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Abstract

Background—Computerized cognitive rehabilitation training (CCRT) may be beneficial for 

alleviating persisting neurocognitive deficits in Ugandan severe malaria survivors. We completed a 

randomized controlled trial of CCRT for both severe malaria and non-malaria cohorts of children.

Methods—150 school-age severe malaria and 150 non-malaria children were randomized to 

three treatment arms: 24 sessions of Captain’s Log CCRT for attention, working memory and 

nonverbal reasoning, in which training on each of 9 tasks difficulty increased with proficiency; a 

limited CCRT arm that did not titrate to proficiency but randomly cycled across the simplest to 

moderate level of training; and a passive control arm. Before and after 2 months of CCRT 

intervention and one year following, children were tested with the Kaufman Assessment Battery 

for Children, 2nd edition (KABC-II), computerized CogState cognitive tests, the Behavior Rating 

Inventory for Executive Function (BRIEF), and the Achenbach Child Behavior Checklist (CBCL).

Results—Malaria children assigned to the limited-CCRT intervention arm were significantly 

better than passive controls on KABC-II Mental Processing Index (P=0.04), Sequential Processing 

(working memory) (P=0.02) and the Conceptual Thinking subtest (planning/reasoning) (P=0.02). 

At one year post-training, the limited CCRT malaria children had more rapid CogState card 

detection (attention) (P=0.02), and improved BRIEF Global Executive Index (P=0.01) as 

compared to passive controls. Non-malaria children receiving CCRT significantly benefited only 

on KABC-II Conceptual Thinking (both full- and limited-CCRT; P<0.01), CogState Groton maze 

chase and learning (P<0.01), and CogState card identification (P=0.05, full CCRT only). 

Improvements in KABC-II Conceptual Thinking planning subtest for the non-malaria children 

persisted to one-year follow-up only for the full-CCRT intervention arm.

Conclusion—. For severe malaria survivors, limited CCRT improved attention and memory 

outcomes more than full CCRT, perhaps because of the greater repetition and practice on relevant 

training tasks in the absence of the performance titration for full CCRT. There were fewer 

significant cognitive and behavior benefits for the non-malaria children, with the exception of the 

planning/reasoning subtest of Conceptual Thinking, with stronger full- compared to limited-CCRT 

improvements persisting to one-year follow-up.

Clinical Trials Registration—ClinicalTrials.gov Identifier NCT01743417, Submitted 

September 5, 2012
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BACKGROUND

Cognitive impairment following severe malaria is a well-documented problem of great 

public health significance in sub-Saharan Africa (Kihara et al., 2009; Kihara, Carter, & 

Newton, 2006). Our group completed the first prospective studies evaluating the 

neurocognitive effects of cerebral malaria (CM), documenting that one in four surviving 

children had neurocognitive deficits at 6-month (Boivin et al., 2007) and 2-yr post-illness 

follow-up (Bergemann et al., 2012; John et al., 2008). More recent studies with Ugandan 

survivors of severe malaria have also evidenced persisting mental health problems in 

children (Idro et al., 2016; Ssenkusu et al., 2016).

We then piloted a computerized cognitive rehabilitation training (CCRT) program produced 

by BrainTrain Corporation called Captain’s Log (Sandford, 2007) to enhance cognitive 

performance in these Ugandan CM children (Boivin et al., 2007; John et al., 2008). Ugandan 

CM survivors receiving CCRT had significantly greater gains on a visual-motor target 

chasing task (Groton Maze Chase; CogState computerized battery) and greater efficiency on 

a maze learning task (Groton Maze Learning) compared to controls (Bangirana, Giordani, et 

al., 2009). CCRT intervention also resulted in significant improvements on the Achenbach 

Child Behavior Checklist (CBCL) in the area of Internalizing Symptoms (e.g., anxiety, 

depression, somatic complaints). In a separate study, we administered CCRT to severe 

malaria survivors in Kampala, Uganda three months after illness (Bangirana et al., 2011). 

Twenty-eight school-age children were randomized to sixteen sessions of CCRT (twice a 

week for 8 weeks) and 33 to a passive control group. Significant training benefits were 

observed in the intervention group only for the Kaufman Assessment Battery for Children 

(KABC) learning domain, but not attention, working memory, or academic performance 

(reading, writing, arithmetic) abilities.

As these computerized cognitive rehabilitation studies were taking place with Ugandan 

children surviving severe malaria, our group was also applying Captain’s Log CCRT with 

Ugandan children perinatally infected with HIV and who had survived into their school-age 

years (Boivin et al., 2010; Boivin, Nakasujja, Sikorskii, Opoka, & Giordani, 2016). Sixty 

impoverished rural children with HIV with neurocognitive disabilities, as established by the 

KABC test, were randomized to either 10 training sessions of Captain’s Log CCRT or not. 

All children were evaluated with the computerized CogState cognitive performance 

evaluation (Darby, Maruff, Collie, & McStephen, 2002; Maruff et al., 2009) before and after 

the training period. Compared to the control group, the CCRT intervention children showed 

significant improvement on the CogState card detection task of simple attention and speed of 

correct moves on a Groton Maze Learning Task, similar to our previous findings with 

Ugandan children surviving cerebral malaria (Bangirana, Giordani, et al., 2009).

These positive preliminary findings were the impetus for a subsequent clinical trial with 

children with HIV in this same rural area of Uganda, with the goal of evaluating the 

cognitive and behavioral benefits of a more extensive regimen of CCRT intervention. The 

CCRT arm received 24 one-hour sessions over 2 months, with CCRT programmed for games 

targeting working memory, attention, and visual–spatial analysis. These games progressed in 

difficulty as the child’s performance improved. The second arm was a ‘‘limited CCRT’’ with 
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the same games rotated randomly from simple to moderate levels of training. The third arm 

was a passive control group receiving no training. All children were assessed at enrollment, 

2 months (immediately following CCRT), and 3 months after CCRT completion. The CCRT 

group had significantly greater gains through three months of follow-up compared to passive 

controls on overall Kaufman Assessment Battery for Children–second edition (KABC-II) 

mental processing index, planning and reasoning, and knowledge (crystalized cognitive 

skills). The limited CCRT group performed better than controls on KABC-II learning, 

similar to previous findings with Ugandan severe malaria survivors (Bangirana, Boivin, & 

Giordani, 2013).

In the pediatric HIV CCRT clinical trial, both CCRT arms had significant improvements on 

CogState Groton maze learning, though not on CogState attention/memory tasks, a 

computerized test of variables of attention (TOVA) measure of impulsivity, or behavior 

rating inventory for executive function (BRIEF) or Achenbach Child Behavior Checklist 

(CBCL) ratings by the child’s caregiver. A subsequent pediatric HIV CCRT study with rural 

Ugandan children in this region involved the initial field trial of a Michigan State University 

Games for Entertainment and Learning laboratory’s Brain Powered Games (BPG) package 

(Novak, Giordani, Boivin, & Winn, 2017). A version of these games with an African village 

and music motif was used with 33 school-age children with HIV For 24 training sessions 

over a two-month period, similar to the previous Captain’s Log CCRT clinical trial with 

children with HIV in that region (Giordani et al., 2015). The difference was that the BPG 

game package could be administered by tablet in the children home setting by field trainers, 

and results uploaded by internet through a mobile network platform. With BPG CCRT 

training, significant improvements were seen with TOVA of attention and CogState 

measures of processing speed, maze chase and learning. Results from these multiple clinical 

studies of evaluating the neuropsychological benefits of CCRT in both Ugandan pediatric 

HIV and severe malaria school-age survivors provided the foundation for the present study 

(Bangirana, Boivin, et al., 2013). The present study is the most rigorous randomized 

controlled trial (RCT) to date in evaluating the effects of computerized cognitive 

rehabilitation training in African children with acquired brain injury from infectious disease. 

This is because the present study extends the follow-up evaluation to one year following 

completion of CCRT training, and includes the full- and limited-CCRT intervention arms 

along with an active control arm for both severe malaria and non-malaria cohorts from the 

same home environments.

METHODS

Source of Children Enrolled in the Present Study

The present study dovetailed with an observational study (R01NS055349) of the 

pathogenesis of severe malaria (cerebral malaria (CM) and severe malaria anemia (SMA) in 

surviving children, along with non-malaria (community control) children from their 

households (Bangirana et al., 2015; Bangirana et al., 2014). The severe malaria and non-

malaria cohort children were eligible for enrollment in the present study once they 

completed their two-year follow-up assessments in the source study within which this RCT 

was nested. Only retinopathy positive children with a diagnosis of cerebral malaria noted in 
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Table 1 were classified as having cerebral malaria in both the source and the present study, 

since this criterion increases the sensitivity and specificity of the diagnosis to over 95% 

(Lewallen et al., 2008).

Eligible children from the pathogenesis study were stratified as severe malaria survivors 

(N=150) and non-malaria comparison children (N=150) (Figure 1). One hundred and forty 

seven eligible children from the source study were not enrolled in the present study: 58 did 

not come to their scheduled enrollment appointment by the end of the enrollment period, 46 

could not be reached, and 43 had moved out of the study area b y the time of enrollment 

eligibility (Figure 1). Enrollment continued from eli gible children who had completed the 

pathogenesis R01 source study until the target enrollment of 150 severe malaria and 150 

non-malaria children was reached for the present study. The 147 children from the 

pathogenesis R01 study who were not enrolled in the present study did not differ 

significantly from the 300 enrolled children in the present study in terms of sex distribution, 

malaria group, anthropometric measures at pathogenesis study enrollment, Caldwell Home 

Observation for the Measurement of the Environment (HOME) total score, or socio-

economic status (SES) score.

Study Recruitment, Enrollment, and Retention

Institutional Review Board approval for this study was obtained from Makerere University 

School of Medicine, University of Michigan, and Michigan State University. Research 

permission was obtained from the Uganda National Council for Science and Technology. 

Enrollment, assessment, and training took place from August 2012 to August 2016. Children 

surviving severe malaria were recruited in the source study from the Acute Care ward of 

Mulago Hospital (national referral and teaching hospital of Makerere University in 

Kampala, Uganda) after obtaining written informed consent in the local language from their 

parent(s) and signed assent from children 7 years of age and older.

Inclusion Criteria

1) Aged 5 to 12 years of age from the households of the severe malaria study children, and 

did not meet any of the exclusion criteria listed below; 2) Signed consent from the parent/

guardian, assent from children aged 7 years and older; 3). Completion of their 24 months of 

follow-up testing in the severe malaria pathogenesis source study.

Exclusion Criteria

Same as the exclusion criteria used in the pathogenesis of severe malaria source study 

protocol (Bangirana, Menk, John, Boivin, & Hodges, 2013; Bangirana et al., 2015; 

Bangirana et al., 2014). Exclusion criteria for all children included (1) known chronic illness 

requiring medical care; (2) known developmental delay; or (3) history of coma, head trauma, 

hospitalization for malnutrition, or cerebral palsy. Additional exclusion criteria for children 

with SMA included (1) impaired consciousness at physical examination, (2) other clinical 

evidence of central nervous system disease, or (3) >1 seizure before admission. Additional 

exclusion criteria for community controls included (1) illness requiring medical care within 

the previous 4 weeks or (2) major medical or neurologic abnormalities at screening physical 

examination. In addition, the present study required that eligible children not have severe 
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neurologic complications from the malaria episode that hindered the child’s ability to 

comprehend instructions and perform manual tasks on the computer. This was evidenced by 

a child’s ability to complete the computerized tests of variables of attention (TOVA), which 

was always the first test administered in the neuropsychological assessment battery. In the 

present study without exception, children able to complete the computerized TOVA test were 

always able to continue on to complete the KABC-II and CogState tests as well. They were 

also able to perform the required tasks on the CCRT training program.

Randomization and Masking

Following enrollment, severe malaria and non-malaria children were randomized to one of 

three treatment arms (full CCRT, limited CCRT, passive control) using a computer generated 

list of random numbers. Children assigned to either full or limited CCRT completed three 

training sessions per week for eight weeks (24 training session – lasting about an hour). 

Training usually took place in a private setting after school near the child’s home, under the 

supervision of research assistant.

Procedure for Computerized Cognitive Rehabilitation Training (CCRT)

Captain's Log® by BrainTrain is a comprehensive set of computerized cognitive training 

program with five modules - Developmental, Visual Motor Skills, Conceptual Skills, 

Numeric Concepts with Memory Skills, and Attention Skills (Sandford, 2007). These 

training modules were selected by a team of three Ugandan psychologists at Makerere 

University in Kampala. After reviewing all 35 possible training tasks, they selected the 9 

training tasks which they considered to be most culturally fair while having 3 tasks 

emphasizing visual-spatial working memory, 3 tasks emphasizing vigilance attention, and 3 

tasks emphasizing nonverbal reasoning. These same 9 training module tasks were used in 

both of our preliminary studies with severe malaria survivors (Bangirana et al., 2011; 

Bangirana, Giordani, et al., 2009), and in children with HIV in Uganda (Boivin et al., 2008; 

Boivin et al., 2010; Boivin et al., 2016).

Research assistants supervised the computerized CCRT training program, translating any 

screen instructions in English by speaking them to the children in the local language 

(Luganda), with sessions programmed to run for 45 to 60 minutes. Children typically no 

longer needed spoken instructions for the various training tasks after the first couple of 

sessions. Training was done in a quiet setting near the child’s home after school so as to 

avoid bringing unnecessary attention to the child and possible stigmatization by classmates, 

or disruption of training by distractions and interruptions in the home environment. The 

CCRT field trainers were generally aware of children’s trial arm assignment and malaria 

cohort status, although the research assistants who did the neuropsychological assessments 

were not.

Based on our preliminary studies (Bangirana, Boivin, et al., 2013; Boivin et al., 2010), all 

children assigned to either the full or limited CCRT treatment arms started at the simplest 

program level for each task. Typically, Captain’s Log adjusts the difficulty level of each task 

to the performance level of the child (titration). As the child achieves mastery at a given 

level of difficulty, that task is automatically adjusted at the next level of difficulty (e.g. full 

Boivin et al. Page 6

Brain Res Bull. Author manuscript; available in PMC 2020 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CCRT). There are 32 levels of difficulty for each task. The ability of Captain’s Log to step a 

child through successively more difficult levels of training as the child achieves mastery on a 

given task is an important defining feature of the cognitive rehabilitation that CCRT is meant 

to achieve. For the limited CCRT group, we programmed Captain’s Log® so that it rotated 

randomly from simple to moderate levels of training for the entire session (non-titration 

CCRT treatment arm). In every other respect this training arm was like the full CCRT 

training arm, in that the children in either the full or limited CCRT received the same nine 

training program. The difference was that the full CCRT training program was titrated to 

become progressively more difficult as the child gained proficiency on a given training 

program. This was not the case for the limited CCRT intervention arm. For the limited-

CCRT intervention arm, we presented the same training program tasks in the same order, 

only at random levels of difficulty. This allowed the limited-CCRT children to receive the 

same training program exposure as the children receiving the full CCRT. However, the key 

difference between full and limited CCRT was the progressive nature of the training 

difficulty that titrated to the child’s level of proficiency for full CCRT. This is the most 

important feature of a true CCRT intervention, as opposed to simply playing games on a 

computer (Rabiner, Murray, Skinner, & Malone, 2010).

Neuropsychological assessment took place at the Mulago Hospital paediatric severe malaria 

clinic before the intervention (baseline), post-intervention (after 24 CCRT sessions, at about 

8 weeks), and 1 year after completion of CCRT training. Training and testing was done in 

the local language (Luganda) by Bachelor’s Degree graduates trained in Psychology from 

Makerere University trained by M.J.B. and B.G.. Testers were masked to intervention arm 

for the study children, and their malaria cohort status. Testing always started with the TOVA 

test, a computerized test which quickly allowed testers to determine if the children could 

understand instructions and had the visual and motor proficiency capability to complete the 

rest of the battery (KABC-II, computerized CogState tests). Since all the children in the 

present study had successfully completed the same tests as part of the two-year assessment 

program for the neuropathogenesis of severe malaria source study in which our study was 

embedded, none of our study children were disqualified at this stage.

Neuropsychological and Behavioral Outcomes for CCRT Intervention

The principal outcomes for the present trial were improved attention (CogState card 

detection and identification and Groton maze chasing tasks); working memory and learning 

(KABC-II sequential processing and learning global domains, and CogState one-back card 

memory and card learning and Groton maze learning tasks); and nonverbal reasoning 

(KABC-II simultaneous processing global domain and planning subtests, along with the 

Nonverbal Index (NVI) of global cognitive performance). The caregiver-rated BRIEF Global 

Executive Composite index and the CBCL Internalizing, Externalizing, and Total symptoms 

were also principal outcomes in terms of behavioural and psychosocial problems for the 

study children.

Kaufman Assessment Battery for Children – Second Edition (KABC-II)

(Kaufman & Kaufman, 2004). Within the Luria model of neuropsychological evaluation, the 

KABC-II evaluates sequential (working memory) and simultaneous processing (visual-
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spatial analysis and problem solving). This edition also evaluates learning as well as the 

executive function domain of planning/reasoning. We previously established the factor 

structure of the KABC-II with Ugandan children surviving cerebral malaria (Bangirana, 

Musisi, et al., 2009), and it’s construct validity in terms of the sensitivity of this test to 

quality of the home and educational environment of urban Ugandan children surviving 

severe malaria (Bangirana, Menk, et al., 2013). In terms of the present study goals, the 

KABC-II has been previously used in preliminary clinical studies of CCRT benefit among 

severe malaria survivors (Bangirana et al., 2011; Bangirana, Boivin, et al., 2013; Bangirana, 

Giordani, et al., 2009). A recent systematic review has supported the validity of the KABC 

in the neuropsychological evaluation of pediatric HIV in a number of African countries (van 

Wyhe, van de Water, Boivin, Cotton, & Thomas, 2017).

Computerized cognitive skills assessment battery (CogState)

(CogState, 2007). This assessment provides attention, working memory, learning, and 

nonverbal reasoning measures in a computerized game-like format with playing cards. 

Ugandan school-age children are usually familiar with such playing cards. This test was 

used to evaluate these outcomes in our preliminary studies with Captain’s LogR CCRT 

intervention (Bangirana, Giordani, et al., 2009; Boivin et al., 2010). It also includes the 

Groton maze learning task as a measure of planning and visual tracking. For all CogState 

assessment tasks, equivalent stimuli are randomly chosen for each response trial. Therefore, 

repeated assessments can take place with minimum confounding from practice effects, even 

with multiple assessments in a single day (Mollica, Maruff, Collie, & Vance, 2005). The 

correspondence validity between the CogState and the KABC-II tests for Ugandan children 

has been previously documented by our group (Bangirana, Sikorskii, Giordani, Nakasujja, & 

Boivin, 2015).

Behavioral Inventory for Executive Function (BRIEF)

(Gioia, Isquith, Guy, & Kenworthy, 2003). The BRIEF is a parent-reported checklist for 

behavioral problems in children associated with executive function (e.g., problem solving 

planning, reasoning, behavior and emotional control). Its construct validity has been 

established with school-age Ugandan children with HIV and with children surviving severe 

malaria (Familiar et al., 2015).

Achenbach Child Behavior Checklist (CBCL) – School Age Version

(Achenbach, 1991, 2010). This is a psychiatric screening questionnaire for emotional 

(Internalizing Symptoms), behavior (Externalizing Symptoms), and total psychiatric 

symptoms and problems for the study child. This questionnaire is read to the principal 

caregiver out load in Luganda, so that she does not have to be literate to respond to the 

items. Also, the mother or caregiver could ask for clarification on any item that is not clear 

to her. It has been validated with severe malaria survivors in Uganda by our group 

(Bangirana, Nakasujja, et al., 2009; Familiar et al., 2015). The scale measures for this 

instrument were standardized by age and sex using the available global cross-cultural norms 

(Achenbach & Rescorla, 2007).
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Caldwell Home Observation for the Measurement of the Environment (HOME)

(Bradley, Caldwell, Brisby, Magee, & et al., 1992). The middle childhood version of the 

Caldwell Home Observation for the Measurement of the Environment (HOME) was used to 

assess the stimulation and learning opportunities offered by the child’s home environment. 

The HOME score has been shown to be associated with the KABC performance in severe 

malaria survivors (Bangirana, John, et al., 2009) (Boivin et al., 1996).

The Socioeconomic Status (SES)

evaluation score was based the checklist of material possessions as opposed to income, 

characteristics of the home structure and living space, and parental education and 

occupational levels. Our SES assessment was developed for use in Democratic Republic of 

Congo (Boivin & Giordani, 1993; Boivin et al., 1993), and later adapted for Ugandan 

research with cerebral malaria survivors (Bangirana, Menk, et al., 2013).

Statistical Analyses

Power calculations for the present RCT sample sizes were based on preliminary CCRT 

intervention studies with Ugandan CM survivors in whom the KABC-II, CogState, and 

CBCL measures were used to assess intervention benefit (Bangirana et al., 2011; Bangirana, 

Boivin, et al., 2013; Bangirana, Giordani, et al., 2009). Using a two-sample t test (CCRT 

training versus passive control), sample size of 50 children per treatment arm was sufficient 

to detect pairwise trial arm differences of 0.57 of the standard deviation or greater for the 

principal outcomes with power of 0.80 or greater in two-tailed tests with 0.05 level of 

significance.

The KABC-II manual with American norms was used to obtain standardized and scaled 

scores to adjust for age. These norms were also required in order to compute the KABC-II 

Mental Processing Index and the Nonverbal Index, which were our two principal outcomes 

measuring overall cognitive ability in the present study. The BRIEF and CBCL age- and 

gender-based norms were used for those standardized comparisons. However, raw score 

performance outcomes were used for the TOVA and the CogState outcome analyses.

All analyses were performed separately for each of the two cohorts: severe malaria survivors 

(cerebral malaria and severe malaria anemia subgroups combined) and their non-malaria 

household reference children (community controls). Baseline characteristics of the sample 

were summarized and characteristics of drop-outs were compared by trial arm. The least 

square (LS) means of the outcome variables and their 95% confidence intervals (CIs) were 

obtained from linear mixed effects (LME) models with two repeated measures: (1) 

immediately after CCRT training (two months after intake into the trial), and (2) twelve 

months following completion of CCRT training (one-year follow-up). Outcome analyses 

were adjusted for age, sex, physical growth (weight and height standardized scores using the 

WHO 2016 norms), socioeconomic status (SES), and quality of caregiving and home 

environment (Caldwell HOME scale). These demographic factors were selected a priori 
based on their reported associations with the neuropsychological and behavioral outcomes 

used in this study (Boivin & Giordani, 2009, 2013). In addition to these control variables, 

baseline measures of the outcome variables were used as covariates for added control for any 
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pre-intervention influences. The differences among LS means by trial arm were tested for 

each outcome variable at each time point.

Role of the Funding Source

The funding source had no role in study design; in the collection, analysis, and interpretation 

of data; in the writing of the report; and in the decision to submit the paper for publication.

RESULTS

Figure 1 summarizes the flow of the participants through the trial; baseline characteristics 

are in Table 1 for the severe malaria survivors and Table 2 for the non-malaria children. 

There were no differences by trial arm in baseline characteristics among those who dropped 

out.

Severe malaria survivors (Table 3) receiving limited CCRT intervention were significantly 

better (P=0.05) than controls on KABC-II Mental Processing Index (limited CCRT adjusted 

mean 71.75, 95% CI (69.87, 73.84), controls adjusted mean 68.65, 95% CI (66.54, 70.76)). 

Limited CCRT was also superior to full CCRT on Sequential Processing (P=0.02) (limited 

CCRT adjusted mean 79.94, 95% CI (77.47, 82.42); full CCRT adjusted mean 75.24, 95% 

CI (72.74, 77.75)). The difference between limited and full CCRT diminished at one year 

follow-up, but limited CCRT was significantly better than controls (P=0.02). Limited CCRT 

performed significantly better than controls on the KABC-II scale of Conceptual Thinking 

(P<0·01) (limited CCRT adjusted mean 12.11, 95% CI (11.14, 13.08); controls adjusted 

mean 9.48, 95% CI (8.45, 10.50)), but not at one-year follow-up. Limited CCRT had more 

rapid CogState card detection (a measure of attention) at one-year follow-up (P=0·02) 

(adjusted mean=2.58 msec, 95% CI (2.45, 2.71) compared to controls adjusted mean 2.79, 

95% CI (2.65, 2.93), and full CCRT adjusted mean 2.83, 95% CI (2.70, 2.96). Limited 

CCRT had fewer behavior problems as measured by the BRIEF Global Executive Composite 

(P=0·01) at one-year follow-up (limited CCRT adjusted mean 47.12, 95% CI (44.28, 49.97) 

as compared to controls adjusted mean 53.18, 95% CI (50.15, 56.20). Statistical results for 

other outcomes for the KABC-II, TOVA, CogState, BRIEF, and CBCL assessments are 

presented in detail in Table 3.

Non-malaria children (Table 4) receiving full or limited CCRT benefited on KABC-II 

Conceptual Thinking scale compared to controls post-intervention (P=0·02) (full CCRT 

adjusted mean 12.26, 95% CI (11.23, 13.29); limited CCRT adjusted mean 11.74 (10.75, 

12.72); controls adjusted mean 9.95 (8.84, 11.05)). The benefit remained significant at one 

year follow up for the full CCRT compared to controls but was attenuated for the limited 

CCRT.

Both full and limited CCRT did significantly better than controls on CogState Groton maze 

chase (P<0·01) (full CCRT adjusted mean correct moves per second 0.28, 95% CI (0.23, 

0.33); limited CCRT adjusted mean 0.24, 95% CI (0.20, 0.29), controls adjusted mean 0.14, 

95% CI (0.09, 0.20). This benefit persisted for both full and limited CCRT at one-year 

follow-up (P=0.02). Both full and limited CCRT also did significantly better than controls 

on CogState Groton maze learning (P=0.02) (full and limited CCRT had the same adjusted 
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mean 0.13, 95% CI (0.10, 0.16) correct moves per second versus controls adjusted mean 

0.07, 95% CI (0.04, 0.11), but not at one-year follow-up (P=0.21), at which time only 

limited CCRT remained superior to controls. Full CCRT non-malaria children also did 

significantly better than controls on the two-step attention task of CogState card 

identification speed (P<0.05) (full CCRT 2.88 msec, 95% CI (2.81, 2.96); controls adjusted 

mean 3.02, 95% CI (2.94, 3.10), but not at one-year follow-up. For the non-malaria children, 

aside from KABC-II conceptual thinking subtest and CogState correct moves per second 

Groton maze learning and maze chase measures, the CCRT treatment arms did not perform 

significantly better after training than the passive controls for the other KABC-II, CogState, 

BRIEF, or CBCL outcomes (Table 4). Statistical results for all outcomes for the non-malaria 

cohort for the KABC-II, TOVA, CogState, BRIEF, and CBCL assessments are presented in 

detail in Table 4.

DISCUSSION

Cerebral malaria and HIV infection are among the commonest CNS infections associated 

with long-term neurocognitive deficits in African children (Boivin & Giordani, 2009, 2013). 

Also, the high mortality associated with these conditions historically has made them a public 

health priority in many African countries. With better medical treatment and supportive care 

for these conditions now available, more children now survive into adulthood. More 

attention is now being paid to the quality of life of these children who live with persisting 

cognitive deficits. In other for these children to achieve their full potential, interventions 

have been called for like cognitive rehabilitation, speech and physical therapy and care-giver 

training (Boivin, Kakooza, Warf, Davidson, & Grigorenko, 2015).

Severe malaria survivors receiving limited CCRT intervention were significantly better than 

the passive control arm on KABC-II Mental Processing Index (MPI; composite of all 

cognitive domains), sequential processing (working memory), and the Conceptual Thinking 

subtest from the planning global domain, which is a measures of executive function and 

reasoning. These KABC-II findings were consistent with the KABC cognitive performance 

benefits for Captain’s LogR CCRT observed in our preliminary study (Bangirana et al., 

2011) However, in the present study, these performance benefits persisted to one-year 

follow-up after training only for sequential processing.

For the non-malaria children, the full CCRT treatment arm was significantly better compared 

to passive controls following training only for the KABC-II subtest of conceptual thinking, 

and this persisted to one-year follow-up. Overall, CCRT training benefit on KABC-II 

outcomes was greater for the severe malaria than for the non-malaria children. Furthermore, 

for the severe malaria survivors, limited CCRT with its greater repetition and practice at 

simpler levels of training had greater benefit in terms of attention and working memory 

outcomes than full CCRT.

For the CogState measures, only detection speed, which is a simple measure of attention, 

favored limited CCRT compared to passive controls among malaria children at one-year 

follow-up. Positive effects of both full and limited CCRT on CogState one-back card 

memory accuracy were seen among malaria children post-training, but not at one year 
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follow-up. Non-malaria children receiving full or limited CCRT were significantly better 

than passive controls on the CogState Groton maze chase (visual-motor tracking/attention) 

and Groton maze learning outcomes, consistent with our previous findings for this CCRT 

outcome benefit (Bangirana, Giordani, et al., 2009). These significant differences were also 

apparent at one-year follow-up only for maze chase, and not for maze learning.

According to Mahncke and colleagues (Mahncke, Bronstone, & Merzenich, 2006) CCRT is 

effective in remediating neurocognitive disability because it is designed to redress the four 

principal causes of negative brain plasticity. These are 1) reduced schedules of neural 

network activity; 2) noisy processing within the neural network; 3) weakened 

neuromodulatory control; and 4) negative learning transfer effect, interfering with new 

learning. Our present neuropsychological test battery assesses the effects of CCRT in 

remediating these four dimensions of negative neuroplasticity resulting from the effects of 

infections affecting brain function such as cerebral malaria (Boivin, 2002; Boivin et al., 

2007; John et al., 2008). These include 1) outcomes pertaining to the processing speed in the 

CogState attention test outcomes (cared detection and identification) as enhanced by CCRT 

stimulation of neural network activity; 2) CCRT reduction of noisy processing as assessed 

by improved KABC-II Sequential and Simultaneous Processing performance; 3) CCRT 

strengthened neuromodulatory control as evidenced by improved KABC-II Planning 

performance; and 4) improved learning from CCRT as evidenced by KABC-II and CogState 

Groton maze learning and card learning performance outcomes. These are the principal 

causes of the persisting attention, working memory, and language development develops 

caused by severe malaria (Holding & Boivin, 2013).

A common concern with respect to proposed evidence for CCRT training benefit is whether 

the training simply improves certain skills related to the neuropsychological outcome tasks 

and does not actually improve brain/behavior function in terms of positive neuroplasticity. 

This concern was addressed in a recent RCT of CCRT emphasizing working memory (WM) 

training (see www.cogmed.edu) with normal school children in Cambridge, England (Astle, 

Barnes, Baker, Colclough, & Woolrich, 2015). Astle and colleagues compared a full CCRT 

treatment arm to children receiving a non-titrating version of Cogmed training. Using 

magnetoencephalography (MEG) to evaluate changes in resting state connectivity between 

brain regions underpinning WM performance, they concluded that CCRT in children 

enhances neurophysiological brain connectivity intra- and inter-hemispherically between 

brain regions known to be related to verbal and visual-spatial WM respectively (fronto-

parietal networks and both lateral occipital complex and inferior temporal cortex) (Astle et 

al., 2015; Barnes, Woolrich, Baker, Colclough, & Astle, 2016).

Many CCRT interventions lack adequate validation studies that demonstrate lasting benefit 

and tie CCRT results to other medical illness indicators (Bangirana, Boivin, & Giordani, 

2013). Although technical issues appear reasonably resolved for resource poor settings, 

considerations remain with regard to best approaches and influence of language issues or 

familiarity with presented stimuli. Cost issues related to such settings also are to be 

considered. Most available programs are expensive to purchase or lease due to extensive 

programming and development work, often making these inappropriate outside of research-

supported settings. Increasing humanitarian interest generated by positive results in resource 
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poor settings may help defray such costs or increased interest in open-source and non-

copyright approaches may lead to wider use. Finally, CCRT can be made accessible to boys 

and girls in resource-constrained settings through smart phone or tablet devices on a mobile 

network platform or with downloaded apps, particularly in contexts where the school-based 

education of girls may not be as strongly prioritized as that of the boys in families struggling 

to pay school fees (M.J. Boivin, Dobias, & Giordani, 2013; Giordani et al., 2015; Novak et 

al., 2017).

Additional research will be necessary in terms of comparing the efficacy of self-titrating 

versus fixed presentation CCRT programs. Although developers of CCRT interventions 

argue that the self-titrating, increasingly challenging nature of CCRT programs in inherently 

important (Klingberg et al., 2005; Rabiner et al., 2010), sufficient comparisons to non-

titrating cognitive training programs will need to be completed. The availability of feedback 

and the type/amount of feedback within the CCRT setting continue as other areas of interest 

and ones that may require careful consideration across cultural settings. Emphasis on 

feedback in terms of monetary representations or loud auditory feedback may not be 

appropriate in some cultures or settings. Ease and use of directions in local languages may 

be necessary, though the inherent game-like quality of most of these programs allowing for 

enhanced learning and understanding over time may reduce this concern.

With the recent proliferation of information communication technology in the rural areas of 

sub-Saharan Africa, use of the internet through mobile phone networks to provide these 

interventions to remote areas is possible scenario. For example, the entire country of Uganda 

presently has mobile network coverage, and this has become increasingly the case 

throughout sub-Sahara Africa. Mental health interventions like cognitive behavior therapy 

have been administered through the internet in high income countries with less costs but still 

highly effective in their treatment (Hedman et al., 2011; Ljotsson et al., 2011). 

Administration of CCRT through the internet has also proven effective enhancing usage of 

compensatory strategies resulting respondents being satisfaction with the intervention 

(Bergquist et al., 2009; Bergquist, Thompson, Gehl, & Munoz Pineda, 2010).

Study Limitations

The principal study limitation was the lack of a computerized intervention arm that did not 

involve cognitive training (active control). Unlike the passive control arm, this type of active 

control arm would have allowed us to better disentangle the effects of computer use 

experience from that of neurocognitive training itself on such computer-based outcome tests 

such as CogState. It would also have provided for adult interactions with the child in the 

active control arm, allowing us to isolate the psychosocial benefits of cognitive rehabilitation 

from the psychosocial enrichment embedded within the supervision of the CCRT sessions. 

This would have been helpful in interpreting the behavioral benefits occurring at one-year 

follow-up for the severe malaria survivors on the BRIEF measure of beh avior problems 

related to executive function. Another study limitation was the fact that the CCRT field 

trainers generally knew the malaria cohort and intervention arm status of the study children, 

although the neuropsychological testers did not.
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CONCLUSIONS

The results from this study demonstrate that computerized cognitive training programs can 

be adapted for resource-poor and rural non-Western settings, and that children can be 

motivated to take part in these extended training regimens. Trainers consistently observed 

that the children seemed to like and be well-motivated to take part in these game-based 

training exercises, which is important since motivation has been associated with increased 

benefit from computerized training (Jaeggi et al., 2013). However, the neuropsychological 

and behavioral benefits were mostly limited to specific domains and did not usually extend 

to one-year follow-up post training. Continued “booster training” sessions may be needed in 

order for these neurocognitive benefits to persist, especially with survivors of severe malaria.

The titration feature specific to full CRRT is important for training benefit on some tasks 

(executive function planning). In contrast, the limited-CCRT arm resulted in better attention 

and working memory improvements with the severe malaria survivors. This was probably 

because of gains in processing speed from more repetition and practice on relevant tasks at 

the simpler levels of training that typified the limited-CCRT arm. Future studies of our group 

will evaluate ways of bringing CCRT interventions to scale at a school- or community-wide 

level taking advantage of increased use of smartphones as with the Brain Powered Games 

(BPG) (Giordani et al., 2015; Novak et al., 2017).
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BRIEF Behavior Rating Inventory of Executive Function

CBCL Achenbach Child Behavior Checklist

CCRT Computerized Cognitive Rehabilitation Training

CI confidence interval

CM cerebral malaria

LME Lineal Mixed Effects
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HOME Caldwell Home Observation for Measurement of the Environment

IRB institutional review board

KABC-II Kaufman Assessment Battery for Children (2nd ed)

MPI Mental Processing Index

SAS Statistical Analysis System

SES socio-economic status

SMA severe malaria anemia

TOVA Tests of Variables of Attention
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HIGHLIGHTS

• Computerized rehabilitation games improve cognition in severe malaria 

survivors

• There were more cognitive benefits in the severe malaria than non-malaria 

cohorts

• Most cognitive training benefits dissipated at one-year follow-up post training

• Cognitive training that titrated to child’s performance level improved 

reasoning

• More repetitive cognitive training at simpler levels improved attention & 

memory
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Figure 1. 
Flow diagram of the progress through the phases of the randomized controlled trial for 

Computerized Cognitive Rehabilitation Treatment in school-age children surviving malaria 

in Kampala, Uganda.

LTF: lost to follow-up

W: Withdrew prematurely
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Table 1
Severe malaria survivors

Demographic characteristics and outcomes at baseline by trial arm (N=150 total).

Characteristic CCRT N=51 Limited CCRT N=54 Control N=45

N (%) N (%) N (%)

Sex

Male 32 (62.75) 32 (59.26 27 (60.00)

Female 19 (37.25) 22 (40.74) 18 (40.00)

Malaria exposure

Cerebral 31 (60.78) 34 (62.96) 28 (62.22)

Severe 20 (39.22) 20 (37.04) 17 (37.78)

Mean (St Dev) Mean (St Dev) Mean (St Dev)

Age in years 7.39 (1.74) 6.74 (1.33) 6.85 (1.68)

Height-for-age z-score −1.03 (0.98) −0.95 (0.96) −1.12 (0.92)

Weight-for-age z-score −0.91 (0.80) −0.96 (0.96) −0.92 (0.77)

HOME score 37.38 (14.38) 36.09 (9.98) 38.32 (12.28)

SES score 10.58 (3.19) 9.63 (2.93) 8.96 (2.61)

KABC learning domain 79.47 (13.12) 74.80 (11.65) 76.44 (14.95))

KABC pattern reasoning scale 3.72 (2.39) 4.21 (2.63) 4.96 (2.60)

KABC story completion scale 5.20 (2.68) 5.94 (2.63) 6.42 (2.88)

KABC conceptual thinking scale 10.37 (4.66) 7.15 (5.01) 8.69 (6.14)

KABC sequential processing domain 75.24 (9.61) 75.20 (10.64) 77.53 (10.87)

KABC simultaneous processing domain 67.02 (13.22) 64.31 (13.54) 66.51 (10.90)

KABC delayed recall domain 78.51 (12.74) 75.56 (11.32) 78.20 (12.71)

KABC mental processing index 66.51 (9.73) 64.88 (9.25) 66.84 (8.89)

CogState, correct moves per second, maze chase 0.09 (0.13) 0.07 (0.09) 0.10 (0.16)

CogState, correct moves per second, maze learning 0.08 (0.15) 0.05 (0.12) 0.05 (0.11)

CogState, detection time 2.86 (0.12) 2.80 (0.41) 2.59 (0.86)

CogState, identification time 2.97 (0.13) 2.68 (0.90) 2.74 (0.79)

CogState, one-card learning accuracy 0.41 (0.17) 0.38 (0.18) 0.44 (0.23)

CogState, one-back card memory accuracy 0.41 (0.25) 0.34 (0.26) 0.38 (0.27)

BRIEF Global Executive Composite 53.76 (13.57) 56.44 (13.75) 56.80 (12.08)

CBCL Internalizing Symptoms 61.16 (8.26) 60.97 (8.46) 61.61 (9.36)

CBCL Externalizing Symptoms 61.53 (11.47) 60.55 (8.82) 61.65 (8.15)

CBCL Total Symptoms 59.44 (10.85) 59.24 (9.05) 60.46 (9.52)
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Table 2
Non-malaria children

Demographic characteristics and outcomes at baseline by trial arm (N=150 total).

Characteristic CCRT N=50 Limited CCRT N=55 Control N=45

N (%) N (%) N (%)

Sex

Male 23 (46.00) 24 (43.64) 20 (44.44)

Female 27 (54.00) 31 (56.36) 25 (55.56)

Mean (St Dev) Mean (St Dev) Mean (St Dev)

Age in years 6.99 (2.06) 7.08 (1.85) 7.00 (1.76)

Height-for-age z-score −1.12 (1.03) −0.77 (1.13) −0.85 (1.11)

Weight-for-age z-score −0.84 (1.02) −0.80 (0.89) −0.78 (0.89)

HOME score 41.51 (12.97) 41.25 (9.95) 40.23 (12.64)

SES score 10.36 (3.56) 10.53 (3.09) 9.09 (2.16)

KABC learning domain 76.92 (15.17) 77.29 (11.78) 77.18 (12.17)

KABC pattern reasoning scale 5.74 (3.09) 4.56 (2.45) 4.13 (3.08)

KABC story completion scale 6.50 (3.13) 5.96 (3.27) 5.67 (3.23)

KABC conceptual thinking scale 9.54 (5.94) 8.67 (4.91) 9.06 (5.29)

KABC sequential processing domain 78.80 (10.22) 78.42 (9.12) 81.20 (12.09)

KABC simultaneous processing domain 67.72 (13.92) 66.67 (13.70) 65.36 (14.27)

KABC delayed recall domain 81.34 (12.77) 79.67 (12.75 ) 80.53 (14.31)

KABC mental processing index 68.96 (11.44) 67.16 (8.32) 67.47 (10.58)

CogState, correct moves per second, maze chase 0.06 (0.08) 0.10 (0.14) 0.09 (0.13)

CogState, correct moves per second, maze learning 0.05 (0.10) 0.05 (0.10) 0.05 (0.08)

CogState, detection time 2.81 (0.42) 2.80 (0.41) 2.66 (0.74)

CogState, identification time 2.87 (0.60) 2.86 (0.58) 2.86 (0.64)

CogState, one-card learning accuracy 0.41 (0.18) 0.43 (0.20) 0.42 (0.18)

CogState, one-back card memory accuracy 0.37 (0.29) 0.40 (0.25) 0.40 (0.31)

BRIEF Global Executive Composite 51.92 (13.77) 50.29 (11.18) 46.33 (10.14)

CBCL Internalizing Symptoms 55.41 (10.69) 59.04 (9.75) 55.37 (10.06)

CBCL Externalizing Symptoms 56.62 (10.24) 58.55 (8.87) 54.48 (9.04)

CBCL Total Symptoms 54.47 (10.61) 56.52 (9.21) 52.50 (9.85)
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Table 3
Severe malaria survivors

Post-training least square means and 95% confidence intervals (CIs) by trial arm adjusted for age, sex, weight, 

height, HOME score, material possessions socio-economic score, and malaria exposure (cerebral versus severe 

malarial anemia). Least square (LS) means of the outcome variables were obtained from linear mixed effects 

(LME) models with two repeated measures: (1) immediately after CCRT training (post-training) and (2) 12 

months following completion of CCRT training (one year follow-up). Baseline measures of the outcome 

variables were used as covariates for added control for any pre-intervention influences.

CCRT LS Mean 
(95% CI)

Limited CCRT LS 
Mean (95% CI)

Control LS Mean 
(95% CI)

P-value for 
arm 
comparison

KABC learning domain

Post-training 82.11 (79.62, 84.60) 84.22 (81.75, 86.68)* 80.07 (77.45, 82.68) 0.07

One year follow up 77.05 (74.56, 79.54) 76.21 (73.73, 78.70) 76.10 (73.46, 78.74) 0.85

KABC pattern reasoning scale

Post-training 3.97 (3.42, 4.51) 4.04 (3.50, 4.58) 4.22 (3.64, 4.79) 0.82

One year follow up 3.28 (2.73, 3.83) 2.79 (2.24, 3.34) 2.85 (2.27, 3.44) 0.40

KABC story completion scale

Post-training 6.10 (5.51, 6.69) 5.93 (5.35, 6.52) 6.55 (5.93, 7.17) 0.34

One year follow up 4.86 (4.27, 5.45) 4.65 (4.07, 5.24) 4.91 (4.29, 5.54) 0.81

KABC conceptual thinking domain

Post-training 10.86 (9.87, 11.85) 12.11 (11.14, 13.08)* 9.48 (8.45, 10.50) <0.01

One year follow up 11.70 (10.72, 12.68) 12.15 (11.17, 13.14) 12.02 (10.98, 13.06) 0.80

KABC sequential processing domain

Post-training 75.24 (72.74, 77.75) 79.94 (77.47, 82.42)# 78.08 (75.43, 80.73) 0.02

One year follow up 74.15 (71.64, 76.65) 77.31 (74.81, 75.82)* 73.14 (70.46, 75.82) 0.06

KABC simultaneous processing domain

Post-training 68.62 (65.79, 71.45) 71.50 (68.70, 74.29) 69.66 (66.68, 72.64) 0.34

One year follow up 65.35 (62.52, 68.18) 68.46 (65.64, 71.30) 65.43 (62.42, 68.44) 0.21

KABC delayed recall domain

Post-training 80.86 (78.11, 83.60) 83.24 (80.53, 85.96) 80.78 (77.90, 83.67) 0.36

One year follow up 77.05 (74.31, 79.79) 74.69 (71.95, 77.43) 76.22 (73.27,79.17) 0.47

KABC mental processing index

Post-training 68.80 (66.79, 70.80) 71.75 (69.87, 73.84)* 68.65 (66.54, 70.76) 0.05

One year follow up 65.23 (63.22, 67.23) 65.75 (63.75, 67.76) 64.11 (61.98, 66.25) 0.53

CogState, correct moves per second, maze 
chase

Post-training 0.23 (0.18, 0.28) 0.18 (0.13, 0.23) 0.17 (0.12, 0.22) 0.16

One year follow up 0.17 (0.12, 0.22) 0.21 (0.16, 0.26) 0.17 (0.12, 0.22) 0.40

CogState, correct moves per second, maze 
learning
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CCRT LS Mean 
(95% CI)

Limited CCRT LS 
Mean (95% CI)

Control LS Mean 
(95% CI)

P-value for 
arm 
comparison

Post-training 0.10 (0.07, 0.14) 0.13 (0.09, 0.16) 0.09 (0.05, 0.13) 0.42

One year follow up 0.10 (0.06, 0.14) 0.09 (0.05, 0.13) 0.12 (0.08, 0.16) 0.69

CogState, detection time

Post-training 2.79 (2.66, 2.91) 2.80 (2.67, 2.93) 2.91 (2.77, 3.05) 0.40

One year follow up 2.83 (2.70, 2.96) 2.58 (2.45, 2.71)*# 2.79 (2.65, 2.93) 0.02

CogState, identification time

Post-training 2.93 (2.81, 3.04) 2.97 (2.85, 3.10) 2.96 (2.83, 3.09) 0.84

One year follow up 2.88 (2.76, 3.00) 2.94 (2.82, 3.06) 3.02 (2.89, 3.15) 0.30

CogState, one-card learning accuracy

Post-training 0.41 (0.36, 0.46) 0.46 (0.41, 0.51) 0.48 (0.42, 0.53) 0.18

CogState, one-back card memory 
accuracy

Post-training 0.40 (0.34, 0.46)* 0.43 (0.37, 0.49)* 0.52 (0.46, 0.59) 0.02

One year follow up 0.47 (0.41, 0.53) 0.49 (0.43, 0.55) 0.54 (0.47, 0.60) 0.32

BRIEF Global Executive Composite

Post-training 52.63 (49.78, 55.47) 55.03 (52.22, 57.84) 56.24 (53.24, 59.23) 0.21

One year follow up 49.18 (46.33, 52.02) 47.12 (44.28, 49.97)* 53.18 (50.15, 56.20) 0.01

CBCL Internalizing Symptoms

Post-training 60.69 (58.19, 63.18) 62.97 (60.37, 65.56) 59.18 (56.13, 62.23) 0.16

One year follow up 56.13 (53.64, 58.63) 58.54 (55.90, 61.18) 57.61 (54.57, 60.64) 0.41

CBCL Externalizing Symptoms

Post-training 59.08 (56.62, 61.53) 60.40 (57.84, 62.95) 61.20 (58.20, 64.20) 0.53

One year follow up 56.42 (53.96, 58.88) 59.05 (56.46, 61.64) 60.00 (57.01, 62.99) 0.14

CBCL Total Symptoms

Post-training 57.46 (55.14, 59.79) 59.62 (57.20, 62.04) 58.96 (56.12, 61.80) 0.43

One year follow up 54.70 (52.38, 57.03) 55.51 (53.05, 57.97) 57.09 (54.25, 59.92) 0.43

*
indicates significant difference from control;

#
indicates difference between limited CCRT and CCRT.
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