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Background: Recent studies have suggested that children with attention-deficit hyperactivity 

disorder (ADHD) may benefit from computerized cognitive training. Therapy implementation 

is especially complicated when ADHD is associated with learning disorders (LDs). This study 

tested the efficacy of a computer-based cognitive training program, namely, computerized 

cognitive training (CCT), in children with ADHD comorbid with an LD (ADHD-LD), with or 

without psychostimulant medication.

Materials and methods: After diagnostic evaluations, 27 children with ADHD-LD (8 unmedi-

cated and 19 medicated) participated in CCT, which is intended to improve attention, memory, 

reasoning, visual processing, and executive functioning. The participants completed 24 1-hour 

sessions over 3 months. Neuropsychometric and standardized academic test results before and 

after training were compared to assess treatment efficacy. Shapiro–Wilk normality tests were 

applied, and subsequent Wilcoxon tests were used to identify significant differences in pre- 

versus post-training performance.

Results: After CAT, children diagnosed with ADHD-LD showed 1) improvements in trained skills, 

measured directly within the software and indirectly by external psychometric tests; 2) improve-

ments in attention, memory, and some executive functioning; 3) improvements in academic 

performance, particularly in mathematics; and 4) reductions in maladaptive behavioral features.

Conclusion: The present findings suggest that cognitive training programs should be explored 

further as potential adjunctive therapies to improve outcomes in children with ADHD-LD.

Keywords: attention-deficit hyperactivity disorder, attention training, computerized assess-

ments, executive functioning

Introduction
Attention-deficit hyperactivity disorder (ADHD) is a common childhood-onset 

neurobehavioral disorder that affects 5%–7% of school-age children worldwide, 

independently of socioeconomic status.1–4 Therefore, in a classroom of 40 students, 

3 children on average may have ADHD. The core symptoms of ADHD (eg, attentional 

deficit, impulsivity, and high motor-activity level) can hinder academic achievement 

and reduce the quality of life.5 Studies suggest that one in three children with ADHD 

may also have learning disorders (LDs).6 This comorbidity augments the cognitive 

problems and risk of academic failure and occupational and social outcomes in 

adulthood.7 Well-accepted therapeutic interventions for children with ADHD include 

pharmacological and/or psychosocial treatments.8 The American Academy of Child 
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and Adolescent Psychiatry recommends that ADHD be 

treated with evidence-based stimulant medications and 

behavioral interventions.9 However, pharmacological treat-

ment frequently does not ameliorate cognitive difficulties or 

auxiliary behavioral problems in children with ADHD,10 nor 

is it effective for children with ADHD comorbid with LD 

(ADHD-LD). However, to the extent that the child’s matu-

rity allows, families and educators can employ psychosocial 

approaches to help improve behavior. For example, cognitive 

behavioral therapy may reinforce adaptive behaviors and 

reduce disruptive behaviors. Educational interventions and 

speech therapy may also be necessary if there are specific 

deficits in verbal or symbolic language skills. Although 

behavioral interventions have been reported to have some 

positive effects in children with ADHD (eg, cognitive behav-

ioral therapy), the effects thus far have been small, with very 

limited averaged effects on academic functioning.11–13 

Untreated ADHD can be associated with unfavorable 

corollaries, such as truancy, low educational attainment, 

unemployment, accidents resulting in disability or premature 

death, and the development of neuropsychiatric comorbidi-

ties, such as conduct disorder, antisocial personality disorder, 

and substance abuse disorder.14 Consequently, researchers 

have been searching for alternative and/or complementary 

methods for ADHD management. One such approach 

involves computer-based cognitive games designed to 

improve attention and memory skills15,16 through learning-

dependent brain plasticity.17 ADHD-associated challenges 

that can be refractory to medication and might be improved 

through computer-based cognitive games include remaining 

difficulties with attention, memory, operational abilities, 

and executive organization, as well as comorbid LDs and 

maladaptive motivation and reward drives.

Computerized cognitive training (CCT; component 

of Captain’s Log MindPower Builder; BrainTrain, North 

Chesterfield, VA, USA) has yielded some success in research 

settings. A prior study conducted by the Center for the 

Study of Special Populations demonstrated the efficacy of 

the Captain’s Log CCT system in children diagnosed with 

ADHD (n=71) with respect to their ability to focus and 

sustain attention, encode and retrieve visual and auditory 

information, and conduct mental processing.18 Additionally, 

Rabiner et al found that 6 of 10 children with six or more 

ADHD symptoms were asymptomatic after completing 6 

months of Captain’s Log training.19 Likewise, adults with 

mild traumatic brain injury or ADHD that trained with CCT 

showed significant improvement in their attentional skills.20 

Furthermore, it has been used successfully to rehabilitate 

cognition in Ugandan children diagnosed with cerebral 

malaria,21 and more recently, CCT has been used to improve 

working memory (WM) and attention skills in childhood 

cancer survivors.22

Relatively few studies on computer-based executive 

functions (EFs) and cognitive attention training have been 

published. To our knowledge, there have not been any 

studies addressing such training in children with ADHD 

in Brazil. Therefore, in this study, we tested whether CT 

with CCT would have beneficial effects on cognition in 

children diagnosed with ADHD-LD using or not using 

psychostimulants. We measured the effects of CCT through 

scores provided by the software and with psychometric 

instruments, which were incorporated to gauge training 

effects on the cardinal symptoms of ADHD, EFs, and 

other behavioral dimensions, such as anxiety and mood, 

which are known to compromise academic performance. 

To probe for the transfer of benefits to real-world situ-

ations, assessments of academic performance (ie, math, 

writing, and reading) and interpersonal functioning were 

also conducted.

Materials and methods
Participants
Families whose children (boys or girls) had been diagnosed 

with ADHD-LD23 at our research institute were contacted by 

a social worker and invited to participate in the study. The 

children fitting our inclusion criteria were invited to partici-

pate in a CCT intervention study. The cohort was limited 

to children who were 8–12 years of age in the beginning of 

the study to decrease potential variables. The Ethics Com-

mittee on Human Research at the Little Prince Children’s 

Hospital/Hospital Cesar Pernetta, Curitiba, Brazil (protocol 

CEP1057) approved the study including all aspects of the 

research protocol.

Initially, the parents responded to four simple questions 

about their child’s academic performance, current behavior at 

home and school, and adherence to treatment. Of 150 families 

who were contacted, 30 fitted the inclusion criteria, and were 

invited to participate in the study. Of these, 3 did not complete 

the study, and the remaining 27 did. 

Inclusion criteria included meeting the ADHD diagnosis 

criteria after being subjected to the multidisciplinary team 

assessment protocol of the research institute’s Neurosci-

ences Core; full-scale IQ 80 based on the present per-

formance as per Wechsler Intelligence Scale for Children, 

third edition (WISC-III);24 2 years of literacy education; 

and written informed consent agreement by the parents 
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allowing their children to participate was received for this 

study. Exclusion criteria included visual and/or hearing 

impairment; a history of epilepsy; endocrine dysfunction; 

cardiopulmonary, systemic, or other chronic disease; and 

participation in other types of cognitive therapy in the 

12 months preceding the study. Two groups were config-

ured: group A, participants medicated with immediate-

release methylphenidate 20 mg/day (n=19); and group B, 

unmedicated participants (n=8).

Measures
computerized Diagnostic interview schedule 
for children
Assessment of psychiatric disorders was performed with the 

Computerized Diagnostic Interview Schedule for Children.25 

This is a highly structured interview based on the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-IV-TR) 

criteria.26 Interviews were conducted by well-trained clinical 

psychologists and were administered to the children and a 

parent (typically the mother).

We also determined the level of impairment with a social 

worker-administered questionnaire with open questions 

probing the overall relationship of each child with his or her 

parents, teachers, siblings, and schoolmates. Each child’s 

academic performance was estimated based on Brazilian 

school achievement test [Teste do Desempenho Escolar 

(TDE)] results, grades, and detention frequency. General 

level of psychosocial functioning was measured with the 

Children’s Global Assessment Scale.27 We held meetings to 

discuss the results of the aforementioned assessments and 

any issues that may have been contributing to each child’s 

behavioral and/or learning difficulties. Final diagnoses were 

affirmed by consensus.

Wechsler intelligence scale for children
Cognitive ability was assessed with a version of the WISC-

III24 that had been translated into Portuguese and adapted for 

the Brazilian population. With the exception of the Mazes 

subtest, all of the IQ scale/index, verbal, and performance 

subtests in the Portuguese WISC-III had been culturally 

adapted and validated previously in a sample of 801 Brazil-

ian subjects aged 6–16 years.28

d2 test
Visual sustained attention was assessed with the d2 test, 

which consists of 14 lines with 47 symbols on each line.29 

The symbols are either the letter d or the letter p with one, 

three, or four small dashes above or below the letter. The 

participant is asked to go through the lines and cross out all 

d symbols with one or two dashes above or below them. The 

test is reported with a d2 total score, a d2 type 1 error (error of 

omission) score, and a d2 type 2 error (error of commission) 

score. Here we report total results, brut results, and liquid 

results (ie, brut results - total results).

Wisconsin card sorting Test (WcsT)
The WCST30 is designed to measure EFs, including planning, 

flexibility of thought, WM, monitoring, and inhibition of 

perseveration. It consists of 4 prompt letters and 128 reply 

letters, which represent figures of various forms (crosses, 

circles, triangles, or stars), colors (red, blue, yellow, or green), 

and numbers (two, three, or four). The four letter cards (ie, 

stimuli) are arranged in front of the subject; the test adminis-

trator tells the subject only to remove a card from the deck and 

associate it with one of the four letter cards by positioning it 

below the card of choice. The administrator tells the subject 

whether the association is correct or incorrect, with no further 

explanation, before proceeding to the next card sorting trial. 

The “correct” association is based on the color (C) for the 

first 10 trials, the form/shape (F) for the next 10 trials, and 

the number (N) for the next 10 trials; and this sequence is 

repeated, producing a CFNCFN pattern over a total of 128 

trials. If the subject makes an association that is not based 

on C, F, or N, the association is classified as “other”. The 

following variables were recorded: total number of errors, 

percentage of errors, perseverative responses, percentage  

of perseverative responses, perseverative errors, percentage of  

perseverative errors, nonperseverative errors, percentage of 

nonperseverative errors, and percentage of conceptual-level 

responses.

rey–Osterrieth complex Figure (rOcF) test
The ROCF test31,32 was used to access visuospatial processing 

and nonverbal memory. It is also thought to reflect some EFs, 

such as organization and planning. The subject is shown a 

complex geometric figure and then asked to draw the figure 

from memory after a 3-minute delay.

WM index
For the purposes of the proposed study, we used digit-span 

sequencing forward and backward of the subtests of the WISC-

III as one of the measures of WM index.

computerized cognitive training
CCT is a component of the Captain’s Log software system, 

which is designed for use with children aged 6 years old 
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and adults. It is composed of a group of 50 training programs 

that provide a variety of 36 CT exercises. One-hour sessions 

were conducted twice weekly over a period of 3 months 

(total of 24 sessions) at our research Institute. For the current 

study, exercises were chosen as follows: 1) attention-skills 

module – scanning reaction/inhibition, stimulus reaction/

time, and stimulus reaction/fields; 2) conceptual/memory 

skills module – conceptual, logical, size discrimination, and 

symbol display match; 3) visual motor skills module – visual 

categorization, visuospatial memory, and visual time 

response; and 4) logic skills module – conceptual, matching, 

and sequential logic. Exercises included the following (skills 

trained in parentheses):

•	 Participant is presented with varied images and uses a mouse 

click to indicate as quickly as possible when the image color 

matches the edge of the screen (visual tracking, response 

inhibition, sustained attention, and visual processing)

•	 Participant clicks target images among distracter images 

(focused attention, selective attention, visual process-

ing speed, visual perception, sustained attention, and 

response inhibition)

•	 Participant clicks random images that appear on the screen 

as quickly as possible (fine motor skills, sustained atten-

tion, visual processing speed, and visual screening)

•	 Participant finds components missing from presented 

sequences of letters, numbers, or images (processing 

speed, conceptual reasoning, WM, visual perception, and 

immediate memory)

•	 Participant clicks target images in a specified sequence 

(conceptual reasoning, visuospatial sequencing, selective 

attention, visual processing speed, and WM)

•	 Participant clicks objects presented within a grid of 

objects in order of size (trains fine motor skills, concep-

tual thinking, visuospatial classification, visuospatial 

sequencing, visual perception, and visual screening)

•	 Participant selects target images and places them in bins 

based on set of rules (conceptual reasoning, processing 

speed, visuospatial classification, sustained attention, and 

immediate memory)

•	 Participant finds pairs of objects in a grid, revealing 

objects one at a time, similar to the traditional game of 

memory (conceptual reasoning, WM, processing speed, 

and visual perception)

•	 Participant tracks doors as they open, clicking only when 

target object is revealed (visual tracking, conceptual 

thinking, visual perception, response inhibition, and 

visual processing speed)

•	 Participant observes target grid and clicks as quickly as 

possible when targets change visually (visual process-

ing speed, visual tracking, visual perception, attention-

focused, sustained attention, and fine motor skills)

•	 Participant solves rules determining sequence of various 

objects (conceptual reasoning, sorting, sequencing, spa-

tial vision, visual perception, and sustained attention)

•	 Participant judges whether presented images fit the given 

rule (sorting visual space, conceptual reasoning, visual 

perception, short-term memory, visual processing speed, 

selective attention)

•	 Participant demonstrates the understanding of rules dictat-

ing conceptual logic between numbers or letters presented 

(conceptual reasoning, visuospatial sequencing, attention, 

processing speed, visual screening).

At the end of each training session, the software informs 

each participant of his or her performance scores, times, and 

accuracy. Specifically, the participant is given scores for 

memory power, problem solving, power of concentration, 

visual processing, and power of self-discipline. The scores 

for these variables on the first and last training sessions 

were compared.

statistical analyses
Mean values were calculated with standard deviations. Data-

set normality was determined with the Shapiro–Wilk test. The 

Wilcoxon test was used to identify the differences between 

pre- and posttest performance (with medication use as an 

independent variable). A probability level of P0.05 was 

considered significant. All statistical analyses were conducted 

with SPSS version 21.0.

Results
clinical and demographic characteristics
The clinical and demographic characteristics of the two 

groups (medicated and unmedicated) are summarized in 

Table 1. The groups did not differ from each other with 

respect to age, overall intelligence, or socioeconomic status. 

Table 1 sample demographics

Demographics Unmedicated (n=8) Medicated (n=19)

Mean age (sD), years 11.1 (1.5) 9.4 (1.5)
sex, male:female (n=27) 4:4 14:5
Mean iQ score (sD)

Total 105.5 (16) 108.7 (16.6)
Verbal 98.3 (20.5) 109.0 (18.8)
execution 110.8 (17.2) 108.2 (14.4)

Abbreviation: sD, standard deviation.

www.dovepress.com
www.dovepress.com
www.dovepress.com


Neuropsychiatric Disease and Treatment 2017:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1765

attention–memory training in comorbid aDhD-lD

Preintervention performance levels were similar between 

the two groups.

ccT performance
The overall performance results of the medicated and 

unmedicated ADHD-LD groups in CCT are summarized in 

Table 2. Both groups showed significant improvements in 

memory, problem solving, concentration, visual and auditory 

processing, and self-discipline exercise performance with 

training.

Neuropsychological and behavioral 
assessments
As shown in Table 3, CCT improved percentage memory 

performance in the ROCF test significantly in both the 

medicated and unmedicated groups, but improved only 

Table 2 group comparisons of mean (sD) ccT accuracy scores

Variables Unmedicated (n=8) Medicated (n=19)

Pre-CCT Post-CCT P-value Pre-CCT Post-CCT P-value

Memory power 83.2 (7.0) 90.7 (3.0) 0.028* 84.1 (4.0) 90.5 (4.7) 0.011*
Problem solution 88.5 (4.4) 93.6 (2.6) 0.018* 90.4 (2.0) 93.9 (3.2) 0.003*
concentration power 91.3 (3.9) 95.3 (2.6) 0.018* 93.1 (1.8) 95.5 (2.5) 0.004*
Visual processing 90.3 (4.5) 94.4 (2.4) 0.018* 92.2 (1.7) 94.6 (2.8) 0.001*
self-discipline 91.4 (3.4) 94.7 (2.0) 0.018* 92.6 (2.1) 94.5 (2.7) 0.019*
auditory processing 92.1 (5.0) 95.3 (2.8) 0.018* 93.5 (2.2) 96.2 (2.2) 0.004*

Note: *P0.05.
Abbreviations: sD, standard deviation; ccT, computerized cognitive training.

Table 3 Efficacy of CCT in children with ADHD-LD

Assessment Unmedicated (n=8) Medicated (n=19)

Pre-CCT Post-CCT P-value Pre-CCT Post-CCT P-value

d2 test results (sD)
raw score 35.5 (12.3) 54.1 (29.5) 0.027* 46.1 (29.3) 58.7 (33.7) 0.004*
Net score 39.3 (21.1) 58.4 (31.6) 0.027* 44.5 (32) 64.3 (31.5) 0.002*
errors, % 57.5 (28.7) 54.2 (32.9) 0.141 55.8 (36) 56.2 (36.8) 0.439

WcsT errors (sD)
Perseverative 43.8 (17.6) 53.1 (20.1) 0.028* 44.1 (13.4) 51.7 (15.2) 0.012*
Nonperseverative 54.6 (14.8) 51.4 (4.6) 0.463 49 (13.4) 57 (10.4) 0.074
Total errors 45.2 (13.1) 57.4 (15) 0.043* 44.1 (11.5) 53.5 (11.2) 0.001*

rOcF test results (sD), %
copied 36.8 (14.4) 46.4 (23.9) 0.577 31.8 (24.5) 45.5 (28.7) 0.005*
Memory 26.8 (11.6) 62.1 (23) 0.018* 38.4 (20.7) 52.5 (28.4) 0.026*

Mean WM indices (sD)
Digit span backward 4.6 (2.7) 3.7 (1.3) 0.458 4.2 (2.5) 4.7 (2.1) 0.17
Digit span forward 6.1 (1.8) 7 (1.2) 0.131 6.6 (1.7) 6.4 (1.8) 0.886
arithmetic 13.3 (2.5) 14 (2) 0.713 13.2 (3.2) 14.7 (2.4) 0.021*
Total, % 28.2 (24.9) 39.5 (32.5) 0.018* 44.4 (32.7) 63.5 (30.6) 0.001*

Mean cBcl scores (sD)
attention problems 64.3 (10.2) 61.4 (12) 0.027* 67.5 (6.9) 64.2 (6.7) 0.023*
internalizing problems 53.6 (6.4) 57.1 (9.3) 0.752 65.3 (9.5) 61 (10) 0.007*
externalizing problems 57.7 (9.7) 52.2 (11.8) 0.345 64.6 (8) 60 (8.6) 0.01*
Total problems 59.2 (9.3) 57 (10.2) 0.462 67.5 (5.6) 62.4 (7.6) 0.009*

TDe scores (sD)
Total 102.7 (17.3) 111.8 (14.5) 0.043* 97.2 (22.2) 101.8 (19.8) 0.001*
Math 17 (5.5) 18.4 (6.8) 0.458 15 (8.8) 15.3 (9.1) 0.482
reading 61.5 (6.4) 65.4 (5.2) 0.112 60.3 (9.2) 65.1 (7.8) 0.006*
Writing 24.2 (6.8) 28.5 (5.7) 0.061 21.8 (6.8) 23.2 (6.8) 0.037*

Note: *P0.05.
Abbreviations: CCT, computerized cognitive training; ADHD, attention-deficit hyperactivity disorder; LD, learning disorder; SD, standard deviation; WCST, Wisconsin 
card sorting Test; rOcF, rey–Osterrieth complex Figure; WM, working memory; cBcl, child Behavior checklist; TDe, [Teste do Desempenho escolar (Brazilian school-
achievement test)].
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percentage copy performance in the medicated group. Both 

groups showed a significant improvement in both their brut 

and liquid results in the d2 test, with no improvement in the 

percentage of errors. Both groups had better performance on 

the WCST post-CCT versus pre-CCT in terms of the num-

ber of total errors and the number of perseverative errors. 

Nonperseverative errors were similar pre- versus post-CCT 

for both groups. Importantly, our Children’s Global Assess-

ment Scale data indicated that CCT had a positive impact on 

attentional problems in both the medicated and unmedicated 

groups, as well as a significant positive impact on internal-

izing, externalizing, and total problems in the medicated 

group (Table 3).

Transfer effects
TDE test results pre- and postintervention are presented 

by subject in Table 3. Both groups showed significantly 

improved overall TDE performance, with the effects being 

highly significant in the medicated group (P0.001). When 

subject subscores were examined independently, the medi-

cated group showed post-CCT improvements in writing and 

reading, but not on the math scores. However, at school the 

children’s grades showed similar improvements, with the 

most notable improvements being observed in math, with a 

10-point increase in overall grade.

Discussion
The main objective of this research was to test whether 

CCT alone or in association with psychostimulant medica-

tion could produce cognitive, attentional, behavioral, and 

academic benefits for children diagnosed with ADHD-LD. 

Both the medicated and unmedicated groups exhibited sig-

nificantly improved performance on all CCT-trained skills 

after the intervention. First-line pharmacological medica-

tions used to treat ADHD can also be considered “cognitive 

enhancers”.33 Although the precise neurobiological mecha-

nism of action of methylphenidate, which is currently used 

to treat ADHD, is not entirely known, it has some action 

by increasing dopamine and norepinephrine by blocking 

reuptake, and this action in turn affects neurocognitive pro-

cesses, such as impulse control and attention span.34 These 

effects will ultimately alter synaptic plasticity. However, 

CCT has also been shown to alter synaptic plasticity. With 

a small group of participants, here we have shown that CCT 

had a positive effect on both medicated and unmedicated 

ADHD children. Prior studies19,20 have also shown the posi-

tive effects of Captain’s Log software, including CCT, in 

individuals diagnosed with ADHD. Most importantly, we 

observed significant transfer effects of the CCT, and we also 

found that both medicated and unmedicated children can 

benefit from CCT. Most neuropsychological tests showed 

significant post-CCT improvements in both groups (eg, d2 

test, WCST [perseverative and total errors], and ROCF test 

[immediate recall]). On the overall WM test, both groups 

showed better results after training.

Regarding transfer effects, we observed that both TDE 

scores and academic performance (actual school grades) 

were improved post-training, with the improvement being 

particularly marked in children that were medicated. Our 

findings are consistent with those of Holmes et al, who 

found that medicated ADHD children had better math-

ematical performance but not better reading comprehension 

after WM training,33 whereas Dahlin et al found improved 

reading comprehension with an EF-focused WM training 

program.34 Studies have suggested that academic difficulties 

in children with ADHD-LD are related more to inattention 

than hyperactivity.35–37 If so, then children with ADHD-LD 

should perform better in school when their attentional prob-

lems are alleviated.

Although medication moderates some ADHD symptoms,38 

it does not appear to improve WM in children with ADHD 

with or without LD.39,40 Our overall WM (total percentage) 

results were consistent with previous research demonstrating 

the efficacy of WM training in adolescents with ADHD-LD, 

with particularly marked improvement having been observed 

previously for children who had been unresponsive to typical 

interventions.41

Although we did not directly measure any possible 

synaptic plasticity, studies have shown that some CCT may 

alter synaptic connectivity. For example, repetitive auditory 

stimulation over the second week of life has been shown to 

induce plasticity in the auditory cortex and to modify adult-

hood hearing perception in animals.42 Moreover, computer-

ized training improved trained cognitive skills in human 

patients with schizophrenia43 and multiple sclerosis44 and 

induced changes in brain activation patterns, as evidenced 

by functional neuroimaging. Improved WM in individuals 

affected by ADHD with computerized training has also been 

shown to correlate with changes in the pattern of activation of 

neural networks in the frontal and parietal cortices, suggest-

ing that the behavioral improvements may reflect plasticity 

in WM circuits.45 It would certainly be of interest to pursue 

longitudinal studies to test the limits of these correlations 

and when skill plateaus emerge. Furthermore, some studies 

have already documented modifications in brain function 

following computer-based training targeting attentional 
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skills. For example, 5-year-olds subjected to such training 

showed faster, more effective activation of their executive-

attention network than children who were not trained.46 In 

another study of healthy adults who completed 90 WM 

exercises over a period of 20–30 days, functional magnetic 

resonance imaging showed greater activation in the prefrontal 

and parietal areas after training.47 More recently, WM training 

in healthy subjects was associated with activation changes 

in the frontal and parietal cortices.45

This work has some limitations. 1) Because our sample 

size was small and nonrandomized, our findings should 

be replicated in a larger randomized study. Recent studies 

using another intervention program, Cogmed, in a random-

ized controlled trial, showed that ADHD-LD adolescents 

showed greater improvements in a subset of WM tests, but 

they did not observe any transfer effects.48 2) Our study 

lacked untrained and healthy comparison groups. That being 

said, we do not expect benefits of CCT should be limited 

to children with ADHD and LD. In a recent study, healthy 

adults (n=44) subjected to 6 weeks of CCT showed enhanced 

cognitive performance and better productivity at their jobs,47 

suggesting the program may benefit cognitive functioning 

independently of the presence of impairments. 3) We did 

not collect neurophysiological or neuroimaging data in this 

study. Prior studies as mentioned, reported changes in brain 

circuitry, consequence of WM training.46–50

In conclusion, the present findings suggest that CCT 

may have cognitive, attentional, and academic benefits for 

children with ADHD-LD. CC, WM, and attentional programs 

should be explored further as complementary therapies along 

with medication.
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