,
2002). Interestingly, gifted and average-ability children showed significantly different levels of
improvement, with average-ability children improvingmore, and also profitingmore from train-
ing. The gifted children, did, however, accurately apply more transformations at the pre- and
post-test than their average-ability peers, with a less profound difference between these sub-
groups at post-test than at the pre-test.

In

ID:p0345

combination with differences in the test-retest correlations, these findings led us to con-
clude that testing children dynamically results in additional information about their cognitive
potential than testing them statically, as the training procedure seemed to tap into children’s
ZPD. This could also be an explanation for the different values for the internal consistency of
the post-test of the children in the two conditions. Detailed examination of the post-test scores
demonstrated that some children in the training condition solved the more difficult items cor-
rectly, but some of the easier items incorrectly. These variations seemed larger in the dynamic
testing than in the control condition. Secondly, our study focused on the proportion of time
children spent on preparing the solving of analogies. In contrast with previous research (e.g.,
Resing et al., 2012), we concluded that children spent relatively less time on preparation at post-
test than at pre-test, with larger changes for, on the one hand, non-trained children compared to
their trained peers, and, on the other hand, the average-ability children compared to their gifted
peers. The unexpected decrease in the preparation time could be related to familiarity with the
task. Moreover, Klauer and Phye (2008) concluded in their study on training inductive reason-
ing processes that in expert (inductive) reasoning spending both longer and shorter amounts of
time on preparing to solve a task can lead to effective task solution.

According

ID:p0350

to these authors, adequate preparation enables one to solve any kind of inductive
reasoning problem, but somepeople, and experts in particular,may prefer to spend little time on
preparation which enables them to come to a global, rapid but accurate solution. In this light, it
seems plausible that the children in our study, in particular those considered gifted, became such
an expert in solving analogies that they could afford to spend only little time on preparing the
solving of analogies. In addition, these variations children showedmirror Siegler’s (1996, 2007)Pdf_Folio:57
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notion that children can choose from a variety of approaches when solving a particular problem,
suggesting that the children in the current study tried different approaches when solving the
analogy items.

Changes

ID:p0355

in how children solve analogy items was also visible in a decrease in the number
of solutions categorized as low and medium, in combination with an increase in those catego-
rized as high. Those who were trained demonstrated larger changes than those who were not
trained, which is in line with the findings of Resing et al. (2017) in verbal solutions of children.
Thesefindings provided a further indicationof theusefulness of dynamic tests in revealing infor-
mation about children’s potential for learning and change. In contrast with what we expected,
changes frompre-test to post-test in the proportions of different solution categories were larger
for average-ability than for gifted children.

A

ID:p0360

similar trend was apparent when allocating children to different solution subgroups.
Before training started, the gifted children already provided more medium or high solutions
than their non-gifted peers. Similar to Resing et al.’s (2017) study, children who were trained
weremore likely to be allocated to the subgroups accurately applying larger proportions of trans-
formations than their untrained peers. These findings could be due to the ceiling effect men-
tioned above, which could have led to the gifted children already providing solutions with a
large proportion of accurate transformations at the pre-test (e.g.,Muir-Broaddus, 1995; Steiner,
2006). Similar findings were reported by Tzuriel et al. (2011), who concluded that differences
between the various subgroups when solving analogies decreased after a dynamic training, and
postulate that this is due to an equalizing effect of dynamic testing. This effect refers to the
potential of dynamic testing to diminish differences in performance of different groups of chil-
dren. Generally, post-test scores of children from different groups are more equal than their
pre-test scores.

An

ID:p0365

alternative explanation, however, for the findings in dynamic test outcomes related to
differences between the gifted and average-ability children lies in the nature of the giftedness
categorization procedure used in the current study. Children were categorized as gifted based
on score on the RSPM. Usage of the RSPM or other non-verbal intelligence tests in giftedness
identification procedures is seen as a robust measure of intelligence, and is advocated in several
studies, as these tests have been shown to be less biased toward linguistic and cultural diverse
children than verbal tests (Ford, Grantham, &Whiting, 2008; VanTassel-Baska, Feng, & Evans,
2007). Including full scale (dynamic) giftedness identification would perhaps allow for larger
differences between the two groups of children.

In

ID:p0370

the light of the theoretical framework offered by Vygotsky, perhaps some of the children
who were categorized as average-ability children were, in fact, high-ability children who would
not have been selected as such, based on their static Raven scores. Although we found that the
two groups differed significantly on their RSPM scores, it cannot be discounted that some of the
average-ability children might not have shown their full potential on the RSPM, and needed a
dynamic training procedure to unveil their capabilities.

Secondly

ID:p0375

, we cannot discount that some of the gifted children encountered a ceiling effect,
which might have been related to the average-ability children showing more improvements in
accurately applied transformations. Ceiling effects have been found frequently in other dynamic
tests used for gifted children in various domains (see Kanevsky, 2000 for an overview). Inspect-
ing the data at a fine-grained level showed that the analogy items used in the current study did
not optimally differ in difficulty level for, at least part of the gifted children, in spite of the fact
that the items we adapted were rather difficult, containing up to five different elements and 14Pdf_Folio:58
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transformations. There is some evidence, in addition, that not all transformations are equally
difficult for children to process (Siegler & Svetina, 2002), although Mulholland et al.’s (1980)
operationalization of item complexity was used successfully in a number of studies to predict
accuracy of solving visual-spatial analogies (e.g., Hosenfeld et al., 1997; Stevenson et al., 2013).
Differences in how children process different type of transformations, especially with regard to
high-ability children, could be the focus of future studies. For such studies, piloting new analogy
items with gifted children prior to conducting the study would be highly advisable to prevent a
ceiling effect occurring. Another focus of such studies could be enhancing the difficulty level of
training items, for example, by tailoring training difficulty to children’s ability level.

Such

ID:p0380

studies might, in addition, investigate the use of digital dynamic testing. This would
make the testing procedure less labor and time-intensive, and would allow for more adaptive
forms of training, on the basis of testee’s real-time quantitative feedback. It would also enable
measuring changes in the processes of analogical reasoning in even more detail. For example
with regard to the proportion preparation time,Thibaut and French (2016) found that children
who aremore skilled in analogical reasoning focus their attentionmore on theA:B of the analogy
then on the C:D terms. Digital dynamic testing in combination with eye-tracking, as conducted
in the study of Hessels et al. (2011), would enable measuring changes in the focus of attention.
If this would be combined with a questionnaire asking participants what activities they under-
took while preparing their solution, this would provide additional insight into changes in the
proportion of time children use to prepare their solution.

The

ID:p0385

findings of the current study imply that dynamic testing can be used effectively to
obtain insight into the processes of problem-solving of both average-ability and gifted children.
Moreover, the current study demonstrated that children’s processes when solving analogies
are characterized by individual differences, irrespective of their initial reasoning abilities and
their assumed ability level. Moreover, our findings suggest that children need training to help
them unveil their potential, and that high ability children do not always manage learning on
their own, but need additional help to show their capabilities (De Boer, Minnaert, & Kamphof,
2013). Dynamic testing can be used successfully for high-ability children to uncover information
about problem-solving processes, and identify their cognitive capacities (Calero et al., 2011). As
researchers voice their concerns regarding a disproportionally low number of children from dis-
advantaged groups who are identified as gifted as a result of traditional intelligence tests (Cao,
Jung, & Lee, 2017), dynamic testingmight be amore equitablemethod of identifying potential.
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A

Pre
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-test and Post-test Construction in Terms of the Number of Elements and Transformations
per Item Number

Item Number

ID:t1620

1–3

ID:t1625

4–8

ID:t1630

9

ID:t1635

10

ID:t1640

11–
12

ID:t1645

13

ID:t1650

14–
17

ID:t1655

18–
19

ID:t1660

20

ID:t1665

Number of
elements

ID:t1670

2

ID:t1675

2

ID:t1680

2

ID:t1685

3

ID:t1690

3

ID:t1695

3

ID:t1700

3

ID:t1705

4

ID:t1710

5

ID:t1715

Number of
transforma-
tions

ID:t1720

2

ID:t1725

3

ID:t1730

4

ID:t1735

5

ID:t1740

6

ID:t1745

7

ID:t1750

8

ID:t1755

12

ID:t1760

14

ID:t1765

Difficulty
level

ID:t1770

3

ID:t1775

4

ID:t1780

5

ID:t1785

6.5

ID:t1790

7.5

ID:t1795

8.5

ID:t1800

9.5

ID:t1805

14

ID:t1810

16.5

APPENDIX
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B

Schematic

ID:p0400

Overview of the Graduated Prompts Procedure

Type of Prompt Content of Prompt

ID:t1815

1

ID:t1820

Metacognitive

ID:t1825

Activating task-related prior knowledge + check
correct answer

ID:t1830

2

ID:t1835

Metacognitive

ID:t1840

Activating prior knowledge regarding problem-
solving strategy + check correct answer

ID:t1845

3

ID:t1850

Metacognitive

ID:t1855

Encoding of A, B, C + check correct answer

ID:t1860

4

ID:t1865

Metacognitive

ID:t1870

Self-regulated initiation strategy + check correct
answer

ID:t1875

5

ID:t1880

Cognitive/task specific

ID:t1885

Seeing similarities and differences A, B, C +
check correct answer

ID:t1890

6

ID:t1895

Cognitive/task specific

ID:t1900

Finding the relationship between A and B +
check correct answer

ID:t1905

7

ID:t1910

Cognitive/task specific

ID:t1915

Finding the relationship between A and C +
check correct answer

ID:t1920

8

ID:t1925

Cognitive/modeling

ID:t1930

Step-by-step modeling of correct solution
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APPENDIX
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C

Description

ID:p0405

of the Solution Subgroups and Categorisation Rules

Strategy Group Categorisation Rules

ID:t1935

1

ID:t1940

Low

ID:t1945

Solutions categorized as ”low” provided in at
least 50% of the items

ID:t1950

2

ID:t1955

Mixed 1 and 3: mixed low and
medium

ID:t1960

Both ”low” and ”medium” solutions provided in
at least 50% of the items

ID:t1965

3

ID:t1970

Medium

ID:t1975

”Medium” solutions provided in at least 50% of
the items

ID:t1980

4

ID:t1985

Mixed 3 and 5: mixed medium
and high

ID:t1990

Both ”medium” and ”high” solutions provided in
at least 50% of the items

ID:t1995

5

ID:t2000

High

ID:t2005

”High” solutions provided in at least 75% of the
items
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