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Abstract The aim of the current study was to investigate to what extent children’s
potential for learning is related to their level of cognitive flexibility. Potential for learning
was measured through a dynamic testing procedure that aimed to measure how much a
child can profit from a training procedure integrated into the testing process, including the
amount and type of feedback the children required during this training procedure. The
study followed a pre-test—training—post-test control group design. Participants were 153
6—7-year-old children. Half of this group of children were provided with a standardised
graduated prompts procedure. The other half of the participants performed a non-inductive
cognitive task. Children’s cognitive flexibility was measured through a card sorting test
and a test of verbal fluency. Results show that cognitive flexibility was positively related
to children’s performance, but only for children in the practice-only condition who
received no training. These outcomes suggest that dynamic testing, and more in particular,
the graduated prompting procedure, supports children’s cognitive flexibility, thereby
giving children with weaker flexibility the opportunity to show more of their cognitive
potential as measured through inductive reasoning.

Keywords Dynamic testing - Potential for learning - Instructional needs - Series completion -
Cognitive flexibility

P< Wilma C. M. Resing
resing @ fsw.leidenuniv.nl

Department of Developmental and Educational Psychology, Leiden University, Leiden,
The Netherlands

Department of Clinical Psychology, University of Osnabriick, Osnabriick, Germany

@ Springer


http://orcid.org/0000-0003-3864-4517
http://crossmark.crossref.org/dialog/?doi=10.1007/s10212-018-0379-8&domain=pdf
mailto:resing@fsw.leidenuniv.nl

124 F. Stad et al.

Introduction

For educational professionals, it is becoming increasingly important to address the needs of
individual students, and teachers are more and more expected to differentiate their instruction
and monitor children’s progression more carefully (Bosma et al. 2012; Pameijer and Van
Beukering 2015; Rock et al. 2008). When they encounter difficulties in meeting individual
children’s educational needs, they are often supported by educational or school psychologists.
If a teacher or other educational professional has a question about a child’s cognitive
functioning, for instance in cases where a child cannot cope with every day classroom
situations, a school or educational psychologist often administers a conventional, static test,
for example, an intelligence or school achievement test. However, critics argue that most of
these static instruments predominantly measure the effects of past learning experiences and do
not result in sufficient information about underlying cognitive processes and strategies in
relation to children’s (potential for) learning, or instructional needs in order to provide in-depth
input for educational interventions (e.g. Fabio 2005; Grigorenko 2009; Robinson-Zafiartu and
Carlson 2013). Nor do they provide in-depth information about the relationship between other
aspects of a child’s cognitive abilities, such as executive functions, and their relationship with
the learning process. In response to these criticisms, dynamic forms of testing have been
developed that incorporate training in the assessment process, aimed at both measuring
children’s progression in task solving (Sternberg and Grigorenko 2002) and gaining insight
into the type of help a child needs in order to learn (e.g. Resing, 2013).

Previous research on dynamic testing has identified different measures of potential for
learning, including the amount and the type of feedback received during training, performance
after training, the change in performance from the pre-training to post-training stage, and the
transfer of learned skills (e.g. Elliott et al. 2010; Sternberg and Grigorenko 2002). Outcomes of
these studies have revealed large variability in children in relation to both their instructional
needs and level of improvement (Bosma & Resing, 2006, Resing & Elliott, 2011; Fabio 2005;
Jeltova et al. 2011). For educational practice, these testing procedures have been found
effective in predicting future school achievements (e.g. Caffrey et al. 2008; Campione and
Brown 1987; Kozulin & Garb, 2002), and exploring cognitive strategies children employ
during the assessment process (e.g. Burns et al. 1992; Resing & Elliott, 2011).

Dynamic testing often employs general inductive reasoning tasks because they are found to
play a fundamental role in cognitive development, learning, and instruction (Csap6 1997,
Goswami 2001; Klauer and Phye 2008). Inductive reasoning is often defined as the process of
moving from the specific to the general, or as the generalisation of single observations and
experiences in order to reach general conclusions or derive broad rules and is considered to be
a general thinking skill (e.g. Pellegrino, 1985; Holzman et al. 1983), which is related to almost
all higher-order cognitive skills (Csap6 1997).

In the current study, we sought to examine potential for learning with a dynamic test of
pictorial series completion, utilising graduated prompting techniques during training. Solving
pictorial series completion tasks, such as the one used in the present study, requires children to
search for different patterns of repeating elements, while at the same time identifying unknown
changes in the relationship between these elements (e.g. Resing et al. 2012b; Sternberg &
Gardner, 1983).

An important aspect in the potential for learning of individual children is their executive
functioning. Executive functioning refers to various inter-related cognitive processes that
enable goal-directed behaviour and that are necessary in modulating and regulating thinking
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and acting (Miller and Cohen 2001; Miyake et al. 2000). In her review, Diamond (2013)
describes a frequently proposed three-component model that distinguishes working memory,
inhibitory control, and cognitive flexibility. With regard to the relationship between executive
functioning and dynamic testing, previous studies have demonstrated that dynamic test
outcomes, such as progression after training and instructional needs, are related to children’s
executive function skills (Ropovik 2014; Stevenson et al. 2013; Swanson 2006, 2011).
However, the majority of these studies focus on the role of working memory and inhibitory
control in potential for learning (e.g. Resing et al. 2012b; Swanson 2011; Stevenson et al.
2013; Tzuriel, 2001). In these studies, it appeared that the feedback and help provided during
the training procedures of dynamic testing supported the use of working memory and
inhibitory control, thereby facilitating children in using and showing more of their potential
for learning. However, studies examining the role of cognitive flexibility in children’s potential
for learning remain relatively sparse.

Therefore, in the current study, we sought to explore to what extent different aspects of
cognitive flexibility are related to children’s potential for learning as assessed by a graduated
prompting procedure. Cognitive flexibility has been defined as a cognitive system that
underpins the ability to change perspective, shift attention between tasks or mental sets, and
adjust to changing demands and problems. Furthermore, it has been described as the ability to
learn from mistakes and feedback, devise and select alternative learning strategies and
responses, and form plans and simultaneously process information from multiple sources
(Anderson 2002; Deak and Wiseheart 2015; Diamond 2013; Ionescu 2012; Miller and
Cohen 2001). In terms of specific classroom behaviour, cognitive flexibility in children is
often considered to be the opposite of rigidity, i.e. difficulties in changing between activities,
adjusting previously learned behaviours, and learning from mistakes. Previous research has
shown that cognitive flexibility plays a considerable role in learning in childhood (e.g. Bull
and Scerif 2001; Ropovik 2014), and especially in math-related subjects. These subjects
require efficient switching between different task aspects or arithmetical strategies (e.g.
Agostino et al. 2010; Yeniad et al. 2013). In addition, cognitive flexibility might be particularly
important in the assessment of young children’s potential for learning because significant
developmental changes of this particular function occur around 6-7 years of age (e.g.
Davidson et al. 2006; Gupta et al. 2009).

Our study aimed to focus on different elements of flexibility in order to expand our
understanding of the relationship between this particular executive function and children’s
potential for learning. Examining flexibility with different performance measures was expected
to provide us with more in-depth understanding of how these flexibility aspects might
contribute to the ability to profit from dynamic training, to respond to feedback (e.g. Crone
et al. 2004a; Miyake et al. 2000), or to effectively switch between different problem-solving
strategies (e.g. Hurks et al. 2004; Troyer et al. 1997).

In conclusion, the main aim of the current study was to analyse whether children’s
potential for learning was related to two aspects of cognitive flexibility: (a) children’s
cognitive flexibility performance as examined with a card sorting test, measuring children’s
ability to efficiently respond to feedback (e.g. Berg, 1948; Cianchetti et al. 2007), and (b)
children’s cognitive flexibility examined with a verbal fluency test, measuring children’s
ability to efficiently switch between different verbal cognitive clusters (e.g. Troyer et al.
1997; Troyer 2000). By examining performance on these two flexibility aspects, and their
relationship with children’s performance on the dynamic test, it was expected to gain a
better understanding of how both children’s responsiveness to feedback and their ability to
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efficiently switch between different cognitive clusters would contribute to children’s
potential for learning.

Based on previous research utilising the dynamic series completion test (e.g. Resing & Elliott,
2011, Resing et al., 2012b), it was hypothesised that the graduated prompts training would
significantly improve children’s series completion performance from pre- to post-test as compared
to non-trained children (1). Given earlier reported relationships between cognitive flexibility and
static inductive reasoning tasks (Roca et al. 2010; Van der Sluis et al. 2007), we expected (2)
initial differences in static inductive reasoning performance to be related to cognitive flexibility,
where children with better performance on the card sorting test and the verbal fluency test would
perform better on the static pre-test as compared to children with lower flexibility performances.
Regarding the relationship with the dynamic measures of inductive reasoning, it was expected
that (3a) the training procedure would attenuate the individual differences in cognitive flexibility
skills through the graduated prompts provided. Previous research has shown that dynamic testing,
at least partially, supported weaker working memory skills (e.g. Resing et al., 2012b; Stevenson et
al., 2013; Swanson 1992, 2006), thereby increasing these children’s opportunity to show their
potential for learning during the assessment process. More specifically, we expected that children
with lower flexibility scores in the practice-only condition would show less progression from pre-
to post-test than children with better flexibility scores, but that this difference would not be found
for children in the graduated prompt training condition because the graduated prompts provided
during training would partially compensate for differences in flexibility.

In addition, because the prompts in the training procedure were argued to support weaker
cognitive flexibility, it was expected that children with weaker flexibility scores required more
prompts during training and, moreover, also needed more detailed help in the form of the
specific cognitive and step-by-step prompts. With regard to card sorting performance, we
expected (3b) that weaker performance—i.e. more perseverative behaviour—would predict a
weaker ability to profit from the feedback in the training procedure. This would be reflected by
a need for more and more specific prompts. In addition, it was also expected (3c) that
children’s verbal fluency performance would be related to the instructional needs during
training. The ability to efficiently switch between different problem-solving strategies was
expected to result in better access to, and application of, several learned problem-solving
strategies, causing the child to need less specific feedback during the training procedure.

Method

Participants

Participants included 156 6—7-year-old children (73 boys and 83 girls; A =81.0 months, SD =
6.9 months). The children were selected from nine elementary, middle class schools and were
all native Dutch speakers. Written informed consent was obtained from all parents and schools.
The results of three of these children were excluded from our data file as they did not participate
in one or more of the sessions after the pre-test.

Design

A pre-test—training—post-test control group design with randomised blocking was employed,
based on children’s age and inductive reasoning performance as measured with a test of visual
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exclusion (Resing et al., 2012a). Utilising this blocking procedure, per school, pairs of children
were formed and allocated, per block, to one of two conditions: (1) a training group in which the
children received a two-session training procedure with graduated prompting and (2) a practice-
control group in which children solved the pre- and post-test items without additional training (see
Table 1). Children in the training group received two trainings because for these young children,
only one long training appeared too intensive (Resing et al., 2017).

Instead of participating in the training procedure, the children in the practice-control group
individually solved in the same time frame a number of visual-spatial, non-inductive connect-the-
dot tasks. Prior to the pre-test, all children were administered a modified version of the Wisconsin
Card Sorting Test (M-WCST; Nelson 1976; Schretlen 2010) and a test of verbal fluency (RAKIT
Ideational Fluency; Resing et al., 2012a) to obtain measures of children’s cognitive flexibility (see
Table 1).

All sessions lasted approximately 30 min and took place individually, at a quiet location in
the child’s school. Administration of materials was done by psychology master’s students who
received extensive training in advance in all testing and training procedures.

Materials
Baseline tasks

Visual exclusion (blocking procedure) In order to measure children’s initial inductive rea-
soning ability, the visual exclusion subtest of the Revised Amsterdam Children’s Intelligence Test
(RAKIT-2; Resing et al., 2012a) was used. The subtest measures visual-spatial inductive reasoning
ability. In this test, children have to solve 65 items, consisting of four abstract geometric figures, by
choosing which of the figures does not belong to the other three. Children are to determine which
figure ought to be excluded by reasoning inductively, and applying the exclusion rule to the four
figures provided in each item. The visual exclusion subtest is reported to have high reliability
(Cronbach’s o =.89; Resing et al., 2012a).

Modified Wisconsin Card Sorting Test (cognitive flexibility) The Modified Wisconsin
Card Sorting Test (Nelson 1976; Schretlen 2010) was utilised to measure children’s cognitive
flexibility performance. In this card sorting test, inflexibility is reflected by the amount of
perseverative behaviour a child displays, i.e. when a child persists in sorting cards according to
a previously incorrect sorting rule (Nelson 1976). Perseverative errors are argued to be most
indicative for children’s cognitive flexibility as the shift from perseveration to flexible behav-
iour is commonly considered the key transition in the early development of cognitive control
(e.g. Garon et al., 2008; Zelazo, 2006). Based on four stimulus cards, children are asked to sort

Table 1 Experimental design

Condition Baseline tasks Pre- Dynamic training session 1° Dynamic training session 2* Post-
test test

Practice-control X X - - X

Training X X X X X

?The children in the dynamic training group received two graduated prompts training sessions consisting of
similar series completion items; the practice-control group received non-inductive dot-to-dot tasks
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48 response cards according to three sorting rules, namely colour, shape, or number. These
rules are not counterbalanced, as in this modified version of the card sorting test, children
determine the first sorting criterion themselves. The children are not offered a practice-test
(Schretlen 2010). Based on the correctness of their sort, the children are informed whether or
not they have applied the correct rule. The M-WCST was administered according to Nelson’s
criteria (1976) which meant that after six consecutive correct sorts the child was explicitly told
that the sorting criterion had changed. The child determined the first and second sorting criteria
(e.g. number and shape), automatically leaving colour (the remaining criterion in this scenario)
to be the last sorting criterion. After completing the three sorting criteria, the three criteria were
requested again and in the same order. After completing the three criteria twice or after sorting
all 48 cards, the procedure was completed. An error was defined as perseverative when (1) the
child persisted sorting according to the same rule as that of the previously incorrect response
and (2) the child did not switch rules after being told that the rules had changed (Nelson 1976;
Obonsawin et al. 1999).

Verbal fluency (cognitive flexibility) Cognitive flexibility was also measured with a test of
semantic verbal fluency (RAKIT Ideational Fluency; Resing et al., 2012a). The children were given
five semantic categories for which they were instructed to generate as many items as possible in
60 s. For the first two categories, the children were instructed to ‘name all the things that you can
pick up’ and to ‘name all the things that you can drink’. For the third category, the children were
asked to ‘name all the places that you can use to hide yourself” whereas the fourth category was
linked to the question ‘name all the things that you can find in the supermarket’. For the fifth and
final category, the children were asked to ‘name all the things that you can do on the streets’. To
examine flexibility performance, the number of clusters and switches were calculated according to
the scoring system as proposed by Troyer and colleagues (Troyer et al. 1997; Troyer 2000). The
output of each category was organised in clusters (successively generated words belonging to the
same semantic subcategory) and cluster size was counted from the second word of each cluster. The
number of switches as index for cognitive flexibility (Hurks et al. 2010; Troyer et al. 1997; Troyer
2000) was calculated as the number of times a child changed from one cluster to another.

Series completion test

Test description The dynamic series completion test was used to measure children’s
progression in inductive reasoning skills. The procedural guidelines, prompting protocol,
construction principles, and an analytic model of the series that were the basis for the
construction of the dynamic series completion test as used in the current study have been
described in Resing and Elliott (2011) and in Resing et al. (2017). All items (pre-test, post-
test, and training) consisted of a series of schematic puppets. These series could be
completed by identifying the different task aspects, such as the gender of the puppet and
the colour and design of the different body parts. At the same time, children had to discover
various transformations amongst these aspects of the series. These transformations could be
found in changes in the gender of the puppet (male/female), the colour of the different body
parts (blue, green, yellow, and pink), or their design (stripes, dots, no design) (for an
example, see Fig. 1). The periodicity—the frequency of transformations—and the number
of recurring patterns determined the item difficulty of the items. The children were asked to
solve the items by actively constructing the correct puppet, consisting of eight tangible
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Fig. 1 Item example (first row) and correct answer (the puppet below)

body parts, on a plasticised paper puppet shape. For each constructed puppet, the examiner
recorded what the constructed puppet looked like, whether the answer was correct or
incorrect, and how much time the child needed to solve the series. After each answer, the
child was asked to explain why he or she had made that specific puppet.

Series completion: pre- and post-test The pre- and post-test consisted of 12 items, ranging
from easy to difficult. In order to create equal item difficulty levels for pre- and post-test and
the two training sessions, fully equivalent items were used that differed only in gender, colour,
or design, but not in periodicity or the number of recurring pattern transformations. In other
words, pre- and post-test items did not differ in difficulty, but did differ in the specific items
used: Changes were made to the gender, colour, and design of the puppets, in order to avoid
identical items and with that a repeated practice effect. During pre- and post-test, the children
did not receive any feedback regarding their performance.

Series completion: dynamic training The training phase consisted of two training ses-
sions—conducted with a one-week interval—and during each session, the child was provided
with six items of increasing difficulty. As for the pre- and post-test, equal item difficulty levels
were created for the two sessions by differentiating in gender, colour, or design, but not in
periodicity or number of recurring pattern transformations. In order to complete the series, the
children were again asked to construct the correct answer with the tangible body parts. For
each item, the child received a general instruction: ‘Here you see another series of puppets.
Can you make the correct puppet?’. If the child was not able to solve the item independently
after the general instruction, they received help according to a standardised graduated
prompting protocol that consisted of four prompts (Resing & Elliott, 2011; Resing et al.,
2012b). A schematic structure of the prompting procedure with brief descriptions of the
prompts is provided in Fig. 2. If the child failed to construct the correct answer after the
general instruction, the first, metacognitive prompt was provided. If the child was unable to
construct the correct answer after the metacognitive prompt, the second prompt—a more
detailed cognitive prompt—was provided. After another incorrect answer the third prompt was
provided. If the third prompt was not sufficient to help the child in constructing the correct
answer, the fourth and final prompt was provided through which the child was guided to
constructing the correct answer via a step-by-step instruction. The prompts were always
provided in a linear fashion—starting with the metacognitive prompt and ending with the
step-by-step prompt (see Fig. 2)—and were only provided after an incorrect answer (e.g.
Resing & Elliott, 2011).
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Type of prompt Verbal prompt

(0) General instruction ‘Here you see another series of puppets.
Please make the correct puppet in the empty
puppet shape in front of you.’

(1) Metacognitive prompt ‘How did you solve the previous series?’

(2) Cognitive prompt ‘What is the same and what is different?
What changes from one puppet to the other?

Pay attention to boy/girl, colours, and

pattern’.
(3) Cognitive prompt ‘They’re all boys, do you see? And the
task specific tummies are all the same: pink and green.
P p g

But the arms and legs change like this....”

(4) Step-by-step prompt ‘First choose the head, is it a boy or a girl?’
(task specific) ‘Then, what should the left part of the tummy
look like?’

‘What should the middle part of the tummy
look like?’

Ifwrong: ‘please pick X.’

Fig. 2 Schematic structure of the prompting procedure

Scoring

For examining dynamic test scores at the group level, pre-test and post-test accuracy scores
were used. In addition, the number of hints children were provided with, and the type of hints
they utilised were analysed. For the analyses requiring measures of children’s individual
changes in performance as a result of cognitive training, a typicality analysis was used
categorising participants as ‘non-learners’, ‘learners’ or ‘high scorers’. This typicality analysis
enabled subgroup-wise comparison of individual gains in performance. A pragmatic 1.5
standard deviation rule of thumb was used in order to classify participants according to their
learner status (e.g. Waldorf et al., 2009; Wiedl et al., 2001). The overall pre-test performance
was used to calculate the 1.5 SD value. Participants were classified as learners if they improved
their performance from pre-test to post-test by at least 1.5 SD. Participants who scored between
the pre-test upper level minus 1.5 SD on the pre-test were identified as high scorers.
Participants who did not meet either of these criteria were classified as non-learners. Multi-
nomial logistic regression models were used in the analyses due to the categorical nature of the
learner status variable. We did not make use of individual gain scores because these have often
been criticised as not sufficiently reflecting children’s pre-test scores, and accounting for
regression to the mean (e.g. Guthke & Wiedl, 1996).
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Results
Initial group comparisons

One-way analyses of variance were conducted for the practice-only and the graduated prompts
condition to evaluate possible initial differences between children in the two conditions. Basic
statistics can be found in Table 2. The children’s age (F(1,152) =1.12, p =.29) and initial level
of inductive reasoning as measured with the visual exclusion task (F(1,152)=.79, p =.39) did
not significantly differ between conditions. No significant differences between conditions were
found in scores on the M-WCST (F(1,152)=.23, p=.63) and the test of verbal fluency
(F(1,152)=2.13, p =.15). In addition, no significant age differences between conditions were
found in performance on the M-WCST (F(1,152) = 1.25, p=.21) and the test of verbal fluency
(F(1,152)=.63, p=.92).

Psychometric properties

Cronbach’s alpha was used as a measure for internal consistency of the series completion pre-
and post-test. A Cronbach’s o of .74 was found for pre-test and a Cronbach’s o of .78 was
found for both conditions of the post-test, practice-control, and training. Regarding the
measures of cognitive flexibility, prior research demonstrated that moderate stability estimates
were obtained for the M-WCST (number of perseverative errors=.64) (Lineweaver et al.
1999). The interrater consistency was examined for the number of switches on the test of
verbal fluency by calculating a two-way random average intra-class correlation coefficient
(ICC) and was found to be .81.

Effect of dynamic testing at the group level

To examine whether the graduated prompts training improved series completion skills over
practice-control for the whole group of children, a repeated measures ANOVA was conducted
with condition (training/control) as between-subjects factor and session (pre-test/post-test) as
within-subjects factor. Basic statistics are displayed in Table 3. Conform our expectation, the
results of the analysis showed that the overall performance—regardless of condition—signif-
icantly improved from pre- to post-test (Wilks’s A=.78, F(1,151)=42.53, p=.00, 77[,2 =.22),
but, more importantly, that children in the graduated prompts condition showed significantly
more progress than children in the practice-control condition (Wilks’s A=.92, F(1,151)=
13.38, p=.00, 171,2 =.08) (see Fig. 3).

Table 2 Basic statistics of age, exclusion, and cognitive flexibility per condition (graduated prompts and
practice-control)

Graduated prompts (N=79) Practice-control (N =74)

M SD M SD
Age in months 83.72 6.69 82.27 6.73
Visual exclusion 34.01 7.49 32.08 7.20
M-WCST performance 24.23 15.25 25.54 18.24
VF performance 24.28 8.24 26.22 8.19
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Table 3 Mean scores and standard deviations of pre-test and post-test scores per condition (graduated prompts
and practice-control)

Condition N Pre-test Post-test

M SD M SD
Graduated prompts 79 3.72 2.12 6.08 2.89
Practice-control 74 3.73 2.28 4.39 2.85

Static inductive reasoning performance

We expected initial differences in static inductive reasoning performance to be related to
cognitive flexibility, where children with better performance on the card sorting test and the
verbal fluency test would perform better on the static pre-test as compared to children with
lower flexibility performances (hypothesis 1). We expected initial variability in performance
on the series completion pre-test to be related to cognitive flexibility performance. We
examined the relationship between the pre-test scores and the two measures of cognitive
flexibility, the percentage of perseverative errors on the M-WCST, and the total number of
switches on the verbal fluency task. It was found that the correlation between static inductive
reasoning performance and percentage of perseverative errors was significant but modest (»=
—.19, p=.017), whereas no significant correlation was found with number of switches (r=
—.09, p=.27). The results supported our hypothesis partially.

Learning potential indices

To inspect the relationship between cognitive flexibility and children’s dynamic test perfor-
mance, we analysed the predictive value of cognitive flexibility on two indices of potential for
learning: learner status and instructional needs. Regarding the relationship with the dynamic
measures of inductive reasoning—Ilearner status and instructional needs during training—it
was expected that the training procedure would attenuate the individual differences in cogni-
tive flexibility skills through the graduated prompts provided (hypothesis 2a). In addition,

Fig. 3 Patterns of change from 7 Graduated prompts
pre-test to post-test in series com-
pletion performance, for trained
and practice-control children

6 Practice control

Series completion performance

Pretest Posttest
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because the prompts in the training procedure were argued to support weaker cognitive
flexibility, it was expected that children with weaker flexibility scores required more prompts
during training, and also more detailed help in the form of the cognitive-detailed and step-by-
step prompts (hypothesis 2b and 2c).

Learner status To establish the effect of the graduated prompts training on children’s learner
status, a binary logistic regression analysis with learner status—/learner vs. non-leaner—as
dependent variable and condition as factor was performed. Classification of subjects by learner
status was based on a 1.5 standard deviation rule of thumb (e.g. Waldorf et al., 2009; Wiedl et
al., 2001). This 1.5 SD value was calculated from the overall performance on the pre-test.
Following this rule, learners were those subjects who improved their performance from pre-
test to post-test by 1.5 SD. High scorers were identified as those children who scored between
the pre-test upper level minus 1.5 SD on the pre-test. Non-Learners did not meet either of these
criteria (see Table 4 for basic statistics). In the current study, 38 children were classified as
learner, whereas 115 children were classified as non-learner.

The outcome of the regression analysis showed that the prediction model was significant
(x*(1)=5.82, p =.016). Condition significantly predicted whether children were classified as
learner or non-learner (b=.93 Wald x2(1)=5.52, p=.00). The odds ratio showed that as
condition changed from practice-control (0) to graduated prompts (1), the change in the odds
of a child being a non-learner to being a learner was 2.53. This indicated that the odds of a
child in the graduated prompts condition being a learner were 2.53 times more likely than
those of a child in the practice-control condition, supporting the effectiveness of the training.

Next, the predictive value of cognitive flexibility on children’s learner status was examined.
The regression analysis was conducted separately for children in the practice-control and
training condition, because we wanted to explore potential differences in the relationship
between learner status and flexibility. For the children in the practice-control condition, M-
WCST performance predicted children’s learner status (x*(1)=4.53, p=.03), but this effect
was not found for verbal fluency (VF) performance (x*(1)=0.14, p=".71). For the children in
the graduated prompts condition, neither M-WCST performance (x*(1) = .66, p = .42) nor VF
performance (x*(1)=2.19, p=.14) added significantly to the initial model. In other words,
better levels of cognitive flexibility as measured with the M-WCST predicted significantly
greater progression from pre- to post-test for children in the practice-only condition, but not for
children in the graduated prompts condition. These results partially supported the expectation
of an attenuating effect of training on the influence of cognitive flexibility.

Table 4 Mean scores and standard deviations of pre-test and post-test performance per condition and learner
status

Condition Learner status N Pre-test Post-test
M SD M SD
Graduated prompts (N=79) Non-learner 53 4.17 2.11 4.85 2.52
Learer 26 2.81 1.86 8.58 1.75
Practice-control (N =74) Non-learner 62 3.98 2.28 3.76 2.54
Learner 12 2.42 1.83 7.67 2.01
Total (N=153) Non-learner 115 4.07 2.20 426 2.58
Learner 38 2.69 1.83 8.30 1.86
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Number of prompts A linear multiple regression analysis was performed to examine the
relationship between cognitive flexibility scores and number of prompts during training, with
the cognitive flexibility variables as the predictors and total number of prompts during training
as dependent variable. A paired samples ¢ test revealed a significant difference between
number of prompts required during training sessions 1 and 2 (#(79)=3.85, p=.00), and
inspection of the data led to the conclusion that significantly fewer prompts were needed
during training session 2. The analyses regarding number of prompts were therefore done
separately for training sessions 1 and 2 (for basic statistics see Table 5).

The overall regression model for training 1 appeared not significant (F(2, 77)=.65,
p=.52), and none of the predictors added significantly to the model (M-WCST p = .48; VF
p=.32). The overall model for training 2 however was significant (F(2,77)=2.90, p =.04).
Number of perseverative errors on the M-WCST contributed significantly to the prediction
model (b=.23, t=2.00, p=.05), but this was not the case for number of switches on the VF
task (b=—.19, t=—1.68, p=.09). This result indicated that the number of prompts required
during training session 2 was, modestly, related to children’s flexibility skills, partly supporting
our hypothesis.

Types of prompts Lastly, in addition to the number of prompts required during training, we
also examined whether children with different flexibility scores would require different types
of prompts during training. More specifically, we expected that children with lower flexibility
scores would require more detailed cognitive and step-by-step prompts, as compared to
children with higher flexibility scores. We conducted multiple regression analyses for children
in the training condition with the cognitive flexibility variables as predictors and the number of
times a child required a particular prompt as dependent variable. Again, all analyses were
conducted separately for training sessions 1 and 2.

For the first set of analyses, we included the number of times a child required a
metacognitive prompt as dependent variable, reflecting the child’s need for this particular type
of help. The results showed that the models for both sessions 1 and 2 were non-significant
(F(2, 77)=2.03, p=.14; F(2, 77)=1.31, p=.28) and that none of the cognitive flexibility
measures was a significant predictor of the number of metacognitive prompts during the
training sessions (session 1, M-WCST p=.09, VF p=.91; session 2, M-WCST p=.57, VF
p=.78). Similar results were found in the second set of analyses in which the number of
required (more detailed) cognitive prompts was included as the dependent variable. The
models for both sessions 1 and 2 were non-significant (F(2, 77)=.45, p=.64; F(2, 77)=
2.30, p=.11) and none of the flexibility measures added significantly to the prediction model
(session 1, M-WCST p = .44, VF p =.19; session 2, M-WCST p =.38, VF p=.23).

The last set of analyses, with the number of times a child required the step-by-step prompt as
dependent variable, showed a non-significant model for session 1 (F(2, 77)=03, p=.97) and

Table 5 Mean scores and standard deviations of the required graduated prompts per training session

Session Metacognitive prompts Cognitive prompts Step-by-step prompts
M SD M SD M SD
Training 1 3.19 1.49 4.39 2.86 1.37 1.46
Training 2 2.67 1.50 3.48 2.70 0.97 1.22
Total 5.82 275 7.88 5.06 2.37 243
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non-significant additional predictive values for the flexibility measures (M-WCST p =.85; VF
p=.86) as well. However, a significant model was found for training session 2 (F(2, 77) = 5.45,
p=.01) in which both flexibility measures significantly contributed to the prediction. A higher
percentage of perseverative errors on the M-WCST (representing less flexibility) was found to
predict a greater use of the step-by-step prompts (b =.30, £=2.76, p =.01). The same result was
found for the number of switches on the VF task where fewer switches made (representing less
flexibility) predicted a greater use of the step-by-step prompt (b =—.25, t=—2.27, p=.03).

In conclusion, the results indicated that children with lower flexibility scores did not need
significantly more detailed metacognitive or cognitive prompts as compared to children with
higher flexibility scores, but that they did require more step-by-step prompts. These results
partly support our hypothesis.

Discussion

In the present study, dynamic testing principles were applied to assess young children’s
potential for learning. To increase our understanding of the cognitive processes involved in
children’s ability to learn from feedback and instruction, the role of cognitive flexibility was
examined. As an ultimate goal, the study aimed to provide suggestions for creating a better
match between children’s individual patterns of abilities and the way they are taught in the
classroom.

It was found that performances on the different measures of cognitive flexibility were
related to different measures of potential for learning. Fewer perseverative errors on a modified
version of the Wisconsin Card Sorting Test (M-WCST) were related to better static inductive
reasoning performance, but this was not found for more efficient switching behaviour on a task
of VF. Better performance on the M-WCST did predict a more efficient learner status—i.e.
learner vs. non-learner—for children in the practice-only condition, but not for children in the
graduated prompts condition. Additionally, differences in cognitive flexibility predicted dif-
ferent instructional needs during training. Scores on both measures of cognitive flexibility
were found to be related to the types of prompts children needed most during the graduated
prompts training, but only M-WCST performance was found to be related to the number of
prompts children required. These results will now be discussed in greater detail.

Regarding the effectiveness of the training, it was found that the graduated prompts training
led to a larger improvement in children’s series completion skills. Supported by previously
reported results regarding the effectiveness of the training in improving children’s inductive
reasoning skills (e.g. Resing and Elliott 2011; Resing et al., 2012b; Resing et al., 2017), we can
conclude that the training increased children’s likelihood to be classified as learner over non-
learner. Apparently, providing children with prompts during training, tapping into their zone of
proximal development (Tunteler & Resing, 2010; Sternberg and Grigorenko 2002) helped
children to move beyond their actual level of development towards their level of potential
development. Considering that these prompts are metacognitive, targeted to the task approach,
or cognitive, tailored to the specific items to be solved, provision of the prompts might have an
activating effect on children’s metacognition, and possibly other aspects of their executive
functioning, helping them structure their task approach. In earlier studies, for example, it has
been shown that providing graduated prompts led children to shift from using more heuristic to
more analytical strategies (Resing et al., 2012b, 2017).
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With regard to the relationship between cognitive flexibility and the indices of potential for
learning, it was revealed that cognitive flexibility as measured with the M-WCST was related
to learner status of the untrained children, whereas this was not the case for the children trained
with the graduated prompts procedure. This indicated that the graduated prompts provided
during training compensated for lower cognitive flexibility. Earlier research findings showed
that the graduated prompts training changed the relationship between working memory and
performance from pre- to post-test (e.g. Swanson 1992) and that the intervention phase during
dynamic testing contributed to comparable progression lines for children with lower and
higher working memory skills (e.g. Stevenson et al., 2013; Resing et al., 2012b). The results
of the current study seem to indicate that the graduated prompts training also compensated for
lower cognitive flexibility skills, and perhaps for executive functioning in general. Of course,
these findings need to be further investigated in future research, but they provide us with a first
indication that deficits in cognitive flexibility can, partially, be compensated for by providing
children with, tailored, training, which has ample potential for usage in educational practice.

In this light, the attenuating effect of training was supported by the finding that children
with weaker flexibility skills required significantly more prompts during training as compared
to the children with better flexibility skills, enabling the children with weaker flexibility skills
to achieve the same level of learning as children with better skills. More specifically, children’s
cognitive flexibility performance was related to both the number and type of prompts children
required. The higher-level prompts—metacognitive and detailed cognitive—were equally
required by children with higher and lower cognitive flexibility scores, but the step-by-step
prompt proved to be particularly needed by children with weaker flexibility skills. This type of
prompt, which aimed to guide the children towards the correct solution through a step-by-step
procedure, best aided task performance for children with relatively lower flexibility scores.
This finding was supported by previously conducted research amongst children with autism
spectrum disorder, who, it is argued, experience more difficulties in their flexibility skills (e.g.
Shu et al. 2001; Nelson 1976). They often show a rigidity towards routines, problems in the
ability to shift to a different thought or action, and problematic behaviours in response to
failure or novel tasks (Corbett et al. 2009; Mueller et al. 2007). In addition, previous research
on the effect of verbal strategy instruction in executive functioning tasks, amongst which a task
of cognitive flexibility, revealed that the application of verbal strategies had an enhancing or
facilitating effect on cognitive flexibility performance (e.g. Cragg and Nation 2009; Fatzer and
Roebers 2012; Kray et al. 2008). These findings appear to support the outcomes of our study.
During the training procedure, the children were explicitly primed to verbalise their solution
strategies. In line with these previous studies, it seems likely that our verbal strategy instruc-
tions supported children’s cognitive flexibility and, as a result, facilitated their inductive
reasoning processes during the training phase.

A point for discussion concerns the finding that children’s performance on the verbal
fluency task was not significantly related to static inductive reasoning performance or to the
number of prompts required during training. We expected the number of switches—the index
for cognitive flexibility derived from the verbal fluency test—to be related to children’s static
inductive reasoning performance because cognitive switching has been argued to reflect the
ability to efficiently switch attention—a relatively effortful process—between different task
demands, and to adequately employ (newly acquired) different problem-solving strategies (e.g.
Hurks 2012; Troyer 2000; Troyer et al. 1997). One explanation for this non-significant result
might concern the validity of the verbal fluency task. Although widely used in the assessment
of executive functioning, not much is known about its predictive validity, especially not for the
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relatively new measures derived from this instrument such as number of switches or number of
clusters.

An alternative, or additional explanation, might be found in the suggestion that cognitive
flexibility reflects a multi-faceted construct that includes the ability to shift between sets,
maintain set, divide attention, learn from previously made mistakes, and show knowledge
transfer (e.g. Anderson 2002; Crone et al. 2004b; Diamond 2013). Supported by the finding
that M-WCST performance was related to static inductive reasoning performance, we might
argue that cognitive switching as measured by the VF task did not sufficiently reflect the
flexibility skills that were demanded during the static test of series completion performance.

In addition, it appeared that VF task performance was not related to children’s instructional
needs during training, whereas M-WCST performance was found to significantly predict both
the number of and types of prompts required during training. A plausible explanation might be
that children’s ability to utilise prompts given during training—a core component of cognitive
flexibility—is a rather important part of the M-WCST as children are explicitly informed about
a change in categories. It seems plausible that children’s ability to respond to the switch cue of
the M-WCST—i.e. whether or not they were able to switch between sets after they were told
that the sorting rules had changed—related to their ability to directly apply new strategies
learned from the prompts given during the training phase of the dynamic test. However, the VF
was considered a non-cued task (Crone et al. 2004a, 2004b)——children were not told to switch
between clusters—which might offer an explanation for why this flexibility task reflected
different components of flexibility than those needed during training.

Although the literature supports the assessment of flexibility through card sorting tests and
verbal fluency tests (e.g. Diamond 2013; Miyake et al. 2000; Troyer 2000), we would suggest
to include a more differentiated pallet of cognitive flexibility in future research, because
cognitive flexibility is often argued to consist of multi sub-processes (e.g. Anderson 2002;
Tonescu 2012), such as a non-verbal Stroop test (e.g. Diamond and Taylor 1996).

Additionally, the series completion measures we used to obtain information about the
potential for learning were dynamic, whereas the measures of cognitive flexibility were not.
It appears that supporting children’s cognitive flexibility during dynamic testing can be
important in facilitating the potential for learning. However, a more valid understanding of
this supportive relationship might be improved in future studies by applying dynamic versions
of measures of cognitive flexibility.

Finally, it is suggested that a more explicit assessment of cognitive flexibility in dynamic
testing procedures might increase the predictive validity of dynamic test results for the
planning of successful learning at school. Including in the training phase feedback and prompts
that explicitly target cognitive flexibility will hopefully optimise children’s potential for
learning under dynamic testing conditions.

Nevertheless, less perseverative behaviour on the M-WCST was found, although only
modestly, to be related to better static inductive reasoning performance and fewer prompts
required during training, and weaker performance as measured by the M-WCST or the VF task
predicted the need for more low-level prompts. In addition, the graduated prompts training
attenuated the effect of cognitive flexibility performance, thereby increasing children’s learn-
ing opportunities.

The practical implications of this study for the field of educational psychology suggest that
cognitive flexibility represents a cognitive skill with links to young children’s potential for
learning. This result has important implications for teaching and instruction. In the classroom,
children frequently rely on their cognitive flexibility to perform a range of activities. Weaker
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flexibility skills lead to failures in simple tasks that require switching between different task demands
or strategies (e.g. switching between ‘minus’ and ‘plus’ sums) or between different classroom and
learning activities (e.g. switching between math and spelling activities) (for a review, see Diamond
2013). Because learning is a process that builds gradually over time, any weakness in learning that
results from poor cognitive flexibility skills may negatively affect subsequent learning successes.
Supporting cognitive flexibility skills relies on an early detection of weaknesses or deficits, and on
an effective intervention by the teacher or other educational professional. The finding that children
with weaker cognitive flexibility skills have different instructional needs, and that some of them
seem to benefit more from low-level step-by-step instruction, contributes to our understanding of
effective teaching methods that might facilitate the unfolding of young children’s potential for
learning. Additionally, the fact that children were asked to verbalise their problem-solving strategies
during the training phase of the dynamic test could have had an enhancing effect on children’s
dynamic test performance. We, however, did not further analyse this, but in future will analyse
whether explicitly prompting the children to verbalise their problem-solving strategies would
support executive functioning and, as a result, enhance measures of the potential for learning.

More importantly, the results underline the importance of dynamic testing for children who
seem to be hindered by their difficulties in switching between different task or cognitive
demands, in learning from feedback or previously made mistakes. Dynamic testing with a
graduated prompts procedure appears to support at least some of these children in taking a step
towards showing their actual potential for learning. Dynamic testing, moreover, seems to be
less biased towards children with executive functioning deficits than more traditional instru-
ments. Therefore, the present study reminds us that it is important to consider testing children
dynamically rather than statically, especially when difficulties with their executive functions
are expected.
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