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Abstract: This study aimed to investigate the effectiveness of a newly developed dynamic screening
instrument, using a learning phase with standardized prompts, to assess first year secondary school
students’ potential for learning. This instrument aimed to provide an alternative to the current
static tests. The study sample included 55 children (mean age = 13.17 years) from different Dutch
educational tracks. The dynamic screener consisted of the subtests reading, mathematics, working
memory, planning, divergent thinking, and inductive reasoning. Each subtest employed a test—
training—test design. Based on randomized blocking, half of the children received graduated prompt
training between pre-test and post-test, while the other half did not. On some, but not all, subtests,
training seemed to lead to an increase in performance. Additionally, some constructs measured
through the dynamic screener were related to current school performance. This pilot study provides
preliminary support for the use of such an instrument to gain more insight into children’s learning
potential and instructional needs. Directions for future research are discussed.

Keywords: dynamic testing; learning potential; secondary education; graduated prompts; instructional
needs
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Discovering Learning Potential in This paper concerns a pilot study, which aims to investigate the effectiveness of a
Secondary Education Using a newly developed dynamic screener to assess first year secondary school students” potential
Dynamic Screening Instrument. Educ.  for learning. The dynamic screener aims to provide an alternative to the current static
Sci. 2023, 13, 365. https://doi.org/ test procedures used to determine students’ level in Dutch secondary education. To
10.3390/ educscil3040365 provide a broad overview of children’s abilities, the screener taps into different potential

predictors of academic success. By means of integrating feedback into the testing procedure,
insight is gained into the child’s progression in learning and the child’s instructional needs,
Received: 1 February 2023 two frequently used measures to estimate potential for learning [1]. This information could
Revised: 15 March 2023 potentially be used to provide an indication of suitable educational levels for students in
Accepted: 30 March 2023 the Dutch secondary school system. This study investigates whether the newly developed
Published: 1 April 2023 d . ’ . :
ynamic screener can be used to measure secondary school students’ potential for learning
® in academic domains, executive functioning, and reasoning. In addition to expanding the
current body of empirical studies on dynamic testing principles in a school context, the
knowledge gained through this study can be used to adapt the ways in which children are
placed into different educational tracks.
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school end test (PSET) [2], in which children’s current lingual and mathematical knowledge
is assessed. Fifty percent of children are advised to enroll in one of the vocational education
tracks, while the other fifty percent are directed towards one of the general education
tracks. All tracks come with a different level and duration, and after successful completion,
provide access to different forms of further education. An overview of the different tracks
is provided in Table 1.

Table 1. Overview of Dutch secondary education tracks, ranked from lowest to highest level.

Track Education Type Duration Future Educational Options
VMBO-B Vocational 4 years Basic professional college
VMBO-K Vocational 4 years Professional college

VMGO-G/T Vocational 4 years Specialist professional college
HAVO General 5 years University of applied sciences
VWO General 6 years University

Which track a child is allocated to therefore has a significant impact on their future.
This leads to much critique, as this decision is already made when children are around
the age of eleven or twelve years old [3]. In total, approximately 15% of students transfer
to a higher or lower track during their time in secondary school [4]. Moreover, research
has indicated that this percentage might be much higher, as under-recommended students
are often unable to switch to a higher track due to self-fulfilling prophecy effects [5]. In
contrast, over-recommendation is more favorable for children, because they seem to be
generally capable of maintaining their optimistic track placement [6].

The decision of which track a child will be enrolled in is based on their results in the
primary school end test and their teacher’s advice. The combination of these two aspects is
beneficial overall, as it leads to lower mis-recommendation rates, when compared to only
using the PSET [7]. Using a test such as the PSET to estimate children’s educational level
has advantages, such as providing an objective insight into constructs that might be difficult
for teachers to estimate for multiple individual students [7]. However, educational experts
and practitioners often argue against the use of the PSET to advise students on which track
they should enroll in. Among other things, these practitioners state that the PSET might
enlarge the gap between children with different socio-economic backgrounds. As this test
is perceived as very stressful for children, their parents and the primary schools, schools
and parents are willing to spend a lot of energy, time, and money to prepare children for the
PSET. As not all parents might have the opportunity to invest time and money into PSET
preparation outside of the regular school curriculum, this leads to unequal opportunities
for students [3]. Unequal opportunities are again reinforced by the language-dependent
nature of the test. Students with lower lingual skills therefore score lower on the PSET than
what might be expected based on their level of intelligence [8]. Additionally, the limited
scope of the PSET is criticized, as the test is not able to measure latent abilities such as
discipline, motivation, self-efficacy, creativity, and curiosity [9].

More importantly, the PSET is considered to be a static test. Such tests usually consist
of a single-session format, in which children are required to solve tasks individually after
standardized instruction [10]. This results in measuring prior developed knowledge and
skills, rather than their latent abilities and their potential for learning [1]. The cognitive
abilities of the child are therefore interpreted based on what they have learned in the past,
and how this relates to the abilities of other children. A test which would enable measuring
a child’s performance before and after help would, as critics argue, provide a more balanced
overview of their cognitive abilities. This overview indicates how much a child can learn,
as their performance is compared to their own previous abilities, rather than the abilities of
others [1].
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1.2. Dynamic Testing

Therefore, as an alternative to static tests, the use of dynamic tests is advocated [1]. Dy-
namic testing builds on the concept of the zone of proximal development by Vygotsky [11].
This concept is defined as the difference between what someone can do without assistance,
their zone of actual development, and what someone can do when receiving guidance,
their zone of proximal development. Dynamic tests aim to tap into the zone of proximal
development by providing a form of assessment in which instruction is integrated into
the testing procedure. Instruction is often provided in the form of feedback or prompts,
by which children are enabled to show progress in solving different sorts of cognitive
tasks [12].

Dynamic tests exist in various forms and tap into different domains, but all of them
include a form of feedback, hints, or instruction while participants solve the tasks [10].
An often-used design in dynamic testing is the test-training—test format, combined with
a graduated prompt approach [13]. This approach entails help provided in the form of
standardized prompts whenever a child fails to solve problems independently. These
prompts are provided in a hierarchical manner, ranging from very general to very specific
hints. General, metacognitive hints are provided, for instance, to activate children’s prior
knowledge. If this is not successful, cognitive hints tailored to each individual item can be
used to help children solve these items. Lastly, modeling hints can be provided through a
step-by-step explanation of the correct solution. Individual differences in need for instruc-
tion have been accurately measured through a graduated prompt approach in previous
research [13]. In addition to providing insight into children’s need for instruction, the
test—training—test format provides insight into one’s potential for learning by comparing
pre-test performance, without the provision of feedback, to post-test performance, after
the provision of feedback. Both performance change scores and instructional needs are fre-
quently used measures of potential for learning [1]. However, the reliability of performance
change scores is questionable, as double measurement error is incorporated into these
scores [14]. Instructional needs, however, have been demonstrated to be valid measures of
learning potential [15]. All in all, using both measures provides an extensive overview of
individual differences in children’s learning progress, and which types of instruction allow
them to show this progress.

As yet, dynamic testing has not been used consistently to obtain information about
children’s potential school performance, despite evidence for the effectivity of curriculum-
based dynamic tests. For example, batteries have been developed to dynamically assess
reading comprehension [16,17], as well as mathematical problem solving [18,19]. Often,
school performance is determined based on students” performance in static tests in several
academic domains. Despite international differences in school systems, two domains are
almost always deemed crucial: reading and mathematics [20]. When focusing on the Dutch
secondary education system, these are two domains that are reflected in all the different
tracks [21]. Both academic domains have been demonstrated to predict school achievement,
and the extent to which children can adjust in the transition from primary to secondary
education [22]. Most schools persistently use static measures to determine levels of reading
and mathematical performance, despite evidence for the effectivity of dynamic tests to
measure performance in these domains.

1.3. Executive Functioning

Another construct that plays a significant role in school performance is executive
functioning. Executive functioning is defined as a mechanism by which performance is
optimized in situations requiring the operation of a number of cognitive processes [23].
Executive functioning is an umbrella term that includes a variety of interrelated functions
responsible for purposeful, goal-directed problem-solving behavior [24]. Research has
indicated that executive functioning is an important predictor of school performance,
potentially transcending IQ scores, and reading and mathematical skills [25]. This is
possibly due to the fact that executive functioning is necessary to develop these reading [26]
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and mathematical skills [27]. Additionally, successful learning, both inside and outside the
classroom, requires students to complete tasks while retaining instructions and selectively
ignoring distractions [28]. Finally, executive functioning has been shown to be necessary
in the successful transition from primary to secondary education, as it is used to face
academic and social challenges that are new to the child [29]. Recent research has found that
executive functioning can be strengthened through intervention [30]. Dynamic tests have
been applied successfully to various aspects of executive functioning, such as planning [31],
working memory [32], and cognitive flexibility [14]. The tests used in these studies were all
adapted from existing static measures for executive functioning, and we used a pre-test—
training—post-test format to measure learning potential. In these studies, it was consistently
found that testing executive functions dynamically provides sufficient insight into learning
potential in these domains. The application of these dynamic tests could be beneficial to
educational assessment.

1.4. Reasoning

Another main predictor of academic success is inductive reasoning, the cognitive
process of comparing information or objects, and, if necessary, contrasting and transforming
them in a novel manner [33]. This relationship is possibly explained by the need for a
child to use inductive reasoning to apply their everyday learnings to new situations [34].
Therefore, students with better inductive reasoning skills are likely to perform better in
school subjects such as mathematics, science, social studies, and languages [35]. Dynamic
measures of inductive reasoning have been used before, successfully providing insight
into the process occurring during the use of inductive reasoning [15,36]. These tests often
make use of tasks including the solving of verbal or geometric analogies, seriation, or
inclusion [15], and have shown that dynamic measures of inductive reasoning are related
to school performance [37,38].

An additional aspect of reasoning involved in academic success seems to be divergent
thinking [39,40]. This concept is defined as the capacity to generate creative ideas by
combining diverse types of information in novel ways [41]. Similar to inductive reasoning,
this process is involved in the application of everyday learning to new situations [42].
Research has indicated that divergent thinking and intelligence seem to be related from a
young age [43]. Other studies have indicated divergent thinking to be a better predictor
for academic success than intelligence measures [44,45], possibly due to the relationship
between divergent thinking and extrinsic motivation. The application of dynamic testing
to divergent thinking is still limited, but research has nevertheless demonstrated that it
could be successful [46,47]. These studies have indicated that training during dynamic
testing improves divergent thinking, and that dynamic measures can be used to identify
different types of learning styles. These styles are identified by the different types of
prompts children benefit from during training.

1.5. Current Study

Within this research project, a dynamic screener was developed, to possibly function
as an alternative to the current static test used to classify children into the Dutch secondary
education system, the PSET. For this purpose, it is important to obtain an overview of
a child’s potential for learning in different domains. Therefore, the newly developed
screening instrument contains the following subtests: reading, mathematics, working
memory, planning, divergent thinking, and inductive reasoning. These subtests were
chosen because these constructs are key predictors of school performance [22,25,34,39].

The main goal of this study was to examine the validity and effectivity of the dynamic
screener. In doing so, children’s performance in the dynamic screener was examined and
compared to their current school performance and advised educational level. Additionally,
the psychometric properties of the instrument were investigated.

The first research question concerned the effect of training on the number of correctly
performed items in all subtests. It was hypothesized that children who received this training
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would show significantly more progress from pre- to post-test than children who were not
trained, because dynamic testing allows children to show progress in different cognitive
tasks [12].

Secondly, the relationship between all the measured constructs, advised educational
level, and school performance was investigated. As this is an exploratory hypothesis, no
specific relationships were expected.

Finally, children’s instructional needs in each subtest were examined by looking at the
average number of hints necessary to successfully complete an item during training. It was
hypothesized that children in general education tracks would require a lower number of
hints to improve their performance from pre- to post-test on all subtests. This expectation
was formed due to the characterization of general education tracks by more independent
learning, when compared to vocational education tracks [48]. Furthermore, the relationship
between instructional needs and school performance was investigated. Again, this is an
exploratory hypothesis, so no specific relationships were expected.

2. Materials and Methods
2.1. Design

This study had a pre-test-training—post-test experimental design. Children were
allocated to one of two groups through a blocking procedure, based on educational level
and gender. This procedure was performed to make sure any variability in results between
the groups could not be attributed to these factors. Children in the experimental group
received training between pre-test and post-test in all subtests. Children in the control
group only participated in the pre-test and post-test. Table 2 displays an overview of the
components of the dynamic screener administered under each condition.

Table 2. Overview of the study’s design.

. . Working . Divergent Inductive

Reading Mathematics Memory Planning Thinking Reasoning
Control Pre.-tv.est X X X X X X

roup Training

8 Post-test X X X X X X
Exverimental Pre-test X X X X X X
e Training X X X X X X
group Post-test X X X X X X

2.2. Participants

Power analysis for repeated measures ANOVA was performed, with two groups and
two measurement moments, to investigate the interaction of within- and between-subject
factors. In this analysis, we aimed for a power of 0.95 and an effect size of 0.25, according
to Cohen’s recommendations [49]. This power analysis suggested the use of a sample of
55 participants. The final sample consisted of 55 students in the first year of secondary
education (aged 12.35-14.36 years old, M = 13.17, SD = 0.51). All students were recruited at
a single secondary school, with different locations of the school having different educational
levels. The distribution of participants of different genders and educational levels under
each condition is shown in Table 3.

2.3. Materials
2.3.1. Dynamic Screener

The dynamic screener consisted of 6 subtests, each concerning a specific domain. The
domains that were tested through this tool were reading, mathematics, working memory,
planning, divergent thinking, and inductive reasoning. The administration of each sub-test
took about 30 min, leading to a maximum duration of 3 h. All items in the pre-test and
post-test were matched to have a similar number of cognitive steps, and therefore, similar
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difficulty levels. The subtests applied a graduated prompt approach during training; when
an item was answered incorrectly, a metacognitive hint was first provided. This hint was
followed by two more implicit, cognitive hints if the answer remained incorrect. If the
answer was still incorrect after the first three hints, step-by-step modeling was used to
explain the right answer. For some children, the test took longer than for others, because
each subtest in the pre-test and post-test was ended after two consecutive wrong answers.
This decision was made to avoid loss of motivation and concentration when children had
to complete a lot of items that were outside of their abilities. Previous research applying
dynamic testing has also used this stopping rule, e.g., [31]. Children were allowed to take
10 min breaks in between each subtest if necessary.

Table 3. Distribution of participants of different genders and educational levels under each condition.

Vocational Tracks General Tracks Total
Boys 7 6 13
Control group Girls 9 5 14
Experimental Boys 10 7 17
group Girls 6 5 11
Total 32 23 55

Reading. This subtest used a pre-test-training—post-test design, in combination with
a graduated prompt training approach [37]. Each session (pre-test, training, and post-
test) consisted of two texts with different difficulty levels. These texts were derived from
existing Dutch reading comprehension tests, developed by Nieuwsbegrip [50]. Each text
was accompanied by 6 test-items. This led to the opportunity to discriminate between
levels of students’ skills in the different domains.

Mathematics. This subtest again used a pre-test—training—post-test design, in combina-
tion with a graduated prompt training approach [37]. Each session of this domain consisted
of 16 items of varying difficulty levels. The 4 subdomains tested through this subtest were
numbers and variables, ratios, geometry, and algebra. The items within these domains were
derived from existing Dutch mathematical problems, developed by W4Kangoeroe [51].

Executive functioning. This domain consisted of two subtests: working memory and
planning. The subtest for working memory was based on an existing dynamic test [32].
This subtest asked participants to recall picture sequences, again, in items with varying
difficulty: three- to seven-item sequences. The subtest for planning was based on the
dynamic version of the Tower of Hanoi [31], with 8 puzzles of varying difficulty levels in
the pre-test, training, and post-test.

Divergent thinking. This subtest was based on the Guilford Alternative Uses Task [52].
The task asked participants to think of unusual ways to use different objects in a short time
frame. The pre-test and post-test both consisted of 4 different items, with general training
in divergent thinking in between. This training did not use a graduated prompt approach,
but focused on teaching children new strategies in the use of divergent thinking.

Inductive reasoning. Lastly, this subtest was based on an existing dynamic test [53]
consisting of 12 analogies of varying difficulty levels in the pre-test, training, and post-test.

2.3.2. Advised Educational Level

The educational level advised by the children’s teacher at the end of primary school
was used in this study, to compare them to the results of the dynamic screener.

2.3.3. School Performance

Recent school results for Dutch and mathematics from the school database were
requested. We used the average grades for each subject and compare them to performance
in the subtests of the dynamic screener. In the Netherlands, students receive grades on a
scale from 1 to 10, with grades of 5.5 and higher being sufficient.
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2.4. Procedure

Prior to data collection, approval from the Psychology Research Ethics Committee was
obtained. Before participation in this study, informed consent was obtained from parents
through Qualtrics survey software. Additionally, all participating children provided written
informed consent. Only children who were able to provide consent from their parents
and themselves were allowed to participate in this study. Data collection took place in
school during regular school hours. A pen-and-paper version of the dynamic screener was
administered through one-on-one interaction between a tester and a child.

2.5. Statistical Analyses

The first research question was investigated through a repeated measures multivariate
analysis of variance (RM MANOVA). In this analysis, the session (pre-test vs. post-test)
was included as a within-subjects factor. Condition (training vs. no training) was included
as a between-subjects factor. The number of correct items in the sub-tests of mathematics,
reading, divergent thinking, inductive reasoning, working memory, and planning were
included as dependent variables.

To examine the second research question, correlation analyses were performed. First,
Pearson correlations were calculated between the average school results for Dutch and
mathematics and the pre-test scores in the subtests mathematics, reading, divergent think-
ing, inductive reasoning, working memory, and planning. This analysis was repeated on
the post-test scores, separately for the control and experimental groups. Further, Spearman
correlations were calculated between advised educational level and pre-test scores in the
subtests mathematics, reading, divergent thinking, inductive reasoning, working memory,
and planning. Again, the analysis was repeated on the post-test scores, separately for the
control and experimental groups.

Lastly, the third research question was examined through the performance of one-
way MANOVA. The average number of hints in mathematics, reading, working memory,
planning, and inductive reasoning were included as dependent variables. Educational
level functioned as the independent variable. Finally, Pearson correlations were calculated
between instructional needs and average school results for Dutch and mathematics, on an
exploratory level.

3. Results
3.1. Initial Analyses

First, the psychometric properties of the dynamic screener subtests were analyzed.
To assess the difficulty level of each item, p-values were calculated by looking at the
proportion of participants that solved the items accurately. Along with these p-values, item-
total correlations were calculated. These scores reflect the relationship between individual
items and the total subscale. Large variation in both the p-values and item-total correlations
were found. When investigating these values, one should take into account that each
item has a different sample base. This is because a stopping rule was applied after two
consecutive wrong answers, and not all children completed all subtests. The full range of
p-values and item-total correlations and the corresponding sample base can be found in
Appendix A.

Cronbach’s alphas were calculated for each domain in the pre-test to investigate the
internal consistency of the dynamic screener. This analysis revealed moderate to good
internal consistency for the subtests reading (« = 0.83), mathematics (x = 0.84), working
memory (« = 0.50), planning («x = 0.64), divergent thinking (x = 0.67), and inductive
reasoning (o« = 0.90).

To investigate the influence of demographic factors on pre-test performance, multiple
analyses were performed. No significant effects were found for SES, gender, and ethnicity.
However, age was a significant predictor for reading performance, indicating that younger
children scored higher in this subtest than older children.
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3.2. Training Effects

The effect of training on performance in the dynamic screener subtests of all par-
ticipants was examined through a repeated measures multivariate analysis of variance
(RM MANOVA). The between-subject effects are shown in Table 4. The multivariate and
univariate results are displayed in Table 5. The multivariate results indicate a significant
effect of Session (A = 0.45, F(6,40) =8.11, p < 0.001, npz =0.55), but not of Session x Condition
(A=0.83, F(6,40) =1.34, p = 0.262, np2 =0.17). On the univariate level, a significant Session
effect was found for the subtests mathematics (F(1,45) =5.73, p = 0.21, np2 =0.11), planning
(F(1,45) = 16.41, p < 0.001, np2 = 0.27), and divergent thinking (F(1,45) = 4.13, p = 0.048,
np2 = 0.08). No significant Session x Condition effects were found. Basic statistics for the
different subtest scores are provided in Table 6. Additionally, the mean scores of all the
dynamic screener subtests are displayed in Figure 1.

Table 4. Between-subject effects.

F P T]pz
Reading 0.001 0.979 <0.001
Mathematics 0.05 0.827 0.001
Working memory 0.88 0.354 0.02
Planning 3.35 0.074 0.07
Divergent thinking 0.08 0.776 0.002
Inductive reasoning 0.06 0.805 0.001
Table 5. RM MANOVA outcomes.
A F p np?
Session 0.45 8.11 <0.001 0.55
Multivariate 3 .
Session x Condition 0.83 1.34 0.262 0.17
Session 0.51 0.479 0.01
Reading - —
Session x Condition 3.15 0.083 0.07
Session 5.73 0.021 0.11
Mathematics - -
Session x Condition 1.20 0.164 0.04
Session 1.50 0.228 0.03
Working memory
Session x Condition 1.50 0.228 0.03
Session 16.41 <0.001 0.27
Planning
Session x Condition 0.01 0.941 <0.001
Session 413 0.048 0.08
Divergent thinking
Session x Condition 0.38 0.541 0.01
Inductive Session 40.67 <0.001 0.48
reasoning Session x Condition 3.37 0.073 0.07

Table 6. Basic statistics for scores of all dynamic screener subtests in pre- and post-test.

Control Group Experimental Group

Pre-Test Post-Test Pre-Test Post-Test
Reading M (SD) 4.64 (3.09) 4.00 (3.86) 3.59 (2.77) 5.09 (3.69)
Mathematics M (SD) 3.52(3.23) 4.00 (2.83) 3.00 (2.78) 4.86 (3.75)
Working memory M (SD) 8.28 (2.41) 8.28 (2.42) 8.32 (2.40) 9.36 (2.84)
Planning M (SD) 2.76 (1.74) 3.68 (1.82) 3.55 (1.57) 4.50 (1.63)

Divergent thinking M(SD) 1272 (353)  14.08(327) 1272 (457)  13.45 (4.94)
Inductive reasoning M(SD) 3.72 (3.61) 5.68 (4.17) 2.68 (3.14) 6.23 (3.70)
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Figure 1. Mean scores of dynamic subtests (a) reading, (b) mathematics, (c) working memory,
(d) planning, (e) divergent thinking, and (f) inductive reasoning. The grey lines represent the control
group, while the black lines represent the experimental group.
3.3. The Relationship between Dynamic Screener Scores and School Performance
Pearson correlations were calculated between the average school results for Dutch
and mathematics and performance in the subtests reading, mathematics, working memory,
planning, divergent thinking, and inductive reasoning in the pre-test and post-test. These
correlations are displayed in Table 7.
Table 7. Correlations between school performance and dynamic screener scores.
Pre-Test Post-Test
Control Group Experimental Group
Dutch Mathematics Dutch Mathematics Dutch Mathematics
Reading 0.10 0.16 0.27 0.22 0.05 0.11
Mathematics 0.31* 0.36 * 0.27 0.39 * -0.15 0.01
Working memory 0.10 0.03 0.29 0.29 0.19 0.16
Planning —0.08 0.06 —0.21 —0.16 0.06 0.35
Divergent thinking 0.23 0.16 0.19 <0.001 0.21 —0.09
Inductive reasoning 0.06 0.01 0.37 0.09 —0.13 0.04

*p < 0.05.

Further, Spearman correlations were calculated between advised educational level and
performance in the subtests reading, mathematics, working memory, planning, divergent
thinking, and inductive reasoning in the pre-test and post-test. These correlations are
displayed in Table 8. A general pattern can be recognized; the dynamic test scores (in the
experimental group) have a stronger relationship with the teacher’s advice compared to
the static test scores (in the control group).
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Table 8. Spearman correlations between educational level and dynamic screener scores.

Pre-Test Post-Test

Control Experimental

Group Group
Reading 0.19 0.33 0.51*
Mathematics 0.38 * 0.63 * 0.64 *
Working memory 0.32* —0.01 0.40 *
Planning 0.19 0.05 0.65 *
Divergent thinking 0.07 —0.10 0.13
Inductive reasoning 0.44* 0.35 0.69 *

Tp<0.05.

3.4. Instructional Needs

To investigate the differences in instructional needs between children with varying
educational levels, another MANOVA was performed. The average number of hints in
mathematics, reading, working memory, planning, and inductive reasoning were included
as dependent variables. Educational level functioned as the independent variable. The
results are displayed in Table 9. Additionally, a graphic overview of group means is
available in Figure 2.

Table 9. MANOVA results for differences in instructional needs between educational levels.

F P n p2
Reading 0.31 0.587 0.02
Mathematics 11.55 0.003 0.37
Working memory 0.06 0.803 0.003
Planning 2.52 0.128 0.11
Inductive reasoning 6.63 0.018 0.25

~

w

Average number of hints
= N

Ll

Reading Mathematics Working ~ Planning  Inductive
memory reasoning

o

m\/ocational = General

Figure 2. Group means of instructional needs.

Significant group differences were found for the subtest mathematics (F(1,20) = 11.55,
p =0.003, npz =0.37). In fact, children in vocational education received more hints (M = 2.40,
SD = 0.76) during training in this subtest than children in general education (M = 1.43,
SD = 0.49). The same pattern was found for the subtest inductive reasoning (F(1,20) = 6.63,
p =0.018, np2 =0.25). Again, children in vocational education received more hints (M = 2.30,
SD = 1.04) during training in this subtest than children in general education (M = 1.81,
SD =1.21).

Additionally, correlations were calculated between instructional needs and school
performance in the subjects Dutch and mathematics. These correlations are displayed in
Table 10, and no significant relationships were found.
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Table 10. Correlations between school performance and instructional needs.

Dutch Mathematics
Reading —0.35 0.15
Mathematics 0.09 —-0.19
Working memory 0.22 —0.08
Planning —0.25 —0.29
Inductive reasoning —0.06 —0.12

4. Discussion

This study investigated whether our newly developed dynamic screener can be used to
measure secondary school students’ potential for learning in academic domains, executive
functioning, and reasoning. The study provides preliminary support for the effectiveness
of this tool in discovering learning potential in secondary education students, but resulted
in mixed findings.

All groups of children showed progression from pre-test to post-test in the subtests
mathematics, planning, divergent thinking, and inductive reasoning. This indicates the
occurrence of a learning effect. Contrary to our hypotheses, trained children did not demon-
strate larger improvements in performance in any of the subtests when compared to the
control children. These findings could indicate that training might not have been effective.
However, a detailed investigation of the mean scores suggests different learning slopes for
children under different conditions in the subtests reading, mathematics, working memory,
and inductive reasoning. This is in line with previous research that provides support for
the use of dynamic testing to gain insight in to these cognitive abilities [15,18,19,32,36].
For the subtest reading, a decrease in performance from pre-test to post-test is observed
in the control group, while the experimental group displays an increase in performance.
This could be explained by a decrease in motivation, and/or concentration when reading
multiple texts without intervening training. Performance in this subtest seems to have no
relationship with performance in the school subjects Dutch and mathematics. Additionally,
performance in the subtest reading in the pre-test does not relate to advised educational
level. However, in the post-test, a significant relationship is found for the experimental
group. This could indicate that dynamic testing is more in line with teachers” didactic
expertise and expectations than static testing. Moreover, the control group shows little
growth in performance from pre-test to post-test in the subtests mathematics, working
memory, and inductive reasoning, while the experimental group shows a slight increase.
These subtests all seem to have a relationship with advised educational level, but only
mathematical performance relates to performance in the school subjects of both Dutch
and mathematics. Although seemingly unexpected, the relationship between mathemat-
ical performance in the screener and the average grade for Dutch can be explained by
the finding that solving mathematical problems initially requires some form of linguistic
knowledge [54]. As expected, the relationship with the average grade for mathematics
remains in the post-test under the control condition, but not in the experimental condition;
dynamic testing is expected to relate less to static measures (e.g., how school performance
is currently measured) than tests that do not employ this feedback-incorporated format. No
relationship is found between school performance and the subtests planning and divergent
thinking. Additionally, no group differences can be interpreted for these domains. This lack
of findings could be explained by the difficulty of measuring these constructs [55,56]. Pen-
and-paper administration of the dynamic screener increased the variability in instruction
and scoring between testers. This could also provide an explanation for the finding of lower
internal consistency in these subtests. Future research should include an investigation into
ways to improve the measurement of these domains.

Regarding instructional needs, group differences for educational level were found
in the subtests mathematics and inductive reasoning. These differences indicate that in
general, children in general education can thrive from only receiving a few hints, while
children in vocational education need a bit more help to obtain the right solution. This
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was in line with our expectations based on the characterization of general education
tracks by more independent learning, when compared to vocational education tracks [48].
However, this relationship was not found for any of the other subtests. Therefore, these
subtests provide less insight into group differences in instructional needs. However, as was
reflected in the standard deviations, large individual differences were found. Therefore,
further research should also focus on the nature of the hints (metacognitive, cognitive, or
modeling) [15] that different children benefit from.

Limitations

This study failed to provide significant results for most analyses, though investigating
the mean scores could lead to the interpretation of expected patterns. However, it is
important to note that any conclusion based on non-significant effects is purely speculation.
While one should always be careful when interpreting insignificant models, the higher
p-values in this study could be explained by our small sample size, and therefore, a
lack of power. Future studies into the use of dynamic screening to discover secondary
school students’ learning potential should therefore aim to recruit a larger number of
participants, preferably within different populations, as well. As this was a pilot study, the
generalizability of the results is was gained through replication in different populations.
This study was conducted within a single school, located in a large city in the Netherlands.
Therefore, replication of this research, for example, in more rural areas, might lead to
different results.

Due to the lower sample size, our design was limited to the use of one control group to
uphold statistical power. As a consequence of this design, improvements found in the group
of trained children might be explained by the simple fact that they completed more items
between pre-test and post-test, and therefore, displayed a learning effect, separate from the
effectivity of the training. However, previous research including two control conditions
has demonstrated that improvements in trained children can actually be attributed to
the effectivity of the training [57]. Future studies with larger sample sizes, preferably at
least 100 participants per condition, should therefore focus on the inclusion of a second
control condition.

Lastly, the inconsistency in our results might be explained by the pen-and-paper ad-
ministration of the dynamic screener. Even though a standardized protocol was used, slight
differences in the observed learning potential might be due to individual tester factors. This
confounding factor can be eliminated in future research by using computerized dynamic
testing with digitalized prompts. Computerized dynamic testing has been suggested to
result in larger learning gains [1,58], and is also less time-intensive [59]. Additionally, com-
puterized testing has been shown to have a positive effect on motivation [60], especially
when incorporating game mechanics into these tests [61].

This study was a pilot study that investigated a newly developed instrument. While
most results were non-significant, the inspection of found patterns provide a lot of informa-
tion to further adapt and investigate this instrument. In addition to the aforementioned
aspects, future research could focus on the roles of motivation and concentration in per-
formance in the dynamic screener, and how to diminish this effect. For example, the item
difficulty could be adjusted, as could the length of the training and the standardization
of its protocol. Finally, the real promise of dynamic testing lies in the investigation of
inter-individual differences in potential for learning. This was outside of the scope of the
current study, but in future research utilizing this dynamic screening instrument, group
and inter-individual patterns found could be studied in more detail.

5. Conclusions

In conclusion, the current study provides preliminary support for the use of our
dynamic screener to gain more insight into secondary school students” learning potential.
However, adaptation to fit the screener to the target group is necessary. Future research
using different, larger sample sizes should provide more solid support for our findings.
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After adaptation and validation, the screener could offer insights relevant to the way in
which children are placed into different educational tracks. These insights include the
children’s potential for learning across different cognitive aspects, specifically mathematical
performance, working memory, and inductive reasoning, and the types of instructions
they benefit from. Investigating inter-individual differences in children’s potential for
learning and instructional needs could give a more accurate estimation of their educational
level, leading to a decrease in children being placed on the wrong track. This could lead
to an increase in overall wellbeing in these students, as well as broader options for their
future education. Additionally, the adaptation of education to individual needs could be
made a lot easier for schools and teachers with these insights. An instrument such as this
could provide reports on children’s performance, including learning potential scores and
indications of their instructional needs on different constructs. This could make it easier
for teachers to create subgroups of children who need different kinds of instructions and
assignments to learn in class.
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Appendix A

Table Al. p-values and item-total correlations for subtest reading.

p-Values Accuracy Item-Total Correlations Sample Base
Pre-Test Post-Test Pre-test Post-Test Pre-Test Post-Test
Item Control ~ Experimental Control  Experimental Control  Experimental
Group Group Group Group Group Group
1 0.57 0.58 0.64 0.27 0.59 —0.001 51 26 25
2 0.61 0.43 0.52 0.27 —0.03 0.03 51 26 25
3 0.63 0.50 0.68 0.53 0.55 0.29 43 19 24
4 0.41 0.50 0.48 0.40 0.71 0.33 41 17 20
5 0.67 0.35 0.48 0.53 0.50 0.16 36 15 17
6 0.45 0.50 0.44 0.40 0.55 0.24 35 15 14
7 0.08 0.39 0.28 0.29 0.58 —0.12 35 14 13
8 0.33 0.50 0.48 0.43 0.55 0.26 27 13 12
9 0.06 0.39 0.32 —0.03 0.38 —0.02 18 13 12
10 0.22 0.08 0.16 0.50 0.10 —0.03 16 13 12
11 0.14 0.08 0.12 0.17 0.01 0.09 14 10 8
12 0.06 0.12 0.20 0.06 0.22 0.06 13 4 6
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Table A2. p-values and item-total correlations for subtest mathematics.

p-Values Accuracy Item-Total Correlations Sample Base
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test
Item Control ~ Experimental Control  Experimental Control  Experimental
Group Group Group Group Group Group
1 0.57 0.89 0.79 0.24 —0.07 0.32 54 26 28
2 0.67 0.81 0.64 0.13 0.08 0.18 54 26 28
3 0.48 0.58 0.43 0.45 0.08 0.04 46 25 26
4 0.44 0.69 0.46 0.15 0.32 0.17 42 24 20
5 0.28 0.39 0.15 0.27 0.22 0.25 35 22 17
6 0.28 0.43 0.36 0.16 0.40 0.29 27 19 14
7 0.07 0.15 0.25 0.04 0.22 0.29 19 16 12
8 0.11 0.31 0.25 0.02 0.35 0.16 16 14 11
9 0.15 0.08 0.29 0.07 —0.20 0.25 9 9 10
10 0.07 0.08 0.14 0.11 —0.20 0.28 8 8 9
11 0.11 0.00 0.18 0.07 0.15 8 2 8
12 0.06 0.04 0.14 —0.02 —0.05 0.40 7 2 7
13 0.04 0.00 0.04 —0.01 —-0.22 6 1 5
14 0.02 0.00 0.11 —0.01 0.58 4 1 4
15 0.00 0.00 0.11 0.38 3 0 4
16 0.00 0.00 0.07 0.17 1 0 4
Table A3. p-values and item-total correlations for subtest working memory.
p-Values Accuracy Item-Total Correlations Sample Base
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test
Item Control  Experimental Control Experimental Control Experimental
Group Group Group Group Group Group
1 0.97 0.96 0.96 0.22 0.36 0.09 55 27 28
2 0.95 0.96 0.89 0.33 0.52 0.02 55 27 28
3 0.75 0.89 0.89 0.09 0.61 0.20 55 27 28
4 0.69 0.85 0.68 0.23 0.21 —0.01 55 26 28
5 0.22 0.26 0.25 0.21 0.17 0.42 50 26 28
6 0.18 0.19 0.18 0.25 0.04 —0.05 44 24 24
7 0.06 0.11 0.04 —0.18 0.02 0.06 30 14 15
8 0.04 0.07 0.04 0.22 —0.15 0.06 19 9 7
9 0.00 0.00 0.04 0.06 9 3 1
10 0.00 0.04 0.00 —0.02 4 2 1
Table A4. p-values and item-total correlations for subtest planning.
p-Values Accuracy Item-Total Correlations Sample Base
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test
Item Control  Experimental Control  Experimental Control  Experimental
Group Group Group Group Group Group
1 0.96 1 1 —0.01 49 26 23
2 0.67 0.77 0.74 0.39 0.13 —0.21 49 26 23
3 0.65 0.89 0.83 0.33 0.50 —0.17 48 26 23
4 0.39 0.62 0.61 0.42 0.26 —0.07 37 24 22
5 0.25 0.54 0.30 0.50 0.38 0.28 35 23 20
6 0.14 0.39 0.26 0.47 0.52 0.39 23 18 14
7 0.06 0.15 0.09 0.35 0.24 0.31 14 15 8
8 0.00 0.04 0.09 —0.20 0.31 10 10 6
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Table A5. p-values and item-total correlations for subtest inductive reasoning.

p-Values Accuracy Item-Total Correlations Sample Base
Pre-Test Post-Test Pre-Test Post-Test Pre-Test Post-Test
Item Control ~ Experimental Control  Experimental Control  Experimental
Group Group Group Group Group Group
1 0.73 0.71 0.88 0.34 0.52 0.45 48 24 24
2 0.44 0.75 0.83 0.35 0.41 —0.18 48 24 24
3 0.44 0.67 0.71 0.42 0.89 0.12 39 19 23
4 0.31 0.71 0.71 0.55 0.61 —0.01 33 19 21
5 0.31 0.50 0.42 0.55 0.36 0.31 31 18 21
6 0.17 0.58 0.63 0.45 0.70 0.13 25 17 19
7 0.17 0.50 0.33 0.57 0.60 0.39 23 16 16
8 0.17 0.54 0.38 0.53 0.57 0.49 21 16 16
9 0.10 0.38 0.33 0.54 047 0.59 20 13 11
10 0.13 0.13 0.13 0.55 0.58 0.51 18 13 10
11 0.10 0.25 0.38 0.64 0.20 0.52 17 9 9
12 0.13 0.21 0.29 0.55 0.30 043 16 8 9
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