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Abstract—Students vary between one another, however, this
is not simply random variation, engineering students, for
example, are noted to be more conscientious than other students.
Nevertheless, differences between students, and educational
implications are not well understood. To address this, we
applied an educational neuroscience approach to attempt to
understand intellectual and mental-focus differences between
STEM and non-STEM undergraduate students. Drawing on
research in autism which shows that the typical autistic profile
is much more common in mathematicians and scientists than in
other vocations, we theoretically link this to abilities in
visuospatial processing, skills that are important for learning in
STEM subjects. To test this approach empirically, we applied a
three-dimensional visuoconstructive task, usually used in
clinical neurosciences research, to two groups of university
students, studying for either STEM or non-STEM majors. As
hypothesized, students that display autism-related traits,
irrespective of their major, perform better on this task. This
observation extends an existing body of knowledge that has
shown this phenomenon with two-dimensional mosaic block
tasks. Furthermore, STEM students were found to spend longer
on cognitive planning before attempting the task, than non-
STEM students. We found no significant differences on other
measures, including social cognition, and fine motor
coordination. This suggests that a relatively specific feature that
may vary between STEM and non-STEM university students
relates to spontaneous application of top-down cognitive
control, as opposed to more impulsive trial and error problem
solving.

Keywords—STEM, educational neuroscience, visuospatial
ability, visuospatial construction, autism, executive function,
motor control, neurodiversity, pedagogy

1. INTRODUCTION

Within higher education, and beyond, it is frequently
observed that students from different fields of study (e.g.,
different majors) also tend to vary on their personalities and
cognitive strengths and weaknesses. Conscientiousness is one
of the five core aspects of human personality, and engineers,
for example, tend to be more conscientious than the general
public [1]. This probably reflects the need for accuracy and
detail in their daily work. Furthermore, it is likely that people
make training and career choices that allow them to make
good use of their strengths (such as conscientiousness). In fact,
this phenomenon is well-known in the study of human
resources, and is known as person-environment fit [2].
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This effect can also be seen within measures of academic
achievement, as different strengths and weaknesses impact on
grades, depending on the subject studied. At high-school level,
higher grades in STEM subjects are observed in students with
relatively good intelligence test scores, while in humanities
subjects, higher grades are associated more with personality
factors than they are with intelligence [3].

Similar effects have been observed at university level:
higher intelligence test scores predict performance of
engineering undergraduates, while for educational
psychologists, emotional skills are more important [4].
Understanding such variation is important because it directly
influences the potential for individual students. A student who
finds themselves in an inappropriate ‘person-environment fit’
may become unmotivated to achieve, disheartened by poor
performance, uninterested in the subject matter etc.

Clearly, intelligence, or 1Q, is an important factor in this,
particularly in relation to STEM studies. However, overall,
intelligence is rather weak predictor of performance in higher
education, explaining only around 4% of the variance in grade
point average [5].

In contrast, using very large data sets of academic
achievement, it has been estimated that about 50% of all the
variation in grade point average at universities is related to
variation between students (the other 50% being due to
variation in teaching methods, facilities etc.) [6]. Therefore,
much of the psychological background of students that is
impacting their ability to excel is not captured by intelligence
testing.

There is a growing trend to go beyond traditional concepts
of IQ and apply more up-to-date knowledge from cognitive
and brain sciences, an approach known as educational
neuroscience. This uses existing knowledge concerning how
people learn, about variation in abilities, behavior control etc.
from clinical and academic studies of the mind and brain, and
applies them to pedagogical issues. The aim of such research
is to provide solid evidence base for educational practice.

A recent example of this approach being that tests
designed to detect disinhibited behavior in people with brain
damage also predict academic achievement and classroom
misbehavior in high-school adolescents [7]. The educational
neuroscience approach is taken in the research reported here.
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An important concept from clinical neurosciences that can
be applied is neurodiversity [8]. This emphasizes that states
such as dyslexia, schizophrenia, and attention deficit
hyperactivity disorder (ADHD) should not necessarily be seen
as disorders, but rather as natural variation between people.
Extremes of that variation can produce disability, but
importantly, that is dependent on the context, not the
individual. Extremes of that variation, such as rapid switching
of attention by people with ADHD, may causes problems in
some contexts in modern life (such as focusing attention in
classes) but, in fact, it may have evolved as mechanisms to
help humans to more actively and frequently explore for new
resources [9].

As a further example, autism has long been considered as
a clinical disorder, with the implication of impairment. The
core clinical signs of autism are said to involve impaired social
communication and social cognition, and also motor control
impairments, such as fine-motor coordination [10].

However, autism likely conveys advantage in some
situations. Undergraduate mathematics students are far more
likely to have a formal diagnosis of autism than students
studying medicine, law or social sciences [11]. Furthermore,
the behavioral traits that comprise the signs and symptoms of
an autism diagnosis, exist within the general population, in
people who are not disabled and would not meet diagnostic
criteria for autism.

Consequently, such sub-clinical autism-related traits are
also much more commonly observed in university students
studying for science degrees, than they are in students
studying for humanities and social science degrees [12]. It is
possible that autism-related traits are beneficial to
mathematics and science students because they tend to involve
‘detail-focused processing’. People with autism, and people
without any formal diagnosis but who demonstrate the autism-
related phenotype, tend to be biased towards focusing on the
local details of problems, as opposed to global aspects [13].

An excellent example of this is how autism-related traits
are linked to visuo-constructive tasks. A very widely used
cognitive test of visuospatial ability involves using bi-colored
blocks to form predefined patterns. This is a core test of many
commercial intelligence assessments. People diagnosed with
autism tend to perform this task better than people who have
developed without any neurodevelopmental disorders [14].

This phenomena is also shown in university students who
show the broad autism-trait phenotype, as they outperform
students who do not show that behavioral pattern [15]. This
overall performance advantage linked to autism has become a
very well-replicated finding in clinical research, shown in
numerous published studies [16].

The enhanced attention to small details that is associated
with autism-related traits likely contributes to success in
STEM fields in a rather general way. STEM fields such as
engineering, in particular, can be seen as ‘things based
vocations’, as opposed to ‘people based’. The former of these
could be anticipated to be most benefited by a tendency to
focus on local detail, and the latter by a more global, holistic
focus. Indeed, engineering is considered to be a polar
exemplar of a ‘things based’ university major [17].

There may also be quite specific advantages to autism-
related traits in university achievement. This particular skill
linked to autism, of enhanced visuospatial ability, may

contribute to success of STEM students, in which visuospatial
understanding is often advantageous. Certainly, there is
evidence that those university students in STEM subjects who
have the best visuospatial ability also tend to obtain higher
grades, compared to their peers with less accurate visuospatial
ability [18, 19]. Furthermore, training in visuospatial ability
actually improves the grades of STEM undergraduate
students, attesting to its importance in achievement [20].

However, visualization of real-world objects requires
understanding in 3-D. For engineering the ability to mental
rotate objects in 3-D space has been recognized as core skill
in mechanical understanding [21]. Similarly, in chemistry and
biochemistry, there is a need to envisage molecular structures
and bonds in three-dimensional space [22]. Nevertheless, the
advantage in visuo-constructive ability or people with autism
or the broader autism-related phenotype [14-16] has been
observed with the Block Design Task. One reason for this is
accessibility, as the materials are included in numerous
widely-used intelligence tests, published under the Weschler
brand.

The Block Design Task in the Weschler tests involves 9
cubes that have sides of 1 inch, that are either red, white, or
half red and half white. The nine cubes together, in a 3x3
configuration, produce squares, that when viewed from above
form a particular pattern. The typical task is to show target
patterns in a booklet, and the research participant or patient
attempts to reproduce the patterns, one-by-one, with the nine
blocks. As the 3-D structure is irrelevant (only the view from
above is scored) these are referred to in neuropsychology as
mosaic blocks tasks [23]. Can this really be considered as an
assessment of 3-D visuospatial processing skill?

Looking deeper into the clinical neuroscience literature,
where there is a need to assess impairments and strengths in
visuospatial ability in brain injured patients, there have long
been calls to assess visuospatial construction ability actually
in three-dimensional tasks [24]. Furthermore, three-
dimensional block design tasks do exist, but due to them
requiring specialized equipment, which is not commercially-
produced and sold, they are rarely used. Nevertheless, the
evidence suggests that such three-dimensional tasks are better
measures of visuospatial construction ability than the typical
two-dimensional mosaic blocks tasks [23].

To our knowledge, despite the many studies published on
block design in people with autism and related traits, none
have used three-dimensional tasks. Furthermore, given the
frequently-observed association between students taking
STEM subjects and having autism or related traits, we
anticipated that STEM students would show some of the
features related to autism, when compared to non-STEM
students. These features include impairments in social
cognition, specifically the ability to read emotions, and to use
fine motor arm and hand coordination [10].

Hypotheses

L University students who show more autism-related
traits will demonstrate better performance on a 3-D
visuospatial construction task.

ii. STEM students will demonstrate better performance
on the 3-D visuospatial construction task than non-
STEM students.

1ii. STEM students will differ from non-STEM students
on autism-related traits and skills.
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II. METHODS

A. Research Design

This research employed a quasi-experimental design
involving two groups of university students: those studying
for STEM and those studying for non-STEM degrees. We
compared these groups on a visuoconstructive task as well as
other measures related to autism. Additionally, we
investigated the associations between autism-related traits and
task performance in the full sample of university students.

B. Participants

To test our hypotheses we recruited 38 participants, all
undergraduate students at Chulalongkorn University,
Bangkok. All students were studying on courses taught in
English. The sample of STEM students contained one student
studying biotechnology, five studying engineering, seven
studying applied chemistry, and ten studying Psychology.
Although there is some controversy regarding the inclusion of
psychology within STEM, some systems do make that
classification [25], and the course in question is biased
towards neuroscience and away from social sciences.
However, we will test hypotheses also limiting analyses to the
core-STEM  group (biotechnology, engineering, and
chemistry). The non-STEM group (n = 15) contained one
student studying design and architecture, three studying
communication arts, three studying business administration,
and eight studying language and culture.

The mean age of the full STEM group (n = 23) was 21.1
(SD =1.0) and 16/23 (70%) were female. For the non-STEM
group (n = 15) the mean age was 19.2 (SD = 1.5), and 6/15
(40%) were female.

C. Assessment Tools

Because all of the participants were studying for degrees
taught in English, and were all fluent in English (despite
attending a Thai university), English-language versions of
tasks and questionnaires were used.

The main measure of autism-related traits was the Autism
Quotient questionnaire, 10 item version (AQ10) [26]. This is
a valid and reliable measure of typical traits used to screen for
possible cases of autism. It produces scores ranging from 0 to
10, with higher scores indicative of the presence of traits
linked to the autism phenotype. We also included a measure
of social cognition involving the recognition of mental states
from photographs of people’s eyes, known as the Reading the
Mind in the Eyes Test [27]. This test, very widely used in
autism research, is sensitive to the social cognition aspects of
autism and the broader trait. The version we used contained
only 10 items (rather than the usual 36), as this has been found
to give a more precise measure of performance [28]. It has
been widely used around the world, including in Thailand.

To assess the possible influence of fine motor control,
which is strongly associated with the autism phenotype [10]
we used the Grooved Pegboard Test [29]. This test is well
established measure of fine motor coordination in adults. It
involves a metal plate with 25 holes cut in it, each circular but
with an additional line cut out on random locations. The
participant is provided with 25 identical grooved metal pegs,
that must be inserted into each hole in turn. The time taken to
complete the task is recorded, first with the dominant hand (for
most people the right), and then the nondominant hand. The
total score is sum of task completion times, meaning that
higher scores indicate worse fine motor coordination.

The principal performance measure in this study was
three-dimensional visuoconstructive ability. We employed a
task used in clinical assessment of patients with brain damage,
used to detect impairments of constructive ability, known as
constructive apraxia [30]. The task, known as Three-
Dimensional Block Construction [23] involves presenting the
participants with a set of 29 different wooden blocks of
varying shapes and sizes, then they are shown an image of a
design that was made using 15 of those blocks. The blocks are
not commercially available and were custom manufactured
following details (e.g., dimensions) in previous publications.

Participants attempting the Three-Dimensional Block
Construction task are told to construct a model of the image
shown, using the blocks. They are told be as accurate as
possible, but also that they will be timed, and so they should
work quickly. Two trials were performed, with two different
structures to construct, shown in Fig. 1. The time taken from
the start of each trial to the positioning of the first piece was
recorded. This is generally taken to indicate planning time in
similarly complex manual, cognitive tasks, and it measures an
aspect of executive function [31]. However, as main measures
of three-dimensional visuoconstructive ability we also
measured total completion over both trials (in seconds) and
also scored the structures that were produced for accuracy.
These were photographed and three researchers scored each
model together to reach consensus. Scoring involved starting
with 15 points (as each comprises of 15 blocks) and deducting
one point for each piece that was incorrect, missing,
additional, mis orientated (>10°), or mislocated/displaced.

Fig. 1. The two models used in the visuoconstructive
task.
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D. Procedure

All student-participants were recruited through personal
contacts on the university campus, or friends or people already
recruited. Each student had the procedure explained to them
and provided informed written consent to participate.
Background demographic information (e.g., sex, age, major)
was recorded, then the performance tests, starting with the
Grooved Pegboard Test, the Three-Dimensional Block
Construction Task, then the Reading the Mind in the Eyes
Test. To eliminate any issues with interrater reliability, all
individual tests were administered by the same researcher.
Finally, the AQI10 questionnaire was completed. Each
participant was thanked for participation and then debriefed
concerning the research. User evaluation (i.e., participant
responses) were not recorded formally, and so no statistics are
available. Nevertheless, responses were generally favorable.
No payment or inducement was given for participation.

E. Statistical Analysis Methods

Data distributions were assessed for normality by visual
examination of the histograms and Q-Q plots. Where data was
not normally distributed it was Rankit transformed to allow
parametric analysis [32]. To compare groups (e.g., STEM,
non-STEM) t-tests were used, with Cohen’s d. given as effect
size. Spearman’s correlation methods were used to estimate
association between variables. All hypotheses were tested
two-tailed unless otherwise stated, with a .05 significance
threshold. Analyses were performed with SPSS v. 29.

III. RESULTS

A. Correlational Analysis

The first hypothesis was that, irrespective of group status,
there would be an association between autism-related traits on
the AQIO0 and scores on the Three-Dimensional Block
Construction Task. This was confirmed by the observation of
a statistically significant, positive correlation between AQ10
scores and accuracy scores on the construction task, » = .34, p
=.03. However, there was no association with task completion
time, r = .02, p = .89, nor with first-move time, » =- .25, p =
.14. There were also no other significant correlations between
AQ10 scores and performance variables for social cognition
(Reading the Mind in the Eyes Test), » = .19, p = .25, or fine
motor coordination (Grooved Pegboard Test), » = -.11, p =
49.

B. Between Group Comparisons

The mean scores for the two student groups (STEM and
non-STEM) are shown in Table 1. These allow us to address
hypotheses ii and iii, that there would be differences between
students on different majors on the visuoconstructive tasks, or
the other measures related to autism traits. There were no
significant differences found between group scores on any of
the scores. However, visual inspection of the means in Table
1, suggest that there was a tendency for longer times before
the first move in the visuoconstructive task in the STEM
group, compared to the non-STEM group. As the STEM
group contained 10 students on a psychology major, a fact not
widely accepted, we repeated the analysis with the psychology
students designated as non-STEM to test the hypothesis that
STEM students wait longer to move than non-STEM students.
When the pure STEM group (# = 13) are compared to the non-
STEM group (n = 25) on first-move times, there is a
significant between-group difference.

TABLE L. COMPARISON OF THE STEM ANDNON-STEM GROUPS ON
THE VARIOUS MEASURES, SHOWING MEAN SCORES (+ STANDARD

DEVIATION)
Student Group
Assessment
STEM Non-STEM | Full sample
N= 23 15 38
Three- Accuracy 21.1 (4.1) 22.1(3.8) | 21.5(3.9)
Dimensional First-move
. 7.1 (4.1 5726 6.6 (3.6
hmel tme @) 2.6) (3.6)
Construction tci;r:ple“"“ 141 49.6) | 130 (46.0) | 136 (47.9)
Grooved Completion
Pegboard time 139 (21.8) 140 (17.8) | 140 (20.0)
RMET Total correct | 7.5 (1.7) 7.1 (1.6) 73 (1.7)
AQI10 Total score | 4.5 (2.3) 5.0(1.9) 4.7 (2.1)

For all timed task the values shown are the sum of both trials. Higher times indicate slower, less-
efficient performance, except for First-move time which indicates greater time spent planning.

The mean time before the first move for the STEM students
was 7.8 seconds (SD = 4.2) which was longer than the non-
STEM group who waited only 5.9 seconds (SD = 3.2), #36) =
1.96,p=.03,d=0.33.

IV. DISCUSSION

In this study we applied an educational neuroscience
perspective, in particular, drawing from two fields of clinical
neurosciences: autism research, and visuospatial construction
disorders after brain damage. These clinical fields were
applied to an educational issue: understanding differences
between STEM and non-STEM university students.

The rationale for this is that several previous studies have
reported cognitive and personality features that are
represented particularly in students on STEM programs [1, 4,
21]. Importantly, for this study, students on STEM programs
are more likely to be diagnosed with autism or to have
personality profiles that include aspects linked to autism [11,

30

Three-Dimensional Block Construction Accuracy

] 2 4 i 8 10

AQI10 Total Score

Fig 2. Scatterplot (with regression line) showing the correlation between
autism-related traits (AQ10) and accuracy on the Three-Dimensional
Block Construction Task
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12]. It is likely that the observed tendency for being detail-
oriented, associated with autism [13] contributes to enhanced
cognitive abilities, such as on visuospatial construction tasks.

Indeed our first hypothesis, that students with higher levels
or autism-related traits would perform better on a visuospatial
construction task was supported. This is shown in Fig. 2, were
there is a positive correlation between accuracy and AQ10
scores. Interestingly, there was no association with time taken
to complete the task, therefore students with more autism-
related traits performed just as quickly, but more accurately,
as compared to students with fewer such traits.

In one sense, our results merely confirm numerous
previous studies that have shown this effect [14-16]. However,
all previous studies, that we know of, used mosaic blocks.
These are not particularly challenging to processing in three-
dimensional space. We employed a long-established, but
nowadays rarely used method, that is much more challenging,
using three-dimensional structures and pieces or varying sizes
and shapes [23, 30]. The current results therefore suggest that
autism-related traits are also associated with better
performance on three-dimensional visuospatial construction
tasks.

We further argue, that the task that we employed is more
appropriate for studying the association with higher
educational variables. The tasks, shown in Fig 1., are complex
and challenging, and arguably assess realistic visuospatial
abilities that students may be developing. This is an important
point as several studies have suggested that efficient
visuospatial ~ability is important for learning and
understanding in STEM fields [18-22].

Consequently, our second hypothesis was that STEM
students would show better performance on this task,
compared to non-STEM students. The results here were less
conclusive. However, we did observe that students on pure
STEM programs (such as chemistry and engineering), as
compared to students not on pure STEM programs (such as
culture and language, or psychology), spent longer before
their first move on the Three-Dimensional Block Construction
Task, approximately 40% longer.

This may seem like a trivial issue. However, the time spent
examining a complex task, before attempting to complete it,
likely indicates time spent on cognitive planning, rather than
attempting to solve the task with more trial-and-error,
impulsive methods. First move time is therefore considered an
important variable indicating executive control of behavior in
other cognitive tasks [31]. Executive control is an important
concept in cognitive sciences that describes processes that are
goal-directed, intelligent, and requiring attention, which
consequently have multiple pedagogical implications [33].

The current findings are consistent with previous studies
that have suggested greater tendency to apply top-down
executive control of cognitive processes among STEM, as
compared to non-STEM, students [34]. We can therefore
accept, at least partially, our second hypothesis of
performance differences between STEM and non-STEM
students.

Our third hypothesis was not supported. That was that
STEM students would vary on assessments previously shown
to be linked to autism. This include no difference between
groups on AQI10 scores, our principle measure of autism-
related traits. We had suggested that there may be differences

between the groups on social cognition, and on fine motor
coordination too, as these are also closely linked to autism-
related traits.

However, the observation that the were no differences
between STEM and non-STEM groups on motor coordination
does allow us to more precisely interpret the results from the
visuoconstructive task. As variation in motor control cannot
be the explanation for why the STEM students outperformed
the non-STEM students, this adds weight to an interpretation
that it is truly linked to cognitive processing differences.

Some limitations should be addressed. Firstly, the Three-
Dimensional Block Construction task was derived from
clinical neurosciences, not educational testing. That could
influence its validity as a measure in healthy, educated
samples, such as described here. On the other hand, the
application of neurosciences to educational issues was the
research model used, as such, the interdisciplinarity of the
approach could also be seen as an advantage. In addition, it
should be stated that, as our investigation was rather novel and
exploratory, further research would be needed to examine
whether findings can be replicated. Also, further studies
would be needed before findings could contribute to
pedagogical practice, student selection, curriculum design etc.
In particular, new studies, and using variations on the Three-
Dimensional Block Construction Task would be appropriate.

A final issue to note is that formal user evaluations were
not performed. This is not common practice in psychology and
neurosciences based research, which is our academic
background. Nevertheless, it could be incorporated into future
studies. That could enhance the overall research.

In conclusion, despite some limitations, our educational
neuroscience approach to understanding inter-student
variation in abilities suggests, firstly, that autism-related traits
in general among students may bias cognitive processing to a
more detail-oriented approach that can aid visuospatial task
performance. Secondly, STEM students may have a tendency
to more deliberate cognitive approach to task performance, as
compared to non-STEM university students.
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