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ABsTRACT

Introduction: The autistic population is expanding. It is generally recognized that executive function deficits (EFs) are at the core of this disorder. Working
memory (WM) is considered a critical element in executive functioning. WM training is regarded as a promising new therapy that can improve EFs and reduce
symptoms of autism by targeting WM through repetitive exercises.

Aim: To investigate the impact of WM training on WM, cognitive flexibility, planning, and clinical symptoms. Also, to examine whether age influences the
remediation effects.

Methods: Only one group of 20 verbal autistic participants aged 6 to 21 years was included. They received 40 training sessions. The program used is
called «Cogmed». Neuropsychological measures were administered before and after the intervention to assess the three EFs. The Social Communication
Questionnaire (SCQ) was exploited to evaluate its effects on clinical symptoms.

Results: Only 17 participants have completed the training. They showed significant and large improvements in WM subtests (p<0.01, n?>0.06), cognitive
flexibility (p<0.05, n?>0.06), planning (p<0.01, n?>0.06), and symptoms (p<0.01, n>0.06). Also, the ANOVA test revealed that the age and the intervention
effects are not correlated in our sample (p >0.05).

Conclusion: WM training influences EFs positively in autism and reduces the severity of its clinical characteristics. Thus, it’s an effective therapy that can
be added to the management of this disorder.

Key words: Autism; Working memory; Working memory training; Cognitive flexibility; Planning; Autistic symptoms.

Resumi

Introduction: La population autistique est en expansion. Il est reconnu que les déficits des fonctions exécutives (FEs) sont au centre de ce trouble. La
mémoire de travail (MT) est un élément crucial dans le fonctionnement exécutif. L'entrainement de la MT est considéré comme une nouvelle thérapie
prometteuse qui peut améliorer les FE et réduire les symptomes de I'autisme en ciblant la MT par des exercices répétitifs.

Objectifs: Etudier l'impact de I'entrainement de la MT sur la MT, la flexibilité cognitive, la planification et les symptémes cliniques. Examiner aussi si
I'age influence les effets de la remédiation.

Méthodes: Un seul groupe de 20 participants autistes verbaux agés de 6 a 21 ans a été inclus. Ils ont bénéficié de 40 sessions d’entrainement. Le
programme utilisé est appelé «Cogmed». Des mesures neuropsychologiques ont été administrées avant et apres l'intervention pour évaluer les trois
FEs. Le questionnaire de communication sociale a été utilisé pour évaluer ses effets sur les symptomes.

Résultats: Seulement 17 participants ont terminé I'entrainement. lls ont montré une importante amélioration de la MT (p<0,01, n?>0,06), la flexibilité
cognitive (p<0,05, n*>0,06), la planification (p<0.01, n>>0.06) et les symptémes (p<0,01, n>>0,06). Le test ’ANOVA a révélé que I'age et les effets de
I'intervention ne sont pas corrélés dans notre échantillon (p>0,05).

Conclusion: L'entrainement de la MT influence positivement les FEs dans I'autisme et réduit la sévérité de ses caractéristiques cliniques. Ainsi, c'est
une thérapie efficace qui peut étre ajoutée a la prise en charge de ce trouble.

Mots clés: Autisme; Mémoire de travail; Entrainement de la mémoire de travail; Flexibilité cognitive; Planification; Symptomes autistiques.
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INTRODUCTION

According to the Diagnostic and Statistical Manual of
Mental Disorders (1), autism or autism spectrum disorder
(ASD) is a neurodevelopmental condition that affects males
four times more than females, and it's characterized by
insistent deficits in social communication and interaction in
different contexts associated with restricted and repetitive
behaviors, interests, or activities. The prevalence of this
disorder has almost reached 1% of the population in the
past few years (1). The increasing autistic population is
both alarming and challenging in terms of patient care,
which requires more importance and supplemental
interventions to alleviate its severity. One of the major
cognitive theories in autism suggests that executive
function deficits might be a logical theoretical explanation
of autistic symptoms (2-4). EFs refer to superior cognitive
processes used in the control of thoughts and actions (5)
to adapt to new environmental stimuli (6). The deficit of
EFs alters the daily life of the individual, his behaviors, and
his social interactions (7). Some studies have suggested a
strong correlation between impaired executive functioning
and either social or non-social ASD clinical symptoms (8-
13). WM is considered a crucial component of executive
functioning that allows the temporary maintenance and
manipulation of information to perform complex cognitive
activities. It was associated with language skills and
symptom severity (14) and also correlated to social
functioning in the autistic population (15,16). Several
studies have suggested that training through repetitive
exercises can increase the capacity of WM (17-20).
Moreover, a growing body of literature has indicated that
WM training can be promising in many populations with
neurodevelopmental disorders (21-25). However, there
is a paucity of scientific research examining the effects
of this therapy on ASD, and outcomes relating to either
near transfer (enhancement of the trained domain) or
far transfer (enhancement of the untrained domain) are
controversial. For instance, some studies have reported
important near transfer to WM (26-31), far transfer to
autistic symptoms (29), and far transfer to other non-
trained tasks (30), However, the meta-analyses of Melby-
Lervag and Hulme (18) showed the absence of transfer
effects of WM training to further untrained tasks. Wagle
and colleagues (32) have noticed the absence of either a
near transfer to WM or a far transfer to clinical symptoms
after a short-term intervention. de Vries and colleagues
(33) have revealed that WM training leads to only marginal
near transfer to WM but has no effect on social behavior.
To our knowledge, there has been no research conducted
about the far transfer of the WM training effect to EFs in
autism; nevertheless, some studies adopting cognitive
remediation programs containing the WM module,
among others, have reported amelioration of EFs (34-38)
and autistic symptoms (35,37-39). In effect, we cannot
consider that these improvements are the results of WM
training, but we presuppose this therapy can contribute to
EFs and autistic symptom enhancement. Then, the effects
of WM training on ASD are not clear, which necessitates
more scientific studies relating to this area.

METHODS

Study and participants

This study is a pilot study of a single-group open-label
trial. Participants are aged 6 to 21 and affiliated with an
association specializing in autism. A written consent was
required from their parents. Twenty verbal participants
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with ASD (level 1, 2, or 3) met the eligibility criteria,
predominantly male and all Moroccan. Only 17 have
completed the remediation, 16 male and one female.
The dropout rate was 15%. Eight participants presented
comorbidity (ADHD). The group included children aged 6
to 11 (n = 6), adolescents aged 12 to 17 (n = 8), and adults
aged 18 to 20 (n = 3). They were diagnosed according to
the DSM-5-TR by pediatricians, psychologists, or pediatric
psychiatrists. All participants had to be able to recognize
letters and numbers from one to nine in French, seeing that
the program was administered in French. They also had to
be able to use a laptop, digital tablet, or iPad since the
program of remediation is computerized. They all needed
to complete 40 training sessions; every session lasted 25
minutes. None of the participants used drug treatment.
Most of them (n = 13) attended primary school, and four
were in middle school. The only exclusion criterion was
starting or stopping a drug treatment, such as psychotropic
medication, that can influence the cognitive processing
of the participant to avoid confusion concerning the
effects of the intervention. All participants were examined
twice with neuropsychological measures by the same
neuropsychologist in a dedicated assessment site at the
headquarters of the association. The first evaluation was
to assess baseline cognitive functioning, and the second
was to evaluate the remediation effects. A questionnaire
was administered to the participant’s parent or assistant
before and after training to examine changes in autistic
symptoms.

Measures

Measures included two kinds of tasks: near transfer to WM
and far transfer to cognitive flexibility, planning, and ASD
symptoms.

The tests used to evaluate the three components of WM
are the forward digit span task to measure the phonological
loop’s capacity, the Corsi block test to measure the
visuospatial sketchpad’s capacity, the back digit span task,
and the modified one to evaluate the central executive.
The computerized version of the Wisconsin Card Sorting
Test (WCST) was used to assess cognitive flexibility;
the Tower of London Test (TLT) was used to evaluate
planning; and symptoms of ASD were assessed using the
Social Communication Questionnaire (SCQ). In addition
to these measures, we adopted Cogmed Working Memory
Training (CWMT) as a training program.

Near transfer to WM tasks

Forward digits span task

This task, from the Wechsler Adults Intelligence Scale
(WAIS) and the Wechsler Memory Scale (WMS), is used
to measure the phonological loop’s capacity. It consists
of the oral presentation of eight series of digits, from two
digits up to nine digits, at the rate of one item per second.
The participant must memorize and retrieve numbers in
the order in which they are presented. He can try two
attempts for each series; if he fails the first, the examiner
gives him the second, but if he fails both attempts, the test
stops.

The capacity of the phonological loop corresponds to
the number of elements of the longest series reproduced
without error.

Corsi block task

This test was developed by Corsi (40) and applied to measure
the visuospatial sketchpad’s capacity. The participant has
to retain and reproduce the visuospatial sequences carried
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out by the examiner using his index finger on a wooden
board with nine small blocks distributed irregularly and
asymmetrically, with a pointing frequency between 1 and 3
seconds. The number of blocks increases progressively. If
the participant fails the first attempt, he must try a second
one. When two attempts at the same level fail, the test
stops.

The longest sequence that the participant remembered
and was able to successfully reproduce, in one of the two
attempts, coincides with the sequential visuospatial span.

Backward digit span task

This task, from the Wechsler Intelligence Scale for Children
(WISC-V), is used to evaluate the central executive. It
comprises eight series of numbers presented at the rate
of one item per second, which the participant had to recall
immediately and inversely. The number of digits increased,
and each series had two tries. If the participant succeeds
in the first attempt, the examiner presents the series for
the next level; if not, he tries the second attempt, and in
the event of failure, the test stops.

The reverse digit span corresponds to the longest series
that the participant was able to memorize and retrieve
correctly in reverse order.

Modified digit span task

Its also applied to evaluate the central executive; it
involves a series of letters ending in a number, ranging
from two to eight series, which must be presented at the
rate of one item per second. The participant must retrieve
digits according to the order of the presentation and omit
the letters. He can make two trials; if he succeeds in the
first, he passes to the next level. If he fails, he can try
another time. The test stops if he fails both trials.

The modified digit span is the number of digits correctly
retrieved by the participant.

Far transfer to flexibility task

Wisconsin Card Sorting Test (WSCT)

The version of WSCT used in this study is computerized
and available at (www. psytoolkit.org). There are 60 trials
in this test. Four stimulus cards are presented at the top
of the screen, each containing one red circle, two green
triangles, three blue crosses, or four yellow stars. The
participant should match a card to one of the four others
following one of the three rules: the color, the number, or
the shape that changed now and then. He gets feedback;
if his choice is not correct, he needs to change the rule.
At the end of the test, we get the number of errors and
perseveration errors that refer to the number of times the
participant had to change the rule, but he did not.

Far transfer to planning task

Tower of London Test

This test was created by Shallice (41). It necessitates two
models, each with three rods of 1 cm in diameter fixed on
a base. The rods are respectively at heights of 13, 8.5,
and 4 cm, and they are separated from each other by 4
cm (42). The participant must use three balls of different
colors (red, green, and blue) with a diameter of 4 cm to
arrange an initial configuration. The complexity of the test
increases by increasing the minimum number of moves
necessary to complete the model (43).

Far transfer to ASD symptoms

Social Communication Questionnaire
The SCQ is a binary rating scale used in the diagnostic

process for ASD and is relevant to individuals aged
more than 4 years with a mental age of at least 2 years.
It contains 40 items targeting the three basic domains:
the domain of reciprocal social interaction, the domain of
communication, and the domain of restricted repetitive
and stereotyped behaviors. The questionnaire is taken
from the Autism Diagnostic Interview-Revised (ADI-R)
and has two forms: the lifetime form and the current form
(44). The form used in this study is the current one that
can be completed by the parents or the principal caregiver
concerning the individual’s behavior all through the latest
3-month period. The current form can provide outcomes
relating to the level of severity of ASD symptomatology
over time and evaluate the effects of therapeutic or
educational interventions (44).

Before utilization, the SCQ was translated into Arabic and
validated for the Moroccan population.

WM training program

The training program adopted in this study is «Cogmed,”
or Cogmed Working Memory Training (CWMT). It's a
computerized cognitive remediation program founded
in 2001 by Torkel Klingberg. This program targets the
components of the WM according to the Baddeley
and Hitch model through repeated exercises in verbal,
visuospatial, or bimodal modality (https://www.cogmed.
com). The version used in this study is «standard,» with
11 exercises. Participants should carry out five sessions a
week, with three exercises per session lasting 25 minutes.
An optional reward game is presented at the end of each
session to reinforce the user.

Statistical analysis

All data analyses were performed using the Statistical
Package for Social Sciences (SPSS, version 25). The
means and standard deviations were determined,
and the paired t-test was applied to compare pre- and
post-evaluations to examine whether participants
improved in WM, cognitive flexibility, planning, and ASD
symptomatology. The eta square test was conducted to
determine the effect size of the intervention on the three
EFs and autism symptoms. Additionally, an ANOVA test
was used to verify whether there is a correlation between
age and ftraining effects. Participants were divided
according to three age ranges: 6 to 11, 12 to 17, and 18
to 20.

Ethical Approval

The study was approved by the research ethics committee
of the clinical neuroscience laboratory at the Faculty of
Medicine, University Sidi Mohamed Ben Abdellah.

RESULTS

The statistical analysis included only the 17 participants
who completed 40 training sessions, excluding those who
dropped out of the study.

Table 1 reports a comparison of each neuropsychological
test and the SCQ results before and after intervention. We
used the number of perseverative errors as the criterion
measure in WCST. In the SCQ, we have grouped the two
domains of communication and social interaction in the
same domain to be in line with the diagnostic criteria of
ASD according to DSM-5-TR.

The table reveals there are statistically significant
differences at 0.01 and 0.05 levels between pre- and post-
evaluations of WM and cognitive flexibility, respectively.
Differences were in favor of post-evaluation. Therefore,
participants showed significant amelioration in the near
transfer to WM subtests, and they also significantly
improved in the far transfer to cognitive flexibility test.
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The table shows there are also statistically significant
differences at the 0.01 level between the pre- and post-
test of the Tower of London. Differences were in favor
of the post-test for the planning score while they were in
favor of the pre-test concerning the number of moves and
total time, which means the planning score was higher in
the post-test while the number of moves and total time
decreased after intervention. Hence, there is a significant

Table 1. results of the paired t-test relating to pre- and post-evaluations
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amelioration between pre- and post-intervention scores in
the transfer to planning task. Concerning the SCQ results,
there are statistically significant differences atthe 0.01 level
between the pre- and post-evaluations in the total score as
well as in the SCI and the RRSB domains. The differences
were in favor of the pre-evaluation. Thus, participants
showed a notable diminution in ASD symptoms.

Pre-evaluation (n=17)

Post-evaluation (n=17)

DF t P
Measures Mean SD Mean SD
WM tests
Forward digit span task 2.6471 1.80074 3.4118 1.66053 16 -4,19 0.001
Corsi block task 2.8824 1.72780 4.8824 2.39485 16 -5.090 0.000
Backward digit span task 1.5294 1.77192 2.8235 1.91165 16 -4.600 0.000
Modified digit span task 0.9412 1.59963 2.0588 2.07577 16 -3.271 0.005
WCST
Perseverative errors 19.5882 5.79934 15.8824 3.14011 16 2.384 0.030
TLT
Planning score 5.1176 4.60818 10.0588 3.97603 16 -4.915 0.000
Number of moves 70.1176 13.49946 57.7059 11.08921 16 4.458 0.000
Total time (s) 412.4118 272.53464 213.0588 223.06739 16 3.592 0.002
scQ
Total score 17.7059 6.14171 6.5882 3.04259 16 7.462 0.000
Domain of SCI 12.8824 4.70216 5.5294 2.96052 16 6.911 0.000
Domain of RRSB 4.8235 2.55527 1.0588 1.29762 16 6.001 0.000

WM: Working Memory; WCST: Wisconsin Card Sorting Test; TLT: Tower of London Test; SCQ: Social Communication Questionnaire; SCI: Social Communication and Interaction; RRSB: Restricted Repetitive and

Stereotyped Behaviours

Table 2 shows the eta-squared values and the effect sizes
of the intervention on the scores of each assessment.
These values range from 0.26 to 0.80 (n? = 0.06), which
indicates that the effect of the intervention on all post-
measure outcomes is large.

Table 2. Eta squared values and effect size of the intervention on working
memory, mental flexibility, planning, and ASD symptoms.

Measures r t DF n? Size effect
WM tests

Forward digit span task 0.909 -4.190 16 0.52 Large
Corsi block task 0.737 -5.090 16 0.62 Large
Backward digit span task 0.804 -4.600 16 0.57 Large
Modified digit span task 0.735  -3.271 16 0.40 Large
WCST

Perseverative errors 0.066 2.384 16 0.26 Large
TLT

Planning score 0.542 4915 16 0.60 Large
Number of moves 0.579 4458 16 0.55 Large
Total time (s) 0.590 3592 16 0.45 Large
scaQ

Total score 0.247 7.462 16 0.77 Large
Domain of SCI 0.418 6.911 16 0.75 Large
Domain of RRSB 0.230 6.001 16 0.69 Large

ASD: Autism Spectrum Disorder; WM: Working Memory; WCST: Wisconsin Card Sorting Test; TLT:
Tower of London Test; SCQ: Social Communication Questionnaire; SCI: Social Communication and
Interaction; RRSB: Restricted Repetitive and Stereotyped Behaviors

In Table 3, the p-values obtained from the one-way
ANOVA F-test assessing the correlation between age
and the training effects were greater than 0.05 in all tests.
Based on the analysis, we did not find sufficient evidence
to conclude that age has a statistically significant impact
on the outcomes of the intervention. This means that
in our sample, age and the intervention’s effect are not
correlated.

Table 3. Results of the ANOVA F-test relating to the significance of post-
measures means according to age

Post-evaluation Age N Mean SD F P

WM tests

Forward digit span task 6-11 6 3.0000 1.67332 0.617 0.553
12-17 8 3.3750 1.59799
18-20 3 4.3333 2.08167

Corsi block task 6-11 6 5.3333 2.16025 0.282 0.758
12-17 8 4.8750 2.85044
18-20 3 4.0000 2.00000

Backward digit span task 6-11 6 1.5000 1.97484 2.735 0.099
12-17 8 3.6250 1.68502
18-20 3 3.3333 1.15470

Modified digit span task 6-11 6 1.3333 2.42212  0.540 0.594
12-17 8 2.5000 1.92725
18-20 3 2.3333 2.08167

WCST

Perseverative errors 6-11 6 15.3333 2.33809 0.265 0.771
12-17 8 16.5000 4.00000
18-20 3 15.3333  2.51661

TLT

Planning score 6-11 6 9.0000 4.81664 0.434 0.656
12-17 8 10.2500 4.16619
18-20 3 11.6667  0.57735

Number of moves 6-11 6 58.6667 13.70645 0.184 0.834
12-17 8 58.3750 11.62433
18-20 3 54.0000 4.00000

Total time (s) 6-11 6 255.3333 258.50932 0.182 0.835
12-17 8 178.875 225.9275
18-20 3 219.6667 205.55372

scQ

Total score 6-11 6 7.1667 2.92689 0.181 0.836
12-17 8 6.1250 3.09089
18-20 3 6.6667 4.16333

Domain of SCI 6-11 6 6.1667 3.12517 0.342 0.716
12-17 8 4.8750 2.94897
18-20 3  6.0000 3.46410

Domain of RRSB 6-11 6 1.0000 1.09545  0.207 0.815
12-17 8 1.2500 1.58114
18-20 3 0.6667 1.15470

WM: Working Memory; WCST: Wisconsin Card Sorting Test; TLT: Tower of London Test; SCQ: Social
Communication Questionnaire; SCI: Social Communication and Interaction; RRSB: Restricted

Repetitive and Stereotyped Behavior
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DISCUSSION

The main focus of the current study was to examine three
questions. First, whether WM training has a positive effect
on its three components (near transfer); second, whether
this effect can reduce the severity of ASD symptomatology
and be generalized to other EFs, mainly cognitive
flexibility and planning, that are not trained (far transfer);
and third, whether there is a relationship between age
and remediation effects. Outcomes of statistical analysis
demonstrated large improvements in WM, cognitive
flexibility, planning tasks, and symptoms. Hence, WM
training leads to near transfer to WM and induces far
transfer to other EFs in addition to clinical symptoms, but
no association was detected between age and training
effects.

Our findings are consistent with previous research; a near
transfer of WM training in autism was reported in other
studies (26-31), but not far transfer to cognitive flexibility
and planning. As far as we know, no study focused on the
effect of WM training on these two aspects of EFs. The far
transfer to cognitive flexibility was found in neurotypical
groups (45-47). Whereas the effect on planning was
explored in other populations, such as children with ADHD
and pediatric bipolar disorder (48). Some authors have
noticed a diminution in clinical symptoms in ASD patients
using the Frontal Executive Program, which targets
not only WM but also cognitive flexibility and planning
(34,38,39). So, training in these three processes induced
an improvement in autistic symptoms. The current study
confirms that WM training led to a far transfer to cognitive
flexibility, planning, and ASD symptoms. In light of the two
conclusions, we could put forward that WM training can
contribute to the improvement of the clinical symptoms of
autism. Even though there is a lack of studies exploring
the effects of WM training in the autistic population, the
results of the present work follow literature relating to
WM. There is a strong relationship between WM and
EFs (48). The central executive links between them even
if they are disassociated (49). Transfer to other EFs is
evident as training enlarges the WM capacity (23,50).
The improvement is generalized (51) because of the
key role of the WM capacity in the performance of many
cognitive functions (52,53-55). More precisely, it has
been shown that cognitive flexibility depends strongly
on the phonological loop in the Baddeley and Hitch
model. There exists a negative correlation between this
function and verbal WM (56,57). Likewise, people with
high WM capacity perform significantly better in tasks
classically used to evaluate planning; the Hanoi Tower
Task (58,59) and its variant, the TLT (60). Altagassen and
colleagues (61) revealed that each of the three elements
of WM was related to the planning task in healthy people.
Furthermore, the remediation program adopted in this
study targets all components of WM that may contribute
to the generalization of training’s effect (62,63). Also,
it may be related to other moderating factors, such as
parental support or the motivation of subjects (64,65).
Unfortunately, our study did not investigate any of these
moderators.

From an anatomical perspective, many neuroimaging
studies have indicated that EFs are connected through
an active, flexible network. The same prefrontal regions
mediate different aspects of executive functioning (66).
Tasks involving EFs and WM activate the same brain
regions, namely the prefrontal regions and the frontal and
posterior association cortex areas (67). A meta-analysis
of 193 neuroimaging studies has shown that the network
comprising prefrontal, dorsal anterior cingulate, and
parietal cortices was constantly activated in all executive
domains examined, including WM, cognitive flexibility, and

planning (68). Thus, functions that share neural substrates
with WM could be affected by WM training.

As to the correlation between age and benefits, it is noted
that early intervention is beneficial for people with autism.
Pasco (69) indicates that empirical research relating to this
perspective is limited, but some research has identified
the major importance of this process at an early age
(70). Early intervention can increase effects (71,72). For
example, in WM training, Melby-Lervag and Hulme (18)
found that larger benefits were noted in younger children
than in older children. Nevertheless, we did not take notice
of any correlation between age and training gains in the
current study. This could be attributed to the restricted size
of the sample adopted.

It is interesting to note that the present study has two
limitations, which should be further examined in future
research. The first limitation is related to the limited sample
size of the study. The small sample size was appropriate
for a pilot study; however, it should be expanded in future
studies to get reliable results that can be generalized.
The second limitation is the absence of a control group.
Next research should include a control group that allows
for obvious deductions about the effectiveness of the
intervention. A follow-up investigation is also needed to
examine the persistence of the training effects on WM,
cogpnitive flexibility, planning, and ASD symptoms.

CONCLUSION

To summarize, the results of the present study demonstrate
that WM training using CWMT shows a robust effect on
WM, cognitive flexibility, planning, and ASD symptoms,
but they do not show any relationship between age and
training effect. These findings provide evidence that WM
training can be promising to improve other EFs and reduce
the severity of autism’s symptoms. Thus, this therapy
can be a favorable supplement in the therapeutic plan of
people with ASD and contribute to the amelioration of their
quality of life.

List of abbreviations

ADHD: Attention Deficit Hyperactivity Disorder

ADI-R: Autism Diagnostic Interview-Revised

ASD: Autism Spectrum Disorder

CWMT: Cogmed Working Memory Training

DSM-5-TR: Diagnostic and Statistical Manual of Mental Disorders 5" ed.,
Text Revised

EFs: Executive Functions

RRSB: Restricted Repetitive and Stereotyped Behaviours
SCI: Social Communication and Interaction

SCQ: Social Communication Questionnaire

SPSS: Statistical Package for Social Sciences

TLT: Tower of London Test

WAIS: Wechsler Adults Intelligence Scale

WCST: Wisconsin Card Sorting Test

WISC: Wechsler Intelligence Scale for Children

WM: Working Memory
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REFERENCES

1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders (5th Ed., text rev.). Amer Psychiatric Pub Inc;2022.

2. Kenworthy L, Yerys BE, Anthony LG, Wallace GL. Understanding
executive control in autism spectrum disorders in the lab and in
the real world. Neuropsychology review. 2008;18(4):320-338.
Doi:10.1007/s11065-008-9077-7.

3. OHearn K, Asato M, Ordaz S, Luna B. Neurodevelopment and
executive function in autism. Development and psychopathology.
2008;20(4):1103-1132. D0i:10.1017/S0954579408000527.

4. Zimmerman DL, Ownsworth T, O’Donovan A, Roberts J, Gullo MJ.
Independence of hot and cold executive function deficits in high-functioning

888



10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

adults with autism spectrum disorder. Frontiers in human neuros-
cience. 2016;10:24. D0i:10.1016/j.psychres.2017.04.023.

Bell MA, Meza TG. Executive function. In Benson JB, eds.
Encyclopedia of infant and early childhood development. 2nd ed.
Oxford, UK: Elsevier. 2020:568-574.

Pasqualotto A, Mazzoni N, Bentenuto A, Mule A, Benso F, Venuti P.
Effects of cognitive training programs on executive function in children
and adolescents with Autism Spectrum Disorder: A systematic review.
Brain sciences. 2021;11(10):1280. Doi:10.3390/brainsci1101280.

Cristofori I, Zhong W, Chau A, Solomon, J, Krueger F, Grafman J.
White and gray matter contributions to executive function recovery
after traumatic brain injury. Neurology. 2015;84(14):1394-1401.
Doi:10.1212/WNL.0000000000001446.

Van Eylen L, Boets B, Steyaert J, Wagemans J, Noens |. Executive
functioning in autism spectrum disorders: Influence of task and sample
characteristics and relation to symptom severity. European Child &
Adolescent Psychiatry. 2015;24:1399-1417. Doi:10.1007/s00787-015-
0689-1.

Leung RC, Pang EW, Cassel D, Brian JA, Smith ML, Taylor MJ. Early
neural activation during facial affect processing in adolescents with
Autism Spectrum Disorder. Neurolmage: Clinical. 2015;7:203-212.
Doi:10.1016/j.nicl.2014.11.009.

Zilberfayn I. Role of Executive Dysfunction in Social Communication
in Autism Spectrum Disorder. Archives of Physical Medicine
and Rehabilitation. 2019;100(12):199-200. Doi:10.1016/j.
apmr.2019.10.115.

Faja S, Nelson Darling L. Variation in restricted and repetitive
behaviors and interests relates to inhibitory control and shifting in
children with autism spectrum disorder. Autism. 2019;23(5):1262-
1272. Doi:10.1177/1362361318804192.

Lopez BR, Lincoln AJ, Ozonoff S, Lai Z. Examining the relationship
between executive functions and restricted, repetitive symptoms
of autistic disorder. Journal of autism and developmental disorders.
2005;35(4): 445-460. Doi:10.1007/s10803-005-5035-x.

Sadeghi S, Pouretemad HR. Executive functions predict restricted
and repetitive behaviors in toddlers under 36 months old with autism
spectrum disorder. Infant Behavior and Development. 2022;67:101721.
Doi:10.1016/j.infbeh.2022.101721.

Schuh JM, Eigsti IM. Working memory, language skills, and
autism symptomatology. Behavioral Sciences. 2012;2(4):207-218.
Doi:10.3390/bs2040207.

Freeman LM, Locke J, Rotheram-Fuller E, Mandell D. Brief report:
Examining executive and social functioning in elementary-aged
children with autism. Journal of autism and developmental disorders.
2017;47:1890-1895. D0i:10.1007/s10803-017-3079-3.

Leung RC, Vogan VM, Powell TL, Anagnostou E, Taylor MJ. The
role of executive functions in social impairment in Autism Spectrum
Disorder. Child Neuropsychology. 2016;22(3):336-344. Doi:10.1080/0
9297049.2015.1005066.

Klingberg T. Training and plasticity of memory. Trends in Cognitive
Sciences. 2010;14:317-324. Doi: 10.1016/j.tics.2010.05.00243.

Melby-Lervag M, Hulme C. Is working memory training effective? A
meta-analytic review. Developmental Psychology. 2012;49 (2):270-
291. Doi: 10.1037/s0028228

Schwaighofer M, Fisscher F, Blhner M. Does working memory
training transfer? A meta-analysis including training conditions as
moderators. Educational Psychologist. 2015;50(2):138-166. Doi:
10.1080/00461520.2015.1036274.

Von Bastian CC, Oberauer K. Effects and mechanisms of working
memorytraining:areview. Psychologicalresearch.2014;78(6):803—-820.
Doi: 10.1007/s00426-013-0524-6.

Soderqvist S, Nutley SB, Ottersen J, Grill KM, Klingberg T.
Computerized training of non-verbal reasoning and working memory in
children with intellectual disability. Frontiers in Human Neuroscience.
2012;6:271. Doi:10.3389/fnhum.2012.00271.

Ackermann S, Halfon O, Fornari E, Urben S, Bader M. Cognitive
Working Memory Training (CWMT) in adolescents suffering from
Attention-Deficit/Hyperactivity Disorder (ADHD): A controlled trial
taking into account concomitant medication effects. Psychiatry
Research. 2018;269:79-85. Doi:10.1016/j.psychres.2018.07.036.

Klingberg T, Fernell E, Olesen PJ, et al. Computerized training of
working memory in children with ADHD-a randomized, controlled trial.
Journal of the American Academy of child & adolescent psychiatry.
2005;44(2):177-186. Doi:10.1097/00004583-200502000-00010.

Aljundi K. Training Programme Impact in Improving the Working
Memory of Students with Learning Disabilities in Reading Arabic.
Journal of Education and Learning. 2020;14(1):134-139. Doi:10.11591/
edulearn.v14i1.14639.

Pumaccahua TT, Wong EH, Wiest DJ. Effects of computerized cognitive
training on working memory in a school setting. International Journal

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

LA TUNISIE MEDICALE - 2023 ; Vol 101 (n°12)

of Learning, Teaching and Educational Research.2017;16(3):88-104.

Baltruschat L, Hasselhorn M, Tarbox J, et al. Addressing working
memory in children with autism through behavioral intervention.
Research in Autism Spectrum Disorders. 2011;5:267-276.
Doi:10.1016/j.rasd.2010.04.008.

Baltruschat L, Hesselhorn M, Tarbox J. et al. Further analysis of the
effects of positive reinforcement on working memory in children with
autism. Research in Autism Spectrum Disorders. 2011;5(2):855-863.
Doi:10.1016/j.rasd.2010.09.015.

Baltruschat L, Hasselhorn M, Tarbox J, Dixon DR, Mullins RD, Gould
E. The effects of multiple exemplar Training on a working memory
task involving sequential responding in children with autism. The
Psychological Record. 2012;62:549-562. Doi:10.1007/BF03395820.

Calub CA, Benyakorn S, Sun S, et al. Working Memory Training in
Youth With Autism, Fragile X, and Intellectual Disability: A Pilot Study.
American Journal on Intellectual and Developmental Disabilities.
2022;127(5):369-389. Doi:10.1352/1944-7558-127.5.369.

Delage H, Eigsti IM, Stanford E, Durrleman S. Apreliminary examination
of the impact of working memory training on syntax and processing
speed in children with ASD. Journal of autism and developmental
disorders. 2021 :1-19. D0i:10.1007/s10803-021-05295-z.

Sedjari S, EI-Mir M. Entrainement de la mémoire de travail dans
le trouble du spectre de l'autisme. Arab Journal of Psychology.
2021;6(1):28-44. Doi:10.6084/m9.figshare. 21151609.v1.

Wagle S, Ghosh A, Karthic P, et al. Development and testing of a
game-based digital intervention for working memory training in autism
spectrum disorder. Scientific reports. 2021;11(1):1-14. Doi:10.1038/
s41598-021-93258-w

de Vries M. Individual differences in executive functions, training
effects & quality of life of children with autism spectrum disorders.
Enschede 2014.

Hajri M, Abbes Z, Yahia HB, et al. Effects of cognitive remediation
therapy in children with autism spectrum disorder: study protocol. Int J
Sci Res. 2016;5(7):2007-12. Doi:10.21275/v5i7.ART201648.

Hajri M, Abbes Z, Boudali M, Bouden A, Mrabet A, Amado I. Cognitive
remediation therapy in autism spectrum disorder: Tunisian experience.
La Tunisie Medicale. 2019;97(6):795-801.

Kerns KA, Macoun S, MacSween J, Pei J, Hutchison M. Attention
and working memory training: A feasibility study in children with
neurodevelopmental disorders. Applied Neuropsychology: Child.
2017;6(2):120-137. Doi:10.1080/21622965.2015.1109513.

Macoun SJ, Schneider |, Bedir B, Sheehan J, Sung A. Pilot study of
an attention and executive function cognitive intervention in children
with autism spectrum disorders. Journal of autism and developmental
disorders. 2021;51:2600-2610. Doi:10.1007/s10803-020-04723-w.

Miyajima M, Omiya H, Yamashita K, et al. The effects of cognitive
remediation therapy using the frontal/executive program for autism
spectrum disorder. The International Journal of Psychiatry in Medicine.
2016;51(3):223-235. D0i:10.1177/0091217416651254.

Maurya R, Khan MF. Effect of Cognitive Training Program in children
with Autism Spectrum Disorder: An Experimental Study: Cognitive
Skills Training Program. International Journal of Special Education.
2022;37(1):75-84. Doi:10.3390/brainsci11101280.

Corsi PM. Human memory and the medial temporal region of the
brain. McGill University 1972.

Shallice T. Specific Impairments of Planning. Philosophical
Transactions of the Royal Society of London. Series B, Biological
Sciences. 1982;298(1089) :199-209. Doi:10.1098/rstb.1982.0082.

Lussier F, Guérin F, Dufresne A, Lassonde M. Etude normative
développementale des fonctions exécutives : la tour de londres.
ANAE Approche Neuropsychologique des Apprentissages chez
'Enfant.1998;10(2):42-52.

Morris RG, Ahmed S, Syed GM, Toone BK. Neural correlates of
planning ability: frontal lobe activation during the Tower of London
test. Neuropsychologia. 1993;31(12):1367-1378. Do0i:10.1016/0028-
3932(93)90104-8.

Rutter M, Le Couteur A, Lord C. Autism diagnostic interview-revised.
Los Angeles, CA: Western Psychological Services. 2003;29(2003):30.
Doi:10.1007/978-1-4419-1698-3_894.

Salminen T, Strobach T, Schubert T. On the impacts of working memory
training on executive functioning. Frontiers in human neuroscience.
2012;6:166. Doi:10.3389/fnhum.2012.00166.

Stavroulaki V, Giakoumaki SG, Sidiropoulou K. Working memory
training effects across the lifespan: Evidence from human and
experimental animal studies. Mechanisms of Ageing and Development.
2021;194:111415. D0i:10.1016/j.mad.2020.111415.

Von Bastian CC, Langer N, Jancke L, Oberauer K. Effects of working
memory training in young and old adults. Memory & cognition.
2013;41:611-624. Doi:10.3758/s13421-012-0280-7.

McCabe DP, Roediger Il HL, McDaniel MA, Balota DA, Hambrick DZ.

889



Sedjari & al. Working memory training in autism

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

The relationship between working memory capacity and executive
functioning: evidence for a common executive attention construct.
Neuropsychology. 2010;24(2):222. Doi:10.1037/a0017619.

Miyak A, Friedman NP, Emerson MJ, Witzki AH, Howerter A. The unity
and diversity of executive functions and their contributions to complex
“frontal lobe” tasks: a latent variable analysis. Cognitive Psychology.
2000;41(1):49-100. Doi:10.1006/cogp.1999.0734

Westerberg H, Klingberg T. Changes in cortical activity after training of
working memory—a single-subject analysis. Physiology & Behavior.
2007;92(1-2):186-192. Doi:10.1016/j.physbeh.2007.05.041.

Morrison AB, Chein JM. Does working memory training work?
The promise and challenges of enhancing cognition by training
working memory. Psychonomic bulletin & review. 2011;18(1):46-60.
Doi:10.3758/s13423-010-0034-0.

Gaonac’h D, Fradet A. La mémoire de travail : développement et
implication dans les activités cognitives. Les sciences cognitives et
I'école. 2003;91-150. Doi:10.3917/puf.coll.2003.01.0091.

Engel WR, Tuholski SW, Laughlin J, Conway AR. Working memory,
short-term  memory, and general fluid intelligence: a latent-
variable approach. Journal of Experimental Psychology: General.
1999;128:309-331. Doi:10.1037/0096-3445.128.3.309.

Rosenberg MD, Martinez SA, Rapuano KM, et al. Behavioral and neural
signatures of working memory in childhood. Journal of Neuroscience.
2020;40(26):5090-5104. Doi:10.1523/JNEUROSCI.2841-19.2020.

Schmiedek F, Lovden M, Lindenberger U. Hundred days of cognitive
training enhance broad abilities in adulthood: Findings from the
COGITO study. Frontiers in Aging Neuroscience. 2010;2(27):1-10.
Doi:10.3389/fnagi.2010.00027.

Saeki E, Saito S. Verbal representation in task order control: An
examination with transition and task cues in random task switching.
Memory &  Cognition.  2009;37(7):1040-1050.  Doi:10.3758/
MC.37.7.1040.

Saeki E, Saito S, Kawaguchi J. Effects of response—stimulus interval
manipulation and articulatory suppression on task switching. Memory.
2006;14(8):965-976. Doi:10.1080/09658210601008973.

Miyake A, Friedman NP, Rettinger DA, Shah P, Hegarty M. How
are visuospatial working memory, executive functioning, and spatial
abilities related? A latent-variable analysis. Journal of experimental
psychology: General. 2001;130(4):621. Do0i:10.1037//0096-
3445.130.4.621.

Zook NA, Davalos DB, DelLosh EL, Davis HP. Working memory,
inhibition, and fluid intelligence as predictors of performance on Tower
of Hanoi and London tasks. Brain and cognition. 2004;56(3):286-292.
Doi:10.1016/j.bandc.2004.07.003.

Gilhooly KJ, Wynn V., Phillips LH, Logie RH, Sala SD. Visuo-spatial
and verbal working memory in the five-disc Tower of London task: An
individual differences approach. Thinking & reasoning. 2002;8(3):165-
178. Doi:10.1080/13546780244000006.

Altgassen M, Phillips L, Kopp U, Kliegel M. Role of working memory
components in planning performance of individuals with Parkinson’s
disease. Neuropsychologia. 2007;45(10):2393-2397. Doi:10.1016/j.
neuropsychologia.2007.02.018.

Buitenweg JI, Murre JM, Ridderinkhof KR. Brain training in progress:
a review of trainability in healthy seniors. Frontiers in human
neuroscience. 2012;6:183. Doi:10.3389/fnhum.2012.00183.

Karbach J, Kray J. How useful is executive control training? Age
differences in near and far transfer of task-switching training.
Developmental science. 2009;12(6):978-990. Doi:10.1111/j.1467-
7687.2009.00846.x.

Diamond A. Executive functions. Annual review of psychology.
2013;64:135-168. Doi:10.1146/annurev-psych-113011-143750.

Kray J, Karbach J, Haenig S, Freitag C. Can task-switching training
enhance executive control functioning in children with attention deficit/-
hyperactivity disorder?. Frontiers in human neuroscience. 2012;5:180.
Doi:10.3389/fnhum.2011.00180

Elliott R. Executive functions and their disorders: Imaging in clinical
neuroscience. British medical bulletin. 2003;65(1):49-59. Doi:10.1093/
bmb/65.1.49.

Van der Linden M. L’évaluation des troubles de la mémoire épisodique
: fondements théoriques et méthodologiques. In Van der Linden M,
Adam S, Agniel et les members de GREMEM eds. L'évaluation des
troubles de la mémoire : Présentation de quatre tests de mémoire
épisodique (avec leur étalonnage). Marseille: Solal, 2004 :11-23.
Niendam TA, Laird AR, Ray KL, Dean YM, Glahn DC, Carter CS.
Meta-analytic evidence for a superordinate cognitive control network
subserving diverse executive functions. Cognitive, Affective, &
Behavioral Neuroscience. 2012;12:241-268. Do0i:10.3758/s13415-
011-0083-5.

Pasco G. The value of early intervention for children with autism.

70.

71.

72.

Paediatrics and Child Health. 2018;28(8):364-367. Do0i:10.1016/).
paed.2018.06.001.

Wood H, Eliez S. Diagnostic et prise en charge précoces des
enfants avec autisme. Schweizerische Zeitschrift fir Heilpadagogik.
2010;16(1):37-42.

Cidav Z, Munson J, Estes A, Dawson G, Rogers, S., & Mandell, D.
Cost offset associated with Early Start Denver Model for children
with autism. Journal of the American Academy of Child & Adolescent
Psychiatry. 2017; 56(9):777-783. Doi:10.1016/j.jaac.2017.06.007.

Estes A, Munson J, Rogers SJ, Greenson J, Winter J, Dawson G.
Long-term outcomes of early intervention in 6-year-old children
with autism spectrum disorder. Journal of the American Academy of
Child & Adolescent Psychiatry. 2015;54(7):580-587. Doi:10.1016/j.
jaac.2015.04.005.

890



