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Abstract

Aim: To evaluate the transfer effects of a home-based computerized executive func-
tion intervention on non-targeted cognitive functions (visual perception and mem-
ory), quality of life (QoL), and participation in children with cerebral palsy (CP),
and to determine whether any improvements were maintained 9 months after the
intervention.

Method: Sixty children with CP (aged 8-12years) were randomly allocated to
the intervention (15 females/15 males, mean age 10years 4 months [SD =1 years
8 months], age range 8-12 years) or waitlist (control) (15 females/15 males, mean
age 10years [SD = 1years 9 months], age range 8-12years) group. The interven-
tion group underwent a home-based executive function intervention programme
for 30 minutes per day, 5 days a week, for 12 weeks. All participants were assessed
before the intervention, immediately after and 9 months after the intervention
was completed.

Results: After the intervention was completed, performance in immediate verbal
memory, verbal learning, and visual perception (object and picture recognition) was
significantly better in the intervention group than in the waitlist (control) group. No
improvements were found in visual memory, visuospatial perception, QoL, or par-
ticipation after the intervention. Scores at the follow-up showed that any beneficial
effects were not maintained 9 months after the intervention was completed.
Interpretation: A home-based computerized executive function intervention pro-
duced transfer effects on memory and visual perception immediately after the inter-
vention in children with CP, although any beneficial effects were not sustained at the
9-month follow-up.

Abbreviations: MACS, Manual Ability Classification System; NEPSY-II, Developmental NEuroPSYchological Assessment, Second Edition; QoL, quality of life.

*Members of the Clinic Practice Group are listed in the Acknowledgements.
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Cerebral palsy (CP) is the leading cause of physical dis-
ability in childhood, with an estimated prevalence of ap-
proximately 1.6 per 1000 live births." CP refers to a group
of permanent movement or posture development disorders
due to brain injury during the antenatal, perinatal, or early
postnatal period that persists throughout the lifespan. These
motor symptoms are often accompanied by disturbances of
sensation, communication, perception, behaviour, and cog-
nition, and by epilepsy.®

Individuals with CP exhibit a heterogenous neuro-
psychological profile characterized by varying degrees
of cognitive impairment, depending on CP type and se-
verity.” Notably, mild-to-moderate impairments in exec-
utive function are common among individuals with CP.*
Executive function consists of a set of interrelated mental
skills that control, organize, and direct cognitive activ-
ity, emotional response, and behaviour to achieve specific
goals.” Diamond's model distinguishes between three core
executive functions: inhibitory control, working memory,
and cognitive flexibility.® These core functions support
higher-order executive functions, including planning, rea-
soning, and problem-solving.® Individuals with CP often
show impairments in both core and higher-order execu-
tive functions.”® Addressing impairments in executive
function is particularly important in individuals with CP
given their common occurrence as comorbidities. Beyond
impairments in executive function, visual perception and
memory skills are also significantly affected in the popula-
tion with CP,” leading to difficulties in academic achieve-
ment and everyday motor skills.'**?

Given the cognitive impairments experienced by indi-
viduals with CP, it is crucial to explore the transfer effects
of interventions on several cognitive functions in this pop-
ulation. Transfer refers to the generalization of the skills or
knowledge learned in one specific context to a new or dif-
ferent context."® This transfer can occur in different ways,
and it is common to differentiate between near-transfer and
far-transfer effects.'>'* Near-transfer effects refer to abilities
learned in a specific context or domain that are transferred
to a related or similar task or domain, whereas far-transfer
effects involve applying knowledge or skills from one task
or domain to a dissimilar or unrelated task or domain.'>'®
In the context of CP, achieving both near-transfer and far-
transfer effects is crucial because of the widespread cognitive
impairments observed in this population. Optimizing these
transfer effects can help address a wide range of motor and
non-motor impairments, making interventions more effec-
tive and resource-efficient.”” Studies on transfer effects in
children with CP can contribute to a greater understanding
of brain development and neuropsychological rehabilitation
in populations with neurodevelopmental disorders.

Recent research investigated the far-transfer effects of
physical interventions on cognitive function in individuals
with CP."® Despite the high heterogeneity in intervention
characteristics, some beneficial effects were found. A dance
intervention improved general cognitive function in adoles-
cents and young adults with spastic CP."* Equine-assisted

What this paper adds

o A home-based computerized executive function
intervention produced beneficial effects in chil-
dren with cerebral palsy.

o Improvements in the domains of verbal mem-
ory and visual perception were observed after
12 weeks of executive function intervention.

 Quality of life and participation were not en-
hanced after the intervention.

therapy produced improvements in a core executive func-
tion domain, specifically inhibitory control.** However,
computerized physical interventions have not been shown to
enhance visual perception.” The potential effects of physi-
cal interventions on memory skills in individuals with CP
remain unexplored.

On the other hand, multimodal computerized interven-
tions, combining physical and cognitive tasks, have demon-
strated improvements in visual perception in individuals
with unilateral spastic CP, although not directly targeted
by these interventions.”>** Moreover, a study examining
the impact of virtual reality on individuals with spastic CP
found changes in executive function, specifically in the do-
main of reasoning.”* Goals, Activity and Motor Enrichment
therapy improved general cognitive function.** Despite
these findings, to our knowledge, no study on individuals
with CP has investigated the effects of multimodal interven-
tions on memory skills.

While physical and multimodal interventions in CP have
been extensively studied, cognitive interventions targeting
executive function are less explored. To date, only two ran-
domized controlled trials explored the impact of cognitive
intervention in the population with CP, primarily focus-
ing on children with bilateral spastic CP.*>*® These stud-
ies revealed near-transfer effects on working memory and
far-transfer effects on other core executive functions,”?
visual perception,”® and language.”> However, no significant
changes were reported in learning and memory, in either the
verbal or visual modalities.”>*® Nevertheless, the potential of
executive function interventions to enhance memory skills
has been demonstrated in other paediatric populations.*”

Given the crucial role of executive functioning in every-
day life and the potential to induce a positive cascade effect
on other cognitive functions, emphasizing interventions that
specifically target these functions is imperative.'® Executive
functions are essential for completing tasks, adapting to new
challenges, and pursuing goal-oriented activities effectively.
Moreover, these functions significantly contribute to quality
of life (QoL) and participation in activities of daily living for
individuals with CP, being pivotal factors in evaluating the
therapeutic effectiveness of interventions.?*

Therefore, the main purpose of this study was to explore
whether a home-based computerized executive function
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intervention for children with CP would produce transfer
effects on memory, visual perception, QoL, and participa-
tion. The second aim was to determine whether these trans-
fer effects, if any, would be maintained 9 months after the
intervention.

METHOD
Study design and procedure

The present study was a single-blind, randomized, waitlist-
controlled trail. The design, implementation, and reporting
of this study followed the CONSORT statement.”® The pro-
tocol was registered at ClinicalTrials.gov (NCT04025749)
and published.*® Ethics approval was obtained from the
University of Barcelona's Institutional Ethics Committee,
Institutional Review Board (no. 00003099, assurance no.
FWA00004225), and Sant Joan de Déu-Barcelona Children's
Hospital Ethics Committee (no. PIC-45-20). The study was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from the partici-
pants' parents or legal guardians. The primary outcomes
(near-transfer effects) of our study were published recently.*

Participants

Participants were recruited from the Sant Joan de Déu-
Barcelona Children's Hospital, Vall d'Hebron University
Hospital, and Fundacié ASPACE Catalunya in Barcelona.
Participants were also recruited from our project website and
from a previous study.”® The inclusion criteria were: (1) diag-
nosis of CP; (2) age between 8 years and 12 years; (3) classified
in Manual Ability Classification System (MACS) levels I to
111;%7 (4) ability to understand simple instructions as assessed
by the Screening Test of Spanish Grammar;®® (5) availability
to participate in the study for a year; and (6) internet access at
home. Exclusion criteria were severe or visual difficulties that
precluded cognitive assessment and intervention.

Randomization

Participants were matched in pairs based on age bands
(8years-10years 6 months and 10years 7 months-12years),
sex, MACS level (I and II/III), and IQ (<80 or=>80).
Intellectual functioning was measured using the non-verbal
Raven's Coloured Progressive Matrices test.”® Each paired
participant was randomly allocated to one of two groups
(intervention or waitlist [control]). Randomization was
performed using an in-house programme written in R (R
Foundation for Statistical Computing, Vienna, Austria).
Participants were informed of their group allocation after
baseline assessment. The researcher who conducted the neu-
ropsychological assessment was blinded to the group status
of participants until data collection was completed.

60 sessions 15h
Sessions 15
1
Inhibitory control 5
6 2 i 5
5 Working memory
O
Cognitive flexibility 5
30 sessions 7.5h
7 Sessions 15'
N
=
= Core executive functions 10'
g 9
Higher-order executive functions and 5
social cognition
30 sessions 7.5h
10 Sessions 15
Core executive functions 5'
12
Higher-order executive functions 10

and social cognition

Total dose = 30 h
FIGURE 1 Structure of the intervention.

Intervention group

Participants randomized to the intervention group un-
derwent a home-based computerized executive function
intervention using NeuronUP (www.neuronup.com). The
intervention was specifically created for this research
project by carefully selecting the tasks. The executive
intervention included core executive functions (inhibi-
tory control, working memory, and cognitive flexibility),
higher-order executive functioning (planning), and so-
cial cognition tasks (Figurel). Two psychologists from
the study team independently analysed the NeuronUP
tasks and categorized them based on the main executive
function domain targeted. Subsequently, tasks were me-
ticulously selected to create sessions according to the do-
mains to be worked on in each session. During the initial
stages of training (weeks 1-6), each core executive func-
tion was included; higher-order and social cognition tasks
were introduced in the seventh week (weeks 7-9). Higher-
order and social cognition tasks increased in the last 3
weeks (weeks 10-12). Examples of the intervention tasks
are shown in Figure 2. The tasks included both verbal and
visual modalities. Verbal information was delivered orally.
The difficulty level of each task was gradually adjusted
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CORE EXECUTIVE FUNCTIONS

Inhibitory control

Space Conquest

Jump between the moving planets
until you arrive at your final
destination

HIGHER-ORDER EXECUTIVE
FUNCTION

>

re

Pack your Backpack

Pack the school backpack by selecting only the
objects necessary for that day

FIGURE 2 Example of NeuronUP tasks included in the intervention.

automatically by the programme depending on the child's
level of performance during each session. The interven-
tion consisted of 15minutes per session and 10 sessions
per week for 12 weeks. The total dose was 30 hours, includ-
ing 20.6 hours of core executive functions and 9.4 hours
of higher-order executive function and social cognition.
Participants received the intervention via a computer
using a mouse or touchscreen. Adherence was monitored
by a health professional using website reports after each
intervention session.

Several adherence strategies were implemented: (1) a per-
sonalized schedule was created according to the children's
interests, including programme instructions, weekly ses-
sions, and neuropsychological assessment appointments.
Additionally, a space was provided to record the daily ac-
tivities of the child; (2) participants and their families were
given the option to choose within a week to complete the
sessions; (3) tasks resembling video games were selected to
make them more engaging; (4) personalized follow-up was
conducted over the phone to highlight the positive aspects of

Working memory

Animal Pairs

Find all the pairs within a set
of cards that are facing down

Cognitive flexibility

Q| (=] FEOE*
B/ A0« ®

; , iQ :2 .
$ o] )
Defeat the Monster

Move forward by selecting the
squares by their characteristics
as quickly as possible to avoid
being caught by the monster

SOCIAL COGNITION

What do they believe other people
think?

Second-order false-belief tasks

the child's performance; and (5) participants were informed
that on completion of the intervention, they would obtain a
diploma.

Waitlist (control) group

The participants randomized to the waitlist (control) group
maintained their usual care. The intervention was offered to
the waitlist (control) group once participants had completed
their standard care period in our study and after the follow-
up (T2) assessment was completed.

Assessment

Clinical data

Clinical information was collected from clinical histories
and interviews with parents. Gross motor function status
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was assessed using the Gross Motor Function Classification
System.*® Apart from the MACS, manual ability was also
measured using the Bimanual Fine Motor Function Scale.*!
Everyday communication ability was evaluated using the
Communication Function Classification System.*? Speech
production was assessed using the Viking Speech Scale.*?
Otbher clinical data included motor CP type, distribution of
motor impairment, gestational age, pain, and the presence
of epilepsy.**

Neuropsychological assessment

A comprehensive neuropsychological assessment was
carried out before the intervention (TO, baseline), im-
mediately after the intervention finished (T1, after the
intervention), and 9 months after the intervention (T2,
follow-up). Standard paper-and-pen neuropsychological
tests were used to assess memory and visual perception
skills. Raw scores were converted to standardized scores
(z-scores). Reliability was good across the different neu-
ropsychological tests.**

Verbal and visual immediate memory skills were assessed
using the Digit Forward Span from the Wechsler Intelligence
Scale for Children, Fifth Edition*> and the Spatial Forward
Span from the Wechsler Non-Verbal Scale of Ability*® re-
spectively. Verbal learning and long-term memory skills
were evaluated using the Word Selective Reminding of the
Test of Memory and Learning."” Visual learning and long-
term memory were assessed using the Memory for Designs
from the Developmental NEuroPSYchological Assessment,
Second Edition (NEPSY-II).*® Regarding visuoperceptual di-
mensions,” object and picture recognition and visual-spatial
perception were assessed using the Facial Recognition Test™
and the Arrows subtest (NEPSY-II)*® respectively.

QoL and assessment of participation

Proxy-reported questionnaires about QoL and participation
were completed by the parents and caregivers at the same
three time points as the neuropsychological assessment:
baseline (T0), after the intervention (T1), and at the follow-
up (T2). QoL was measured using the CP QoL-Child ques-
tionnaire.”’ The CP QoL total score was calculated by adding
up the seven domains. Participation was assessed using the
Participation and Environment Measure for Children and
Youth questionnaire,”® including the level of participation in
the home, at school, and in the community.

Assessment of potential covariates

Variables that could influence the effectiveness of the inter-
vention were considered as potential covariates: pain, autism
spectrum disorder, psychological adjustment, family QoL,
and parental stress. These variables were selected considering

their influence on cognition and QoL in children with
CP»® and in other paediatric populations.””** Physical
pain was measured using the Bodily Pain and Discomfort
Scale of the Child Health Questionnaire.®® Autism spectrum
disorder was assessed using the Autism Spectrum Screening
Questionnaire.** Psychological adjustment was examined
using the Strengths and Difficulties Questionnaire.%® Family
QoL and parental stress were measured using the Family
Quality of Life Scale® and the Parental Stress Scale.”’

Statistical analysis

SPSS v27 (IBM Corp., Armonk, NY, USA) was used for the
statistical analysis. Graphs were generated with R (v4.2.2).
Analysis of covariance (ANCOVA), with neuropsychology,
QoL, and participation baseline scores (T0) as the covari-
ates and group as the factor, was performed to assess group
differences in performance gains right after finishing the in-
tervention (T1) and 9 months after the intervention (T2). To
ensure that the estimated effects of the executive interven-
tion were fully independent of the effects of other variables,
the characteristics of CP, pain, autism spectrum disorder,
psychological adjustment, family QoL, and parental stress
were considered as potential covariates. Bivariate correla-
tions (Pearson, Spearman, and Kendall) were conducted and
Bonferroni correction was applied (p=0.01). Subsequently,
only variables showing significant correlations after
Bonferroni correction were included as covariates, along
with baseline outcomes, in the ANCOVA analysis. The sig-
nificance level was setat p <0.05. The effect size for ANCOVA
was assessed using partial eta squared # > considering effects
as small (=0.01), medium (>0.06), and large (20.14).%8

In addition to the per-protocol analysis, intention-to-treat
analyses were performed with R (v4.2.2). The intention-to-
treat analysis included participants with baseline measures
for each outcome.**”°

RESULTS
Participants

Of the 63 participants who completed the baseline assess-
ment, 60 were assessed after the intervention and at the
follow-up (Figure S1). Thirty participants were included
in the intervention group (15 females/15 males, mean
age 10years 4months [SD=1years 8 months], age range
8-12years) and 30 in the waitlist (control) (15 females/15
males, mean age 10 years [SD =1 years 9 months], age range
8-12years) group.

There were no significant group differences in terms
of demographic and clinical characteristics (Table1). The
descriptive statistics for potential covariates are shown in
Table 2. No significant group differences in potential covari-
ates were found. Neuropsychological, QoL, and participa-
tion scores at TO, T1, and T2 are presented in Table S1.
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TABLE 1 Descriptive statistics of the demographic and clinical data.

Waitlist (control)
group (n=30)

Intervention group
Characteristic (n=30)

Age, years:months, 10:4(1:8), 8:1-12:11 10:0(1:9), 8:0-12:11

mean (SD), range

Sex
Female 15 (50.0) 15 (50.0)
Male 15 (50.0) 15 (50.0)
Gestational age,
weeks
Born extremely 4(13.3) 3 (10.0)
preterm (<28)
Born very preterm 6 (20.0) 7 (23.3)
(28-31)
Born moderate- 4(13.3) 10 (33.3)
to-late preterm
(32-36)
Born at term (>37) 12 (40.1) 8(26.7)
Unknown 4(13.3) 2(6.7)
Epilepsy®
No epilepsy 24 (80.0) 18 (60.0)
Active epilepsy 6 (20.0) 12 (40.0)
Type of CP
Spastic
Unilateral 17 (56.7) 15 (50.0)
Bilateral 10 (33.3) 11 (36.7)
Dyskinetic
Ataxic 3(10.0) 2(6.7)
Unknown 0(0) 1(3.3)
GMECS level
I 20 (66.7) 14 (46.7)
II 6 (20.0) 12 (40.0)
111 4(13.3) 2(6.7)
v 0 (0) 2(6.7)
MACS level
I 11 (36.7) 14 (46.7)
I 16 (53.3) 13 (43.3)
11 3 (10) 3 (10)
BFMF level
I 18 (60.0) 14 (46.7)
11 8 (26.7) 12 (40.0)
111 3 (10.0) 4(6.7)
% 1(3.3) 0 (0)
CFCS level
I 20 (66.7) 16 (53.3)
11 9 (30.0) 10 (33.3)
111 1(3.3) 2(6.7)
v 0(0) 2(6.7)
VSS level
I 26 (86.7) 18 (60.0)
II 3 (10.0) 9 (30.0)
111 1(3.3) 3 (10.0)

IQ, mean (SD), range 100.42(15.17), 75-125 95.88(9.33), 75-110

Note: All data are presented as n (%) unless otherwise indicated.

Abbreviations: BEMFE Bimanual Fine Motor Function; CFCS, Communication Function
Classification System; CP, cerebral palsy; GMFCS, Gross Motor Function Classification
System; MACS, Manual Ability Classification System; VSS, Viking Speech Scale.

“The Irﬁernational League Against Epilepsy criteria were used to determine epilepsy
status.

TABLE 2 Descriptive statistics of the potential covariates.

Waitlist
Intervention  (control)
Covariate group group Group differences
z/t p
Pain frequency,
n (%)
Never 8(26.7) 16 (29.1) -1.71% 0.087
A few times 14 (46.7) 10 (18.2)
Often 4(13.3) 3(5.4)
Unknown 4(13.3) 1(1.8)
ASSQ, median 5 (0-36) 9(0-25) -0.30° 0.768
(range)
SDQ, 13.9(6.2) 13.7(5.2) -0.16° 0.873
mean (SD)
FQolL, 3.8(0.7) 3.8(0.6) 0.004° 0.997
mean (SD)
PSS, median 22 (13-43) 25 (17-45) 1.114¢ 0.270
(range)

Abbreviations: ASSQ, Autism Spectrum Screening Questionnaire; FQoL, Family
Quality of Life Scale; PSS, Parental Stress Scale; SDQ, Strengths and Difficulties
Questionnaire.

7 test.
"Mann-Whitney U test.
“Student's t-test for independent samples.

Regarding adherence to the intervention, the mean at-
tendance and total dose were 114 sessions (106-120 sessions)
and 28.35hours (range: 26.30-30 hours) respectively. Hence,
the mean rate of adherence for the completed sessions was
95%, ranging from 87% to 100%.

Group performance after the intervention and
at the follow-up

Immediately after the intervention (T1) scores for each
group and the ANCOVA results are presented in Table 3.
The intervention group performed significantly better on
immediate verbal memory (Digit Span Forward, Wechsler
Intelligence Scale for Children, Fifth Edition) and verbal
learning (Word Selective Reminding, Test of Memory and
Learning) than the waitlist (control) group after the inter-
vention, with large (F=13.79, p<0.001, nPZ:O.ZO) and me-
dium (F=7.36, p=0.009, 77P2:0.12) effect sizes respectively.
No significant verbal long-term memory (Word Selective
Reminding Delayed, Test of Memory and Learning) differ-
ences were found between groups after the intervention. No
significant differences between groups were found regard-
ing visual memory. More specifically, no differences were
found regarding immediate memory (Spatial Span Forward,
Wechsler Non-Verbal Scale of Ability), and learning and
long-term memory (Memory for Designs, NEPSY-II). Object
and picture recognition (Facial Recognition Test) was signifi-
cantly improved after the intervention, with a medium effect
size (F=4.14, p=0.047, nP2:0.07). However, visuospatial
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TABLE 3  Analysis of covariance comparing the intervention and waitlist (control) groups after the intervention.
Waitlist
Intervention  (control)
group group ANCOVA After the intervention (T1)
Estimated marginal mean Mean 95% 95%
Outcome (SD) difference LCI UCI F p qu
Learning and memory
Immediate memory
Verbal: Digit Span Forward (WISC-V) ~0.53 (0.11) -113(0.12)  0.60 0.29 093 1379 <0.001  0.20
Visual: Spatial Span Forward (WNV) -0.79 (0.21) -0.85(0.21) 0.06 —-0.55 0.66 0.04 0.853  <0.01
Learning
Verbal: Word Selective Reminding 0.32 (0.19) -0.44 0.75 0.20 1.31 7.36 0.009 0.12
(TOMAL) (0.20)
Visual: Memory for Designs (NEPSY-II) -0.68 (0.19) -0.87 (0.19) 0.19 -0.36 0.74 0.47 0.496 0.01
Long-term memory
Verbal: Word Selective Reminding 0.14 (0.12) 0.08 (0.13) 0.07 -0.29 0.43 0.15 0.697  <0.01
Delayed (TOMAL)
Visual: Memory for Designs Delayed —-0.89 (0.18) —-1.00 (0.18) 0.12 -0.39 0.64 0.23 0.634 0.01
(NEPSY-II)*
Visual perception
FRT 0.81 (0.24) 0.14 (0.24) 0.68 -0.11 -1.34 4.14 0.047 0.07
Arrows (NEPSY-II) -0.95(0.13) -1.16 (0.13) 0.22 -0.17 0.60 1.26 0.267 0.02
QoL
CP QoL**¢ 73.77 (1.24) 70.97 (1.21)  2.79 ~0.77 636 250 0121  0.05
Participation
Home (PEM-CY)>¢ 5.76 (0.12) 559(0.12)  0.17 ~0.19 052 091 0346  0.02
School (PEM-CY) 4.00 (0.24) 4.19(0.24) -0.18 -0.87 0.50 0.28 0.596 0.01
Community (PEM-CY) 2.96 (0.18) 2.76 (0.18) 0.20 -0.31 0.72 0.29 0.572 0.01

Abbreviations: ANCOVA, analysis of covariance; ASSQ, Autism Spectrum Screening Questionnaire; CP, cerebral palsy; CP QoL, CP Quality of Life ; FQOL, Family
Quality of Life Scale; FRT, Facial Recognition Test; LCI, lower confidence interval; NEPSY-II, Developmental NEuroPSYchological Assessment, Second Edition; PEM-CY,
Participation and Environment Measure for Children and Youth; PSS, Parental Stress Scale; SDQ, Strengths and Difficulties Questionnaire; TOMAL, Test of Memory and
Learning; UCI, upper confidence interval; WISC-V, Wechsler Intelligence Scale for Children, Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability.

#ASSQ covariate.
®PSS covariate.
°SDQ covariate.
dFQOL covariate.

perception (Arrows, NEPSY-II) did not improve significantly.
There were no after-intervention differences between groups
for QoL (CP QoL-Child) and participation (Participation and
Environment Measure for Children and Youth). Follow-up
after intervention scores (T2) for each of the two groups and
the ANCOVA results are presented in Table 4. No significant
differences between the intervention and waitlist (control)
groups were found for any of the outcomes. Tables S2 and
S3 present the intention-to-treat analysis. Significant differ-
ences between groups in the intention-to-treat analysis were
the same as the ones found in the ANCOVA analysis.

Graphical representation of results

Participants' performance is graphically presented in
Figures 3-5. Estimated marginal differences between groups

immediately after the intervention (T1) and at the 9-month
follow-up (T2) are shown in the boxes. Estimated marginal
differences are differences between the groups' estimated
marginal means. Although differences between groups were
not statistically significant in all neuropsychological out-
comes at the 9-month follow-up after the intervention (T2),
the intervention group showed higher performance than
the waitlist (control) group (estimated marginal differences
above zero). It is noteworthy that participation and QoL
scores did not increase in the intervention group compared
with the waitlist (control) group.

DISCUSSION

Children with CP who underwent a home-based com-
puterized executive function intervention programme for
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TABLE 4 Analysis of covariance comparing the intervention and waitlist (control) groups at the follow-up.

Intervention Waitlist (control)
group group ANCOVA Follow-up intervention (T1)
Mean
Outcome Estimated marginal mean (SD) difference 95% LCI 95% UCI F P 11P2
Learning and memory
Immediate memory
Verbal: Digit Span —-0.52 (0.16) —-0.85 (0.16) 0.33 -0.13 0.79 2.11 0.152 0.04
Forward (WISC-V)
Visual: Spatial Span -0.78 (0.16) -0.87(0.16) 0.09 -0.36 0.53 0.15 0.699 <0.01
Forward (WNV)
Learning
Verbal: Word Selective 0.38(0.22) 0.35(0.23) 0.03 -0.61 0.66 0.01 0.936 <0.01
Reminding (TOMAL)
Visual: Memory for -0.32(0.22) -0.51 (0.22) 0.19 —-0.44 0.82 0.38 0.540 0.01
Designs (NEPSY-II)
Long-term memory
Verbal: Word Selective 0.51 (0.11) 0.33(0.12) 0.18 -0.15 0.51 1.21 0.276 0.02
Reminding Delayed
(TOMAL)
Visual: Memory for 0.09 (0.27) -0.76 (0.27) 0.67 -0.10 1.44 3.06 0.087 0.06
Designs Delayed
(NEPSY-II)*
Visual perception
FRT 0.76 (0.22) 0.29 (0.22) 0.47 -0.16 1.10 2.21 0.142 0.04
Arrows (NEPSY-II) -1.01 (0.13) -1.07 (0.14) 0.06 -0.33 0.45 0.10 0.759 <0.01
QoL
CP QoL** 69.30 (1.60) 72.17 (1.56) -2.87 -7.74 1.70 1.60 0.213 0.03
Participation
Home (PEM-CY)™ 5.57 (0.14) 5.57 (0.14) 0.05 -0.33 0.42 <0.01 0974 <0.01
School (PEM-CY) 4.20 (0.20) 4.11 (0.20) 0.10 —-0.47 0.67 0.12 0.730 <0.01
Community (PEM-CY) 2.48 (0.15) 2.65 (0.15) -0.17 ~0.60 0.26 0.66  0.422 0.01

Abbreviations: ANCOVA, analysis of covariance; ASSQ, Autism Spectrum Screening Questionnaire; CP, cerebral palsy; CP QoL, Cerebral Palsy Quality of Life; FQOL,
Family Quality of Life Scale; FRT, Facial Recognition Test; LCI, lower confidence interval; NEPSY-II, Developmental NEuroPSYchological Assessment, Second Edition;
PEM-CY, Participation and Environment Measure for Children and Youth; TOMAL, Test of Memory and Learning; UCI, upper confidence interval; WISC-V, Wechsler
Intelligence Scale for Children, Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability.

*ASSQ covariate.
®PSS covariate.
°SDQ covariate.
dFQOL covariate.

12 weeks showed improvements in immediate verbal mem-
ory, verbal learning, and visual perception (specifically,
object and picture recognition) skills immediately after the
intervention (T1). However, this intervention did not en-
hance visual memory, visuospatial perception skills, QoL, or
participation.

Our study, which consisted of an average total interven-
tion duration of 28.35hours and covered several executive
function domains, yielded significant enhancements in im-
mediate verbal memory and verbal learning. These findings
align with previous research in other paediatric populations,
where improvements in immediate verbal memory were ob-
served after 18 hours of a working memory intervention.”’
In contrast, previous studies on children with CP did not

report enhancements in verbal memory after 8 to 18 hours of
a working memory intervention.”” These results suggest that
the observed improvements may be attributed to the total
dose of the working memory intervention administered. It is
important to note that these enhancements in verbal mem-
ory can be attributed to the intricate relationship between
memory and executive functions, particularly working
memory.””* Working memory and immediate memory are
two different cognitive functions that are often erroneously
used interchangeably. While working memory is a cognitive
system that temporarily holds and manipulates information
for cognitive tasks, immediate memory refers to the ability
to store and retrieve information within seconds.” The fact
that both cognitive functions are closely interrelated leads
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FIGURE 3 Differences between intervention and waitlist groups in learning and memory. Estimated marginal differences are the intervention
group estimated marginal mean minus the waitlist group estimated marginal mean; dark grey-coloured box, significant differences; grey-coloured box,
non-significant differences. Estimated marginal differences above zero indicate better performance in the intervention group than in the waitlist group.
Abbreviations: NEPSY-II, Developmental NEuroPSYchological Assessment, Second Edition; TOMAL, Test of Memory and Learning; WISC-V, Wechsler
Intelligence Scale for Children, Fifth Edition; WNV, Wechsler Non-Verbal Scale of Ability.
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FIGURE 4 Differences between intervention and waitlist groups in visual perception. Estimated marginal differences are the intervention group
estimated marginal mean minus the waitlist group estimated marginal mean; dark grey-coloured box, significant differences; grey-coloured box, non-
significant differences. Estimated marginal differences above zero indicate better performance in the intervention group than in the waitlist group.
Abbreviations: FRT, Facial Recognition Test; NEPSY-II, Developmental NEuroPSYchological Assessment, Second Edition.

us to believe that the effects obtained are between the near-
transfer and far-transfer effects. Hence, the improvements
observed in immediate memory may represent intermediate-
transfer effects, as described by others.”

Nevertheless, some authors consider the Digit Span
Forward (Wechsler Intelligence Scale for Children, Fifth
Edition) as a measure of working memory; the improve-
ments observed in this measure could be interpreted as near-
transfer effects.”

However, no changes in long-term memory were ob-
served. Long-term memory is a complex and gradual
process that requires considerable time to produce im-
provements.”® Previous research established that working
memory has a crucial role in the formation of long-term
memories, despite involving distinct cognitive func-
tions.”®”” Further research should investigate whether
longer interventions with higher doses can lead to better
long-term memory performance. Likewise, no improve-
ments in visual memory were evident. Consistent with
our findings, previous research in CP did not report
improvements in learning and long-term visual mem-
ory, as assessed using the Memory for Designs subtest of
the NEPSY-I1.>>%*® Furthermore, the lack of significant
changes in visual memory observed in our study and by
others may stem from limitations in the assessment tools
used, which may not be sufficiently sensitive to detect sub-
tle improvements in visual memory after an intervention.
Additional research using more comprehensive and sensi-
tive measures of visual memory may be necessary to better
understand the impact of interventions targeting execu-
tive functions in this cognitive domain.

The improvements found in visual perception are con-
sistent with previous studies reporting far-transfer effects
in this cognitive function after cognitive and multimodal
computerized interventions in children with CP.*»** The
findings of this study indicate that interventions, including

cognitive tasks delivered via a computerized programme,
improve some components of object and picture recogni-
tion, such as face processing, in children with CP. Previous
research associated facial recognition with a specific domain
of QoL in children with CP.* This fact, together with the
high prevalence of visual perception impairments in CP,”®
highlights the importance of targeting visual perception in
interventions for individuals with CP.

Our research did not find any enhancements in the vi-
suospatial perception domain. These results align with the
findings by Di Lieto et al.,”® who showed that an executive
function intervention with a lower intervention dose did not
lead to changes in the Arrows subtest either (NEPSY-II).

Research in the field of CP suggests that a weekly com-
puterized intervention programme is necessary to achieve
far-transfer effects in specific domains of visual perception,
such as object and picture recognition. Although there is a
wide variety of visuoperceptual functioning in children,*
assessment in intervention research has been mainly limited
to specific domains (e.g. the object and picture recognition
or visuospatial perception domains).?**® This could hinder
the identification of a global perspective of improvement
based on children's visual perception profiles. Consequently,
turther studies should include an extensive visual percep-
tion battery to determine which specific dimensions are im-
proved by interventions for children with CP.

Visual perception and verbal memory improvements were
not maintained 9 months after the intervention finished. A
previous study on near-transfer effects showed long-term
effects on executive functions 9 months after the interven-
tion.” This reinforces the notion that near-transfer effects
occur frequently, but that far-transfer effects are modest.” It
would be interesting to explore whether a booster interven-
tion could help maintain far transfer effects in these specific
cognitive functions. Booster interventions in cognitive pro-
grammes have scarcely been investigated, but some studies
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FIGURE 5 Differences between intervention and waitlist groups in quality of life (QoL) and participation. Estimated marginal differences are the
intervention group estimated marginal mean minus the waitlist group estimated marginal mean; dark grey-coloured box, significant differences; grey-
coloured box, non-significant differences. Estimated marginal differences above zero indicate better performance in the intervention group than in the
waitlist group. Abbreviation: CP, cerebral palsy; PEM-CY, Participation and Environment Measure for Children and Youth.

in other populations indicated that they promote long-term
effects.”” Another point of interest could be to include com-
puterized assessments to test whether the beneficial effects
could be higher or maintained at follow-up.

Our study is the first to investigate the effects of cogni-
tive intervention on the QoL and participation of individ-
uals with CP. However, our results showed no significant
transfer effects in QoL and participation; no delayed effects
appeared 9months later. These findings are in line with
previous studies in CP about multimodal and physical in-
terventions, where no changes in QoL were reported.”**
However, our results for participation differ from those
found in a previous study whose participants underwent a
physical intervention, where improvements were found after
12 weeks of a dance intervention."” Recent research reported
that executive function interventions can enhance QoL in
paediatric populations, with effects maintained over time.*
The nature of the training tasks used in our intervention,

with few resembling aspects of daily life, may have hindered
the transfer of intervention effects to daily life. Therefore,
turther research is needed to clarify the effectiveness of ex-
ecutive function interventions, including ecologically valid
tasks, to improve QoL and participation in this population.
Despite the strengths of this study, some questions need to
be raised for future research. First, the children in our study
were classified in MACS levels I to III. The sample was lim-
ited to children with mild motor impairment to homogenize
the sample characteristics and minimize the influence of
motor effort on proving the effect of the intervention. Future
studies should include participants in the entire spectrum of
pattern and motor severity as cognitive impairments prob-
ably vary across different types and severity of CP.* Second,
our study did not include an active control group. Although
it would be interesting to include an active control group, it
is difficult to find computerized intervention tasks that do
not include executive function components or domains. In
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addition, the COVID-19 pandemic may have affected the
children's responses to treatment. Recent studies indicated
that children with CP discontinued their daily routines and
their activities in special education and rehabilitation centres
during the pandemic.®' This decreased general health status
and functional ability during the pandemic may have affected
their performance in the assessment and intervention of our
study. Another aspect to consider is the possible impact of
practice effects, particularly on memory assessment. Despite
this limitation, the inclusion of the control group had an
important role in ensuring that the observed changes in the
intervention group could be attributed to the effects of the
intervention itself. Moreover, QoL and participation were
assessed using proxy-reported questionnaires. Research in-
dicates that parents may perceive their child's QoL differ-
ently than children with CP themselves.®? Therefore, whether
changes in self-reported measures of QoL and participation
occur after a cognitive intervention should be investigated.
Finally, QoL and participation were evaluated to assess the
impact of interventions on daily activities. However, both are
complex constructs influenced by multiple factors, making
it challenging to translate intervention efficacy into changes
in these outcomes. Therefore, it is important to incorporate
additional measures, such as social well-being, for a compre-
hensive assessment of the broader impacts of interventions.
In summary, a home-based computerized executive function
intervention can be effective in obtaining transfer effects on
memory and visual perception. However, improvements are
not maintained in the long term, and QoL and participation
were not enhanced after the intervention. Further research
across the whole spectrum of CP severity is needed to identify
strategies that allow these improvements to be maintained
over time and the possibility of transferring these to daily life.

ACKNOWLEDGEMENTS

Members of the Clinic Practice Group are as follows:
Francisca Gimeno (Servei de Rehabilitacid, Associacio
de la Paralisi Cerebral ASPACE, Barcelona, Spain), Mar
Meléndez-Plumed (Servei de Rehabilitacio i Medicina Fisica,
Hospital Vall d'Hebron, Barcelona, Spain), and Esther Toro-
Tamargo (Servei de Rehabilitacié i Medicina Fisica, Hospital
Vall d'Hebron, Barcelona, Spain), who contributed to the au-
thorship of this paper.

This study was supported by the Ministerio de
Economia y Competitividad (no. PSI2016-75979-R AEI/
FEDER, UE), Agencia Estatal de Investigaciéon (no.
PID2020-117163RB-100/AEI/10.13039/501100011033),
and Ageéncia de Gestié d'Ajuts Universitaris i de Recerca
from Generalitat de Catalunya (no. 2017SGRO0748).
Montse Blasco received a research grant supported by the
Universitat de Barcelona (grant no. APIF_2018-2019) and
Maria Garcia Galant received a research grant supported
by the Ageéncia de Gesti6 d'Ajuts Universitaris i de Recerca
from Generalitat de Catalunya (grant no. FI-SDUR 2020).
Roslyn N. Boyd was supported by a National Health
and Medical Research Council of Australia Research
Fellowship (no. 1037220).

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

ORCID

Montse Blasco @ https://orcid.org/0000-0003-4175-0046
Julia Ballester-Plané (© https://orcid.
org/0000-0001-9131-8863

Olga Laporta-Hoyos ‘© https://orcid.
org/0000-0001-8415-2076

Roslyn N. Boyd (© https://orcid.org/0000-0002-4919-5975
Roser Pueyo © https://orcid.org/0000-0002-8230-8409

REFERENCES

1. Mclntyre S, Goldsmith S, Webb A, et al. Global prevalence of cere-
bral palsy: A systematic analysis. Dev Med Child Neurol 2022; 64:
1494-506.

2. Rosenbaum P, Paneth N, Leviton A, et al. A report: The definition
and classification of cerebral palsy April 2006 Peter Rosenbaum
(Definition Panel Chair) MD. Dev Med Child Neurol 2007; 49:
8-14.

3. Ballester-Plané ], Laporta-Hoyos O, Macaya A, etal. Cognitive func-
tioning in dyskinetic cerebral palsy: Its relation to motor func-
tion, communication and epilepsy. Eur ] Paediatr Neurol 2018; 22:
102-12.

4. Fluss ], Lidzba K. Cognitive and academic profiles in children with
cerebral palsy: A narrative review. Ann Phys Rehabil Med 2020; 63:
447-56.

5. Gioia GA, Isquith PK, Guy SC. Assessment of executive functions in
children with neurological impairment. In: Psychological and devel-
opmental assessment: Children with disabilities and chronic condi-
tions. New York, NY, US: The Guilford Press, 2001: 317-56.

6. Diamond A. Executive functions. Annu Rev Psychol 2013; 64: 135-68.

7. Freire TC, Osério AAC. Executive functions and drawing in young
children with cerebral palsy: comparisons with typical development.
Child Neuropsychol 2020; 26: 635-48.

8. DiLieto MC, Brovedani P, Pecini C, et al. Spastic diplegia in preterm-
born children: executive function impairment and neuroanatomical
correlates. Res Dev Disabil 2017; 61: 116-26.

9. Schneck CM. Visual perception. Occupational Therapy for Children
sixth ed Mosby Inc 2013; 373-403.

10. Critten V, Campbell E, Farran E, Messer D. Visual perception, visual-
spatial cognition and mathematics: Associations and predictions in
children with cerebral palsy. Res Dev Disabil 2018; 80: 180-91.

11. Critten V, Messer D, Sheehy K. Delays in the reading and spelling
of children with cerebral palsy: Associations with phonological and
visual processes. Res Dev Disabil 2019; 85: 131-42.

12. Baddeley AD, Kopelman MD, Wilson BA. The handbook of memory
disorders. John Wiley & Sons, 2003.

13. Sala G, Aksayli ND, Tatlidil KS, Tatsumi T, Gondo Y, Gobet F. Near
and far transfer in cognitive training: A second-order meta-analysis.
Collabra: Psychology 2019; 5.

14. Barnett SM, Ceci SJ. When and where do we apply what we learn?: A
taxonomy for far transfer. Psychol Bull 2002; 128: 612-37.

15. Oldrati V, Corti C, Poggi G, Borgatti R, Urgesi C, Bardoni A.
Effectiveness of Computerized Cognitive Training Programs (CCTP)
with game-like features in children with or without neuropsycholog-
ical disorders: A meta-analytic investigation. Neuropsychol rev 2020;
30:126-41.

16. Bombonato C, Del Lucchese B, Ruffini C, et al. Far Transfer Effects of
trainings on executive functions in neurodevelopmental disorders: A
Systematic Review and Metanalysis. Neuropsychol Rev 2023; 1-36.

17. Ballantyne M, Liscumb L, Brandon E, Jaffar ], Macdonald A, Beaune
L. Mothers' perceived barriers to and recommendations for health
care appointment keeping for children who have cerebral palsy. Glob
Qual Nurs Res 2019; 6: 2333393619868979.

85UB017 SUOWILLIOD) BAFeR1D) 3|qedljdde 8Ly Aq peusenob afe sapiie VO ‘SN Jo S8|nJ 10} ArIg1T8UIIUO AB]IA UO (SUORIPUOD-PUE-SWB}0 A8 |IM"AeIq 1 Ul UO//SdNY) SUORIPUOD Pue SWiB | 8y} 885 *[7202/0T/20] U0 A%iqIT8uljuO AB|IM ‘UeAne nyf AQ ZS09T UOWP/TTTT OT/I0PAW00" A3 1M Afe.q 1 jBul|uo//Sdny Woi} papeo|umoq ‘0 ‘628694T


https://doi.org/10.13039/501100011033
https://orcid.org/0000-0003-4175-0046
https://orcid.org/0000-0003-4175-0046
https://orcid.org/0000-0001-9131-8863
https://orcid.org/0000-0001-9131-8863
https://orcid.org/0000-0001-9131-8863
https://orcid.org/0000-0001-8415-2076
https://orcid.org/0000-0001-8415-2076
https://orcid.org/0000-0001-8415-2076
https://orcid.org/0000-0002-4919-5975
https://orcid.org/0000-0002-4919-5975
https://orcid.org/0000-0002-8230-8409
https://orcid.org/0000-0002-8230-8409

TRANSFERABILITY OF AN EXECUTIVE FUNCTION INTERVENTION IN CHILDREN WITH
CEREBRAL PALSY: ARANDOMIZED CONTROLLED TRIAL

13

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Blasco M, Garcia-Galant M, Berenguer-Gonzalez A, et al
Interventions with an impact on cognitive functions in cerebral palsy:
A systematic review. Neuropsychol Rev 2023; 33: 551-77.
Teixeira-Machado L, Azevedo-Santos I, DeSantana JM. Dance improves
functionality and psychosocial adjustment in cerebral palsy: A random-
ized controlled clinical trial. Am J Phys Med Rehabil 2017; 96: 424-9.
Ahn B, Joung Y-S, Kwon J-Y, et al. Effects of equine-assisted activities
on attention and quality of life in children with cerebral palsy in a
randomized trial: examining the comorbidity with attention-deficit/
hyperactivity disorder. BMC pediatr 2021; 21: 1-9.

Sajan JE, John JA, Grace P, Sabu SS, Tharion G. Wii-based interactive
video games as a supplement to conventional therapy for rehabilita-
tion of children with cerebral palsy: A pilot, randomized controlled
trial. Dev Neurorehab 2017; 20: 361-7.

Aran OT, Sahin S, Kése B, Agce ZB, Kayihan H. Effectiveness of the
virtual reality on cognitive function of children with hemiplegic ce-
rebral palsy: A single-blind randomized controlled trial. Int ] Rehabil
Res 2020; 43: 12-9.

Alwhaibi RM, Alsakhawi RS, EIKholi SM. Augmented biofeedback
training with physical therapy improves visual-motor integration,
visual perception, and motor coordination in children with spastic
hemiplegic cerebral palsy: A randomised control trial. Phys Occupa
Ther Pediatr 2020; 40: 134-51.

Morgan C, Darrah J, Gordon AM, et al. Effectiveness of motor in-
terventions in infants with cerebral palsy: AB systematic review. Dev
Med Child Neurol 2016; 58: 900-9.

Beneventi H, Lohaugen GC, Andersen GL, et al. Working memory
training in norwegian children with cerebral palsy (CP) show min-
imal evidence of near and no far transfer effects. Dev Neurorehabil
2023; 26: 364-70.

Di Lieto MC, Pecini C, Brovedani P, et al. Adaptive working memory
training can improve executive functioning and visuo-spatial skills
in children with pre-term spastic diplegia. Frontiers in Neurology
2021; 11: 601148.

Acosta V, Hernandez S, Ramirez G. Effectiveness of a working
memory intervention program in children with language disorders.
Applied Neuropsychology: Child 2019; 8: 15-23.

Laporta-Hoyos O, Ballester-Plané J, P6o P, et al. Proxy-reported qual-
ity of life in adolescents and adults with dyskinetic cerebral palsy is
associated with executive functions and cortical thickness. Quality of
Life Research 2017; 26: 1209-22.

Blasco M, Garcia-Galant M, Laporta-Hoyos O, et al. Factors Related
to quality of life in children with cerebral palsy. Pediatric Neurology
2023; 141: 101-8.

Modi AC, Mara CA, Schmidt M, Smith AW, Turnier L, Wade SL. Pilot
Executive functioning intervention in epilepsy: Behavioral and qual-
ity of life outcomes. ] Pediatr Psychol 2021; 46: 363-74.
Hahn-Markowitz J, Berger I, Manor I, Maeir A. Efficacy of cognitive-
functional (Cog-Fun) occupational therapy intervention among chil-
dren with ADHD: An RCT. J Atten Disord 2020; 24: 655-66.

Noreau L, Desrosiers ], Robichaud L, Fougeyrollas P, Rochette A,
Viscogliosi C. Measuring social participation: reliability of the
LIFE-H in older adults with disabilities. Disability and rehabilitation
2004; 26: 346-52.

Moher D, Schulz KF, Altman DG. The CONSORT statement: Revised
recommendations for improving the quality of reports of parallel-
group randomised trials. The Lancet 2001; 357: 1191-4.
Garcia-Galant M, Blasco M, Reid L, et al. Study protocol of a random-
ized controlled trial of home-based computerized executive function
training for children with cerebral palsy. BMC Pediatr 2020; 20: 1-9.
Garcia-Galant M, Blasco M, Laporta-Hoyos O, et al. A randomized con-
trolled trial of a home-based computerized executive function interven-
tion for children with cerebral palsy. Eur J Pediatr 2023; 182: 4351-63.
Laporta-Hoyos O, Ballester-Plané J, Leiva D, et al. Executive func-
tion and general intellectual functioning in dyskinetic cerebral palsy:
Comparison with spastic cerebral palsy and typically developing con-
trols. Eur ] Paediatr Neurol 2019; 23: 546-59.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Eliasson AC, Krumlinde-Sundholm L, Rosblad B, Beckung E,
Arner M, Ohrvall AM, et al. The Manual Ability Classification
System (MACS) for children with cerebral palsy: Scale development
and evidence of validity and reliability. Dev Med Child Neurol.
2006;48(7):549-54.

Toronto AS. Screening test of spanish grammar. Evenston, IL:
Northwestern University Press, 1973.

Raven JC, Court JJ, Raven J. Raven matrices progresivas: CPM color,
SPM general. TEA Ediciones, 2011.

Palisano RJ, Rosenbaum P, Bartlett D, Livingston MH. Content va-
lidity of the expanded and revised gross motor function classification
system. Dev Med Child Neurol 2008; 50: 744-50.

Elvrum A-KG, Andersen GL, Himmelmann K, et al. Bimanual fine
motor function (BEMF) classification in children with cerebral palsy:
Aspects of construct and content validity. Phys Occup Ther Pediatr
2016; 36: 1-16.

Hidecker MJC, Paneth N, Rosenbaum PL, et al. Developing and vali-
dating the communication function classification system for individ-
uals with cerebral palsy. Dev Med Child Neurol 2011; 53: 704-10.
Pennington L, Virella D, Mjoen T, et al. Development of the viking
speech scale to classify the speech of children with cerebral palsy. Res
Dev Disabil 2013; 34: 3202-10.

Fisher RS, Acevedo C, Arzimanoglou A, et al. ILAE official report: a
practical clinical definition of epilepsy. Epilepsia 2014; 55: 475-82.
Wechsler D. Wechsler intelligence scale for children-Fifth edition
(WISC-V): Technical and interpretive manual. Pearson Clinical
Assessment, 2014.

Wechsler D, Naglieri JA. Wechsler Nonverbal Scale of Ability (WNV).
Pearson, 2006.

Reynolds CR. Reliability of performance on the test of memory and
learning (TOMAL) by an adolescent learning disability sample. Educ
Psychol Meas 1998; 58: 832-5.

Korkman M, Kirk U, Kemp S. NEPSY-II. Pearson, 2014.

Ben Itzhak N, Vancleef K, FrankiI, Laenen A, Wagemans J, Ortibus E.
Quantifying visuoperceptual profiles of children with cerebral visual
impairment. Child Neuropsychol 2021; 27: 995-1023.

Benton AL. Contributions to neuropsychological assessment: A clin-
ical manual. Oxford University Press, 1994.

Waters E, Davis E, Mackinnon A, et al. Psychometric properties of
the quality of life questionnaire for children with CP. Dev Med Child
Neurol 2007; 49: 49-55.

Coster W, Bedell G, Law M, et al. Psychometric evaluation of the par-
ticipation and environment measure for children and youth. Dev Med
Child Neurol 2011; 53: 1030-7.

Ramstad K, Jahnsen R, Skjeldal OH, Diseth TH. Parent-reported
participation in children with cerebral palsy: The contribution of re-
current musculoskeletal pain and child mental health problems. Dev
Med Child Neurol 2012; 54: 829-35.

Power R, Muhit M, Heanoy E, et al. Health-related quality of life and
mental health of adolescents with cerebral palsy in rural Bangladesh.
PLoS One 2019; 14: e0217675.

Houlihan CM, O'Donnell M, Conaway M, Stevenson RD. Bodily pain
and health-related quality of life in children with cerebral palsy. Dev
Med Child Neurol 2004; 46: 305-10.

White-Koning M, Arnaud C, Dickinson HO, et al. Determinants of
child-parent agreement in quality-of-life reports: A European study
of children with cerebral palsy. Pediatrics 2007; 120: e804-14.
Walenista W, Izydorczyk B, Lipowska M, et al. Family functioning
style as a predictor of the quality of cognitive functioning of primary
school students With ADHD. J Atten Disord 2023; 27: 867-79.
Johansen H, Dammann B, Andresen I-L, Fagerland MW. Health-
related quality of life for children with rare diagnoses, their parents'
satisfaction with life and the association between the two. Health
Qual Life Outcomes 2013; 11: 152.

Doo S, Wing YK. Sleep problems of children with pervasive devel-
opmental disorders: Correlation with parental stress. Dev Med Child
Neurol 2006; 48: 650-5.

85UB017 SUOWILLIOD) BAFeR1D) 3|qedljdde 8Ly Aq peusenob afe sapiie VO ‘SN Jo S8|nJ 10} ArIg1T8UIIUO AB]IA UO (SUORIPUOD-PUE-SWB}0 A8 |IM"AeIq 1 Ul UO//SdNY) SUORIPUOD Pue SWiB | 8y} 885 *[7202/0T/20] U0 A%iqIT8uljuO AB|IM ‘UeAne nyf AQ ZS09T UOWP/TTTT OT/I0PAW00" A3 1M Afe.q 1 jBul|uo//Sdny Woi} papeo|umoq ‘0 ‘628694T



14

BLASCOET AL.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Connolly ME, Bills SE, Hardy SJ. Neurocognitive and psychological
effects of persistent pain in pediatric sickle cell disease. Pediatr Blood
Cancer 2019; 66: €27823.

De Vries M, Geurts H. Influence of autism traits and executive func-
tioning on quality of life in children with an autism spectrum disor-
der. J Autism Dev Disord 2015; 45: 2734-43.

Demetriou EA, Lampit A, Quintana DS, et al. Autism spectrum dis-
orders: a meta-analysis of executive function. Mol Psychiatry 2018;
23:1198-204.

Landgraf JM. Child health questionnaire (CHQ). In: Encyclopedia of
quality of life and well-being research. Springer, 2020: 1-6.

Ehlers S, Gillberg C, Wing L. A screening questionnaire for asperger
syndrome and other high-functioning autism spectrum disorders in
school age children. ] Autism Dev Diso 1999; 29: 129-41.

Goodman R. The strengths and difficulties questionnaire: A research
note. J Child Psychol Psychiatry 1997; 38: 581-6.

Hoffman L, Marquis ], Poston D, Summers JA, Turnbull A. Assessing
family outcomes: Psychometric evaluation of the beach center family
quality of life scale. ] Marriage Fam 2006; 68: 1069-83.

Berry JO, Jones WH. The Parental Stress Scale: initial psychometric
evidence. ] Soc Pers Relat 1995; 12: 463-72.

Cohen J. Statistical Power Analysis for the Behavioral Sciences (2nd
ed.). Academic Press, 1988.

Genolini C, cochard R, Jacqmin-Gadda H. Copy Mean: A New
Method to Impute Intermittent Missing Values in Longitudinal
Studies. Open Journal of Statistics 2013; 03: 26-40.

Genolini C, Lacombe A, Ecochard R, Subtil F. CopyMean: A new
method to predict monotone missing values in longitudinal studies.
Computer Methods Programs Biomed 2016; 132: 29-44.

Baddeley A. Working memory: Theories, models, and controversies.
Annu Rev Psychol 2012; 63: 1-29.

Rzezak P, Valente KD, Duchowny MS. Temporal lobe epilepsy in chil-
dren: Executive and mnestic impairments. Epilepsy Behav 2014; 31:
117-22.

Alloway TP, Gathercole SE, Willis C, Adams A-M. A structural analy-
sis of working memory and related cognitive skills in young children.
J Exp Child Psychol 2004; 87: 85-106.

Melby-Lervag M, Redick TS, Hulme C. Working Memory training
does not improve performance on measures of intelligence or other
measures of ‘far transfer: evidence from a meta-analytic review.
Perspect Psychol Sci 2016; 11: 512-34.

Olegario RL, Fernandes SR, de Moraes R. Efficacy of cognitive train-
ing on executive functions in healthy older adults: A systematic re-
view with meta-analysis of randomized controlled trials. Psychol
Health 2023; 1-28.

Forsberg A, Adams EJ, Cowan N. Chapter One - The role of work-
ing memory in long-term learning: Implications for childhood de-
velopment. In: Federmeier KD, editor. Psychology of Learning and
Motivation. Academic Press, 2021: 1-45.

77. Baddeley A. Working memory. Comptes Rendus de 1'Académie des
Sciences-Series I1I-Sciences de la Vie 1998; 321: 167-73.

78. Ego A, Lidzba K, Brovedani P, et al. Visual-perceptual impairment
in children with cerebral palsy: A systematic review. Dev Med Child
Neurol 2015; 57: 46-51.

79. Willis SL, Tennstedt SL, Marsiske M, et al. Long-term effects of cog-
nitive training on everyday functional outcomes in older adults. Jama
20065 296: 2805-14.

80. Mak C, Whittingham K, Cunnington R, Boyd RN. Effect of mindful-
ness yoga programme MiYoga on attention, behaviour, and physical
outcomes in cerebral palsy: A randomized controlled trial. Dev Med
Child Neurol 2018; 60: 922-32.

81. Cankurtaran D, Tezel N, Yildiz SY, Celik G, Unlu AkyuzE. Evaluation
of the effects of the COVID-19 pandemic on children with cerebral
palsy, caregivers' quality of life, and caregivers' fear of COVID-19
with telemedicine. Ir ] Med Scien 2021; 190: 1473-80.

82. Sentenac M, Rapp M, Ehlinger V, Colver A, Thyen U, Arnaud C.
Disparity of child/parent-reported quality of life in cerebral palsy
persists into adolescence. Dev Med Child Neurol 2021; 63: 68-74.

SUPPORTING INFORMATION

The following additional material may be found online:
Figure S1: CONSORT flow chart. Abbreviation: MACS,
Manual Ability Classification System; IQ, intelligence
quotient.
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waitlist groups at baseline, after the intervention, and at the
follow-up.

Table S2: Intention-to-treat analysis of covariance
comparing intervention and waitlist control groups after the
intervention.

Table S3: Intention-to-treat analysis of covariance comparing
intervention and waitlist control groups at the follow-up.
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