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Purpose: To verify the effects of multi-domain computerized cognitive training 

on intellectual function and adaptive functioning in children with intellectual 

developmental disorder (IDD).

Methods: Children with IDD were randomized to a multi-domain computerized 

cognitive training (CCT) group (n = 30) and control group (n = 30). Both groups 

received a 5-week training program. Intellectual function was assessed by 

Chinese-Wechsler Young Children scale (C-WYCSI) and adaptive functioning 

was assessed by the Chinese Vineland Adaptive Behavior Rating Scale 

(VABS-C), which were used at baseline, post-training, and 3-month follow-up.

Results: There were significant differences for intellectual function and 

adaptive functioning between the two groups. The CCT group showed 

significant improvements in total full-scale intelligence quotient (FSIQ) score 

the Wechsler Intelligence Scale (F[60] = 31.97, p < 0.01) and its subdomain 

VIQ score (F[60] = 33.83, p < 0.01). For adaptive functioning, CCT had a better 

adaptive developmental quotient (ADQ) score (F[60] = 28.05, p < 0.01), and 

subdomain communication (F[60] = 10.86, p < 0.01) and socialization scores 

(F[60] = 4.35, p < 0.015). Moreover, there was a positive correlation between 

FSIQ changes and ADQ changes in the CCT group (rs = 0.74, p < 0.01). A greater 

increase in VIQ score was associated with a greater increase in adaptive 

functioning (bootstrapping CI: [0.16, 3.30]) in the CCT group.

Conclusion: Multi-domain CCT improves the intellectual function and 

adaptive functioning of children with IDD.
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1. Introduction

Intellectual developmental disorder (IDD) is a 
neurodevelopmental disorder characterized by substantial 
limitations in intellectual function and adaptive functioning 
(American Psychiatric Association and American Psychiatric 
Association, 2013), with a worldwide prevalence of approximately 
1%–3% (McKenzie et al., 2016). Intelligence measures general 
cognitive functions (Deary, 2012), including visual perception 
(Wan et al., 2017; Cui et al., 2019), attention (Kirk et al., 2016; Kirk 
H. E. et al., 2017), memory (Söderqvist et al., 2012; Purugganan, 
2018), and reasoning (Hilger et  al., 2017; Ma et  al., 2017). 
Impairment of intellectual function implies impairment of 
cognitive domains (Yang et al., 2020), which may result in poor 
participation in daily activities, learning disabilities, and social 
difficulties in children, and restriction of overall development 
(Kirk et al., 2016; Schwartz et al., 2016; Ke et al., 2020).

In recent years, computerized cognitive training (CCT) has 
gradually emerged as a new treatment technology to improve 
neurodevelopmental disorders (Chen et  al., 2013). Numerous 
studies have shown that CCT is effective for IDD (Söderqvist et al., 
2012; Henrik et al., 2015; Kirk et al., 2016; Kirk H. E. et al., 2017). 
Studies have also shown that children with IDD prefer computer 
technology in leisure and learning activities (Hartin et al., 2016). 
Using CCT could target impaired cognitive domains by providing 
timely feedback from multi-sensory channels such as those of 
sight, hearing, and touch, which could improve the performance, 
learning initiative, and motivation of these children (Serret et al., 
2014; Zhang et al., 2017; Denervaud et al., 2020). Furthermore, 
studies have proven that cognitive functions, such as attention, can 
be positively influenced via targeted training (Henrik et al., 2015; 
Kirk et al., 2016). However, these gains are generally restricted by 
the training domain, and the generalization effect is limited due 
to the untrained tasks (Cui et al., 2019b).

Multi-domain cognitive training may be  more helpful to 
children with developmental disorders (Kirk H. et  al., 2017). 
According to the characteristics of cognitive impairment in 
children with IDD, designing a comprehensive multi-domain 
CCT training program may be more conducive to the recovery of 
children with IDD. Moreover, studies have shown a strong link 
between cognitive function and adaptive behavior (Tassé et al., 
2016; Cordeiro et al., 2020), which means that multi-domain CCT 
may also be beneficial to improve adaptive functioning.

We aimed to verify the effect of multi-domain CCT on 
intellectual function and adaptive functioning in children with 
IDD. We  hypothesized that multi-domain computer-assisted 
cognitive training could enhance the comprehensive cognitive 

function of children with IDD and, thereby, improve their 
intellectual performance and adaptive functioning.

2. Materials and methods

2.1. Study design

We conducted a single-blinded randomized controlled trial, 
whereby clinical assessments were administered to all participants 
at pre-intervention, post-intervention (5 weeks), and at follow-up 
(3 months after post-intervention). The protocol for this trial was 
approved by the Ethics Committee of the Rehabilitation Hospital 
Affiliated to Fujian University of Traditional Chinese Medicine 
(Approved number: 2019KY-004-01) in 2019. This study was 
performed in accordance with the guideline of the Declaration of 
Helsinki, and informed consent was obtained from all participants 
and their legal guardians before screening. The details of this trial 
were also registered in the China Clinical Trial Registry 
(Registration number: ChiCTR1900024413; Registration date: 
10/07/2019).

2.2. Participants

Eligible participants were recruited from special education 
schools, child rehabilitation training centers, and local nonprofit 
organizations in Fuzhou City, China. We included children aged 
4–6.5 years who met the DSM-5 IDD criteria as diagnosed by 
clinicians, as well as children with a the full-scale intelligence 
quotient (FSIQ) score < 70, as measured by the Chinese-
Wechsler Young Children Scale of Intelligence (C-WYCSI; 
Gong Yaoxian, 1992); and an adaptive developmental quotient 
(ADQ) < 70, as measured by the Vineland Adaptive Behavior 
Scale-Chinese Version (VABS-C; Yao and Gong, 1991). 
We  excluded children with any visual, auditory, or motor 
impairment to the extent that it was impossible to complete the 
assessment and training; those who failed to complete the 
assessments and training due to the inability to follow 
instructions or poor cooperation; and those who participated 
in any activity within the past 30 days that may have affected the 
results of this study, such as performing the same test or 
participating in another clinical research trial.

2.3. Intervention

All therapists were licensed rehabilitation therapists with at 
least 3 years of clinical experience in the treatment of children with 
IDD, and all training sessions were based on intervention manuals 
and arranged according to the individual characteristics of each 
child. The therapists for the CCT group were only responsible for 
switching the machine on and off and monitoring the treatment 
status of the children, and did not participate in the cognitive 

Abbreviations: ADQ, Adaptive developmental quotient; CCT, Computerized 

cognitive training; CI, Confidence interval; IDD, Intellectual developmental 

disorder; ITT, Intention-to-treat; LMM, Linear mixed model; RCT, Randomized 

controlled trial.
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training process. Therapists for the control group carried out 
one-to-one training according to the intervention. The 
interventions were conducted in quiet treatment rooms.

During the intervention period, each child received five 
training sessions, five times a week, for 20 min each time. Training 
for both groups covered four cognitive domains, namely visual 
perception, attention, memory, and reasoning, but the medium 
and content of training were different. The CCT group was trained 
through an electronic platform, while the control group was 
trained by a therapist.

2.3.1. CCT experimental group
The children performed training sessions on electronic 

tablets. The training program task consisted of four blocks 
(visual perception, attention, memory, and reasoning) and 
each included two trials (eight trials in total) which are most 
relevant to the cognitive impairment of children with IDD 
(Figure 1). Each trial had three levels and was adaptive: the 
computer-assisted programs provided immediate feedback 
according to the child’s performance and adjusted the 
difficulty of the exercises and reinforcement methods. When 
a child reached 80% correct answers, the difficulty of the 
training increased. In the training process, the embedded 
human-computer interaction function of the system provided 
visual and verbal guidance. Participants received 
encouragement and feedback after completion of each level, 
such as stickers and fireworks/thumbs up on the screen as the 
task reward. During each training session, four of the eight 
trials were randomly selected. Each session is 20 min long, 
each trial lasted for 5 min, for a total training time of 20 min. 
The trials were presented as follows.

2.3.1.1. Perceptual speed trial (visual perception)

The children help a ticket inspector choose the corresponding 
small animal ticket. There are several animals on an advancing 
train and, according to the animals randomly appearing in the 
upper left corner of the screen, the children click on the matching 
animals to make them enter the train.

2.3.1.2. Spatial perception trial (visual perception)

This task aims to classify similar objects in the room and then 
put them back where they should be stored, such as vegetables, 
fruits, and electrical appliances. These are all common items in the 
children’s daily lives.

2.3.1.3. Select reaction time trial (attention)

The task module interface is a randomly changing color of 
asteroids revolving around a large planet. The children need to 
compare the randomly appearing and changing color of asteroids 
to determine consistency with the color of the giant planet and 
make a quick response.

2.3.1.4. Space exploration trial (attention)

A monkey is in a maze and wants to eat a banana. The children 
need to analyze the complicated topography and, using as few 
attempts and steps as possible, help the monkey cross the maze to 
successfully eat the banana.

2.3.1.5. Memory span trial (working memory)

The task module interface involves a peacock which has 20 
large feathers and is looking for friends. The distance between the 
peacock and the friend starts as five steps. Each time the peacock 
illuminates a feather, the children need to remember the 

A B C D

FIGURE 1

The eight trials of computerized cognitive training. (A) Visual perception block, including the spatial perception and perceptual speed trials. 
(B) Attention block, including the select reaction time trial and space exploration trial. (C) Working memory block, including the memory span trial 
and visual memory trial. (D) Reasoning block, including the deductive reasoning and figure recognition trials.
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corresponding feather position and respond correctly. Each time 
the selection is correct, the distance between the peacock and the 
friend reduces by one step. The position of the feathers is 
entirely random.

2.3.1.6. Visual memory trial (working memory)

A group of small animals is hidden in the eggshell. The 
children need to memorize the location of the small animals and, 
when the small animals are hidden, find the position according to 
the instruction picture provided by the training module. The 
location of the animal matches the picture.

2.3.1.7. Deductive reasoning trial (reasoning)

The children are required to propose solutions to dilemmas 
encountered in the project environment based on their daily life 
experiences. These may include having to go out on rainy days and 
what items should be taken with.

2.3.1.8. Figure recognition trial (reasoning)

A random picture with a crucial missing part will appear on 
the screen. The children need to indicate the missing part 
according to common sense and after observation.

2.3.2. Traditional cognitive training (control 
group)

The children in the control group underwent training 
administered by the traditional cognitive training program 
concerning the contents of rehabilitation for IDD in the 2016 
Practical Child Rehabilitation Medicine (2nd ed; Li, 2016). All 
therapists were trained before the trial, and the four control trials 
involved visual perception, attention, memory, and reasoning 
ability. The therapist trained each child using rehabilitation 
teaching aids (such as building blocks, beads, and cards), and 
judged and adjusted the difficulty of the training based on the 
child’s performance. If the correct rate of training exceeded 80%, 
the therapist adjusted the difficulty. Each trial lasted 5 min at each 
training session, for a total of 20 min. The therapist recorded the 
completion of daily training tasks using a notebook. The control 
groups were administered rewards in the same way as the 
corresponding experimental groups.

2.4. Outcome measures

The primary and secondary outcomes were assessed at 
baseline, after the intervention, and 3 months after 
the intervention.

2.4.1. Primary outcome
The Chinese-Wechsler Young Children scale (C-WYCSI; 

Gong Yaoxian, 1992), revised by Gong in 1986 and based on 
WPPSI, is an individually administered intelligence test that 
measures the intelligence level of children with IDD, to generate 
FSIQ, verbal IQ (VIQ), and performance IQ (PIQ) scores. 

Moreover, the subtests are linked to many cognitive functions, 
such as learning ability, attention, memory, and visual perception. 
The verbal scale includes information, vocabulary, arithmetic, 
similarities, and comprehension tasks. The performance scale 
includes animal egg, picture completion, maze, geometric design, 
and block design or visual analysis tasks. The C-WYCSI is applied 
to children aged 4–6.5 years, with an internal consistency level of 
significance > 0.7. A cutoff value of 70 distinguishes normal 
from IDD.

2.4.2. Secondary outcomes
The Vineland Adaptive Behavior Scale-Chinese Version 

(VABS-C; Yao and Gong, 1991) is a well-validated 
multidimensional instrument that measures adaptive behavior 
skills and overall severity of IDD. It consists of three main 
scales—daily life skills, communication, and socialization—
tested on eight subscales: sensorimotor development (six 
items); self-care skills (10 items); speech and language 
development (nine items); personal orientation (10 items); 
social responsibility (nine items); space–time orientation (four 
items); labor skills (seven items); and economic activities (four 
items). The daily life skills scale comprises subscales for 
sensorimotor development, self-care skills, labor skills, and 
economic activities; the communication scale, speech and 
language development and space–time orientation; and the 
socialization scale, personal orientation and social  
responsibility.

The VABS-C is suitable for children aged 3–12 years and has 
a level of internal consistency significance > 0.8. A total adaptive 
behavior score (ADQ) and three sub-area scores (daily living 
skills, communication, and socialization) provide an overview of 
adaptive functioning in children with IDD. Higher scores indicate 
better adaptive behavior skills. A cutoff value of 70 distinguishes 
normal from adaptive behavior deficits.

2.5. Statistical analyses

A blinded statistician performed all data analyses using SPSS 
statistics V.24.0 (IBM SPSS Statistics for Windows, IBM Corp, 
Armonk, NY, United States). The statistical significance level was 
taken as 0.05. Baseline demographic and clinical characteristics 
data (i.e., child’s sex, primary caregiver, and disorder) were 
assessed using independent samples t-tests and chi-square tests. 
This study used an intention-to-treat analysis and imputed missing 
data by multiple imputations of the SPSS statistics software. For 
each intellectual function and adaptive functioning, a 2 (group) × 3 
(time) linear mixed model (LMM) for repeated measures was used 
to test the effects of the intervention. This study specified time 
(baseline vs. post-training vs. follow-up) and group (experimental 
vs. control) as fixed effects in this model. In contrast, between-
participant mean differences (i.e., the intercepts) were modeled as 
random effects. We followed significant interaction effects using 
post hoc tests with paired-samples t-tests. In addition, 
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Holm–Bonferroni corrections were applied to the results of the 
interaction effects on the three cognitive abilities measured.

Pearson’s correlation analyses were then performed between 
the intellectual function and adaptive functioning changes that 
showed significant time × group interaction effects. We  also 
investigated whether VIQ mediated the group intervention effect 
on changes in adaptive performance for significant intervention 
effects on the changes in adaptive functioning that correlated with 
the change in verbal intelligence due to the intervention. 
We performed mediation analyses using the PROCESS macro 
(Hayes, 2013) implemented in SPSS, with the group as the 
independent variable, VIQ as the mediator variable, and changes 
in adaptive functioning after the intervention as the dependent 
variable. In the mediation models, any mediating effect of VIQ was 
reflected as the indirect effect. The PROCESS macro was based on 
ordinary least-squares regression and adopted a nonparametric 
bootstrapping procedure (5,000 times), which gave rise to a bias-
corrected confidence interval (CI) for effect size inference (Shrout 
and Bolger, 2002). A significant effect as p < 0.05 indicated if zero 
was not included within the 95% CI (Preacher and Hayes, 2008).

3. Results

A total of 414 children were screened, 304 of whom met the 
exclusion criteria. Therefore, 60 children with mild IDD were 
finally included in this study (Figure 2).

3.1. Baseline demographic and clinical 
characteristics

Thirty children in the intervention group and 30 in the control 
group were analyzed. The baseline characteristics of the 
intervention and control groups are given in Table 1. The mean 
chronological age of the intervention group was 5.13 ± 0.74 months, 
with 24 boys and six girls, and the mean chronological age of the 
control group was 5.03 ± 0.89 months, with 26 boys and four girls. 
There was no significant difference between the experimental 
group and the control group in terms of chronological age, sex, 
primary caregivers, and parent marital status (p > 0.05).

3.2. Intervention effects on IQ

3.2.1. FSIQ
The results of the LMM analysis showed that the overall FSIQ 

scores significantly increased after training (main effect of time: 
F[58] = 272.06, p < 0.01), and the time × group interaction effect 
was also significant (F[58] = 31.97, p < 0.01). Specifically, there 
were significant increases in scores on the FSIQ for the CCT group 
(z[29] = −4.69, p < 0.01) and the control group (z[29] = −3.71, 
p < 0.01) after training (Table 2; Figure 3).

3.2.2. VIQ
The results of the LMM analysis showed that the overall 

VIQ scores significantly increased after training (main effect 
of time: F[58] = 175.01, p <  0. 01), and the time × group 
interaction effect was also significant (F[58] = 33.83, p < 0.01). 
Specifically, there were significant increases in scores on the 
VIQ for the CCT group (z[29] = −10.59, p < 0.01) and the 
MCT group (z[29] = −2.84, p < 0.01) after training (Table 2; 
Figure 3).

3.2.3. Arithmetic and vocabulary of VIQ
Significant group × time effects were revealed on the 

arithmetic (F[58] = 29.94, p < 0.01) and vocabulary (F[58] = 17.30, 
p < 0.01) scores. Both the CCT (z = −4.57, p < 0.01) and MCT 
(z = −3.46, p < 0.01) groups showed significant increases in 
arithmetic after completing the training programs. Significant 
increases were observed in vocabulary in the experimental group 
from the baseline to post-training (z = −6.01, p < 0.01). In contrast, 
participants in the control group did not show significant 
differences between these two assessments (z = 1.00, p = 0.32; 
Table 2; Figure 3).

3.2.4. PIQ
The results of the LMM analysis showed that the overall PIQ 

scores significantly increased after training (main effect of time: 
F[58] = 183.19, p <  0.01), whereas no significant increase was 
observed for the time × group interaction effect (F[58] = 1.06, 
p = 0.351). Specifically, there were significant increases in scores 
on the PIQ for the CCT group (z[29] = −16.59, p < 0.01) and the 
MCT group (z[29] = −9.83, p <  0.01) after training (Table  2; 
Figure 3).

3.2.5. Animal egg and block design/visual 
analysis of PIQ

Significant group × time effects were revealed on the scores of 
the animal egg (F[58] = 6.143, p = 0.003) and block design/visual 
analysis (F[58] = 5.046, p = 0.008). Significant increases in scores 
on the animal egg and block design/visual analysis were observed 
in both the CCT (z = −4.47, p <  0.01; z = −3.00, p <  0.01, 
respectively) and MCT groups (z = −3.31, p <  0.01; z = −2.14, 
p = 0.03, respectively; Table 2).

3.3. Intervention effects on adaptive 
functioning

For the ADQ, the LMM analysis showed that the main effects 
of time (F[58] = 676.95, p < 0.01) and time × group interaction 
effect (F[58] = 28.05, p <  0.01) were significant. Post-hoc tests 
showed that the ADQ of the participants in the experimental 
(z[29] = −4.71, p < 0.01) and control groups (z[29] = −4.68, 
p < 0.01) increased significantly after training compared to the 
baseline (Table 2; Figure 3).
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3.3.1. Communication and socialization of ADQ
Significant group × time effects were revealed for communication 

(F[58] = 10.86, p < 0.01) and socialization (F[58] = 4.351, p = 0.015) 
scores. Significant increases in scores for communication and 
socialization were observed in both the CCT (z = −4.23, p < 0.01; 
z = −5.51, p <  0.01, respectively) and MCT groups (z = −2.45, 
p < 0.01; z = −4.78, p < 0.01, respectively; Table 2).

3.4. Change of VIQ mediates the 
intervention effect on ADQ

The change in FSIQ and VIQ (ΔFSIQ and ΔVIQ) were found 
to be  significantly correlated with the change of the ADQ 
performance after training (ΔADQ; r[60] = 0.74, p <  0.01, 

r[60] = 0.70, p <  0.01, respectively) across the groups. Thus, 
we  explored whether the ΔVIQ following the intervention 
mediated the group effect on ΔADQ. We conducted mediation 
analyses with the group as the independent variable, ΔVIQ as the 
mediator variable, and ΔADQ as the dependent variable. The 
analyses revealed that the mediating effect of ΔVIQ was significant 
and positive (bootstrapping CI: [0.17, 0.95]), and the direct effect 
was also significant (bootstrapping CI: [0.44, 1.68]). Specifically, 
the group (experimental group coded as 1, control group coded as 
0) had a positive effect on the ΔVIQ (bootstrapping CI: [2.07, 
3.44]). This was consistent with the finding that the experimental 
group showed greater improvement of VIQ following the 
intervention which, in turn, had a positive effect on ΔADQ 
performance (bootstrapping CI: [0.32, 0.37]). Therefore, IDD 
children with a greater improvement of VIQ following the 

FIGURE 2

CCT study protocol and participant flow according to Consolidated Standards of Reporting Trials (CONSORT) guidelines.
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multi-domain CCT showed a more significant increase in ADQ, 
reflecting better adaptive functioning (Figure  4). Correlation 
analyses between the changes of the intelligence function (rs = 0.74, 
p < 0.01) and adaptive functioning (rs = 0.70, p < 0.01) showed 
significant time × group interaction effects (Figure 5).

4. Discussion

We found that a 5-week multi-domain CCT can significantly 
enhance the intellectual performance and adaptive functioning of 
children with IDD. The improved intellectual function is positively 
connected with improved adaptive functioning. Moreover, the 
increase of verbal intelligence mediated the training-induced 
increase in adaptive functioning.

CCT outperforms traditional cognitive training in the FSIQ, 
VIQ, and animal egg and block design/visual analysis in the 
sub-items of PIQ. The improvement of intellectual function and 
cognitive function in children with IDD induced by CCT is 
consistent with previous studies. Van der Molen et  al. (2010) 
showed that 5 weeks of computerized memory training increased 
intellect, short-term linguistic memory, and story recall. Kirk et al. 
(2016) observed that selective attention was enhanced after 
5 weeks of computerized attention training in IDD children aged 
4–11 years, and the positive impact was still substantial after 
3 months. These single-domain CCT studies found a better effect 
on domain-specific improvement. However, although these 
studies found that CCT training had a good effect on cognitive 
impairment in a single domain, its generalization effect to other 
cognitive domains was limited (Bennett et  al., 2013; de Vries 
et al., 2015).

In this study, we used a multi-domain CCT. Some research 
reveals that integrating different cognitive functions into a 
successful cognitive training program can compensate for the 
restriction and instability of CCT training impact in a single 
cognitive field (Cortese et al., 2015). The animal egg task is related 
to hand-eye coordination, attention, and memory. The block 
design/visual analysis task assesses visual-motor coordination and 

abstract conceptualization, indicating that multi-domain CCT has 
certain advantages in improving the attention, memory, and 
visual-motor coordination of children with IDD. Previous studies 
have shown that multi-domain cognitive training can increase 
functional integration within and between different brain 
networks (Cao et  al., 2016) and contribute to the functional 
remodeling of brain neuroplasticity (Gates and Sachdev, 2014). 
After training, the children showed enhanced neural activity in 
the orbitofrontal, superior frontal, middle temporal and inferior 
frontal cortices in the inhibition paradigm (Hoekzema et  al., 
2010). As a result, multi-domain CCT may support cognitive 
ability improvement in different dimensions of IDD children, 
resulting in superposition and “migration” effects, which can 
improve overall cognitive function and intelligence.

Several studies also showed that CCT can improve the 
academic achievement of children with IDD (Söderqvist et al., 
2012; Dunning et al., 2013; Kirk et al., 2015; Kirk H. E. et al., 
2017). This is consistent with the results of this study, showing that 
the improved PIQ scores are closely associated with learning 
ability in children with IDD in post-training. In addition, 
we noted a decrease in PIQ scores during the follow-up period, 
which may have decreased due to the reduced cognitive training 
they received. This suggests that cognitive interventions can help 
improve PIQ in children with IDD, but longer-term ongoing 
interventions are needed to ensure stable and sustained 
improvement in children’s cognitive abilities. Future studies 
should conduct longer-term interventions and observations to 
further clarify this point.

We also found that multi-domain CCT brings about a 
significant improvement in ADQ, communication, and social 
factor indicators, and FSIQ was positively correlated with 
ADQ. These findings are consistent with prior CCT research. 
Computerized attention training increased behavioral control in 
children with fetal alcohol syndrome disorders, according to 
Coles et al. (2018), which improved adaptive functioning in daily 
life. Ko et  al. (2020) discovered that computerized attention 
training could positively affect children’s adaptive behavior with 
cognitive impairment; Lanfranchi et  al. (2017) noticed that 

TABLE 1 Baseline demographic and clinical characteristics.

Characteristic Experimental group 
(n = 30)

Control group 
(n = 30)

t/χ2-value p-value

Demographic

Child’s chronological age (years)& 5.13 ± 0.74 5.03 ± 0.89 −0.39 0.694

Males/females (n)# 24/6 26/4 0.48 0.488

Primary caregiver of child

Parental care/relative care (n)* 23/7 28/2 NA 0.145

Parental marital status

Single-parent family/two-parent 

family (n)*

27/3 29/1 NA 0.612

&Data are expressed as mean ± SD or frequency.
#Pearson Chi-Square test.
*Fisher’s Exact test. Experimental group, multi-domain computerized cognitive training; Control group, multi-domain traditional cognitive training.
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TABLE 2 Summary of results of mixed linear model analyses on score of different clinical outcome measures of participants in the multi-domain computerized cognitive training group (Experimental group) 
and multi-domain traditional cognitive training group (Control group) for the baseline, post-training, and 3-month follow-up assessment occasions.

Outcome Experimental group (n = 30) Control group (n = 30) Liner mixed model Within-group comparisons 
(post-pre)

Baseline Post-
training

Follow-
up

Baseline Post-
training

Follow-
up

Time Group Group*time Experimental 
group

Control 
group

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

t p t p t p t p t P

FSIQ 57.83 (4.11) 61.11 (3.58) 63.63 (3.19) 58.03 (3.31) 59.14 (3.30) 61.26 (2.65) 272.06 <0.01 2.23 0.14 31.97 <0.01* −4.69 <0.01* −3.71 <0.01*

VIQ 49.50 (2.73) 52.79 (2.86) 55.26 (2.47) 50.23 (3.00) 50.68 (2.78) 53.33 (2.73) 175.01 <0.01 2.25 0.14 33.83 <0.01* −10.59 <0.01* −2.84 <0.01*

Arithmetic task 3.00 (0.79) 4.54 (0.84) 5.30 (0.67) 2.87 (0.82) 3.29 (0.81) 4.00 (0.62) 163.48 <0.01 26.28 <0.01 29.94 <0.01* −4.57 <0.01* −3.46 <0.01*

Vocabulary task 3.27 (0.91) 4.04 (0.92) 4.74 (0.81) 3.33 (0.88) 3.36 (0.91) 3.93 (0.83) 63.98 <0.01 5.56 0.02 17.30 <0.01* −6.01 <0.01* −1.00 0.32

PIQ 74.97 (6.73) 80.25 (6.42) 79.52 (5.77) 74.33 (5.88) 79.07 (5.48) 77.37 (4.79) 183.19 <0.01 0.63 0.43 1.06 0.35 −16.59 <0.01* −9.83 <0.01*

Animal egg task 8.73 (1.72) 9.43 (1.79) 9.52 (1.76) 8.63 (1.50) 9.07 (1.65) 9.07 (1.69) 73.60 <0.01 0.56 0.46 6.14 <0.01* −4.47 <0.01* −3.31 <0.01*

Picture 

completion task

6.13 (1.04) 6.21 (1.03) 6.96 (0.94) 6.10 (1.03) 6.29 (1.01) 6.81 (0.88) 65.59 <0.01 0.01 0.93 0.70 0.50 −1.41 0.16 −2.00 0.05*

Mazes task 5.17 (1.23) 5.18 (1.25) 5.22 (1.25) 5.30 (1.02) 5.29 (0.98) 5.30 (0.99) 0.97 0.38 0.14 0.71 0.98 0.38 −1.00 0.31 0.00 1.00

Geometric design 

task

6.17 (1.51) 6.54 (1.53) 6.56 (1.55) 5.77 (1.43) 6.11 (1.40) 6.26 (1.29) 6.60 <0.01 0.89 0.35 0.31 0.73 −2.89 <0.01* −1.52 0.13

Block design task 6.97 (1.43) 7.46 (1.26) 8.07 (1.07) 6.93 (1.72) 7.21 (1.62) 7.37 (1.52) 27.27 <0.01 0.61 0.44 5.05 0.01* −3.00 <0.01* −2.14 0.03*

ADQ 56.30 (3.81) 59.96 (3.66) 62.96 (2.98) 56.07 (3.10) 58.04 (2.66) 61.11 (2.53) 676.95 <0.01 2.22 0.14 28.05 <0.01* −4.71 <0.01* −4.68 <0.01*

Daily living skills 28.40 (2.70) 28.57 (2.10) 29.04 (2.03) 28.33 (1.90) 28.43 (1.83) 28.52 (2.05) 1.07 0.35 0.23 0.64 0.29 0.75 −1.51 0.13 −0.45 0.66

Communication 32.20 (4.68) 34.32 (3.99) 35.07 (3.25) 31.07 (3.70) 32.00 (3.08) 32.74 (2.67) 43.11 <0.01 3.23 0.08 10.86 <0.01* −4.23 <0.01* −2.45 0.01*

Socialization 12.40 (4.01) 16.11 (3.72) 19.37 (3.67) 12.67 (3.91) 15.36 (2.83) 18.89 (3.00) 840.38 <0.01 0.02 0.90 4.35 0.02* −5.51 <0.01* −4.78 <0.01*

FSIQ, Full-scale Intelligence Quotient; VIQ, Verbal Intelligence Quotient; PIQ, Performance Intelligence Quotient; ADQ, Adaptive Developmental Quotients. For this measure, the total sample size was 60 (experimental group: 30, control group: 30), and the 
results of the linear mixed model comparisons were obtained after controlling for age, sex, and child’s clinical disorder. *p < 0.05.
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computerized memory training could significantly improve the 
working memory of children with Down syndrome, and this 
ability after training can be transferred to self-care in daily life. 
Several studies (Lightbody and Reiss, 2009; Camprodon-
Rosanas et al., 2019; Uddin, 2021; Chen et al., 2022) found that 
activating brain areas associated with cognitive function 

improves behavioral performance. The neural functions behind 
specific cognitions influence adaptive behavior in real-time 
(Lightbody and Reiss, 2009). Therefore, improvements in 
comprehensive cognitive performance can be  transferred to 
adaptive functioning, resulting in improved adaptive behavior 
in children.

We found that the 5-week training improved the arithmetic 
and vocabulary tasks of IDD children. In terms of arithmetic 
task, the experimental group increased 1.54 points, while the 
control group increased 0.77 points. In terms of vocabulary 
task, only the experimental group had significant differences 
compared with the pre-intervention. Kroesbergen et al. (2014) 
studied 51 children with low working memory ability and 
found that 4 weeks of working memory training can promote 
the improvement of early computing ability. Yang et al. (2017) 
also found that 3-week computerized working memory 
training can significantly improve children’s reading fluency. 
The theory of internal cognitive load shows that cognitive 
ability is closely related to academic skills, and that academic 
skills competency requires the use of a variety of cognitive 
resources (Tabbers et  al., 2004). In this study, the 
multidisciplinary CCT improved vocabulary and arithmetic 
skills after training and during the follow-up period. This 

A B C

D E F

FIGURE 3

Within-group comparisons of (A) FSIQ, (B) VIQ, (C) PIQ, (D) arithmetic, (E) vocabulary, and (F) adaptive functioning scores for the baseline and 
post-training assessment occasions. Horizontal lines indicate significant post hoc comparisons with paired t-tests (*p ≤ 0.05, two-tailed). Significant 
group × time interaction effects were found in FSIQ, VIQ, and arithmetic.

FIGURE 4

The VIQ change (ΔVIQ) due to the intervention mediates the 
group’s effect on ADQ change (ΔADQ). Group was the 
independent variable (experimental = 1, control = 0), ΔVIQ was the 
mediator variable, and ΔADQ was the dependent variable. Beside 
each arrow is the bootstrapping confidence interval (CI) of each 
effect. *p < 0.05.
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continuous effect may relate to the multidisciplinary cognitive 
training that improves overall cognitive ability, so that IDD 
children can perform better in academic skills.

We found that CCT can indirectly promote the improvement 
of children’s adaptive functioning by improving verbal 
intelligence. This improvement in adaptive behavior may 
manifest in communication and socialization. Verbal 
intelligence is essential for children to communicate and 
socialize (Soorya et al., 2015; Hodge et al., 2021; Lyons, 2021). 
Multi-domain CCT promotes the recovery of language 
intelligence due to the rich audio-visual interaction (Takacs 
et al., 2015; Jaschke et al., 2018) and daily life scenes (Helo et al., 
2021) in the training module. This also suggests that promoting 
language intelligence may be an essential aspect to improve the 
adaptive behavior of IDD children, which requires attention in 
the future training of IDD children.

There are several limitations in the current study. First, 
this study is not a double-blind randomized controlled clinical 
trial. We used blinding methods for the outcome evaluators 
and statisticians to minimize interference with the 
experimental results. Second, the sample size was small due to 
resource limitations and strict inclusion criteria. Therefore, 
future studies should conduct multi-center randomized 
controlled clinical trials with larger sample sizes to further 
validate the effects. Third, most children with IDD included 
in this study had mild intellectual disabilities. Future studies 
could consider examining the effects of CCT on moderate or 
severe intellectual disability children with IDD. Finally, this 
study focused on analyzing the effects of CCT on cognition 
and related functions in children with IDD after 5 weeks of 
training. There may be  a learning effect for repeated 
assessments within a short period of time, which limits the 
extrapolation of CCT efficacy. To better elucidate the long-
term effects of CCT on intellectual and adaptive functioning 
in children with IDD, future studies could be conducted for 
longer periods of time, and techniques such as functional 

magnetic resonance imaging and near-infrared brain imaging 
could be used to explore the neural mechanisms and provide 
more physiological evidence for the training effects.

Our findings suggest that multi-domain CCT can improve the 
results of intelligence and adaptive functioning tests in children 
with IDD. In addition, the improvement of adaptive functioning 
induced by cognitive training may be due to the enhancement of 
verbal IQ.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed 
and approved by Fujian University of Traditional Chinese 
Medicine Affiliated Rehabilitation Hospital Ethics Board for 
the project. Written informed consent to participate in this 
study was provided by the participants’ legal guardian/
next of kin.

Author contributions

JW and JP: conceptualization, methodology, investigation, 
writing—original draft, and project administration. ZL and HD: 
resources, writing—original draft, and writing—review and 
editing. ZH, YH, JT, and LC: methodology, supervision, and 
writing—review and editing. JH: methodology, resources, 
writing—review and editing, supervision, and funding acquisition. 
All authors contributed to the article and approved the 
submitted version.

FIGURE 5

Correlation analyses performed between the changes of the intelligent function and adaptive functioning that show significant time × group 
interaction effects.

https://doi.org/10.3389/fpsyg.2022.1059889
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Wu et al. 10.3389/fpsyg.2022.1059889

Frontiers in Psychology 11 frontiersin.org

Funding

This study was supported by the Guiding Project of Fujian 
Provincial Department of Science and Technology, China 
(2022Y0038).

Acknowledgments

The authors would like to acknowledge and thank all the children 
and parents who participated in this study; we thank the special 
education schools, children’s rehabilitation training center, and local 
nonprofit organizations in Fuzhou, China for their assistance with 
recruitment. The study was supported by the Guiding Project of 
Fujian Provincial Department of Science and Technology fellowship.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
American Psychiatric Association and American Psychiatric Association eds. 

(2013). Diagnostic and statistical manual of mental disorders: DSM-5. 5th ed. 
Washington, D.C: American Psychiatric Association.

Bennett, S. J., Holmes, J., and Buckley, S. (2013). Computerized memory training 
leads to sustained improvement in visuospatial short-term memory skills in children 
with down syndrome. Am. J. Intellect. Dev. Disabil. 118, 179–192. doi: 
10.1352/1944-7558-118.3.179

Camprodon-Rosanas, E., Pujol, J., Martinez-Vilavella, G., Blanco-Hinojo, L., 
Medrano-Martorell, S., Batlle, S., et al. (2019). Brain structure and function in 
school-aged children with sluggish cognitive tempo symptoms. J. Am. Acad. Child 
Adolesc. Psychiatry 58, 256–266. doi: 10.1016/j.jaac.2018.09.441

Cao, W., Cao, X., Hou, C., Li, T., Cheng, Y., Jiang, L., et al. (2016). Effects of 
cognitive training on resting-state functional connectivity of default mode, salience, 
and central executive networks. Front. Aging Neurosci. 8:70. doi: 10.3389/
fnagi.2016.00070

Chen, Y. N., Lin, C. K., Wei, T. S., Liu, C. H., and Wuang, Y. P. J. R. I. D. D. (2013). 
The effectiveness of multimedia visual perceptual training groups for the preschool 
children with developmental delay. Res. Dev. Disabil. 34, 4447–4454. doi: 10.1016/j.
ridd.2013.09.023

Chen, J., Tam, A., Kebets, V., Orban, C., Ooi, L. Q. R., Asplund, C. L., et al. (2022). 
Shared and unique brain network features predict cognitive, personality, and mental 
health scores in the ABCD study. Nat. Commun. 13:2217. doi: 10.1038/s41467- 
022-29766-8

Coles, C. D., Kable, J. A., Taddeo, E., and Strickland, D. (2018). GoFAR: improving 
attention, behavior and adaptive functioning in children with fetal alcohol spectrum 
disorders: brief report. Dev. Neurorehabil. 21, 345–349. doi: 
10.1080/17518423.2018.1424263

Cordeiro, L., Villagomez, A., Swain, D., Deklotz, S., and Tartaglia, N. (2020). 
Adaptive skills in FXS: a review of the literature and evaluation of the PEDI-
computer adaptive test (PEDI-CAT) to measure adaptive skills. Brain Sci. 10:351. 
doi: 10.3390/brainsci10060351

Cortese, S., Ferrin, M., Brandeis, D., Buitelaar, J., Daley, D., Dittmann, R. W., et al. 
(2015). Cognitive training for attention-deficit/hyperactivity disorder: meta-
analysis of clinical and neuropsychological outcomes from randomized controlled 
trials. J. Am. Acad. Child Adolesc. Psychiatry 54, 164–174. doi: 10.1016/j.
jaac.2014.12.010

Cui, J., Zhang, Y., Wan, S., Chen, C., Zeng, J., and Zhou, X. (2019). Visual form 
perception is fundamental for both reading comprehension and arithmetic 
computation. Cognition 189, 141–154. doi: 10.1016/j.cognition.2019.03.014

de Vries, M., Prins, P. J., Schmand, B. A., and Geurts, H. M. (2015). Working 
memory and cognitive flexibility-training for children with an autism spectrum 
disorder: a randomized controlled trial. J. Child Psychol. Psychiatry 56, 566–576. doi: 
10.1111/jcpp.12324

Deary, I. J. A. R. O. P. (2012). Intelligence. Annu. Rev. Psychol. 63, 453–482. doi: 
10.1146/annurev-psych-120710-100353

Denervaud, S., Gentaz, E., Matusz, P. J., and Murray, M. M. (2020). Multisensory 
gains in simple detection predict global cognition in schoolchildren. Sci. Rep. 
10:1394. doi: 10.1038/s41598-020-58329-4

Dunning, D. L., Holmes, J., and Gathercole, S. E. (2013). Does working memory 
training lead to generalized improvements in children with low working 
memory? A randomized controlled trial. Dev. Sci. 16, 915–925. doi: 10.1111/
desc.12068

Gates, N. J., and Sachdev, P. (2014). Is cognitive training an effective treatment for 
preclinical and early Alzheimer's disease? J. Alzheimers Dis. 42, S551–S559. doi: 
10.3233/JAD-141302

Gong Yaoxian, D. (1992). Manual for the Chinese-Wechsler young children scale 
of intelligence (C-WYCSI). Changsha, Hunan: Hunan Cartography Publishing  
House.

Hartin, P., Nugent, C., McClean, S., Cleland, I., Tschanz, J., Clark, C., et al. (2016). 
The empowering role of Mobile apps in behavior change interventions: the Gray 
matters randomized controlled trial. JMIR Mhealth Uhealth 4:e93. doi: 10.2196/
mhealth.4878

Hayes, A. F. (2013). Introduction to mediation, moderation, and conditional process 
analysis: A regression-based approach. New York, NY: The Guilford Press. pp. 
335–337.

Helo, A., Guerra, E., Coloma, C. J., Aravena-Bravo, P., and Rama, P. (2021). Do 
children with developmental language disorder activate scene knowledge to guide 
visual attention? Effect of object-scene inconsistencies on gaze allocation. Front. 
Psychol. 12:796459. doi: 10.3389/fpsyg.2021.796459

Henrik, D., Valentina, Z., Lisa, P., and Silvia, L. J. F. I. P. (2015). The effectiveness 
of working memory training with individuals with intellectual disabilities – A meta-
analytic review. Front. Psychol. 6:1230. doi: 10.3389/fpsyg.2015.01230

Hilger, K., Ekman, M., Fiebach, C., and Basten, U. (2017). Intelligence is associated 
with the modular structure of intrinsic brain networks. Sci. Rep. 7:16088. doi: 
10.1038/s41598-017-15795-7

Hodge, M. A., Boulton, K. A., Sutherland, R., Barnett, D., Bennett, B., Chan, E., 
et al. (2021). Predictors of adaptive functioning in preschool aged children with 
autism spectrum disorder. Autism Res. 14, 1444–1455. doi: 10.1002/aur.2501

Hoekzema, E., Carmona, S., Tremols, V., Gispert, J. D., Guitart, M., Fauquet, J., 
et al. (2010). Enhanced neural activity in frontal and cerebellar circuits after 
cognitive training in children with attention-deficit/hyperactivity disorder. Hum. 
Brain Mapp. 31, 1942–1950. doi: 10.1002/hbm.20988

Jaschke, A. C., Honing, H., and Scherder, E. J. A. (2018). Exposure to a musically-
enriched environment; its relationship with executive functions, short-term 
memory and verbal IQ in primary school children. PLoS One 13:e0207265. doi: 
10.1371/journal.pone.0207265

Ke, Y., Weng, M., Chhetri, G., Usman, M., Li, Y., Yu, Q., et al. (2020). Trappc9 
deficiency in mice impairs learning and memory by causing imbalance of dopamine 
D1 and D2 neurons. Sci. Adv. 6. doi: 10.1126/sciadv.abb7781

Kirk, H. E., Gray, K., Riby, D. M., and Cornish, K. M. (2015). Cognitive training 
as a resolution for early executive function difficulties in children with intellectual 
disabilities. Res. Dev. Disabil. 38, 145–160. doi: 10.1016/j.ridd.2014.12.026

Kirk, H. E., Gray, K. M., Ellis, K., Taffe, J., and Cornish, K. M. (2016). 
Computerised attention training for children with intellectual and developmental 
disabilities: a randomised controlled trial. J. Child Psychol. Psychiatry 57, 1380–1389. 
doi: 10.1111/jcpp.12615

https://doi.org/10.3389/fpsyg.2022.1059889
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1352/1944-7558-118.3.179
https://doi.org/10.1016/j.jaac.2018.09.441
https://doi.org/10.3389/fnagi.2016.00070
https://doi.org/10.3389/fnagi.2016.00070
https://doi.org/10.1016/j.ridd.2013.09.023
https://doi.org/10.1016/j.ridd.2013.09.023
https://doi.org/10.1038/s41467-022-29766-8
https://doi.org/10.1038/s41467-022-29766-8
https://doi.org/10.1080/17518423.2018.1424263
https://doi.org/10.3390/brainsci10060351
https://doi.org/10.1016/j.jaac.2014.12.010
https://doi.org/10.1016/j.jaac.2014.12.010
https://doi.org/10.1016/j.cognition.2019.03.014
https://doi.org/10.1111/jcpp.12324
https://doi.org/10.1146/annurev-psych-120710-100353
https://doi.org/10.1038/s41598-020-58329-4
https://doi.org/10.1111/desc.12068
https://doi.org/10.1111/desc.12068
https://doi.org/10.3233/JAD-141302
https://doi.org/10.2196/mhealth.4878
https://doi.org/10.2196/mhealth.4878
https://doi.org/10.3389/fpsyg.2021.796459
https://doi.org/10.3389/fpsyg.2015.01230
https://doi.org/10.1038/s41598-017-15795-7
https://doi.org/10.1002/aur.2501
https://doi.org/10.1002/hbm.20988
https://doi.org/10.1371/journal.pone.0207265
https://doi.org/10.1126/sciadv.abb7781
https://doi.org/10.1016/j.ridd.2014.12.026
https://doi.org/10.1111/jcpp.12615


Wu et al. 10.3389/fpsyg.2022.1059889

Frontiers in Psychology 12 frontiersin.org

Kirk, H., Gray, K., Ellis, K., Taffe, J., and Cornish, K. (2017). Impact of attention 
training on academic achievement, executive functioning, and behavior: a 
randomized controlled trial. Am. J. Intellect. Dev. Disabil. 122, 97–117. doi: 
10.1352/1944-7558-122.2.97

Kirk, H. E., Gray, K., Riby, D. M., Taffe, J., and Cornish, K. M. (2017). Visual 
attention and academic performance in children with developmental disabilities and 
behavioural attention deficits. Dev. Sci. 20. doi: 10.1111/desc.12468

Ko, E. J., Sung, I. Y., Yuk, J. S., Jang, D. H., and Yun, G. (2020). A tablet computer-based 
cognitive training program for young children with cognitive impairment: a randomized 
controlled trial. Medicine 99:e19549. doi: 10.1097/MD.0000000000019549

Kroesbergen, E. H., van Noordende, J. E., and Kolkman, M. E. (2014). Training 
working memory in kindergarten children: effects on working memory and early 
numeracy. Child Neuropsychol. 20, 23–37. doi: 10.1080/09297049.2012.736483

Lanfranchi, S., Pulina, F., Carretti, B., and Mammarella, I. C. (2017). Training 
spatial-simultaneous working memory in individuals with down syndrome. Res. 
Dev. Disabil. 64, 118–129. doi: 10.1016/j.ridd.2017.03.012

Li, X. (2016). Practical child rehabilitation medicine (2nd Edition). Beijing: People's 
Medical Publishing House.

Lightbody, A. A., and Reiss, A. L. (2009). Gene, brain, and behavior relationships 
in fragile X syndrome: evidence from neuroimaging studies. Dev. Disabil. Res. Rev. 
15, 343–352. doi: 10.1002/ddrr.77

Lyons, R. (2021). Impact of language disorders on children's everyday lives from 
4 to 13 years: commentary on Le, Mensah, Eadie, McKean, Schiberras, Bavin, 
Reilly and gold (2020). J. Child Psychol. Psychiatry 62, 1485–1487. doi: 10.1111/
jcpp.13391

Ma, J., Kang, H., Kim, J., Jeong, H., Im, J., Namgung, E., et al. (2017). Network 
attributes underlying intellectual giftedness in the developing brain. Sci. Rep. 
7:11321. doi: 10.1038/s41598-017-11593-3

McKenzie, K., Milton, M., Smith, G., and Ouellette-Kuntz, H. (2016). Systematic 
review of the prevalence and incidence of intellectual disabilities: Current trends 
and issues. Curr. Dev. Disord. Rep. 3, 104–115. doi: 10.1007/s40474-016-0085-7

Preacher, K. J., and Hayes, A. F. (2008). Asymptotic and resampling strategies for 
assessing and comparing indirect effects in multiple mediator models. Behav. Res. 
Methods 40, 879–891. doi: 10.3758/brm.40.3.879

Purugganan, O. J. P. I. R. (2018). Intellectual Disabilities. Pediatr. Rev. 39, 299–309. 
doi: 10.1542/pir.2016-0116

Schwartz, L., Holland, A., Dykens, E., Strong, T., Roof, E., and Bohonowych, J. 
(2016). Prader-Willi syndrome mental health research strategy workshop 
proceedings: the state of the science and future directions. Orphanet J. Rare Dis. 
11:131. doi: 10.1186/s13023-016-0504-1

Serret, S., Hun, S., Iakimova, G., and Lozada, J. (2014). Facing the challenge of 
teaching emotions to individuals with low-and high-functioning autism using a new 
serious game: a pilot study. Mol. Autism. 5:37. doi: 10.1186/2040-2392-5-37

Shrout, P. E., and Bolger, N. (2002). Mediation in experimental and 
nonexperimental studies: new procedures and recommendations. Psychol. Methods 
7, 422–445. doi: 10.1037/1082-989X.7.4.422

Söderqvist, S., Nutley, S., Ottersen, J., Grill, K., and Klingberg, T. J. F. I. H. N. 
(2012). Computerized training of non-verbal reasoning and working memory in 
children with intellectual disability. Front. Hum. Neurosci. 6:271. doi: 10.3389/
fnhum.2012.00271

Soorya, L. V., Siper, P. M., Beck, T., Soffes, S., Halpern, D., Gorenstein, M., et al. 
(2015). Randomized comparative trial of a social cognitive skills group for children 
with autism spectrum disorder. J. Am. Acad. Child Adolesc. Psychiatry 54, 
208–216.e1. doi: 10.1016/j.jaac.2014.12.005

Tabbers, H. K., Martens, R. L., and Merriënboer, J. J. G. (2004). Multimedia 
instructions and cognitive load theory: effects of modality and cueing. Br. J. Educ. 
Psychol. 74, 71–81. doi: 10.1348/000709904322848824

Takacs, Z. K., Swart, E. K., and Bus, A. G. (2015). Benefits and pitfalls of 
multimedia and interactive features in technology-enhanced storybooks: a meta-
analysis. Rev. Educ. Res. 85, 698–739. doi: 10.3102/0034654314566989

Tassé, M., Luckasson, R., and Schalock, R. L. (2016). The relation between 
intellectual functioning and adaptive behavior in the diagnosis of intellectual 
disability. Intellect. Dev. Disabil. 54, 381–390. doi: 10.1352/1934-9556- 
54.6.381

Uddin, L. Q. (2021). Brain mechanisms supporting flexible cognition and 
behavior in adolescents with autism Spectrum disorder. Biol. Psychiatry 89, 172–183. 
doi: 10.1016/j.biopsych.2020.05.010

Van der Molen, M. J., Van Luit, J. E., Van der Molen, M. W., Klugkist, I., and 
Jongmans, M. J. (2010). Effectiveness of a computerised working memory training 
in adolescents with mild to borderline intellectual disabilities. J. Intellect. Disabil. 
Res. 54, 433–447. doi: 10.1111/j.1365-2788.2010.01285.x

Wan, Y., Chiang, C., Chen, S., and Wuang, Y. (2017). The effectiveness of the 
computerized visual perceptual training program on individuals with down 
syndrome: an fMRI study. Res. Dev. Disabil. 66, 1–15. doi: 10.1016/j.
ridd.2017.04.015

Yang, J., Liu, A., He, I., and Bai, Y. (2020). Bioinformatics analysis revealed novel 
3'UTR variants associated with intellectual disability. Genes 11:998. doi: 10.3390/
genes11090998

Yang, J., Peng, J., Zhang, D., Zheng, L., and Mo, L. (2017). Specific effects of 
working memory training on the reading skills of Chinese children with 
developmental dyslexia. PLoS One 12:e0186114. doi: 10.1371/journal.pone.0186114

Yao, S., and Gong, Y. (1991). Manual for the Vineland adaptive behavior scale-
Chinese version. Changsha, Hunan: Hunan Medical University Press.

Zhang, Z., Liu, Q., Wen, P., Zhang, J., and Xu, F. (2017). Activation of the 
dopaminergic pathway from VTA to the medial olfactory tubercle generates odor-
preference and reward. Elife 6:e25423. doi: 10.7554/eLife.25423

https://doi.org/10.3389/fpsyg.2022.1059889
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1352/1944-7558-122.2.97
https://doi.org/10.1111/desc.12468
https://doi.org/10.1097/MD.0000000000019549
https://doi.org/10.1080/09297049.2012.736483
https://doi.org/10.1016/j.ridd.2017.03.012
https://doi.org/10.1002/ddrr.77
https://doi.org/10.1111/jcpp.13391
https://doi.org/10.1111/jcpp.13391
https://doi.org/10.1038/s41598-017-11593-3
https://doi.org/10.1007/s40474-016-0085-7
https://doi.org/10.3758/brm.40.3.879
https://doi.org/10.1542/pir.2016-0116
https://doi.org/10.1186/s13023-016-0504-1
https://doi.org/10.1186/2040-2392-5-37
https://doi.org/10.1037/1082-989X.7.4.422
https://doi.org/10.3389/fnhum.2012.00271
https://doi.org/10.3389/fnhum.2012.00271
https://doi.org/10.1016/j.jaac.2014.12.005
https://doi.org/10.1348/000709904322848824
https://doi.org/10.3102/0034654314566989
https://doi.org/10.1352/1934-9556-54.6.381
https://doi.org/10.1352/1934-9556-54.6.381
https://doi.org/10.1016/j.biopsych.2020.05.010
https://doi.org/10.1111/j.1365-2788.2010.01285.x
https://doi.org/10.1016/j.ridd.2017.04.015
https://doi.org/10.1016/j.ridd.2017.04.015
https://doi.org/10.3390/genes11090998
https://doi.org/10.3390/genes11090998
https://doi.org/10.1371/journal.pone.0186114
https://doi.org/10.7554/eLife.25423

	Multi-domain computerized cognitive training for children with intellectual developmental disorder: A randomized controlled trial
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Participants
	2.3. Intervention
	2.3.1. CCT experimental group
	2.3.1.1. Perceptual speed trial (visual perception)
	2.3.1.2. Spatial perception trial (visual perception)
	2.3.1.3. Select reaction time trial (attention)
	2.3.1.4. Space exploration trial (attention)
	2.3.1.5. Memory span trial (working memory)
	2.3.1.6. Visual memory trial (working memory)
	2.3.1.7. Deductive reasoning trial (reasoning)
	2.3.1.8. Figure recognition trial (reasoning)
	2.3.2. Traditional cognitive training (control group)
	2.4. Outcome measures
	2.4.1. Primary outcome
	2.4.2. Secondary outcomes
	2.5. Statistical analyses

	3. Results
	3.1. Baseline demographic and clinical characteristics
	3.2. Intervention effects on IQ
	3.2.1. FSIQ
	3.2.2. VIQ
	3.2.3. Arithmetic and vocabulary of VIQ
	3.2.4. PIQ
	3.2.5. Animal egg and block design/visual analysis of PIQ
	3.3. Intervention effects on adaptive functioning
	3.3.1. Communication and socialization of ADQ
	3.4. Change of VIQ mediates the intervention effect on ADQ

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note

	References

