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This paper examines whether young special needs (SN) students with emotional/behavioral diﬃculties (age 3–5, n = 14)
reach lower understanding levels than regular students (age 3–5, n = 17) while working on two scientific tasks under a
condition of scaﬀolding (e.g., follow-up questions depending on students’ levels of understanding). Understanding was measured
microgenetically, per utterance, using a scale related to Skill Theory. Monte Carlo analyses showed that SN students gave more
wrong and (the lowest) Level 1 (single sensorimotor set) answers than regular students and fewer answers on (higher) Level 3
(sensorimotor system). However, no diﬀerence was found in their mean understanding level and mean number of answers. Both
groups also had a comparable number of answers on the highest levels (Levels 4 and 5; single representation and representational
mapping). These results do not point to substantial diﬀerences in scientific understanding between SN and regular students, as
earlier studies using standardized tests have pointed out, and highlight the important role of scaﬀolding students’ understanding.
Standardized tests do not seem to indicate the bandwidth of possible scores students show or give an indication of their optimal
scores, whereas a gap exists between student’s task performance under conditions of individual performance and performance
under a condition of support.

1. A Comparison between Students with
and without Emotional and Behavioral
Disorders on Their Understanding of
Scientific Concepts
Numerous studies have shown that students with special
needs (SN students) do not reach the level of academic
performance of regular students, since their behavioral or
emotional problems interfere with their ability to use their
cognitive skills at an optimal level [1–3]. The focus of these
studies is primarily on academic achievement, measured
with summative assessment methods or standardized tests.
However, do we obtain a valid picture of the capabilities,skills, and talents of students if we measure these with
standardized tests, mostly referring to specific domains such
as arithmetic and spelling? Instead,research should also focus
on other domains, measures, and conditions of performance

in order to identify skills, and capabilities that would otherwise be missed. This paper aims to contribute to this matter
by examining 31 regular and SN students’ understanding
of scientific concepts by using a microgenetic design and
an alternative method of measuring understanding. The
students (age 3–5) explored two scientific tasks under a
condition of optimal scaﬀolding, meaning that they were
encouraged and assisted by an adult while working on
the tasks. The aim of this study is to examine whether
diﬀerences between SN and regular students will be revealed
in the process of building their understanding of scientific
concepts, under the guidance of an experienced adult who
provides adaptive scaﬀolding.
1.1. Children’s Understanding of Scientific Concepts. Children’s understanding of scientific concepts develops from
a very young age on [4]. Recently, researchers have argued
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the importance of studying the development of young children’s understanding of scientific concepts. Young children’s
cognitive skills in the domain of science are the foundations
of later literacy in this area and assist children in developing
their reasoning about complex relationships [5]. The degree
of understanding scientific concepts reflects the level of
scientific thinking skills children can use while working on
a problem solving task. Scientific thinking skills can be
defined as the skills needed for describing a problem-solving
situation, for forming hypotheses, testing hypotheses, and
explaining as well as evaluating outcomes [6–10]. In the last
decades, children’s understanding of various scientific concepts has been studied. These studies predominantly focused
on specific outcomes of individual learning processes, such
as pre- and posttest scores on questionnaires [11]. In order
to study students’ understanding of scientific concepts, it is
important to look not only at their achievements under a
condition of individual performance, but also—even more
importantly—under a condition in which they are supported
[7].
The concept of scaﬀolding [12] comprises the temporary
support of a child’s learning process by an adult or more
capable peer. The support is only temporary, since it is
gradually reduced when the child reaches higher levels of
competence and is capable of independent problem-solving
[13]. Scaﬀolding unfolds dynamically [14] in that it describes
not only how a particular level of knowledge or skill in a
student changes as a result of the scaﬀolding process, but also
how the scaﬀolding shifts as a result of the change in the
student’s performance. Teacher and student are engaged in
a mutual process, in which the level of the student influences
the level of the scaﬀold (which should be ahead of the first),
while the level of the scaﬀold influences the level of the
student. Given this definition of scaﬀolding as a dynamic
mechanism of coupled teaching-learning processes, optimal
scaﬀolding implies a student’s optimal understanding as well
as optimal teaching at the same time.
Researchers have pointed out the existence of a gap
between children’s task performance under conditions of
individual performance (also referred to as the functional
level) and performance under a condition of support (known
as the optimal level, see [15]). This dichotomy dates back
to the work of Vygotsky [16]. The general idea behind this
dichotomy is that children do not show a single competence
level, but instead vary across a range of possible levels.
With help and guidance under a condition of scaﬀolding,
students show an increase in understanding (or an increase
in certain capacities), compared to a condition in which they
work without receiving support [15]. In educational testing,
unfortunately, emphasis is put on the functional level,
meaning that what a student can do alone (an exception are
dynamic testing methods, in which repeated testing is alternated with specific forms of feedback). The problem with
these standardized methods of individual testing is twofold.
First, it does not give us an idea of the student’s learning
potential, meaning the levels the student can reach with
support, which will soon be mastered individually. Second,
student’s diﬃculties that interfere with scoring optimally on
these tests, such as problems with focusing attention, or
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understanding the wording of questions, remain unnoticed.
Hence, the scores of students with special needs might not
only reflect their understanding of a particular concept, but
also to a great extent the problems they encounter in an
individual testing situation. Under a condition of scaﬀolding,
a teacher (or researcher) can not only attend to the student’s
needs in a testing situation, but also observe the capabilities
of the student when receiving adequate support.
In this study, students were presented with two scientific
tasks, while a researcher provided a variety of scaﬀolding
techniques depending on the student’s needs. This condition
of optimal scaﬀolding diﬀers from a dynamic testing (or
assessment) method, which aims to measure students’ learning potential in a particular domain by testing repeatedly and
giving feedback after each test [17, 18]. Even though dynamic
testing methods are used to unravel the process of learning,
they are generally standardized, meaning that the questions,
the moments of feedback, and the types of feedback are
defined beforehand. In our condition of optimal scaﬀolding,
we tried to create a naturalistic context somewhat similar to
science classes in primary schools. That is, adult and student
were constantly talking and working on the task; there were
no longlasting monologues, and they did not take turns in
manipulating the task. Moreover, feedback was not given
at fixed intervals, but continuously during the interaction,
mostly in the form of follow-up questions adapted to the
student’s answer, such as “Can you explain that?” or “How
do you think we should figure that out?”
1.2. Special Needs Students. The Organization for Economic
Co-operation and Development (OECD) defines students
with special educational needs as those students who require
“additional public and/or private resources to support their
education” [19]. Since this definition is quite broad, the
OECD has defined three cross-national subcategories in
which special needs students can be divided: students with
disabilities (e.g., sensory, motor, or neurological disabilities),
students with diﬃculties (e.g., emotional and/or behavioral
diﬃculties that have a negative eﬀect on learning), and students with disadvantages (e.g., disadvantages due to socioeconomic or linguistic factors). Depending on the country
and the student’s condition, students with special needs
receive extra resources within regular educational facilities,
or are placed in special classrooms or schools. In the current
research project, we visited special needs students with
emotional and/or behavioral diﬃculties who were enrolled
in special educational facilities. Most of these students were
oﬃcially diagnosed with ADHD or mild forms of autism
spectrum disorders (ASD), such as pervasive developmental
disorder-not otherwise specified (PDD-NOS). A literature
search showed that SN students with diﬃculties usually
perform below the level of regular students [20, 21] on
academic achievement tests that are usually standardized.
This leads to the question whether a condition of optimal
scaﬀolding would yield the same results.
In general, children diagnosed with ADHD show inattention (e.g., diﬃculty staying focused, often distracted
and unorganized), hyperactivity (e.g., motoric restlessness,
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excessive talking), and impulsivity (e.g., cannot wait for
his/her turn, doing before thinking) [22], which seem to
impair their ability to learn [23]. Luo and Li [24] found that
the memory capacity (including short-term and working
memory) of children with ADHD was impaired compared
to that of typically developing children. Moreover, studies
examining the processing level of children and adults with
ADHD indicated that they have deficits in higher-level
processing [25] and that they use diﬀerent brain areas to
encode complex or low-salient stimuli [26].
Children diagnosed with ASD are impaired in initiating
and sustaining appropriate social interactions (e.g., maintaining relationships, limited social or emotional reciprocity)
and communication (e.g., stereotyped use of language,
impaired Theory of Mind). In addition, they often show
limited and repetitive behavioral patterns [22]. Barnes et al.
[27] stated that ASD students are not able to learn as easily
as regular students, since they do not make deliberate use
of their (social) environment, even though their implicit
learning processes seem to be intact. Studies on higher-level
processing of children with ASD showed that they exhibit
diﬃculties when higher-level language processing (the use
of meaning and context of a word) is needed to encode
information [28].
Many SN students with diﬃculties (in our sample as well
as in the broader population) have a combined diagnosis,
such as pervasive developmental disorder-not otherwise
specified (PDD-NOS) with hyperactivity symptoms, or
ADHD with symptoms of oppositional deviant disorder
(ODD). While there are diﬀerences with regard to the specific
diﬃculties that students with diﬀerent diagnoses encounter
in learning situations, they do resemble each other in that
SN students with diﬃculties generally display significant
academic delays across all placements (including all forms of
special education and general education; for a meta-analysis,
see [20]), which do not seem to improve over time.
1.3. Measuring Children’s Understanding of Scientific Concepts. In this study, the levels of understanding were operationalized by using a scale related to the 10 levels of Skill
Theory, developed by Fischer [29]. Skill Theory focuses on
the complexity and variability of children’s skills, which consist of actions, verbalizations, and thinking abilities and the
way these are constructed [15, 29]. One of the most powerful
characteristics of Skill Theory [29] is that it extracts complexity from content, resulting in a content-independent measure of understanding. Because of this content-independent
nature, Skill Theory enables researchers to compare understandings across multiple time points, contexts, persons, and
age ranges [15, 30–32].
According to Fischer [15, 29], development in a particular domain goes through 10 levels of skills, hierarchically
grouped into three tiers, that develop between 3 months
and adulthood. The first tier consists of sensorimotor skills:
simple connections of perceptions to actions or utterances.
For example, the child states that two syringes are attached
to one another by a tube. Any statements or actions
going beyond the observation of elements, or observable
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mechanisms, fall in the second and third tiers. The second
tier is constituted of representational skills, understandings
that go beyond current simple perception-action couplings,
but are still based on them. That is, the term representation
refers to the coordination of several sensorimotor skills at
the same time [29]. Within the context of the two connected
syringes, for example, the child can predict what happens if
one of the pistons is pushed in, without literally touching
or manipulating the syringe. Nonetheless, what he or she
predicts depends not only on the context, but also on the
sensorimotor skills mastered before. The third tier consists of
abstractions, general rules that also apply to other situations.
This would be an explanation about the relationship between
pressure and volume inside a syringe [32]. Earlier (basic)
skills form the basis of the more advanced skills across all
tiers, that is, they are the building blocks of the higher levels.
Within each tier, sensorimotor, representational or
abstract, three levels can be distinguished, each one is
more complex than the previous one. The first one can be
characterized as a single set, (e.g., a single representation or a
single abstraction). The second level is a relation between two
of these sets, which is referred to as a mapping. The third level
is a system of sets, which is a relation between two mappings,
in which each mapping consists of a relation between single
sets. After this level, a new tier starts, which is divided in
single sets, mappings, and systems as well [15].
Fischer and colleagues [15, 29, 32–34] showed that Skill
Theory can not only describe and explain the development of
skills on the long term, but also describe the microgenesis of
problem solving [34]. When facing a new task or problem,
even highly skilled adults go through the same cycles of
skills. At the beginning they show skill levels that are mostly
sensorimotor, which later build up to more elaborate levels.
During a task, people do not go through the skill cycles
in an orderly linear fashion. Instead, they repeatedly build
up skill levels and regress before they obtain their highest
possible level [33]. This variation between their highest
and lowest possible complexity levels is also known as the
developmental range. The highest levels within this range
(reflecting the student’s optimal level) are only reachable
when the environment provides suﬃcient support [15, 33].
Given that students constantly vary within their developmental range (and given that we used a condition in
which scaﬀolding was provided), it is important to measure
understanding repeatedly during a task and capture the full
range of skills students master in this context. Measuring
students’ understanding in a microgenetical way enables
us to closely examine variations in students’ understanding
which reflect their thinking processes and prevents us from
losing that information if we were measuring understanding
at one point in time [35]. We therefore decided to register the
skill theory levels of all task-related utterances. By looking
not only at students’ mean understanding level, but also
at the distribution of their understanding levels, a more
complete picture of their understanding can be revealed.
1.4. Research Questions and Hypotheses of This Study. This
paper addresses the following questions. First, on average,
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do the SN students reach a lower (Skill Theory) level of
understanding than the regular students during the two
scientific tasks while they are scaﬀolded by an adult? Second,
if we look at the data from a more microgenetic point of view,
does the proportion of the answer levels of SN students diﬀer
from that of the regular students during the scientific tasks?
To see whether the SN students would benefit from
our scaﬀolding approach, we decided to take a falsification
approach. If the scaﬀolding would not have a positive eﬀect,
we would, based on previous literature, expect to find that
SN students’ diﬃculties would impair them in crucial aspects
relevant for the tasks, such as staying focused and being able
to process complex information. In line with this, we would
expect that (a1 ) their mean level of understanding would be
lower than that of the regular students, and that (a2 ) they
would have a lower mean number of correct task-related
utterances (answers to questions), but (a3 ) a higher mean
number of incorrect task-related utterances (wrong answers
to questions, i.e., mistakes). This leads to the hypothesis
that (b1 ) SN students would have a higher proportion of
Level 1 (single sensorimotor set) and Level 2 (sensorimotor
mapping) correct answers, which are the lowest Skill Theory
levels. In contrast, regular students were expected (b2 ) to
answer more questions correctly on the three higher levels:
Level 3 (sensorimotor system), Level 4 (single representation), and Level 5 (representational mapping). (We did not
include levels higher than 5 into our hypotheses, because
the ages associated with the emergence of these levels are
above the age range of the students included in our study
(see [15] for the ages of emergence).) However, if SN students
would benefit from the scaﬀolding condition, we should be
able to reject all hypotheses mentioned above and find no
substantial diﬀerences between the two groups.

2. Method
2.1. Participants. The participants consisted of 14 Dutch
SN students with emotional/behavioral diﬃculties (12 male,
2 female) enrolled in special educational facilities, and 17
Dutch regular students (10 male, 7 female) enrolled in
regular educational facilities. Each group consisted of three
cohorts recruited at the start of the study: 3-year olds (Mage =
40 months, SD = 3.74), 4-year olds (Mage = 54 months,
SD = 4.09), and 5-year olds (Mage = 65 months, SD =
4.52). Although technically the 3-year-old students should be
classified as preschoolers, we refer to them as students for
the sake of simplicity. The two oldest SN cohorts (n = 10)
attended kindergarten at a special needs primary school, and
the youngest SN cohort (n = 4) attended a special needs daycare center. The two oldest ND cohorts (n = 10) attended
kindergarten at a normal primary school, and the youngest
ND cohort (n = 7) attended a regular daycare center.
Recruitment took place at two schools and daycare centers in
The Netherlands. Within these schools and centers, students’
parents were asked if their children could participate in a
study on scientific reasoning. All students whose parents
responded positively were included in the study.
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The SN students included in this study had emotional
and/or behavioral diﬃculties that have a negative impact on
their learning. They were oﬃcially diagnosed by psychological institutes or pedagogic professionals, most of them with
ADHD (about 70% of the SN students), or a form of ASD
(30% of the SN students). In The Netherlands, an oﬃcial
diagnosis is required to be able to enroll in a special school
or educational facility. Given the severity of their problems
and their developmental delays, these students were unable
to follow the educational program oﬀered at regular schools.
The educational program in their special schools takes a
slower pace and focuses more on the students’ behavior and
basic skills and knowledge. The lower percentage of female
SN students (21.4%) is comparable to that of other mixedgender studies on SN students with diﬃculties. Within the 13
mixed-gender studies included in their meta-analysis, Reid
et al. [20] found percentages of females ranging from 9.3%
to 63%, with an average percentage of 22.6%.
2.2. Procedure. During each visit, the students explored two
scientific tasks individually, guided by a researcher, who was
extensively trained into working with an adaptive protocol
(see below). The first task involved the scientific concepts air
pressure and Boyle’s law, demonstrated by a task in which
two syringes were attached to each other through a tube.
When the piston of one syringe was pushed in, air travelled
through the tube to the other syringe, which piston got
pushed out as a consequence. During this task, syringes of
diﬀerent volumes were used. The second task during this visit
was about the scientific concepts gravitation, inertia, and
acceleration, which were demonstrated with a ball-run. Balls
of diﬀerent textures and weights were released at one end of
the run, and slid down a path with diﬀerent colors in order to
determine which ball would come the farthest. The concepts
of air pressure and gravity/inertia/acceleration were chosen
because they provided a domain that was both limited and
rich enough to study students’ understanding of scientific
concepts. Moreover, given their young age, the students had
probably never encountered tasks like this, which meant that
a continuous interaction with some form of scaﬀolding could
be established.
To create a condition of optimal scaﬀolding, but also
reach an acceptable level of standardization, an adaptive
protocol was constructed. This guaranteed that all students
were asked the basic questions that reflected the core building
blocks of the scientific concepts incorporated in the task. At
the same time, the protocol left enough space for students
to show their understanding spontaneously and for the
researcher to provide scaﬀolding when needed, without
prompting the student with answers. This was done by
asking follow-up questions related to the student’s earlier
answers encouraging the student to elaborate on an answer
or asking for short explanations. For each task, the researcher
showed the student the material and asked the student for its
purpose and functioning at the very beginning. Afterwards—
regardless whether the student answered the previous questions right, wrong, or at all—the student was encouraged to explore the material by him/herself. Subsequently,
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the researcher asked questions about the task’s functioning,
as well as the underlying mechanisms, such as “Why does
the piston of the other syringe get pushed out when you
push the piston of this syringe?” The researcher gave the
student time to answer, asked follow-up questions (related
to the level of understanding as shown by the student),
and encouraged him/her to think about the task and try
out his/her ideas using the material. Even though students’
answers were challenged sometimes, the feedback never
included statements indicating whether the student was right
or wrong. When the student could not give an explanation,
the researcher proceeded with another question or subject.
Each task took approximately 15 minutes. All interactions
were recorded on video.
2.3. Coding of Verbal Understanding. In order to determine
students’ levels of understanding throughout the tasks,
their verbal utterances were coded in four steps using the
computer program MediaCoder [36]. The videos were coded
in great detail, which enabled us to assign a range of
understanding levels during a task. The first step in the
coding procedure was the determination of the exact points
in time when episodes of utterances started and ended. The
second step involved the classification of all utterances of the
student into several categories: descriptive, predictive, and
explanatory answers/utterances; requests; content-related
questions; other utterances. After this initial classification,
meaningful units of the student’s coherent utterances were
formed in the third step of the coding procedure (units of
analysis). This meant that the student’s utterances about a
single topic were combined. The unit of analysis ended when
the next utterance of the student fell into another category,
or when the researcher interrupted the student (e.g., by
asking another question). However, if the researcher simply
encouraged the student to tell more about the same topic, the
unit of analysis would not end.
Lastly, the level of understanding per unit was determined by rating each unit on a ten level scale, which follows
the model of Skill Theory [29]. These were the levels ranging
from single sensorimotor sets (Level 1) to representational
mappings (Level 5). At Level 1, students stated single
characteristics of the task, such as “This ball is fast.” At
Level 2 (sensorimotor mapping), single characteristics were
linked and comparisons between task elements were made,
such as “This ball rolls faster than the other one.” At Level
3 (sensorimotor system) students described aspects of the
tasks in terms of causal observational relationships, such
as “If I push the piston of this syringe, then the piston of
the other one moves.” At Level 4 (single representation),
students were able to predict nonobservable characteristics
and relations by saying for example, “I think this ball will
come further than the other,” or “Air causes the piston of
the syringe to move.” Lastly, at Level 5 (representational
mapping), students could explain and predict in terms of
two causal relationships including an additional step, for
example, “The piston pushes the air, which travels through
the tube to the other piston, which then gets pushed out by
the air.” Next to these five levels, an answer could also be
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classified as a “mistake” when it was simply wrong, irrelevant,
or when the student indicated that he or she did not know the
answer to a question.
Videos were coded by two independent raters using a
standardized coding book. For each round of coding (categories, units, and understanding levels), raters went through
a training of coding three 15-minute video fragments and
compared their codings with those of an expert-rater—the
researcher who constructed the codebook. Initial diﬀerences
between the raters and the expert-rater were solved through
discussion. The codings of the third fragment were compared
to the codings of the expert-rater and a percentage of
agreement was calculated. The percentages of agreement
on the third fragment were categories: 93% (P < .01),
units: 94% (P < .01), and level of understanding: 92%
(P < .01). The advantage of reporting simple percentages
is that these are intuitively clear measures of agreement.
Nevertheless, percentages provide no indication to what
extent they depend on chance, which is why a P value (within
brackets) was added [37]. The P values were calculated using
a Monte Carlo procedure; for a description of this statistical
procedure see Section 2.4.
2.4. Data Analysis. After coding SN and regular students’
answers during both tasks, the frequencies for each level
of understanding were determined. The mean level of
understanding, the number of mistakes and answers, as well
as the proportion of answers on each level were compared.
For these comparisons, we used Monte Carlo permutation
tests [38], which have great explanatory value in the case
of small or skewed samples and result in reliable P values,
since they do not assume any underlying distribution, or
a minimum sample size [39]. Given our small sample
size and skewed distribution of data, an ANOVA design
(with accompanying assumptions) would decrease statistical
power [40]. The Monte Carlo procedure estimates the
probability that a certain diﬀerence between two groups is
caused by chance alone. This is done by drawing a number of
random samples from the original data (for this study 5000
random samples were drawn for each test), and determining
how often the observed, or a bigger diﬀerence occurs in these
random samples (positive cases). This number of positive
cases is divided by the number of random samples in order
to produce a P value for the tested diﬀerence, comprising
the probability that the observed diﬀerence occurs in the
distribution of 5000 random samples of the data. If the
probability that this occurs is small, we can conclude that the
observed diﬀerence is not merely caused by chance and, thus,
that it is a legitimate diﬀerence.
Since we compared a number of diﬀerences between
conditions and variables, we have decided to discuss only
the interesting diﬀerences, which we defined as all diﬀerences
for which the P value was equal to or smaller than .1
(which would support the hypotheses, and literature on
academic diﬀerences between regular and SN students),
and all diﬀerences that were contrary to our expectations
(i.e., those results that would make us reject the hypotheses
that the two groups diﬀer, which would possibly indicate

6

Education Research International

Table 1: Mean, standard deviation, and minimum and maximum levels of understanding per group of students (regular and SN) and
cohort.

Regular students

SN students

Age
All
3
4
5
All
3
4
5

N
17
7
5
5
14
4
5
5

the positive eﬀect of scaﬀolding). The eﬀect sizes of these
diﬀerences (d) were calculated by dividing the diﬀerence
in means by the standard deviation of the youngest age
group (in case of within-group diﬀerences), or the standard
deviation of the regular students (in case of between-group
diﬀerences). These standard deviations were chosen because
they were usually the biggest and, hence, yielded the most
conservative measure of the eﬀect size.

3. Results
3.1. Mean Levels of Understanding. Before testing our
hypotheses, we first looked at the within-group diﬀerences
in mean understanding level to see if similar patterns would
evolve within each group. The results of the analysis are
displayed in Table 1 and Figure 1. For the regular students,
a significant diﬀerence in mean level of understanding was
found between the 4-year olds and the 5-year olds, and
between the 3- and 5-year olds (P < .01 for both diﬀerences,
d = 1.81 and d = 2.24, resp.). For the SN students, a very
similar pattern emerged: The 3-year olds and the 4-year olds
diﬀered significantly in their mean level of understanding
from the 5-year olds (P < .05; d = .97 and d = 1.33, resp.).
3.1.1. Hypothesis a1 : The Mean Level of Understanding Is
Lower for the SN Students. Table 1 also shows the overall
mean understanding level of the regular and SN students.
Contrary to the hypothesis (a1 ), the regular group reached
only a slightly higher mean level of understanding (M =
2.54, SD = .27) compared to the SN group (M = 2.50, SD =
.32). This diﬀerence was not statistically significant (P =
.36). When looking at the diﬀerences in means for each age
group, the results were similar. Even though the SN students
had lower mean understanding levels in the two oldest age
groups, and a comparable level of understanding in the
youngest age group (see Figure 1), the diﬀerences with the
regular students were too small to be statistically significant.
We can therefore reject hypothesis a1 and conclude that there
are no significant diﬀerences in mean level of understanding,
both in the group as a whole and across all age groups.
3.2. Mean Number of Correct Answers and Mean Number of
Mistakes. Subsequently, the mean numbers of answers and
mistakes were analyzed (see Table 2 and Figure 2). Again, the

Mean
2.54
2.37
2.46
2.84
2.50
2.38
2.37
2.74

Mean level

Group

SD
0.27
0.21
0.21
0.15
0.32
0.27
0.38
0.17

Min
0
0
0
0
0
0
0
0

Max
5
4
4
5
5
4
5
5

3.1
3
2.9
2.8
2.7
2.6
2.5
2.4
2.3
2.2
2.1
2
3-year olds

4-year olds

5- year olds

Regular students
SN students

Figure 1: Mean understanding level (Y -axis) displayed by age Xaxis) for each group.

within-group diﬀerences were explored first to see if we could
detect similar patterns in the two groups. Within the regular
group, the mean number of answers first decreased with age
and then slightly increased, albeit not statistically significant.
However, there were some significant diﬀerences regarding
the mean number of mistakes for the regular group, that is,
the diﬀerence between the 3- and 4-year olds (P = .05, d =
.77), and the diﬀerence between the 3- and 5-year olds (P <
.05, d = .91). The SN group showed a nonsignificant decrease
in the mean number of answers between the 3- and the 4-year
olds, and a significant increase between the 4- and the 5-year
olds (P < .05, d = 1.26). Their mean number of mistakes,
however, diﬀered only slightly, and none of the diﬀerences
between the age groups was statistically significant.
3.2.1. Hypotheses a2 and a3 : SN Students Have a Lower Mean
Number of Correct Answers and a Higher Mean Number
of Mistakes. The mean number of answers did not diﬀer
significantly (P = .42) between the two groups, which
was in contrast with the hypothesis (a2 ) that the mean
number of answers would be lower in the SN group. The
mean number of mistakes, however, was significantly higher
for the SN students (P < .01, d = .91), which supported
hypothesis a3 . This was also found when we corrected for
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Table 2: Means and standard deviations of the number of answers and mistakes per group of students (regular and SN) and cohort.
Group

Age

N

Mean answers

SD

Mean mistakes

SD

Regular students

All
3
4
5

17
7
5
5

116.59
125.29
109.6
111.4

40.95
56.59
34.33
22.35

37.35
48.86
31.0
27.6

19.44
23.31
11.79
12.58

SN students

All
3
4
5

14
4
5
5

119.07
117.25
107.0
132.6

24.11
30.08
20.35
19.55

55.07
60.0
55.6
50.6

16.3
25.13
15.08
10.64

3.3. The Proportion of the (Skill Theory) Answer Levels. In
order to answer whether the distribution of the answer levels
of SN students diﬀered from that of the regular students, the
number of answers was counted for each level and divided by
the total number of answers within each (age) group. To test
the diﬀerences between the groups, the mean proportions
were used (see Table 3).

160
140
120
Mean number

the number of answers, that is, when we compared the
mistakes proportional to the total number of answers, which
yielded a higher proportion (0.46) for the SN students
compared to the proportion (0.32) for the regular students
(P < .01, d = 1.45).
When looking at the diﬀerent age groups, the 3-year-old
regular students did not diﬀer significantly from the 3-yearold SN students in terms of their mean number of answers,
but also not in their mean number of mistakes. However,
the ratio wrong/total number of answers of the 3-year old
SN students (0.5) was significantly higher than that of the
3-year-old regular students (0.39), P < .05, d = 1.19. The
mean number of answers of the 4-year-old regular students
also did not diﬀer from that of the SN students. That said,
their mean number of mistakes was significantly higher
(P = .01, d = 2.09). This was also the case when the
ratio wrong/total number of answers was compared. The
ratio of the 4-year old SN students was significantly higher
(0.52) than that of the regular students (0.29), P < .01, d=
3.47. Lastly, the 5-year-old regular and SN students diﬀered
significantly with respect to both their mean number of
answers and their mean number of mistakes (P = .05, d =
.95 and P < .01, d = 1.83, resp.). Note that the 5-year-old SN
students answered more questions than the regular students
(M = 132.6, SD = 19.55 versus M = 111.4, SD = 22.35),
contrary to hypothesis a2 . Nevertheless, they also made more
mistakes (M = 50.6, SD = 10.46 versus M = 27.6, SD =
12.58), and the ratio wrong/total number of answers was
higher for the SN students than for the regular students (0.38
and 0.24 resp., P < .01, d = 1.95), which was in line with what
was expected (a3 ).
To summarize, we found no evidence for the hypothesis
that SN students have a lower mean number of correct
answers across all age groups, so we can reject hypothesis a2 .
On the other hand, we did find evidence for the hypothesis
that SN students have a higher mean number of mistakes,
and cannot reject hypothesis a3 .

100
80
60
40
20
0

3- year olds
Regular answers
Regular mistakes

4- year olds

5 -year olds

SN answers
SN mistakes

Figure 2: Mean numbers (Y -axis) of answers and mistakes by age
(X-axis) for each group.

3.3.1. Hypothesis b1 : SN Students Have a Higher Proportion of
Correct Answers on Levels 1 and 2. When we compared the
regular students with the SN students across all age groups
(see the left upper graph of Figure 3), SN students had a
significantly higher proportion of Level 1 answers (P < .01,
d = 2.0) as was hypothesized. However, the regular group
had more answers on Level 2 (P = .05, d = .55), which
was in contrast with hypothesis b1 . When looking at the 3year olds, a similar diﬀerence between the groups emerged
for Level 1 (P < .05, d = 1.06). The 4-year-old SN students
also had a higher proportion of Level 1 answers compared
to their regular peers (P < .01, d = 4.4), and given the large
eﬀect size, this seems to be a considerable diﬀerence. The 4year-old regular students had a higher mean proportion of
level 2 answers than the SN students (P = .05, d = 1.06),
which was in contrast with hypothesis b1 . For the 5-yearold students, the diﬀerence in the proportion of Level 1
answers between the SN students and the regular students
was significant (P < .01, d = 3.3). In sum, SN students had
indeed a higher proportion of correct Level 1 answers across
all age groups, which was in line with hypothesis b1 . For Level
2 answers, however, the overall group of regular students had
a significantly higher proportion, as well as the 4-year olds.
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Table 3: Proportions of correct answers per level of understanding (the number of correct answers for each level divided by the total number
of correct answers of each (age) group).
Group
Regular students

SN students

Age
All
3
4
5
All
3
4
5

N
17
7
5
5
14
4
5
5

1
0.04
0.05
0.04
0.02
0.13
0.11
0.18
0.09

For the 3- and 5-year olds, no significant diﬀerence in the
proportion of Level 2 answers was found. Hence, the results
for the proportion of Level 2 answers are not in line with
hypothesis b1 .
3.3.2. Hypothesis b2 : Regular Students Have a Higher Proportion of Correct Answers on Levels 3, 4, and 5. In the overall
group, the regular students had a higher proportion of Level
3 answers (P = .06, d = .49), which supported hypothesis
b2 . On Level 4, however, the SN students outperformed the
regular students, which was unexpected (P = .1, d = .49). No
significant diﬀerence between the groups was found for Level
5 (P = .31). When looking at the separate age groups, the
3-year olds showed a similar diﬀerence between regular and
SN students on Level 3 (P < 0.05, d = .86). For this age group,
the diﬀerence on Level 4 was also noteworthy, since the 3year-old SN students had a higher proportion of answers on
this level than the regular students (P = .07, d = 1.04). For
the 4- and 5-year olds, the diﬀerences between the groups on
Level 3, 4 and 5 were too small to be statistically significant.
To conclude, the only evidence in line with hypothesis b2 was
found for the proportion of Level 3 answers in the overall
group and for the 3-year olds. All other diﬀerences were not
in line with hypothesis b2 .
Figure 3 shows the proportion of answer levels, both
for the groups as a whole and for the separate age groups.
Despite some small diﬀerences (mostly on Levels 1 and 2),
the shape of the graphs of the two groups is strikingly similar,
with peaks at Levels 2 and 4, low values at Levels 1 and 5,
and a dip at Level 3. In the graph of the 3-year olds (right
upper graph), the dip at Level 3 is clearly lower for the SN
students than for the regular students, whereas the rest of
the proportions seem to be similar. The graphs for the 4and 5- year-old students (lower two graphs) look even more
similar. The diﬀerence in the proportion of Level 3 answers is
smaller for these age groups, and the proportions of answers
on Levels 4 and 5 seem to be equal.

4. Discussion
The aim of this research was to examine whether diﬀerences
between 3- to 5-year-old SN and regular students would
emerge in the process of building their understanding of
scientific concepts while working on two scientific tasks: one

2
0.60
0.67
0.65
0.47
0.51
0.64
0.51
0.42

3
0.14
0.13
0.12
0.17
0.09
0.02
0.09
0.15

4
0.21
0.17
0.19
0.32
0.26
0.23
0.21
0.33

5
0.005
0.0
0.0
0.01
0.007
0.0
0.01
0.01

about air pressure and Boyle’s law, and one about gravity,
inertia, and acceleration, under a condition of optimal
scaﬀolding in a natural setting.
4.1. Overview of Our Findings. With regard to the mean level
of understanding, the hypotheses that SN students’ mean
level of understanding would be lower (a1 ), and that they
would have a lower mean number of answers (a2 ) must
be rejected. The hypothesis that SN students would make
more mistakes (a3 ) was the only hypothesis that was mostly
supported by our data. That is, the overall SN group made
more mistakes than the regular group. This was also the
case when the 4- and 5-year-old SN and regular students
were compared. For the 3-year olds, no diﬀerence was found
when absolute measures were compared; however, the ratio
wrong/total answers was significantly higher for the 3-yearold SN students.
In line with hypothesis b1 , SN students had a higher
proportion of Level 1 (single sensorimotor set) answers
compared to the regular group. Contrary to this hypothesis,
however, the regular students outperformed the SN students
on Level 2 (sensorimotor mapping) in the overall group
and most age groups. In addition, the regular students had
indeed a higher proportion of Level 3 (sensorimotor system)
answers (hypothesis b2 ), but this was mostly caused by the
diﬀerence between the 3-year-old SN and regular students.
On Levels 4 and 5 (single representation and representational
mapping), the groups scored roughly equal, which was not
in line with hypothesis b2 . In general, most findings were in
contrast with the hypotheses and previous research.
4.2. The Positive Eﬀects of Optimal Scaﬀolding Conditions.
In the last years, studies showed that students with special
needs are not learning the required basic academic skills and
perform below the level of regular students across several
domains. Most of these studies focused on math and reading
skills [1–3], measured with standardized tests [20], although
some have focused on scientific thinking [21]. The outcomes
of these studies are in contrast with the performance of SN
students under our optimal scaﬀolding condition. In fact,
our results are even in contrast with the standardized test
scores of the SN students included in this study, on which
they performed below the regular students. Most Dutch
schools take part in a national assessment program (Cito)
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Figure 3: The proportion (Y -axis) of the answer levels 1–5 (X-axis) for all students, and the 3 age groups. Regular students are displayed by
the solid line, SN students by the dashed line.

and regularly evaluate their students’ progress on several
subjects, such as math and language skills. We collected
the regular and SN students’ test scores on their first Cito
language and math tests administered in kindergarten. On
both tests, students could get a score from 1 (E, lowest score)
to 5 (A, highest score). We obtained data for 28 of our
students; the data of three SN students were not available,
because they had not yet been tested. Taking the mean score
of these two tests, our regular students had a score of 4.4 on
average, whereas the SN students had a score of 3.68. Using
a Monte Carlo test we found this diﬀerence to be statistically
significant (P < .05), with an eﬀect size (d) of .67. This means
that at this time, the regular students performed two-third
of a standard deviation better on these two academic tests
compared to the SN students in our sample.
The question arises whether the skills and performances
examined with standardized tests are similar to those in this
research. Standardized tests do not indicate the bandwidth
of possible scores children show or give an indication of
their optimal scores, whereas researchers have pointed out
the existence of a gap between children’s task performance
under conditions of individual performance and performance under a condition of support [15]. In other words,
the context in which one assesses students’ capabilities

influences the results to a great extent. This context can be
a diﬀerence not only in terms of measurement setting or
presentation of tasks (standardized versus scaﬀolding), but
also in terms of the type and phrasing of questions. In a
study of Ayoub et al. [41], maltreated children (42 months
old) were not able to retell stories involving nice interactions
as accurately as nonmaltreated children. However, both
groups showed roughly the same scores when asked to re-tell
stories involving mean interactions. The authors conclude
that maltreated children are not cognitively impaired in the
traditional sense, but instead have learned to focus more on
negative aspects, which can be an adaptive response to threat.
The current research shows that special needs students
with behavioral diﬃculties perform on the same level
as regular students on tasks requiring scientific thinking
and reasoning, if they are guided by an adult who uses
appropriate scaﬀolding techniques to respond to the student’s emotional and cognitive needs. On the other hand,
standardized tests in math and language seem to be too
demanding. Cooper et al. [42] indicated that standardized
test scores are not always appropriate to measure problemsolving skills of SN students. In their study on problemsolving,which included experiential science materials, a
mentoring component, and assessment of students’ scientific
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products instead of their test scores, the problem-solving
skills of SN students were comparable to those of regular
students. This study also seems to indicate that SN students’
scientific problem solving skills (and their understanding,
which reflects the level of these skills) are more advanced in
conditions in which they receive adaptive support from the
environment. Their individual performance, in the literature
mostly measured by standardized tests (and in the case of
our sample by math and language tests), might not accurately
reflect the SN students’ full potential.
4.3. Standardized Tests versus Conditions of Scaﬀolding: What
Do They Measure? For many SN students, the validity of
(standardized) tests depends on the accessibility of test items
and tasks. As an example, a dyslexic student’s score on a
standardized math test might not only reflect the student’s
math skills, but also the ability to read the test items and
instructions [43]. Hence, standardized tests do not only
measure the constructs they claim, and students’ test scores
might reflect some construct-irrelevant noise. The students
included in our study were not print-disabled, but had other
diﬃculties, and formal testing situations might be unable to
meet their individual needs. These needs might well be met
in a scaﬀolding condition, in which the researcher continuously draws the student’s attention, changes the wording
of questions if necessary, and uses follow-up questions to
get a complete picture of the student’s understanding, or
challenges an earlier given answer. Moreover, the handson tasks used in this study enabled the students to try out
their ideas and, if necessary, change their explanations of the
mechanisms at work.
Scaﬀolding does not mean that students get so much
help that they simply surpass their own level of performance,
nor does it mean that students are prompted with answers.
Instead, scaﬀolding sets a context in which students can
access the upper section of their range of possible scores.
Although scaﬀolding is seldom used in summative assessment methods, Almond et al. [43] note that scaﬀolding
provides students with supports that help them to answer
questions at their individual level, which allows us to better
measure students’ knowledge and skills. Under a condition
of scaﬀolding, teachers can see what students do know about
a particular item, instead of simply marking their answer as
wrong or incomplete. This study shows that when children
are in a situation in which scaﬀolding is applied frequently,
diﬀerences between special needs and regular children almost
disappear. We therefore advise teachers in special educational
settings to use a wide range of adaptive scaﬀolding techniques (follow-up questions, encouragement, instructions,
and feedback) during their lessons. In doing so, teachers
can pay particular attention to the mistakes SN students
make (which they made more in this study compared to
the regular students) and encourage them to elaborate on
the correct parts of their thinking. By carefully watching
students’ responses in the classroom, the diﬃculties of SN
students can be detected and further addressed by using
scaﬀolding techniques. For example, the 3-year-old SN
students in this study had diﬃculties in expressing causal
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relationships, that is, they had significantly less answers on
Level 3 (sensorimotor system). These young students might
benefit from more scaﬀolding directed towards this type of
reasoning.
New initiatives show that scaﬀolding conditions are not
as far from formal testing situations as one would imagine.
Research suggests that applying universal design principles
can improve testing of SN students with diﬃculties, by
providing alternative forms of instructions (e.g., not only
text, but also graphs or pictures, or videos), alternative forms
of expression (e.g., not only writing down answers, but also
drawing or using graphic organizers), and alternative forms
of engagement (e.g., choosing a topic for a test on reading
comprehension) [43, 44].

4.4. Suggestions for Future Research. The number of SN
students is growing [45], and therefore it becomes more
and more important to assess not only their disabilities,
but also their capabilities both in the academic context
and beyond. Identifying their strengths and providing help
to make use of these strengths could support students in
developing a more positive self-concept and self-eﬃcacy,
which they often lack due to failure experiences in the
academic context [42]. Future research should investigate
what characteristics of students’ environment (materials,
tasks, and interactions with adults or peers) support the
development of their (scientific thinking) skills, in order to
advise teachers, parents and therapists regarding the optimal
adjustment of academic contexts to students’ individual
needs. In addition, the microgenetic approach we used
(coding per utterance) yielded a continuous measurement
of students’ understanding and showed that understanding
shifts regularly between levels over time (see also [34]).
Measuring understanding using aggregated data of single
tests might prevent us from detecting these variations in
students’ understanding and could possibly lead to inaccurate measures. Further research should both investigate the
benefits of scaﬀolding for SN students in more detail, as well
as the variations in their academic achievements over time.
The results of these studies can then be used to optimize
standardized tests, so that SN students can make optimal use
of these situations.
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