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Abstract: This study analyzes the profile of executive functions (EF) in high-functioning adults with
autism (HFA), both in terms of performance on four computer-based tasks, as well as how these
functions are perceived by the individuals through self-reporting measures. The study included
64 participants: 32 individuals with HFA, and 32 typically developing controls. Four CANTAB tasks
were used (assessing spatial working memory, planning, visual memory, and inhibition), as well as a
self-reported measure of executive functions (BDEFS) and a scale for the severity of autism symptoms
(RAADS-R). The participants in the ASD group performed significantly lower than the control group
on all four computer-based tasks, as measured by the total number of errors made (for the spatial
working memory, visual memory, and inhibition tasks) and the number of problems solved at the
first choice (for the planning task). No correlation was found in the ASD group between the severity
of autism symptoms and the computer-based measures. These findings provide evidence that HFA
adults may have various executive functioning impairments, and subsequent daily life problems, but
these deficits do not necessarily correlate with the severity of core ASD symptoms.
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1. Introduction

Autism spectrum disorder (ASD) is a complex neurodevelopmental disability involv-
ing persistent difficulties of social communication and restricted and repetitive interests
and behaviors [1]. Although it is not an official clinical diagnosis, high-functioning autism
(HFA) usually describes individuals with ASD but without an intellectual disability, who
have independent living skills. Recent prevalence estimates show that 1 in 44 individuals
have ASD, and among individuals identified with ASD, 35.2% also have an intellectual
disability (IQ < 70), 23.1% have an IQ between 71 and 85, and 41.7% have an IQ higher
than 85 [2]. To date, ASD studies in adult populations have been considerably fewer than
those carried out in pediatric populations, but existent community-based studies estimate
a prevalence of ASD in adults between 0.9% and 2.2% [3-6].

Executive functions (EF) (e.g., inhibition, cognitive flexibility, planning, working
memory, generativity) are a family of complex cognitive processes, coordinated by the
frontal lobes that are needed to guide our thinking and behaviors toward certain goals.
Executive functions help the human mind to make decisions, set goals, organize, plan,
focus, learn etc., abilities which we need in all the activities of daily living.
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Studies that attempt to analyze the profile of executive functions in ASD face several
methodological obstacles, some arising from the high variability of this population and
others being related to the difficulty of measuring the vast construct of executive functions
in a more appropriate way. The performance of adults diagnosed with ASD without an
intellectual disability on different EF tasks varies considerably, therefore there is no current
consensus over the existence or absence of a specific EF deficit in adults with ASD. In a
previous paper, we reviewed 48 studies on the performance of HFA in various EF tasks [7].
Taken all together, these studies confirm the lack of uniformity in the cognitive profile of
the ASD population, either with the presence of a deficit in inhibition [8-10], planning [11],
cognitive flexibility [12-14], working memory [13,15] and/or generativity [16,17], the
absence of an impairment [18-23], or having mixed results [13,24-28]. In contrast to
the abovementioned research, which used objective tasks for the assessment of different
executive functions, the results obtained using self-report scales measuring these functions
in daily life activities have proved to be more uniform, at least in terms of an overall higher
score of ASD individuals, when compared to typically developing control groups [29-31].

The relationship between the core autism symptoms and the profile of executive func-
tions in adults with ASD remains unclear. There are studies showing that the cognitive
flexibility could not be correlated with the overall severity of autistic symptoms [14,32],
and others revealing that flexibility can be correlated only with stereotyped behavior [24].
Another study reports that higher scores obtained in two different tests measuring autis-
tic symptoms are associated with deficits in planning, problem-solving, inhibition and
response initiation [33].

In the current study, we aim to analyze the profile of EF in HFA adults, both in terms of
performance on four computer-based tasks, as well as how these functions are perceived by
the individuals through self-report measures. Moreover, we aim to establish the relationship
between these measurements and main deficits of ASD (i.e., social interaction, language,
circumscribed interests, and sensory-motor problems).

2. Materials and Methods
2.1. Participants

The study included 64 participants, divided into two groups. The study group consists
of 32 individuals (25 males and 7 females, aged 16 to 50 years old), with an autism spectrum
disorder (ASD) diagnosis, according to DSM-5 criteria, and without an intellectual disability
(IQ > 70). The selection of the participants was made from a pool of the former patients
of the Child and Adolescent Psychiatry Department of the “Prof. Dr. Alexandru Obregia”
Psychiatry Hospital (18 cases), and with the assistance of ASD-related associations from all
over the country (14 cases). The ASD diagnosis was previously confirmed in 27 of the cases
and newly diagnosed in five of the cases. The control group consisted of 32 typically devel-
oping individuals (21 males and 11 females, aged 16 to 56 years old). All the participants
(both ASD and the control group) underwent a comprehensive psychiatric assessment
performed by a psychiatrist, consisting of the medical and developmental history, the
educational history, the mental status examination, a Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) diagnosis and the treatment history. The ASD
diagnosis was confirmed in all 32 individuals in the study group. Participants who had
visual, auditory or motor disorders of upper limbs, which could have influenced perfor-
mance on computerized tasks or completing self-administered scales, were not included in
the study, and neither were the individuals who had a psychotic disorder at the time of
their inclusion in the study or a history of another neurodevelopmental disorder. All the in-
dividuals in the control group had no current diagnosis or history of a neurodevelopmental
or psychiatric disorder.

Data collection took place between 2015 and 2018 and informed consent was obtained
before inclusion (directly from the participants over 18 years old and from one of the parents
for those participants between the ages of 16 and 18). The study was carried out in accor-
dance with the ethical rules of research outlined in the 1995 Helsinki Declaration (revised
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at Edinburgh in 2000), and the study was approved by the Research Ethics Commission of
the “Prof. Dr. Alexandru Obregia” Psychiatry Hospital in Bucharest.

2.2. Measures

The Ritvo Autism Asperger’s Diagnostic Scale-Revised [34] (RAADS-R) was used to
evaluate the severity of ASD symptoms, the instrument consisting of 80 questions that
investigate the current or past presence of specific symptoms, according to DSM IV-TR
and ICD-10 criteria. If the participant had difficulties remembering the clinical situation in
their childhood, then the help of a caregiver, usually a parent, was solicited. The items of
the scale were divided into four subscales, each corresponding to a specific ASD domain,
such as: social relatedness, circumscribed interests, language, and sensory-motor domain.
The higher the total score resulting from adding the individual scores for each item, the
greater the severity of the autistic spectrum symptomatology. The authors of the scale also
set a cut-off value of 65 points, from which the ASD diagnosis can be formulated, with a
sensitivity of 97% and a specificity of 100% [34].

The Barkley Deficits in Executive Functioning Scale [35] (BDEFS) was used to quantify
the perception of the participants of the frequency with which they are confronted with
certain difficulties deriving from the poor executive functioning. The 89 items are divided
into five subscales: time management, organization and problem-solving, self-restraint,
self-motivation, and self-regulation of emotions. To interpret the results according to the
general population norms identified by the authors of the scale, a percentile rating is used,
considering the participants’ gender and age category. Scores that exceed the 75th percentile
are considered to reflect a clinically relevant executive dysfunction, with higher severity
ratings corresponding to higher percentiles.

Four tests from the Cambridge Neuropsychological Test Automated Battery [36]
(CANTAB) were performed to analyze executive functions. Versions of the tests with
instructions in Romanian were used and the tests were carried out after the participant
had spent some time familiarizing themselves with the device. All the participants in the
control group and 30 participants from the initial ASD group performed the computerized
tests, completing all four tasks described below (two of the participants chose to withdraw
from the study before performing the CANTARB tests). In the statistical analysis of the data
resulting from the CANTAB tests and the relationship between these results and the rest of
the variables, data from 30 ASD individuals and 32 controls was included.

The Spatial Working Memory [36] (SWM) test is a task that evaluates spatial working
memory and planning abilities, requiring remembering and manipulation of certain visual-
spatial elements, as well as the use of an effective strategy. Several boxes appear on the
screen, while a yellow token is hidden behind each of them. The number of tokens that
needs to be found is the same as the number of boxes, but tokens can only be discovered
one at a time, considering that a yellow token will never be found under a box that has
already been used. The difficulty level increases gradually, as the number of boxes also
increases. The test offers 18 parameters to be analyzed, out of which five are considered
“key” outcome measures, which were also used in this study (total number of errors, errors
in 4 boxes, errors in 6 boxes, errors in 8 boxes, and strategy score).

The One-Touch Stockings of Cambridge [36] (OTS) test is a variation of the Hanoi
Tower test that evaluates planning ability. Two configurations appear on the screen, one
at the top of the screen and one at the bottom, each containing three colored balls—pink,
green and blue, placed in three “pockets”. The individual must mentally calculate the
required number of movements of the balls needed to be made in the lower configuration,
in order to obtain a configuration identical to the one in the upper display. The parameters
used in this study are the total number of problems solved on first choice and the median
latency to the first correct answer.

The Paired Association Learning [36] (PAL) test is a task that evaluates visual memory,
while also containing a learning component. Several boxes appear on the screen and they
open one by one, in a random order, one or more of them containing an abstract figure (that
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cannot be associated with objects or notions from the environment). The figures are then
displayed one at a time, in the middle of the screen, and the participant must select the
box in which they remember the figure that was initially displayed in. The key outcome
measures included in this analysis are the total number of errors, the number of errors for
each type of problem (2, 4, 6, and 8 figures) and the memory score (the number of times the
subject chose the correct box at the first attempt).

The Multitasking Test [36] (MTT) evaluates inhibition and flexibility, it is a task that
requires managing contradictory information and irrelevant stimuli inhibition. An arrow
appears on the right or left half of the screen, with the arrowhead facing one of the
directions—right or left. The participant is required to press one of the right or left buttons
that are located at the bottom of the screen, depending on a word that appears on the upper
screen, which can be “side”—meaning the half of the screen where the arrow is located
or “direction”—meaning the direction in which the arrow is pointing. The test consists
of three assignments, two of which show a single task and a multitasking part displaying
both rules alternately in a random sequence, requiring flexibility in changing the rule as
well as inhibiting the previous rule. The parameters used are the total number of errors,
the number of congruent errors (those tasks where the direction of the arrow is the same as
the part of the screen where the arrow was displayed), the number of incongruent errors
(those tasks where the direction of the arrow is different from the side of the screen where
the arrow was displayed), and the response latency.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS version 17.0 (SPSS Inc. Released 2008.
SPSS Statistics for Windows, Version 17.0. Chicago, IL, USA: SPSS Inc.) and both descriptive
and inferential statistics were used. Continuous data were summarized using either the
median or the mean and standard deviation, depending on the distribution of data. Mann—
Whitney U, independent t-tests, or Chi-square tests were used to analyze group differences
in RAADS-R scores, BDEFS scores, and computer-based measures. For the Spatial working
memory test and the Paired Association Learning test, mixed ANOVA models were used
to determine whether there is an interaction between the difficulty level (within-subjects
factor) and the group (ASD or control, between-subjects factor) on the total numbers
of errors made by the participants (dependent variable). Spearman’s correlations were
further performed in the ASD group, in order to determine the association between the
severity of different ASD symptoms (RAADS-R scores) and the measures of executive
dysfunction (BDEFS scores and computer-based tests scores). Statistical significance was
set at p < 0.01. Effect sizes were also reported (Cohen’s d or 1?) to determine the magnitude
of the obtained differences.

3. Results

The results obtained on all the five subscales of the BDEFS instrument show the
existence of significant differences between the two groups, the scores on Time management,
Organization and problem-solving, Self-restraint, Self-motivation and Self-regulation of
emotions scales being higher in the ASD group (Table 1). According to the effect size
calculations, differences are important (n? > 0.13), the largest one being identified in the
Organization and problem-solving scale. According to the normative percentile values
provided by the authors of BDEFS scale, the results were divided into the following
categories: normal range (1st-75th percentiles), subclinical range (percentiles 76th-92nd),
mild deficit (93rd-95th percentiles), moderate deficit (percentiles 96th-98th) and severe
deficit (>99th percentile). Thus, the percentages of participants in the ASD group, reporting
the presence of any deficits (>93rd percentile), are the following: 35.4% on the BDEFS Time
management scale (compared to 3.1% in the control group, x*(4) = 13.41, p = 0.00), 54.7% on
the BDEFS Organization and problem-solving scale (compared to 6.2% in the control group,
x2(4) = 23.48, p = 0.00), 41.8% on the BDEFS Self-restraint scale (compared to 9.3% in the
control group, x2(4) = 10.09, p = 0.02), 64.4% on the BDEFS Self-motivation scale (compared
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to 21.8% in the control group, x2(4) = 14.66, p = 0.00), 38.5% on the BDEFS Self-regulation of
emotions scale (compared to 12.4% in the control group, x>(4) = 16.38, p = 0.00) and 54.7%
on BDEFS Total score (compared to 6.2% in the control group, x%(4) = 23.05, p = 0.00).

Table 1. Demographic and clinical characteristics.

ASD (n=32) Control (n = 32)

(Mean = SD/mdn) (Mean + SD/mdn) Statistics P Effect Size
Age 25.03 £ 9.6 25.72 +9.7 U=4745 0.61
Gender
Male 25 (78.1%) 21 (65.7%) x2=123 0.70
Female 7 (21.9%) 11 (34.3%)
Last level of education
8-12 grades 19 (59.3%) 18 (56.2%) >
University 13 (40.6%) 14 (43.8%) X~ =0.06 0.80
RAADS-R
Total score 119.00 + 31.26 30.87 + 16.78 t=13.99 0.00 d=3.49
Social relatedness 60.5 11.5 U =3.50 0.00 172 =0.72
Circumscribed interests 28.0 9.0 U =60.0 0.00 22057
Language 6.0 0.0 U=95.0 0.00 n? =048
Sensory-motor 255 7.0 U=645 0.00 7% =0.55
BDEFS
Total score 204.97 £+ 59.25 140.00 + 33.09 t=5.35 0.00 d=1.34
Time management 49.0 33.0 U=234.0 0.00 7% =020
Organization and problem-solving 55.0 32.0 U=140.5 0.00 2=0.37
Self-restraint 38.0 28.5 U=2385 0.00 2-0.19
Self-motivation 28.0 17.5 U=2220 0.00 172 =0.22
Self-regulation of emotions 31.0 20.0 U=2235 0.00 2-022

ASD = autism spectrum disorder; BDEFS = Barkley Deficits in Executive Functioning Scale; mdn = median;
RAADS-R = Ritvo Autism Asperger Diagnostic Scale-Revised; SD = standard deviation.

Table 2 shows the results of ASD and control groups on the computer-based EF tests.
The number of errors on the Spatial Working Memory (SWM) task is significantly higher
in the ASD group, both at each level of difficulty (4, 6, and 8 boxes), as well as in the total
number of errors (Table 2). The interaction between the group and the SWM difficulty
level (2 x 3 model) is significant, F(2, 118) = 5.42, p = 0.01, np? = 0.08, as the difference
between the two groups increases with a higher level of difficulty. The results obtained
on the One-Touch Stockings of Cambridge task show a lower number of problems solved
on first choice in the ASD group, but without any difference in response latency (Table 2).
The total number of errors on Paired Association Learning (PAL) task is greater in the ASD
group and the memory score is significantly lower (Table 2). Significant difference between
the two groups was found in each of the PAL tasks, as participants in the ASD group made
more errors on the 4-, 6-, and 8- boxes tasks, apart from the easiest one (2 boxes), where
no significant difference was observed. The interaction between the group and the PAL
difficulty level (2 x 4 model) is significant, F(3, 174) = 22.76, p = 0.00, np? = 0.28, as the
difference between the two groups increases with a higher level of difficulty. The results
obtained on Multitasking Test (MTT) show a higher total number of errors in the ASD
group (Table 2), with more errors both in congruent tasks (U = 301.1, p = 0.01, 12 = 0.26)
and incongruent tasks (U = 175.5, p = 0.00, n? = 0.08).

The analysis between the severity of ASD symptoms (RAADS-R scores) and self-
reported measures of EF (BDEFS scores) in the ASD group, shows moderate significant
correlations between RAADS-R sensory-motor domain and several BDEFS subscales (Or-
ganization and problem-solving, r = 0.43, p = 0.01; Self-motivation, r = 0.37, p = 0.03;
Self-regulation of emotions, r = 0.45, p = 0.01), as well as the BDEFS total score (r = 46,
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p = 0.00) (Table 3). No correlation has been found in the ASD group, between any of the

RAADS-R scores and the results of the four computer-based tasks (Table 3).

Table 2. Performance on the computer-based EF tests (key outcome measures).

ASD (n = 30) Control (n = 32) Statistics Effect Size

(Mean + SD/mdn) (Mean + SD/mdn) ) P m?

Spatial Working Memory (SWM)
Between Errors—Total 16.1 +8.7 89496 282.5 0.00 0.12
Strategy score 9.1£20 6.4 £ 251.5 251.5 0.00 0.16

One-Touch Stockings of Cambridge (OTS)

Problems solved on first choice-Total 8.6 +4.0 124+15 182.0 0.00 0.28
Median Latency to first choice-Total 14.17 11.25 407.0 0.53 0.00

Paired Association Learning (PAL)
Total errors-adjusted 18.0 4.0 114.0 0.00 0.41
Memory score 11.0 17.0 157.0 0.00 0.31

Multitasking Test (MTT)

Total errors 8.0 2.0 180.5 0.00 0.26
Reaction latency 627.5 617.5 385.5 0.34 0.01

ASD = autism spectrum disorder; mdn = median; SD = standard deviation.

Table 3. Correlations between the RAADS-R scores and the executive functions measures in the ASD
group (Spearman’s correlation coefficients).

RAADS-R Social Circumscribed

Total Score Relatedness Interests Language Sensory-Motor
BDEFS
Total score 0.34 0.24 0.26 0.09 0.46 **
Time management 0.119 0.32 0.22 0.11 0.34
Organization and problem-solving 0.31 0.19 0.26 0.07 0.43 *
Self-restraint 0.20 0.13 0.19 —0.06 0.35
Self-motivation 0.23 0.11 0.21 —0.06 0.38 *
Self-regulation of emotions 0.30 0.14 0.23 0.16 0.45*
Spatial Working Memory
Total errors 0.06 —0.06 0.15 0.18 0.03
One-Touch Stockings of Cambridge
Problems Solved on first choice 0.08 0.12 0.06 0.01 —0.04
Paired Association Learning
Total Errors —0.02 0.04 —0.08 0.04 0.01
Multitasking Test
Total Errors 0.03 0.01 —0.09 0.04 0.21

*p <0.05; ** p < 0.01. RAADS-R = Ritvo Autism Asperger Diagnostic Scale-Revised; BDEFS = Barkley Deficits in
Executive Functioning Scale.

4. Discussion

In this study, we investigated the performance of a group of adult individuals with
high-functioning autism, on four computer-based tests measuring spatial working memory,
planning, visual memory, and inhibition, but we also measured the self-reported difficulties
deriving from the poor executive functioning.

One of the main results of this research, derived from the computer-based assessments,
is that the participants with ASD performed significantly lower than their typically devel-
oping counterparts on spatial working memory, planning, visual memory, and inhibition
tasks. These findings are in line with those reported by other studies investigating these
EF with various types of measurements [8-11,13,15], but in opposition to those failing
to find any deficit [18-23]. The very high variability of the results can be attributed to
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a potential phenotypic heterogeneity of the cognitive profile among people with ASD,
but also to notable differences between the methodologies used, especially regarding the
instruments chosen to measure executive functions. Another problem raised by some
authors conducting neuro-psychological research is whether these various measurements
used in EF studies have a proper ecological validity, in terms of how test performance
can be generalized to real-life situations. Regarding this issue, one study [27] investigated
inhibition in adults with high-functioning autism, using four Stroop tasks: a classic paper
version, a computerized version, and two Stroop tasks using virtual reality techniques-with
external, visual and voice distractors and without any external distractors. The study
reports a lack of significant differences between adults with ASD and neuro-typical controls
on the classic, computerized, and virtual reality without external distractors versions of
the Stroop test, but with the presence of deficits in individuals with ASD on the virtual
reality with external distractors test [27]. The authors conclude that the inhibitory response
is possibly affected in adults with ASD but, as with other executive functions, regular
laboratory measurements do not reflect the complexity of the real world, presenting an
important problem of ecological validity [27].

The participants with ASD in our study also report significantly greater problems
with time management, organization and problem-solving, self-restraint, self-motivation,
and self-regulation of emotions (BDEFS domains), compared to typically developing in-
dividuals. Comparing our findings with normative data, provided by the authors of the
scale, following the evaluation of 1249 typically developing individuals from the general
population, the most frequent clinical deficits in our ASD group are found in the organiza-
tion and problem-solving and self-motivation domains. The use of tools for the subjective
assessment of executive dysfunction is increasingly common, given their superior ecologi-
cal validity. The results of this study are consistent with those obtained by other studies,
using the Behavioral Rating Inventory of Executive Function [37] (BRIEF) questionnaire,
with higher overall scores reported by ASD individuals compared to those reported by
typically developing subjects [23,29,38]. Among the most affected domains identified by
individuals with ASD in these studies are organization/planning, flexibility, and emotional
control [23,29,38].

In this study, no significant correlation has been found between the performance on
the computer-based tasks and the severity of ASD symptoms. A moderate correlation
was identified between the self-reported EF deficits (BDEFS Total score) and the severity
of sensory-motor problems reported by ASD participants, but not with the other ASD
symptoms (i.e., social relatedness, circumscribed interests, and language problems). These
findings can be explained by the way the individuals with ASD perceive that different ASD
symptoms interfere with their daily skills of organization, planning, time management,
emotional regulation, etc. Sensory difficulties (e.g., annoying noises, the way some objects
or items of clothing feel, food consistency, etc.) may cause more difficulty in activities that
require good executive functioning.

This study also faces some limitations. The most important is the one related to the
absence of the exact IQ level of each participant with the impossibility of matching the
groups in terms of cognitive performance, which could have impacted the group differences
on computer-based tasks. Thus, although the two groups were similar in age, gender, and
educational level and although neither participant had a diagnosis of intellectual disability
following an IQ exam taken in the past, we did not have access to the exact IQ level.

5. Conclusions

Individuals with high-functioning autism report significant difficulties deriving from
the poor executive functioning, difficulties related to time management, organisation and
problem-solving, self-motivation, self-restraint, and self-regulation of emotions. Our find-
ings also suggest a potentially more impaired performance in executive function tasks
(spatial working memory, visual memory, planning abilities and inhibition), when com-
pared to typically developing individuals. Almost all of the abovementioned self-reported
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difficulties and EF performance do not correlate with the severity of ASD symptoms in
HFA, except for the sensory difficulties of these individuals that have been associated with
the perceived level of EF dysfunction in daily activities. The heterogeneity of the results
from similar studies, which either indicates the presence or the absence of EF deficits, could
be explained by an unequal profile of these functions in ASD, a profile that should be
determined and subsequently used in clinical practice. In addition, in order to have a more
comprehensive outlook, we believe it is necessary to add to this cognitive profile the impact
that it has on daily life activities, using tools with adequate ecological validity. It is our
belief that this potentially comprehensive executive functioning profile could be used to
design individualized therapeutic interventions.
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