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Working memory training in pediatric brain tumor survivors after recent
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Rachel E. Sicilianoa , Jennifer C. Thigpena, Leandra Desjardinsa , Jessica L. Cooka, Ellen H. Steelea ,
Meredith A. Gruhna, Megan Ichinoseb, Sohee Parkb , Adam J. Esbenshadec, Devang Pastakiac,
John C. Wellonsd, and Bruce E. Compasa

aDepartment of Psychology and Human Development, Vanderbilt University, Nashville, Tennessee, USA; bDepartment of Psychology,
Vanderbilt University, Nashville, Tennessee, USA; cDepartment of Pediatrics, Vanderbilt University Medical Center, Nashville, Tennessee, USA;
dDepartment of Neurosurgery, Vanderbilt University Medical Center, Nashville, Tennessee, USA

ABSTRACT
Research shows promise for cognitive interventions for children diagnosed with brain tumors.
Interventions have been delivered approximately 5 years postdiagnosis on average, yet recent evi-
dence shows cognitive deficits may appear near diagnosis. The present study assessed the feasibil-
ity and initial effects of working memory training in children with brain tumors delivered soon
after diagnosis and followed 2 years postdiagnosis. Children completed baseline assessments
10months postdiagnosis and were randomized to complete adaptive or nonadaptive (i.e., control)
Cogmed Working Memory Training. Children were administered the WISC-IV Working Memory
Index (WMI) and NIH Toolbox Cognitive Battery (NTCB), and parents completed attentional and
executive function measures at four time points. On average, participants completed half of pre-
scribed Cogmed sessions. Retention for the three follow-up assessments proved difficult. For both
Cogmed groups, WMI and NTCB scores significantly improved immediately postintervention com-
pared to baseline scores. Significant differences were not maintained at the remaining follow-ups.
There was preliminary evidence for improved executive function at the final follow-up on parent-
reported measures. Working memory training closer to diagnosis proved difficult, though results
suggest evidence of cognitive improvement. Future studies should continue to examine poten-
tially efficacious interventions for children with brain tumors and optimal delivery windows to
maximize impact.
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Introduction

Brain and central nervous system tumors are the most com-
mon solid tumor and the second leading cause of cancer
death in individuals 0–19 years of age (Siegel et al., 2020).
While significant advances in the identification and treat-
ment of pediatric brain tumors have led to demonstrable
increases in survival rates for children and adolescents
(Ostrom et al., 2016), pediatric brain tumor survivors con-
tinue to experience adverse effects on cognitive function
(Iuvone et al., 2011; Robinson et al., 2010). Recent evidence
indicates that cognitive problems are affected by both char-
acteristics of tumors themselves as well as treatment (Fraley
et al., 2019; Robinson et al., 2010). The majority of research
has focused on late effects during survivorship, typically sev-
eral years after diagnosis and after treatment has ended
(Robinson et al., 2010, 2013; Tonning Olsson et al., 2014).
However, recent research suggests that deficits can appear
prior to surgery (Fraley et al., 2019; Thigpen et al., 2016).
The identification of cognitive deficits presurgically raises
the possibility that it may be beneficial for interventions to
be delivered near diagnosis or during adjuvant treatment

(i.e., radiation and/or chemotherapy) to remediate deficits or
prevent further decline (Coomans et al., 2019). The current
study was designed to investigate the feasibility, acceptabil-
ity, and initial proof of concept of a working memory train-
ing program offered to children with brain tumors shortly
after their initial diagnosis.

Primary aspects of cognitive function that are affected in
children with brain tumors are executive function, including
working memory (Araujo et al., 2017; Conklin et al., 2012;
Kirschen et al., 2008; see Mabbott et al., 2008 for an excep-
tion). Working memory is essential for processing, manag-
ing, and storing new information for complex cognitive
tasks including learning, reasoning, and comprehension, and
may be particularly affected by cancer treatments (Law
et al., 2011). Both parent-reported and working memory
performance scores measured immediately postsurgery have
been shown to significantly decreased over time in children
with brain tumors (Duda et al., 2020; Knight et al., 2014;
Palmer et al., 2013). Therefore, interventions to improve
working memory or prevent cognitive decline are a
high priority.
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Current options for interventions targeting impairment in
pediatric brain tumor patients and survivors include use of
stimulant medications for difficulties in attention (Conklin
et al., 2007, 2010), in-person cognitive remediation programs
(Butler et al., 2008; Patel et al., 2009), and computer-based
cognitive-remediation programs that can be delivered at
home or in the hospital (Conklin et al., 2017; Hardy et al.,
2013). Stimulant medications have been investigated in pedi-
atric cancer survivors yet may not be optimal for some due
to side effects (Conklin et al., 2007, 2009, 2010). While in-
person, clinic-based interventions are potentially efficacious,
participation, adherence, and cost present challenges for
implementation (Butler et al., 2008; Patel et al., 2009).
Computerized at-home working memory training has the
appeal of minimal risk and greater convenience for families.
Studies of computerized working memory training in pediat-
ric brain tumor survivors have shown that it is feasible and
acceptable for families when administered several years after
diagnosis (Carlson-Green et al., 2017; Cox et al., 2015;
Hocking et al., 2019). However, findings have been mixed
for the efficacy and impact on near and far transfer in pedi-
atric cancer populations (Conklin et al., 2015, 2017; Cox
et al., 2015; Hardy et al., 2013). Of note, working memory
training interventions in pediatric brain tumor survivors
have been delivered an average of 5 years post-treatment
completion (Carlson-Green et al., 2017; Conklin et al., 2015;
Cox et al., 2015; Hardy et al., 2013). Researchers have yet to
investigate if computerized at-home training is feasible when
delivered earlier in the course of brain tumor treatment and
recovery or prior to the onset of late effects.

The present study examined the feasibility and acceptabil-
ity of cognitive intervention in children with newly diag-
nosed brain tumors delivered shortly postdiagnosis and
estimate the initial effects on outcomes over the course of 2
years postdiagnosis. We provided a rigorous test of a cogni-
tive intervention by comparing an adaptive version of the
Cogmed program (http://www.cogmed.com) to an active
control condition using a nonadaptive version of the pro-
gram. We hypothesized that (1) pediatric brain tumor
patients would utilize the Cogmed working memory training
program at an acceptable rate as defined by at least 85% of
the program sessions over the 5-week training period; and
(2) as reflected in a group� time interaction, participants
randomized to the adaptive Cogmed group would show
greater improvement on measures of working memory and
executive function at postintervention follow-up assessments
as compared to those assigned to the nonadaptive
Cogmed group.

Methods

Participants

Over the course of 3 years of recruitment, 49 patients were
identified as eligible and consented to the study at a univer-
sity-affiliated children’s hospital in the southeastern U.S. All
patients identified by the pediatric neurosurgery team aged
7–16 years with a first diagnosis (i.e., not a recurrence) of
primary brain tumor who could complete assessment and

study activities in English were eligible. Participants were
not eligible if they had a preexisting neurodevelopmental
disorder or disability (e.g., intellectual disability), pervasive
developmental disorder (e.g., autism), or a diagnosis of
neurofibromatosis because illness and treatment course is
significantly different from other children with central ner-
vous system tumors. All parents who were approached by
the medical team indicated they would be willing to learn
more about the study from a member of the research team.
Eight consented participants did not complete cognitive
measures at any time point (n¼ 3) or the preintervention
assessment (n¼ 5). Therefore, the final sample included 41
pediatric brain tumor patients (84% of those eligible).
Children were approximately 12 years on average, 61% were
male, 29% underwent surgery only, and 71% underwent
both surgery and adjuvant treatment (i.e., chemotherapy,
radiation). Participant characteristics are reported in
Table 1.

Measures

Cognitive functioning
General intellectual functioning was assessed preintervention
using the Wechsler Abbreviated Scales of Intelligence,
Second Edition (WASI-II; Wechsler, 2011), two subtest Full
Scale IQ estimate. At each time point, participants com-
pleted the Wechsler Intelligence Scale for Children, Fourth
Edition (WISC-IV; Wechsler, 2003) Working Memory Index
(WMI), including Digit Span and Letter Number
Sequencing subtests.

Participants also completed five subtests of the National
Institutes of Health Toolbox Cognition Battery (NTCB),
including the Dimensional Change Card Sort Test (cognitive
flexibility and attention measure), Flanker Inhibitory
Control and Attention Test (executive function and inhibi-
tory control measure), List Sorting Working Memory Test
(working memory measure), Pattern Comparison Processing
Speed Test (processing speed measure), Picture Sequence
Memory Test (episodic memory measure), which together
yield a Fluid Cognition Composite. The NTCB is a brief,
standardized, computerized neuropsychological battery for
children with well-established validity and reliability,
designed to control for practice effects (Bauer & Zelazo,
2013, 2014; Gershon et al., 2013).

Executive function and attention
Parents reported their child’s executive functioning on the
Behavior Rating Inventory of Executive Function (BRIEF), a
parent rating scale of behavioral aspects of cognitive func-
tions, which has demonstrated good validity across multiple
populations (Gioia et al., 2000, 2008). Parents completed the
Child Behavior Checklist (CBCL), a measure with well-
established reliability and validity (Achenbach & Rescorla,
2001). The Attention Problems Scale from this measure
was used.
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Procedure

The pediatric neurosurgery and neuro-oncology teams con-
secutively identified eligible newly diagnosed brain tumor
patients ages 7 and 16-years-old at a university-affiliated
children’s hospital. A pediatric neurosurgeon or oncologist
introduced the study and asked if families were interested in
being contacted by the research team. If a parent indicated
interest, the medical provider supplied parent contact infor-
mation to the study coordinator within 24 h of diagnosis,
who then contacted the parent via phone or in person in
the hospital. If both the parent and child were interested,
written consent was obtained from parents and assent from
children. Assessments were completed in the hospital or
nearby research space. The preintervention (T1) baseline
assessment was planned to be conducted at 10–20weeks
postdiagnosis, the postintervention (T2) assessment at 5–8
weeks after completion of the Cogmed program, the next
follow-up (T3) 10–20weeks postintervention, and the final
follow-up (T4) 6 months after the previous assessment.

Cognitive training protocol
The commercially available Cogmed software package
(http://www.cogmed.com) was utilized. Cogmed has support
for its efficacy in clinical trials and has a version specifically
designed for children and adolescents (Gray et al., 2012;
Hardy et al., 2013). Two versions of the Cogmed program
were used: the adaptive version, which adjusts to daily per-
formance by tailoring activities by getting more or less diffi-
cult based on participant performance, and the nonadaptive
version, which does not adjust activity difficulty and remains
at the same difficulty level across all training sessions. The
computer-based Cogmed training program consists of tasks
designed to engage working memory, processing speed, and
attention skills that encompass aspects of executive function.
After completion of the T1 assessment, participants were
block randomized to receive either the adaptive or nonadap-
tive version of Cogmed by type of tumor treatment received
(i.e., surgery only, surgeryþ adjuvant care). Participants

were naive to their group assignment and asked to complete
program sessions lasting from 30 to 45min, 5 days per week
over a 5-week period for a total of 25 sessions. Trained
coaches provided supportive contact by phone, text message,
and email one to two times per week.

Statistical power and data analyses

Statistical analyses were conducted with the Statistical
Package for Social Sciences (SPSS) version 25. Means and
standard deviations were calculated for demographics and
variables of interest. Independent samples t-tests were con-
ducted for group comparisons on participant characteristics.
We conducted repeated measures ANOVAs to analyze dif-
ferences in working memory and executive function over
time by Cogmed group assignment (adaptive vs. nonadap-
tive) and we tested group� time interactions to determine if
changes in cognitive function across time varied as a func-
tion of Cogmed group assignment. Analyses were corrected
for multiple comparisons using the Bonferroni method.
Power analyses indicated that with N¼ 41 (adaptive n¼ 20,
nonadaptive n¼ 21), a ¼ .05, and 1 � ß ¼ .80, large effects
could be detected for independent samples t-tests (d > .90),
and medium to large effects for repeated measures ANOVA
F tests (f > .40), and linear multiple regressions (f2 > .33).
All tests were two-tailed. Effect sizes were interpreted using
Cohen’s (1988) guidelines.

Results

Participant enrollment and retention

Randomization was successful, as participants in the adap-
tive and nonadaptive Cogmed groups did not differ based
on sex, age, tumor grade, treatment type, time since diagno-
sis, nor pre-intervention baseline FSIQ (Table 1).
Assessments were not completed within the specified study
goals for T1 (see Table 2). The study goal for T3 was met,
while the T4 assessment was not. Participants completed

Table 1. Demographic and treatment information for randomized participants.

Full sample Adaptive Nonadaptive

Group comparison
(n¼ 41) (n¼ 20) (n¼ 21)

M (SD) N (%) M (SD) N (%) M (SD) N (%) t (p)

Age (years) 11.98 (2.68) — 12.31 (2.57) — 11.67 (2.81) — 0.77 (0.45)
Gender 0.50 (0.62)
Male — 25 (61) — 13 (65) — 12 (57)
Female — 16 (39) — 7 (35) — 9 (43)

Tumor typea — — 0.16 (0.87)
Low grade — 20 (49) — 10 (50) — 10 (48)
High grade — 19 (46) — 9 (45) — 11 (52)

Treatment typeb — — — 0.57 (0.57)
Surgery only — 12 (29) — 5 (25) — 7 (33)
Surgeryþ adjuvant — 29 (71) — 15 (75) — 14 (67)
Months since surgery3 10.38 (15.38) — 12.11 (16.97) – 8.72 (13.92) — 0.70 (0.49)
FSIQ 99.29 (12.29) — 100.60 (13.87) – 98.05 (10.77) — 0.66 (0.51)

All participants who completed the preintervention (T1) assessment. Group comparison reflects independent samples t-test values. Adjuvant¼ chemotherapy
and/or radiation; FSIQ: pre-intervention full scale IQ as measured by the WASI.

aTumor type information was missing for two participants (one from each Cogmed group); data reflect n¼ 39.
bAll participants (100% of our sample) underwent neurosurgery.
cMonths since surgery reflects the average time between surgery and the T1 preintervention assessment.
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three of the four assessments on average (M¼ 3.51, SD ¼
1.03). The number of assessments completed did not vary
by Cogmed group or treatment type. Of the 41 participants,
26 completed the post-intervention T2 assessment, which
varied by group, t(39) ¼ 2.50, p ¼ .02, with more partici-
pants randomized to the nonadaptive Cogmed program
completing the T2 assessment than those randomized to
adaptive Cogmed (Table 3). The T3 and T4 assessment
completion did not vary by group.

Time since diagnosis was not correlated with WMI scores
at any time point, nor with NTCB Fluid Cognition
Composite at T2, T3, or T4. However, at T1, children
assessed farther from diagnosis had lower NTCB Fluid
Cognition Composite scores (r ¼ �.39, p ¼ .02), therefore
the time between diagnosis and T1 was included as
a covariate.

Feasibility and acceptability of working
memory training

The first hypothesis (i.e., 85% completion of prescribed ses-
sions) was not supported; 10 of the 41 participants met this
threshold within the prescribed 5 weeks, and 13 of the 41
participants completed 85% prior to completing their T2
assessment. Across all participants, a mean of 13 sessions
were completed during the 5 weeks, with an additional three
sessions completed outside of the prescribed 5 weeks for a
mean of 16 sessions completed prior to the T2 assessment.
The number of sessions completed in 5 weeks did not vary
by group, nor did the total number completed. Linear
regressions showed that child age, baseline Full Scale IQ,
baseline WMI, BRIEF Global Executive Composite, and
CBCL Attention Problems Scale scores did not predict the
number of Cogmed sessions completed (p > .05). The

number of sessions also did not vary based on treatment
type (i.e., surgery only vs. surgeryþ adjuvant).

Executive function between groups across discrete
time points

There was significant participant dropout, particularly for
the adaptive group. Therefore, to maximize the available
sample size and increase power to detect possible differences
on key cognitive variables, we conducted separate repeated
measures ANOVAs examining the effects of group and time
from T1 to T2, T1 to T3, and T1 to T4 on WISC-IV WMI
and NTCB Fluid Cognition Composite scores, covarying for
time since diagnosis (see Table 4). From T1 to T2, there was
a significant effect of time on WMI scores, F(1, 22) ¼ 6.53,
p ¼ .02, g2 ¼ .23, with higher scores at T2. The group X
time interaction approached significance, F(1,22) ¼ 3.78, p
¼ .07, g 2 ¼ .15 and is shown in Figure 1. There was a
trend for a greater increase in WMI scores from T1 to T2
for children in the adaptive group. The time effect was not
maintained from T1 to T3 or T1 to T4, and group� time
interactions were not significant (p > .05).

From T1 to T2, there was a significant effect of time on
NTCB Fluid Cognition Composite scores, F(1, 17) ¼ 8.75, p
¼ .009, g 2 ¼ .34 (Figure 1). From T1 to T3, there was a
significant time effect for NTCB scores, F(1, 22) ¼ 10.37, p
¼ .004, g 2 ¼ .32. From T1 to T4, time remained a signifi-
cant predictor of NTCB scores, F(1,17) ¼ 8.45, p ¼ .01, g2

¼ .33. All time effects were in the predicted direction, with
higher scores postintervention (Table 4). Group� time
interactions were not significant (p > .05).

Executive function between groups across all
time points

To supplement discrete time point analyses, we conducted
repeated measures ANOVAs examining Cogmed group as a
between-subjects factor, and time as a within-subjects factor.
Time between diagnosis and T1 assessment was included as
a covariate. Results showed a similar pattern to analyses of
discrete time points. There was a significant main effect of
time, F(3, 42) ¼ 2.95, p ¼ .04, g2 ¼ .17 (see Figure 2). Post
hoc pairwise comparisons demonstrated that postinterven-
tion T2 WMI scores were significantly higher than T1
scores, p ¼ .04. This difference was no longer significant at

Table 3. Assessment completion over time by group.

Full sample Adaptive Nonadaptive Group comparison
N (%) N (%) N (%) t (p)

T1 41 (100) 20 (100) 21 (100) –
T2 26 (63) 9 (45) 17 (81) 2.50 (0.02)�
T3 33 (80) 16 (80) 17 (81) 0.08 (0.94)
T4 26 (63) 12 (60) 14 (67) 0.76 (0.45)

T1: preintervention assessment; T2: postintervention assessment; T3: 10–20weeks
postintervention; T4: final follow-up 6 months after the previous assessment.�p < .05.

Table 2. Participant enrollment, retention, and Cogmed completion.

Goal Actual

Assessment completion
T1 Assessment 2.5�5months postsurgery 10.4months postsurgery
T2 Assessment 5�8weeks postintervention 9.1 weeks postintervention
T3 Assessment 10�20weeks postintervention 14.5 weeks postintervention
T4 Assessment 6months from T3 9.9months from T3

Cogmed completion
Within 5 weeks 85% 24%
Prior to T2 85% 32%

Sessions completed Number of sessions Percentage of prescribed sessions
Within 5 weeks 13 52%
Prior to T2 16 64%
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T3 or T4 (Table 4). There were no other significant differen-
ces between time points. Of note, T2 scores did not signifi-
cantly differ from T3 or T4 in paired t-tests, suggesting
scores did not decline after initial gains. The main effect for
group and the group� time interaction were nonsignificant.
As there were baseline differences between groups on the
WMI (Table 5), a follow-up ANCOVA was conducted,
with group and time and their interaction included, cova-
rying for T1 WMI. The significant effect of time on post-
intervention follow-up WMI scores remained, F(2, 28) ¼

3.28, p ¼ .05, g2 ¼ .20. The main effect for group and the
group� time interaction were nonsignificant.

For analyses of the NTCB, the repeated measures
ANOVA included Cogmed group as a between-subjects

Figure 1. Repeated measures ANOVAs of WISC-IV Working Memory Index (A)
and NTCB fluid cognition composite (B) Scores Preintervention (T1) to immedi-
ately postintervention (T2) by Cogmed group.
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Figure 2. Repeated measures ANOVA of WISC-IV Working Memory Index Scores
across all time points by Cogmed group.

Table 5. Pre and postintervention cognitive and executive function measures
by Cogmed group across all time points.

Full sample Adaptive Nonadaptive Group comparison
M (SD) M (SD) M (SD) t (p)

WMI
T1 95.00 (11.61) 86.33 (11.27) 99.73 (9.09) 2.67 (0.02)�
T2 101.41 (12.57) 97.67 (16.39) 103.45 (10.27) 0.90 (0.38)
T3 99.82 (15.42) 95.33 (17.40) 102.27 (14.51) 0.88 (0.39)
T4 100.29 (18.15) 93.50 (15.40) 104.00 (19.13) 1.15 (0.27)

NTCB
T1 88.39 (14.79) 86.76 (13.23) 89.30 (16.29) 0.30 (0.77)
T2 95.65 (18.14) 91.84 (13.33) 97.76 (20.78) 0.57 (0.58)
T3 101.19 (18.11) 101.70 (12.89) 100.91 (21.21) 0.08 (0.94)
T4 101.18 (18.72) 97.08 (12.08) 103.46 (21.91) 0.60 (0.56)

For WMI means, (total n¼ 17; adaptive n¼ 6; nonadaptive n¼ 11), for NTCB
means (total n¼ 14; adaptive n¼ 5; nonadaptive n¼ 9). T1: preintervention
assessment; T2: postintervention assessment; T3: 10–20weeks postinterven-
tion; T4¼ final follow-up 6 months after the previous assessment; NTCB: NIH
Toolbox Cognition Battery Fluid Cognition Composite; WMI: Wechsler
Intelligence Scales Working Memory Index.�p < .05.

Table 4. Pre- and post-intervention cognitive and executive function measures by Cogmed group with maximized samples from discrete time points.

Full sample Adaptive Nonadaptive Group comparison
M (SD) M (SD) M (SD) F (p)

WMI
T1–T2 Modela T1 96.68 (11.10) 89.88 (12.63) 99.88 (9.00) 2.62 (.12)

T2 100.88 (12.05) 98.75 (15.87) 101.88 (10.20)
T1–T3 Model b T1 93.83 (11.71) 90.87 (12.00) 96.80 (11.01) 1.63 (.21)

T3 97.27 (14.80) 94.40 (13.14) 100.13 (16.23)
T1–T4 Modelc T1 92.32 (11.96) 87.00 (11.76) 95.87 (11.08) 1.86 (0.19)

T4 93.36 (20.67) 88.30 (18.22) 96.73 (22.11)
NTCB
T1–T2 Modeld T1 90.62 (14.25) 92.26 (15.52) 89.74 (14.10) 0.04 (0.85)

T2 97.49 (18.96) 97.99 (18.56) 97.22 (19.93)
T1–T3 Modele T1 91.31 (15.82) 92.89 (17.47) 89.61 (14.39) 0.00 (0.97)

T3 100.45 (20.05) 99.00 (21.45) 102.01 (1924)
T1–T4 Modelf T1 88.76 (15.35) 87.10 (15.58) 90.41 (15.76) 0.53 (0.47)

T4 99.48 (19.08) 95.04 (17.21) 103.92 (20.70)

NTCB: NIH Toolbox Cognition Battery Fluid Cognition Composite; T1: preintervention assessment; T2: postintervention assessment; T3: 10–20weeks postinterven-
tion; T4: final follow-up 6 months after the previous assessment; WMI: Wechsler Intelligence Scales Working Memory Index.

antotal ¼ 25; nadaptive ¼ 8; nnonadaptive ¼ 17; bntotal ¼ 30; nadaptive ¼ 15; nnonadaptive ¼ 15; cntotal ¼ 25; nadaptive ¼ 10; nnonadaptive ¼ 15; dntotal ¼ 20; nadaptive ¼ 7;
nnonadaptive ¼ 13; entotal ¼ 25; nadaptive ¼ 13; nnonadaptive ¼ 12; fntotal ¼ 20; nadaptive ¼ 10; nnonadaptive ¼ 10.�p < .05.
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factor, time as a within-subjects factor, and diagnosis to T1
time as a covariate. There was a significant effect of time on
NTCB scores, F(3, 33) ¼ 8.45, p < .001, g2 ¼ .43 (see
Figure 3). Post-hoc pairwise comparisons demonstrated that
postintervention T2 NTCB scores, p ¼ .03, T3 scores, p <
.001, and T4 scores, p ¼ .006, were all significantly higher
than pre-intervention T1 scores (Table 4). T3 NTCB scores
were significantly higher than T2 scores, p ¼ .001. Scores at
the other time points were not significantly different. There
was no effect of group, and the group� time interaction was
nonsignificant.

Parent-reported attention and executive function by
group across time

Maximizing sample sizes, we conducted separate repeated
measures ANOVAs examining the effects of group and time
from T1 to T2, T1 to T3, and T1 to T4 on CBCL Attention
Problems and BRIEF Global Executive Composite scores,
with time since diagnosis as a covariate. From T1 to T4,
there was a significant group effect, F(1, 18) ¼ 6.16, p ¼
.02, g2 ¼ .26, where children in the adaptive Cogmed group
had lower BRIEF scores (i.e., fewer problems) (M¼ 45.20)
than children in the nonadaptive group (M¼ 53.00). All
other models for the BRIEF and CBCL were nonsignificant.

Repeated measures ANOVAs including all time points as
the within-subjects factor, Cogmed group as the between-
subject factor, and time since surgery as a covariate yielded
no significant effects for the BRIEF Global Executive
Composite or CBCL Attention Problems Scale; the effects of
group and time were nonsignificant, and there was no
interaction.

Discussion

Deficits in cognitive function, including working memory
and other aspects of executive function, in children diag-
nosed with and treated for brain tumors are well established
(De Ruiter et al., 2013; Robinson et al., 2010, 2013).
Interventions to remediate cognitive deficits in pediatric
brain tumor survivors have been tested on average 5 years

after diagnosis (Carlson-Green et al., 2017; Conklin et al.,
2015; Cox et al., 2015; Hardy et al., 2013). Recent evidence
suggests that deficits may emerge soon after or even prior to
surgery, indicating the potential importance of delivering
remedial interventions as early as possible (Fraley et al.,
2019; Iuvone et al., 2011; Thigpen et al., 2016). However, to
our knowledge, no studies have been conducted to test the
feasibility and initial efficacy of cognitive training interven-
tions delivered more quickly postdiagnosis or during adju-
vant treatment (i.e., radiation, chemotherapy) for those
requiring more intensive treatments. The current study was
designed to address this gap. First, we found that Cogmed
completion close to diagnosis was low. Second, despite these
challenges, participants’ cognitive function improved
over time.

Overall, enrollment and retainment were difficult for
families during this time. Contrary to other studies, partici-
pants were invited to enroll immediately postdiagnosis.
Participants on average completed three of four assessments
over a period of approximately 22months postdiagnosis.
Enrolling families after a new cancer diagnosis is potentially
important, yet difficult given the distress and disruption
families are experiencing (Rodriguez et al., 2012).
Enrollment was made possible by close communication,
relationships, and partnering with families and their medical
teams, as well as research team flexibility around families’
schedules and appointments. However, counter to our first
hypothesis, a minority of participants were able to complete
the predefined acceptable dose of Cogmed sessions. Most
previous studies have shown higher compliance for Cogmed
completion in children with brain tumors (Conklin et al.,
2015, 2017; Cox et al., 2015; Hardy et al., 2013), while others
have found similarly low completion (Hocking et al., 2019).
Of note, other studies conducted interventions a minimum
of 2 years, and on average 5 years, after completion of all
treatment, when completing an at-home online training pro-
gram may be more feasible and acceptable to families. In
addition, children randomized to receive the adaptive
Cogmed program were less likely to complete the T2 postin-
tervention follow-up, indicating that these families were
potentially overburdened by study procedures (e.g., as the
adaptive program becomes increasingly difficult as subjects’
performance increases) more so than those randomized to
complete the nonadaptive program.

With regard to the second, and primary hypothesis, there
was no evidence of greater improvement over time favoring
the adaptive as compared to the nonadaptive version of
Cogmed. While the adaptive group showed a trend toward
larger improvements immediately post-training, this is to be
interpreted with caution. However, there were significant
main effects for time on WISC-IV WMI and the NTCB
Fluid Cognition Composite scores. Specifically, participants
in both conditions improved in their performance on the
WMI and the NTCB from baseline to immediately postin-
tervention. Although scores on the WMI at the two follow-
up points did not differ significantly from baseline T1
scores, the scores immediately postintervention did not dif-
fer from follow-ups, suggesting that performance on this
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measure did not decline. Further, scores on the NTCB were
significantly different from baseline postintervention and at
both follow-ups. It is promising that these gains were main-
tained over time, as other studies have shown improvement
only immediately postintervention (Hardy et al., 2013) or
have not reported beyond 6 months postintervention
(Conklin et al., 2017), whereas our results demonstrate gains
up to 12months postintervention. While the NTCB is
designed to control for practice effects (Bauer & Zelazo,
2013, 2014; Gershon et al., 2013), the WISC-IV does not
have alternative protocols, and improvement on measures
over repeated administrations is possible.

Given that observational studies have shown a steady
decline in cognitive function in pediatric brain tumor
patients over the course of treatment and into survivorship
(Spiegler et al., 2004; Stargatt et al., 2007), the current find-
ings suggest that there may have been a beneficial effect of
both the adaptive and nonadaptive versions of Cogmed over
time, as performance on the WMI and NTCB not only did
not decline, but actually improved. In addition, there was
preliminary evidence for fewer parent-reported attention
problems for children who completed the adaptive program.
These results should be interpreted with caution, as this dif-
ference was only seen at the final assessment.

It is important to note that this study, unlike others, had
a broader sample including all children with diagnosed brain
tumors, not only those with established working memory,
attentional, or cognitive deficits. Perhaps children and fami-
lies in these other studies were more motivated to engage in
cognitive remediation as they had documented deficits.
Furthermore, treatment type, child age, baseline Full Scale
IQ, WMI, BRIEF, and CBCL Attention Problems scores did
not predict the number of sessions completed, demonstrat-
ing that other factors (e.g., stress, timing) may have contrib-
uted to low session completion. While treatment type often
confers tumor severity, future research should continue to
assess differences in working memory performance and
intervention response by tumor characteristics (e.g.
size, location).

No significant effects were found on the parent report
measures of attention problems, and executive function
improvement was seen only at the final follow-up. Of note,
scores on both the BRIEF and CBCL fell in the normal
range at baseline and throughout the follow-up assessments,
suggesting that parents did not report any problems for
their children in this study. While this differs from one
study finding evidence of problems on these scales for pedi-
atric brain tumor survivors (Hocking et al., 2019), it is simi-
lar to other studies reporting average scores on these
measures postdiagnosis through 5 years (Knight et al., 2014)
and those reporting no change in pre- and postintervention
scores (Conklin et al., 2015, 2017).

An important consideration for interpretation of our
results and for future research is the timing of this study
(i.e., families were approached close to diagnosis). Other
research has shown that it is difficult for children with brain
tumors and their families to complete assessments close to
diagnosis, and our results show that it may be difficult to

administer interventions as well (Fraley et al., 2019; Thigpen
et al., 2016). Delivery of interventions closer to diagnosis
and treatment may be beneficial to mitigate risk for subse-
quent cognitive decline, but it is also a more stressful and
difficult time for families. Utilization of at-home computer-
ized working memory training may be challenging for chil-
dren while still actively dealing with the stress of their
diagnosis, medical appointments, and school assignments.
Steps need to be taken to make the Cogmed program more
acceptable when families are faced with these multiple chal-
lenges if this intervention is delivered closer to diagnosis.
Accurate psychoeducation and understanding of cognitive
late effects may be valuable in motivating families to pursue
and complete interventions (Shultz et al., 2017), and for
children who do not have cognitive problems or concerns,
perhaps cognitive remediation is not as prioritized as other
medical and academic demands. It is possible that remedi-
ation interventions are best delivered after the completion of
treatment, when stress and appointments have likely
decreased, but prior to the onset of late effects. Therefore,
interventions may be most optimal in between that of previ-
ous interventions (i.e., 5 years postdiagnosis) and the present
study (i.e., close to diagnosis). In addition, strong collabor-
ation between medical providers and psychologists will be
beneficial in motivating families to complete cognitive
remediation programs, and additional supports for families
will be helpful to facilitate time and ability to complete
them, regardless of when they are delivered.

The current study had several limitations that need to be
addressed in future research. First, enrollment of patients
and parents in the study near the time of diagnosis and sur-
gery proved difficult and retention of participants in the fol-
low-up assessments was also challenging. This resulted in a
small sample size for the primary analyses and concomi-
tantly somewhat low statistical power to detect differences
between the Cogmed groups. Previous studies have com-
pared the adaptive version of the Cogmed program to usual
care or no treatment, whereas in this study we compared
the adaptive version of the program with a nonadaptive ver-
sion. Therefore, it is expected that effect sizes in this study
may be smaller than those found in previous research. Also,
we were underpowered to assess additional training factors
(e.g., duration) to determine if time spent training varied by
Cogmed group. Second, we had limited success in achieving
compliance with completion of the optimal dose of the
Cogmed program. As a result, we were unable to complete a
robust test of the fully prescribed intervention. Studies con-
ducting clinic-based interventions similarly show only slight
improvements in child outcomes (Butler et al., 2008; Patel
et al., 2009), demonstrating the difficulty in assessing and
enacting positive cognitive change in children with brain
tumors. Finally, future studies should incorporate parent
and child interviews in order to better understand why
retention for follow-up assessments and Cogmed completion
were difficult for families. This could yield important quali-
tative information to better tailor interventions to fami-
lies’ needs.
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These limitations notwithstanding, the current study sug-
gests several directions for future research. Some studies
have shown that baseline cognitive abilities are related to
Cogmed completion and cognitive change post-intervention
(Hardy et al., 2013; Hocking et al., 2019), and others have
shown that increased dose of Cogmed training does not sig-
nificantly improve outcomes in pediatric brain tumor
patients (Carlson-Green et al., 2017); therefore, future
research should continue to explore when interventions are
best implemented, which dosage is appropriate and feasible,
and also for whom these interventions are best targeted.
Though one study assessing computerized working memory
training combined with parental-problem solving training
for parents of children with brain tumors and found simi-
larly low feasibility (Hocking et al., 2019), a combination of
interventions to improve outcomes may result in the best
outcomes for children (i.e., modifications like reducing
environmental distractions, participant attention, teaching
self-monitoring, pharmacological intervention, parent/fam-
ily-based intervention, or physical activity) in addition to
working memory training. Furthermore, interventions indir-
ectly targeting cognitive rehabilitation without cognitive
strategy training or those targeting other skills (e.g., problem
solving) have achieved high adherence (Moscato et al.,
2019), shown fewer cognitive problems post-intervention
(Richard et al., 2019), and improved quality of life (Wade
et al., 2020). Working memory training has received much
attention in recent years, but often with limited success and
methodological concerns (Redick, 2019), therefore, pursuing
other avenues of intervention are also important and may
be impactful for families.

In summary, this study was designed to investigate the
feasibility and initial effects of a working memory training
program completed by children with brain tumors within
one year of initial diagnosis. We found significant challenges
in the delivery of cognitive remediation during this time,
though findings suggest that early intervention can change
the trajectory of cognitive decline, highlighting the potential
benefits of early intervention, as well as significant chal-
lenges. Cognitive remediation and buffering against cogni-
tive late effects in this population is essential and
researchers should continue to find innovative ways to make
interventions feasible, acceptable, and efficacious for families
of children with brain tumors.
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