®PLOS | one

Check for
updates

G OPEN ACCESS

Citation: Rosello B, Berenguer C, Baixauli |,
Colomer C, Miranda A (2018) ADHD symptoms
and learning behaviors in children with ASD
without intellectual disability. A mediation analysis
of executive functions. PLoS ONE 13(11):
€0207286. https://doi.org/10.1371/journal.
pone.0207286

Editor: David Giofre, Liverpool John Moores
University, UNITED KINGDOM

Received: May 28, 2018
Accepted: October 29, 2018
Published: November 14, 2018

Copyright: © 2018 Rosello et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files.

Funding: This work was supported by the Ministry
of Science and Technology (PSI2016-78109) and
Universitat de Valéncia (PREDOC15-265889) to
Professor Carmen Berenguer. The funders had no
role in study design, data collection and analysis,
decision to publish, or preparation of the
manuscript.

RESEARCH ARTICLE

ADHD symptoms and learning behaviors in
children with ASD without intellectual
disability. A mediation analysis of executive
functions

Belen Rosello®'**, Carmen Berenguer'®, Inmaculada Baixauli?®, Carla Colomer®®,
Ana Miranda'®

1 Department of Developmental and Educational Psychology, University of Valencia,Valencia, Spain,
2 Faculty of Psychology, Teaching and Education Sciences, Catholic University of Valencia "San Vicente
Martir", Valencia, Spain, 3 Department of Education, Universitat Jaume |, Castellén de la Plana, Spain

@ These authors contributed equally to this work.
* m.belen.rosello@uv.es

Abstract

In spite of its importance for education, the relationship between learning behaviors (LB),
attention deficit hyperactivity disorder symptoms (ADHD) and executive functioning (EF) in
children with autism spectrum disorder (ASD) has hardly been explored. The first objective
of the present study was to compare children with ASD without intellectual disability and chil-
dren with typical development (TD) on ADHD symptoms and learning behaviors: Motivation/
competence, attitude toward learning, persistence on the task, and strategy/flexibility. The
second objective was to analyze the mediator role of behavioral regulation and metacogni-
tion components of EF between ADHD symptoms and learning behaviors in children with
ASD. Participants were 89 children between 7 and 11 years old, 52 with ASD and 37 with
TD, matched on age and intelligence. Their teachers filled out questionnaires assessing
executive functioning as well as learning behaviors. Parents and teachers reported on inat-
tention and hyperactivity/impulsivity behaviors. Compared to children with TD, children with
ASD presented significantly more ADHD symptoms and poorer learning behaviors. In addi-
tion, there were significant mediation effects of the behavioral regulation index (BRI) and
metacognition index (MI) of EF, indicating that both are part of the route through which
ADHD symptoms impact to learning behaviors of children with ASD.

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by persistent
difficulties in social communication and interaction and restrictive, repetitive, and stereotyped
patterns of behavior, activities, and interests [1]. ASD has a strong genetic base with an esti-
mated heritability of between 64% and 91% [2], and it follows a course remarkably stable over
time across childhood [3]. Moreover, it is one of the most frequent neurodevelopmental
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disorders; its prevalence has multiplied by 4 in the past decade, reaching the current percent-
ages of 1 in 68 children in the United States [4], with a greater presence in boys than girls, 3:1
[5]. The greatest increase in ASD has occurred in the subgroup that does not present an intel-
lectual handicap, referred to as “high-functioning autism” (HFA) with a prevalence of 16.8 per
1.000 (1/59) in children aged 8 [6,7]. Based on the development of cognitive and language
skills, students with ASD without intellectual disability would be expected to achieve good aca-
demic results. However, longitudinal studies indicate that these factors do not predict aca-
demic success [8], so that many school children with ASD will need educational support
programs while in school.

The body of literature on academic skills in children with autism is extensive, with the
reviews highlighting the variability in the academic performance across the spectrum and in
the different academic areas [9]. However, even at the extreme end of the intellectual dimen-
sion, in high-functioning autism there are difficulties in dealing with academic demands.
Although many of these children present areas of strength in the cognitive and academic
domain, their functioning is inconsistent. For example, they show problems in the compre-
hension of abstractions, metaphors, and other figures of speech, an excessive application of lit-
eral interpretations, or serious difficulties related to solving common problems in everyday life
[10]. Deficits are especially evident on tasks that require conceptual and abstract learning, such
as in maths, where 20% of children with high functioning autism show severe difficulties [11].
Reading comprehension is another area of difficulties for readers with autism [12]. They can
understand stories and infer the emotions of characters in short narratives, but they have diffi-
culties to question-answering about those same inferred emotions and on the type of demands
this kind of task poses [13].

The understanding of the factors that can be related to the educational results of students
with ASD is limited. Although the associations among IQ, academic progress, and response to
students’ intervention is significant [14], the academic performance is also influenced by other
factors related to personal and environmental characteristics. Many individuals with ASD per-
form significantly above or below the level predicted by their IQ [15], which reveals the need
to broaden the focus by integrating modifiable factors that can contribute to academic success.
Di Perna and Elliott [16] proposed a theoretical model of academic competence based on the
construct of “academic enablers”, which are defined as “attitudes and behaviors that allow a
student to participate in, and ultimately benefit from academic instruction in the classroom”
(p-294). In addition to interpersonal skills, academic enablers include a series of behavioral
skill areas referred to as competence motivation, control of attention, persistence, curiosity
and flexibility. Children’s social and academic progress is promoted by the engagement in
learning tasks, the persistence in spite of difficulties and the development of reflective working
habits [17]. All these learning behaviors (LB) are observable patterns of behaviors exhibited by
students as they respond to learning situations and react to academic tasks in educational set-
tings. LB are focused on readiness to learn and they increase substantially the information
afforded by measures of general intelligence in explaining the variability of students’ academic
achievement, social adjustment, and susceptibility to learning disabilities [18,19,20].

Students exhibiting adaptive learning behaviors participate and dedicate efforts to activities,
they collaborate in class and show positive attitudes toward learning. Evidence from research
in children with ASD indicates that they show a unique constellation of characteristics that
represent challenges to learning. For example, children with ASD have difficulties to engage
with or respond to their environment [21], they show reduced information seeking when
learning new tasks [22] and their engagement overall is low, spending limited time participat-
ing in the classroom activities productively and independently [23]. Moreover, approximately
40% of children with ASD present behaviors characteristic of ADHD [24], which negatively
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affect cognitive, social, and behavioral aspects of child’s functioning and they present greater
difficulties than children with ASD without ADHD symptoms, such as more response inhibi-
tion challenges [25,26,27]. Attention-related behaviors such as impulsivity, hyperactivity and
poor concentration have been associated with impaired academic and social functioning [28],
but it has hardly been investigated whether the ADHD symptoms serve as a risk factor for
additional learning problems in autism. The only study where this topic has been investigated
suggests that HFA children with higher symptoms of ADHD may be at greater risk for writing
difficulties than children with HFA with lower symptoms of ADHD. In particular these prob-
lems were focused in the theme development and text organization [29]. Furthermore, several
studies have showed that disruptive behavior is a major barrier to the acquisition of educa-
tional goals in children with autism [30], causing a delay in the onset of the task and decreasing
the number of tasks completed, even though the tasks are within their academic capability
[31].

Children with ASD and ADHD symptoms also show a weak profile on EF [26] a wide
range of higher mental processes that are necessary to guide goal-directed behavior. Conceptu-
ally, EF has a strong influence on the academic performance of children with TD and children
with neurodevelopmental disorders other than ASD [32,33,34,35], because it may aid concen-
tration and deployment of skills to achieve the learning goals. The association between EF
skills and achievement remains stable over time for different age groups, different subcompo-
nents (inhibition, attention control, attention shifting, and working memory), and different
measurement types (naturalistic vs. laboratory based) [36]. EF contribute to participation of
children diagnosed with high functioning ASD in school activities over and above the contri-
bution of sensory processing [37,38]. More specifically working memory, inhibition and atten-
tion shifting have shown a positive relationship with better mathematics performance, reading
and language [39,40,41]. Furthermore, there are evidences that show that metacognitive moni-
toring ability is significantly disminished among children with ASD [42]. Consequently, in
general terms, data strongly indicate that EF is one of the regulatory processes that contribute
to educational success among children with autism.

The deficits in executive functions (EF) showed by children with ASD that in addition pres-
ent ADHD are more remarkable even than those of children with ASD, mainly in verbal work-
ing memory tasks [43]. The findings about EF behavior ratings in natural contexts show
strong deficits too that are more consistent than laboratory-based findings. Therefore, that
group experiences a “double hit”, sharing deficits with both “pure” groups, ASD and ADHD
[44].

In summary, literature shows that children with ASD have problems with school adjust-
ment and academic performance, possibly related to social and communication difficulties
and rigid thinking and behavior. Previous findings also point out the ADHD symptoms
[25,26,27] and EF deficits [38,39,40,41] as additional reasons for learning problems in children
with ASD. The role of LB, which are actions easily observed by the teachers referred to how
children learn rather than how well, has not been investigated. However, the information
related to learning behaviors could have important implications to improve readiness to learn
of children with ASD. Since these are modifiable factors, knowing the pattern of abilities and
impairments will enable the adaptation of teaching strategies and interventions, moving the
focus to the ones that promote them from early ages.

The goal of the present study was to examine LB in children with ASD and the relationships
between ADHD symptoms, LB, and EF. By analyzing the relationship between these three var-
iables in a mediation frame-work we intent to extend the previous findings on the negative
influence of the symptoms of inattention and hyperactivity/impulsivity in the development of
children with ASD. The focus is to understand whether there is a link between LB and ADHD
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symptoms in children with ASD, by assessing whether this relationship is assembled through
the EF.

The following two questions were asked in this empirical study: 1) Does the level of devel-
opment of LB and the symptoms of ADHD differ between children with ASD and children
with TD? The hypothesis is that the children with ASD will have more ADHD symptomatol-
ogy and lower scores than TD children on all the LB: Motivation, Attitude toward learning,
Persistence on the task, Strategies/Flexibility; and 2) Are ADHD symptoms, the EF and the LB
correlated in children with ASD, with the EF in a mediating role between the ADHD symp-
toms and LB? The prediction is that LB, ADHD symptoms and EF will maintain association
with each other. Moreover it is supposed that both EF components, behavioral regulation and
metacognitive components, will mediate in the relationship between ADHD symptoms and all
the LB.

Materials and methods

Participants

Participants in the present study were 89 children with ages between 7 and 11 years old,
enrolled in schools in the Valencian Community. They all had an intellectual capacity (IQ)
equal to or above an average score of 70 measured by the K-BIT which includes verbal and
non-verbal measures [45], and they were distributed in two groups: a group of 52 children
with autism spectrum disorder and a group of 37 children with typical development, matched
on age and IQ. Of them, 79.7% were boys, and 20.3% were girls. Table 1 shows the sociodemo-
graphic characteristics of the sample.

The participants with ASD had received a clinical diagnosis in centers specialized in the
assessment and treatment of autism and other neurodevelopmental disorders in the Valencian
Community (Psychiatry and Neuropediatric units of hospitals and medical centers). To con-
firm the diagnosis, cut-off scores were used that are reccommended on the Social

Table 1. Sociodemographic characteristics of the sample.

TD (n = 37) ASD (n =52) Fi 87 x> P 1’p / Cramer's V

M (SD) M (SD)
Age 8.54 (1.26) 8.59 (1.38) 0.02 - .880 .00
Q 102.11 (8.91) 101.42(12.65) 0.08 B 778 .00
Number of Siblings 1.19 (.85) 0.84 (.65) 4.76 - .032* .05
Sex (boys) N (%) 23 (62.1) 48 (92.3) - 12.17 .000* .37
Medication N (%) 0 (0.00) 17 (32.7) - 14.95 .000* 41
Repeated courses N (%) 0 (0.00) 3 (5.76) - 2.20 137 .15
Educational Supp N (%) 0 (0.00) 52 (100.0) - 81.18 .000* .95
ADI-RA - 13.49 (2.94)
ADI-R B . 8.91 (2.55)
ADI-RC y 4.70 (2.03)
SCQ 3.13 (2.70) 22.51 (7.01) 254.5 .000* 74
Father’s education 3.08 (1.27) 2.62 (1.39) 2.47 - 119 .03
Mother’s education 3.44 (1.05) 3.02 (1.30) 2.59 - 111 .03

Note. Father’s education and mother’s education: mean scores (0 = Primary education, 1 = Secondary Education, 2 = High School, 3 = University Degree), Educational
Supp = Educational Support; ADI-R: Autism diagnostic interview-revised; ADI-R A: Qualitative alterations in the reciprocal social interaction; ADI-R B: Qualitative
alterations in communication; ADI-R C: Restrictive and stereotyped behaviors; SCQ: Social communication questionnaire

*

p<.05

https://doi.org/10.1371/journal.pone.0207286.t001
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Communication Questionnaire (SCQ), (values > 15) [46] and on the Autism diagnostic inter-
view-revised with diagnostic algorithm (ADI-R), ADI-R A (Qualitative alterations in the recip-
rocal social interaction) values > 10; ADI-R B (Qualitative alterations in communication)
values > 8 and ADI-R C (Restrictive and stereotyped behaviors) values > 3 [47]. The ADI-R
was administered by a member of the research team. All of the participants with ASD spent
the majority of their time in ordinary classrooms in elementary schools and they received edu-
cational support. Specifically, they were in therapeutic support rooms five hours a week in
their school. Moreover, 32.7% of the children with ASD were taking medication (mostly anti-
psychotic and to a lesser extent psychostimulants) for behavioral problems and symptoms of
irritability; and 36% of the children with ASD had emotional and behavioral problems assessed
by Strengths and Difficulties Questionnaire (SDQ) [48].

The children with TD were enrolled in the same schools as the children with ASD. They
had no history of psychopathology or referral to children’s mental health units (USMI),
according to information from the school records. The exclusion criteria for all the partici-
pants in this study were rated through an extensive prior anamnesis performed with the fami-
lies. They included neurological or genetic diseases, brain lesions, visual, auditory, or motor
sensorial deficits, and an intelligence coefficient below 80.

Measures

Executive functioning- behavior rating inventory of executive function (BRIEF) [49].
The teacher version of the BRIEF was administered. It consists of 86 items that assess the
child’s EF through the observation of his/her behavior in the school context. The items are
scored on a Likert-type scale with three levels (never, sometimes, often), and they are grouped
in 8 scales that make up two general indices. The behavioral regulation index (BRI) assesses
the child’s capacity to change his/her affective state and modulate his/her emotions and behav-
ior by using appropriate self-control. It includes the subscales of inhibition, shift and emo-
tional control. The metacognitive index (MI) includes the subscales of initiative, working
memory, planning/organization, organization of materials, and monitoring. This index
reflects the child’s ability to manage tasks cognitively and supervise their performance.

The direct scores can be transformed into T scores, with higher scores indicating worse
executive functioning. The test-retest reliability of the teacher version of the BRIEF ranged
between 0.86 and 0.92 on the Spanish adaptation [50]. These values are similar to those
obtained on the original version of the test [49]. In our sample, the internal consistency coeffi-
cient is high for the total score (o = 0.98), for the two indices (o = 0.96-0.97), and for the sub-
scales (o0 = 0.78-0.94).

Learning behaviors scale (LBS; McDermott et al., 2001) [51]. The instrument used was
the LBS, a 29-item, standardized questionnaire for teachers. The purpose of the test is to assess
behaviors related to the student’s effective learning in the past two months. The items on the
questionnaire, positive and negative, are rated on a Likert-type scale with 3 response options
(0 = “Does not apply”, 1 = “Sometimes apply”, 2 = “Most often apply”). The LBS offers 4
dimensions and a total score: Motivation/Competence, which includes behaviors related to the
anticipation of success; Attitude toward learning, which measures the willingness to be
involved in learning activities; Persistence/attention, which rates persistence on the task and
concentration until finishing it; and Learning strategy/flexibility, which evaluates the general
way of approaching tasks. High scores indicate good learning behavior. The direct scores are
transformed into normalized T scores (mean = 50, standard deviation = 10), based on the stan-
dardization of a representative sample of 1,500 students with ages between 5 and 17 years. The
internal consistency coefficients are high for the total score (.89, .92) and for the subscales (.70,
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.87) [52]. In our sample, the internal consistency coefficient is high for both the total score
(o0 = 0.93) and the subscales (o0 = 0.76-0.86).

ADHD Symptoms (DSM-5; American Psychiatric Association, 2013) [1]. An 18-item
rating scale of behaviors was used in an interview with the parents and teachers. Nine items
describe inattention behaviors, and the other nine describe hyperactivity/impulsivity behav-
iors, as described in the DSM-5 criteria for ADHD[1]. The items receive scores from 0 (never
or rarely) to 3 (quite often). On both versions of the scale, for parents and for teachers, alpha
coefficient values were high (0.81-0.90). The sum of all the items was used in the analyses as a
dimensional measure of ADHD symptomatology.

Procedure

The present study was part of more extensive research designed to perform an in-depth exami-
nation of different components of cognitive and social processing in children with ASD,
ADHD, and typical development. The study was approved by the Ethics Committee of the
University of Valencia (Declaration of Helsinki in the Convention of the Council of Europe,
1964). In addition, authorization was given by the Board of Education of the Valencian Gov-
ernment to access the schools and locate the participants. The evaluation was performed in the
schools where the children were enrolled. Informed oral consent was also obtained from the
children, along with written consent from the parents of all the participants, after being
informed of the objectives of the study.

The evaluation was carried out in rooms prepared by the schools that met the optimal con-
ditions for the psycho-educational assessment. The intelligence test was administered individ-
ually to all the children by an expert examiner. The parents and teachers provided information
about sociodemographic developmental data and the attention and hyperactivity/impulsivity
behaviors of their children. The teachers-tutors provided ratings of the EF and learning behav-
iors in class.

Data analyses

The statistical analyses were performed with the statistical program for the Social Sciences
(SPSS), version 23. Before using the parametric tests, histograms and Kolmogorov-Smirnov
tests were conducted to check the normality of the distribution of the variables. To compare
the learning behaviors, a multivariate analysis of covariance (MANCOVA) was performed
between the TD and ASD groups, using sex as covariate and the subsequently the ADHD
score was employed as an additional covariate. The effect size was calculated to test the
strength of the association. Table 2 presents group differences and partial eta squared effect
sizes, which can be interpreted as small = .01, medium = .06 and large = .14 [53]. In addition,
partial correlation analyses were conducted with the ASD group between the different learning
behavior variables, the main executive functioning indices (BRI and MI), and the dimensional
score for the ADHD symptoms according to the DSM-5, using sex as covariate. Finally, multi-
ple mediation analyses were performed in ASD group to study the mediation effect of the exec-
utive functioning indices in the relationship between the ADHD symptoms from the DSM-5
and the different learning behaviors.

In the mediation analyses, the bootstrap procedure with 10,000 repetitions was used to ver-
ify the mediator effect of the aforementioned variables with a confidence interval of 95%.
When the indirect effect of the mediators is significantly different from zero, this indirect effect
is considered significant.

Following Baron and Kenny [54], in order for the model to be acceptable, four assumptions
must be met: a) the predictor variable must be related to the dependent variable; b) the
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Table 2. Comparisons of learning behaviors and ADHD symptoms in ASD and TD groups.

TD (n = 37) ASD (n = 52) Fi g5 P n’p
M (SD) M (SD)
Motivation 53.11 (9.75) 39.53 (11.11) 31.52 .000* 26
Attitude 50.57 (7.87) 39.85 (7.31) 29.26 .000* 25
Persistence 52.43 (8.41) 40.89 (7.81) 32.15 .000* 27
Strategy 50.43 (8.13) 29.67 (15.31) 43.03 .000* 33
Total LBS 52.05 (9.02) 35.58 (13.47) 32.50 .000* 27
ADHD $ 12.64 (8.26) 49.31 (16.38) 129.4 .000* .60

Note. M: Mean, SD: (Standard deviation); ADHD S: ADHD symptoms

*p = .008 (Bonferroni correction)

https://doi.org/10.1371/journal.pone.0207286.t002

predictor variable must be related to the mediator; and c¢) the mediator variable must be related
to the dependent variable after controlling the effect of the predictor variable. The final condi-
tion is that the effect of the predictor variable on the dependent variable, controlling the effect
of the mediator variable, must not be statistically significant. In the present study, due to the
sample size, we followed the recommendations of MacKinnon, Lockwood and Williams [55],
designed specifically to obtain reliable and valid conclusions in studies where the sample sam-
ples are not large [56].

Results

Differences in learning behaviors and ADHD symptoms of children
diagnosed with ASD and TD

The MANCOVA carried out to evaluate the main effect of group on the learning behavior indica-
tors, with the sex covariate, was statistically significant [Wilk's Lambda (A) = .37, Fg s0) = 22.45,
p < .001, n’p = .62]. The confirmation ANCOV As showed statistical significance on all the vari-
ables (p < .001): Motivation toward competence, attitudes toward learning, persistence on the
task and strategy/flexibility. ASD group showed lower scores than TD group (see Table 2).
Additionally, we introduce the ADHD symptoms as a covariate in the MANCOVA in
order to see the generic effect upon the group differences in the LBS. In this case the differ-
ences between both groups became not significant (Motivation p = .147, n’p = .025; Attitude
p =.267,1’p = .014; Persistence p = .457, n’p = .007; Strategy p = .266, n’p = .015; Total LBS
p = .400,’p = .008).
These results were expanded by mediation analysis in order to identify more finely the rela-
tionship between ADHD symptoms, EF and LBS in the ASD group.

Mediation effect of executive functioning on the learning behaviors

Previously to mediation analysis, Table 3 shows the correlations among the study variables in
the ASD group. Statistically significant values were found in the theoretically expected
direction.

In the ASD group, the ADHD symptoms were significantly correlated with the BRI (p =
.002), the MI (p < .001), attitude (p = .005), persistence (p < .001), and strategy (p = .001).
Likewise, significant associations were observed between the BRI and the subscales of the LBS,
motivation (p = .001), attitude (p < .001), persistence (p < .001), and strategy (p < .001), and
between the MI and motivation (p < .001), attitude (p < .001), persistence (p < .001), and
strategy (p = .001).
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Table 3. Partial correlations between executive functions, ADHD symptoms and learning behaviors in ASD group.

1 2 3 4 5 6 7
ASD 1.S. ADHD -
2.BRI 42 -
3.MI .58** 53** -
4.Motivation -.24 -.46* -.59%* -
5.Attitude -.40* -.48* -.61"* 71
6.Persistence -.56** -.49%* -.75%* .60** 727 -
7.Strategy -A47* -.68%" -.45% 37¢ 57+ 56%* -

Note. Controlling for gender; BRI: Behavioral regulation index; MI: Metacognitive Index; ADHD S.: ADHD symptoms
*p<.05
p<.01

https://doi.org/10.1371/journal.pone.0207286.t003

In sum, the correlation analyses supported the viability of the mediation analyses with the
main executive indices (BRI and MI) as mediator variables in the ASD group.

Mediation analyses were performed using the PROCESS program of mediation, modera-
tion, and conditional analysis [57], in order to examine the mediation of the BRI and MI exec-
utive indices in the relationship between the ADHD symptoms and the learning behaviors of
motivation, attitude, persistence, and strategy, in the children with ASD. For this purpose,
three multiple mediation analyses were conducted in ASD group, including sex as covariate.
The independent variable used was the dimensional score for ADHD symptoms from the
DSM-5, the T-scores for the subscales of LBS that presented a significant correlation with the
ADHD symptoms in ASD group were dependent variables, and the BRI and MI were partial
mediator variables.

Fig 1(A) shows in the ASD sample that when the direct effect of the ADHD symptoms on
the attitude toward learning was evaluated, controlling for the two executive mediators, the
result was not statistically significant [-.112, .141]. In this case, the indirect effect obtained with
the mediator MI, using the bootstrapping procedure for a sample of 10,000 and a 95% confi-
dence interval (CI), was statistically significant, CI [.004, .211]. Similar results were observed
when the direct effect of the ADHD symptoms on persistence in learning was evaluated (B),
controlling for the BRI and the MI. Statistically significant indirect effects were found with the
mediator MI, CI [.003, .225], and with the two mediators, BRI and MI, together, CI [.026,
.232]. By contrast, Fig 1(C) shows that there were statistically significant indirect effects of
mediation with the BRI mediator, CI [-.450, -.128], and with the two mediators, BRI and M1,
together, CI [-.471, -.059]. In this case, the direct effect of the ADHD symptoms on the learn-
ing strategy/flexibility, controlling for the two executive mediators, was statistically significant
(p = .046), so that the mediation was partial. The analysis of the covariate used indicated that
the sex did not have a significant impact (B = 2.09, p = .65).

Discussion

Children with ASD are increasingly being included in ordinary classrooms in Spain, following
the tendency of other European countries and the United States. Consequently, schools face
the challenge of providing appropriate services to respond to the needs of students with this
neurodevelopmental disorder. Given the many challenges faced by children with autism in the
school setting, it is important to understand the factors that underlie to their classroom school
functioning. The present study represents an attempt to collaborate in advancing in this
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Fig 1. *p < .05, ** p < .01Note. Multiple mediation analyses in ASD group of direct effect of the ADHD symptoms on the attitude controlling for the two executive

mediators (A), on the persistence controlling for the two executive mediators (B), on the strategy controlling for the two executive mediators (C).

https://doi.org/10.1371/journal.pone.0207286.9001

direction, completing the contribution of perspectives focused on school grades or standard-
ized test scores with the analysis of LB in children with ASD.

Confirming the first hypothesis, teachers evaluated children with ASD as having a lower
level that the children with TD in all learning behaviors which allow students to get educa-
tional goals in the classroom. According to their teachers, the children with ASD showed typi-
cal behaviors of insufficient motivation, such as less willingness to complete tasks and little

perseverance, giving up when encountering difficulties without making an effort to overcome
them. Likewise, the teachers reported that the children with ASD had a more negative attitude
toward learning, which was shown, for example, in their resistance to taking on a new task.
Finally, but not less important, the children with ASD adopted peculiar and inflexible
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procedures in performing tasks, which materialized as difficulties in shifting from one task to
another, modifying a procedure according to a new objective, or trying to find new solutions
to problems. On the whole, this learning style is framed in the constellation of restrictive
behaviors and interests that are part of the definition of the disorder in the DSM- 5 [1].

Importantly, our findings extend previous work supporting that children with autism have
impairments in significant components of school success, including behavioral school engage-
ment, school liking, emotional school engagement [58, 21, 23, 22]. They also show coinci-
dences with other studies comparing LB in children with TD and children with
neurodevelopmental disorders, such as ADHD [59,60]. Taken together these results reveal the
importance of examining the possible impairments of students with ASD in a set of skills that
act as a foundation for learning in the classroom, - motivation, attitude toward learning, per-
sistence and flexibility-, which according teachers may be considered even more important
than academic skills [61].

Likewise, the comparison of ADHD symptoms in the group of children with ASD and the
group with TD yielded the expected results, coinciding with empirical studies that show the
presence of ADHD symptoms in children with ASD [24,62,63]. The cognitive, social, and
behavioral implications of this association are great. To date, studies of individuals with ASD
and ADHD symptoms suggest that there are greater cognitive, social, and behavioral impair-
ments in children with both disorders than in those with ASD alone [25,26,27]. In any case dis-
ruptive behaviors are additional risk factors for learning problems in ASD [30,31].

In order to advance the understanding of the manifestations of ADHD symptoms and EF
in LB of students with ASD, the second question of this study addressed the analysis of the
relationships among all these variables. On the one hand, the results supported significant and
negative associations between ADHD symptoms and LB in children with ASD. Only the rela-
tionship between motivation and ADHD symptoms did not achieve statistical significance,
although it was close, which suggests that curiosity about learning activities does not have a
strong relationship with inattention or hyperactivity/ impulsivity behaviors in students with
ASD. On the other hand, consistent with the literature, a significant relationship between
ADHD symptoms and EF [26] was found. In addition, the association between EF and LB was
confirmed, suggesting the importance of metacognition and behavioral regulation behaviors
in academic enablers in children with ASD [40,41,42].

The idea that EF deficits could be related to the LB of children with ASD is justified when
considering the contextual demands of the school setting. Therefore, it is interesting to explore
what specific facets of EF, behavioral regulation, and metacognition, were mediating the rela-
tionships between ADHD symptoms and different LB. A strong point of this empirical study,
which to our knowledge has not been addressed until now, consisted of the analysis of the pos-
sible mediator role of EF in the LB of children with ASD, that is, in the attitudes and behaviors
that allow them to participate in and benefit from instruction in class. The results of the multi-
ple mediation analysis carried out were coherent with the prediction. Specifically, the metacog-
nitive processes, that is, the amalgam of working memory, planning, initiative, organization of
materials, and supervision skills, mediated the relationship between the ADHD symptoms and
the attitude toward learning. Along the same lines, the metacognitive processes were also a sig-
nificant mediator of persistence on the task. In other words, metacognitive executive functions
explained the attitudes toward learning and the persistence on the task, above and beyond the
dimensions of inattention/disorganization and hyperactivity/impulsivity. In addition, the
results of the multiple mediation analysis showed the importance of the behavioral regulation
index. However, there was only partial mediation between ADHD symptoms and the strategy/
flexibility learning. Therefore, success on non-routine problem-solving tasks that require flexi-
ble thinking and the generation of new problem-solving strategies depends, at least partly, on
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skills such as inhibition, shifting, and emotional control. Precisely, as has been noted, more
than 50% of children and adolescents with ASD have clinically significant cognitive flexibility
deficits in the BRIEF [64]. These impairments may partly are provoking difficulties in the use
of the strategy/flexibility learning.

In summary, the findings showed significant mediation effects of the BRI index and MI
index of EF, suggesting that both are part of the path (mechanisms) through which ADHD
symptoms affect LB in children with ASD. In other words, these impairments are not only a
function of diagnosis of ASD but are also a consequence of the combination of the ASD and
ADHD characteristics. There seems to be a unique contribution of specific aspects of EF in
predicting different learning behaviors of children with ASD, with metacognition being more
related to attitudes toward learning and persistence to task, and behavioral regulation being
more related to strategy/flexibility. Thus, the appropriate development of the metacognitive
processes of the EF may promote the tendency towards being proactive, as well as abilities to
stay on task, ignore distractions, and persist despite the difficulties. On the other hand, the
executive functioning behaviors of behavioral regulation might play an essential role in the
child’s capacity to select coping strategies, and to develop strategies effectively to a specific
learning situation. In fact, behavioral regulation has previously been revealed as a salient index
of self-regulation for both emotional and behavioral school engagement [58].

Limitations

Our study has some limitations that must be mentioned. The measures of EF and the learning
behaviors used in the current study relied primarily on teacher reports, that may have been
negatively influenced by knowing the ASD diagnosis. However, we trust that the knowledge of
the difficulties that ASD implies and its consideration as a “special educational needs” in the
education system might have avoided to a large extent the possible negative bias in the teach-
er’s assessment.

Although the information was provided by informants who are very familiar with the
behavior of the individuals in relevant contexts for academic and social learning, it would have
been desirable to complement this information with observations made in the classroom and/
or home. Results may have been different if observational or performance measures related to
a learning behavior and executive functions were utilized. In fact, the agreement between
neuropsychological tasks of EF and parents and teacher’s ratings using the BRIEF shows mod-
erate correlation values between these two different assessments procedures [65,66]. As the
review by Toplak et al. [67] underlined, performance-based and ratings measures of EF cap-
ture different level of analysis or underlying processes, so they should not be used interchange-
ably as parallel measures in clinical or educational assessments. They are complementary
measures. Daily life situations ratings inform about the individual behaviour in order to
address multiple cognitive and social demands. They have ecological validity and they could
contribute to a broader understanding of EF than the performance in neuropsychological tests
in laboratory settings. But, in any case, real-world EF impairments observed by teachers would
not reduce the importance of neuropsychological tasks because both measures may reflect the
child’s performance in various environmental contexts. Certainly, the use of a battery of
neuropsychological tests in our study might have allowed a more complete and detailed exami-
nation of the relationship between EF skills and learning behaviors.

Additional measures of student academic performance were also not included and future
research is needed to document the relations between the EF, ADHD symptoms, learning
behaviors and additional measures of classroom academic performance. The small sample
size, particularly of the TD group, and the major sampling bias towards males in the ASD
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sample represent a limitation of the study. The results cannot be generalized to girls with ASD
either, given the low number of female participants. This limitation is not unique to our study, how-
ever, it must be a goal for future research on ASD as findings so far are scarce, suggesting a relative
weakness for females compared to males diagnosed with ASD on executive function and daily liv-
ing skills [68]. These differences between females and males with ASD on EF may affect the results
of the mediation models. Moreover, the results are only applicable to children with an IQ equal to
or above 80, limiting their generalization to a broader population of children with ASD.

In addition, the transactional processes that take place in the classroom are difficult to rate
and are not captured in our study. For example, it would also have been important to explore
other factors associated with a positive atmosphere in the classroom, such as the teacher’s
degree of closeness [69] and the beliefs teachers hold regarding their capability to bring about
desired instructional outcomes for students with ASD [70]. It would have been relevant to ana-
lyze if there are differences on learning behaviors depending on variables of family environ-
ment. In fact, a recent study shows [71] that there are associations between parental
disciplinary style and child self regulation in children with ASD, which is an important
requirement for social functioning in general and for success in educational settings.

Conclusion and future directions

Despite these limitations, the current study makes an important contribution to our knowl-
edge about implications of executive functions in learning behaviors of children with ASD,
underlining the importance for designing interventions that fit their special educational needs.
Efforts to increase EF in students with ASD in educational settings could be fundamental to
promote LB such as motivation / competence, attitudes towards learning, persistence on tasks
and strategy flexibility. There are some positive data in this direction. For example, a recent
work demonstrated that the application of the Cogmed Working Memory Training improved
the attention, impulsivity, emotional reactivity and academic achievement in children with
ASD and comorbid ADHD [72].

However, interventions in the common environments of children with ASD and ADHD
have more guarantees of effectiveness and generalization of skills than those implemented in a
clinical context. As experts point out, the problem of ADHD is not a problem of lack of knowl-
edge but rather of the application of what is known in the context and at the right moment,
due to a EF deficit [73]. In the school context, Kenworthy et al. [74] developed an intervention
based on EF to teach cognitive/physical flexibility, goal setting, and planning, through experi-
ments, discussions of scenarios, and the use of self-regulation scripts. Kenworthy’s program,
which gives an essential role to the school, is not an isolated effort. It connects with new
approaches and intervention objectives that assume the conceptualization of ASD as a form of
social learning disability that affects learning [75]. From these perspectives, the success of ASD
interventions depends to a large extent on their ability to create optimal learning environments
to achieve social and personal well-being. It would be advisable to promote early interventions
to improve learning behaviors of children with HFA before they transit to a formal learning
environment. The program "Tools of the Mind" [76] for preschool children is based on the
socio-constructivist theory of development and aims to promote three executive functions
(working memory, inhibitory control and flexibility) through mature and intentional play.
The Tools of the Mind curriculum is found to improve the classroom experiences, social devel-
opment and academic success of at-risk young children [77], thereby supporting the possible
effectiveness of its application with preschoolers with ASD. Early intervention is the best pro-
cedure to improve a child’s long-term outcomes and reduce lifetime costs to the individual,
family and society [78].
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