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Abstract

Purpose
Childhood cancer survivors (CCS) are at elevated risk for persistent deficits in working memory (WM).
However, traditional neuropsychological assessments, conducted in controlled settings, may fail to
capture daily fluctuations in WM performance, leading to mixed findings. We examined the feasibility and
acceptability of a mobile Ecological Momentary Assessment (EMA) for evaluating visuospatial WM in
CCS within naturalistic contexts. In addition, we assessed its comparability to existing cognitive and
behavioral, lab-based measures.

Methods
N = 50 participants (18 CCS; 20 girls; age range: 10–18 years), completed a 10-day EMA protocol,
assessing their visuospatial WM performance twice/day. Baseline assessments included performance-
based visuospatial working memory, processing speed, and response inhibition (assessed via the
Adaptive Cognitive Evaluation Explorer [ACE-X]) and parent- and self-reported executive functions (using
the Behavior Rating Inventory of Executive Function [BRIEF]).

Results
EMA compliance was high (87%), yet significantly lower in CCS than healthy controls (HC) (76.9% vs.
93%; z = 4.30, p < .001). Mean WM performance across the EMA session was lower in CCS compared to
HC (t (48) = 3.48; p < .001). EMA performance correlated moderately to strongly with ACE-X scores (rs = 
− .47 to − .67 in HC; rs = − .57 to − .64 in CCS) but not with BRIEF subscales.

Conclusion
These results provide early, promising evidence of the feasibility and acceptability of EMA for capturing
real-world cognitive deficits that the ACE-X overlooks yet participants subjectively report. These findings
lay the foundation for future research examining the clinical utility of EMA-based cognitive monitoring in
pediatric oncology and in further rehabilitation trials.

Introduction
Childhood cancer survivors (CCS) are at a significant risk for cancer-related cognitive impairment (CRCI),
particularly reduced working memory (WM), which may persist for years after treatment completion
(Agelink van Rentergem et al., 2025). Such persistent cognitive deterioration carries significant
implications for one’s intellectual development, academic attainment, and overall quality of life

Page 2/20



(Sciancalepore et al., 2023). Despite this, WM is often assessed using one-time, laboratory-based
measures administered in controlled settings, which may fail to capture context-dependent performance
fluctuations which are characteristic of everyday life (Lewandowski, 2024). The current proof-of-concept
study assessed the feasibility and acceptability of an Ecological Momentary Assessment (EMA)
approach to measuring WM in CCS and its capacity to detect real-world cognitive challenges as they
unfold in naturalistic environments. To examine comparability to one-time lab-based measures of
cognitive control (ACE-X and BRIEF) correlations were tested.

Literature Review
Cancer-related cognitive impairment (CRCI) encompasses a broad range of cognitive challenges
frequently experienced by cancer patients and survivors, including deficits in attention, processing
speed, and executive functions (EFs) (Scriney et al., 2025) (Hardy et al., 2018; Hutterer & Oberndorfer,
2021). Recent meta-analytic evidence indicates that childhood cancer survivors (CCS) consistently
perform less well than matched non-CCS samples across various cognitive domains, with impairment
rates ranging from 20% to 58% (Gandy et al., 2023; Sciancalepore et al., 2023). Deficits in WM, one of the
most studied domains in relation to CCS (Egset et al., 2025), have been consistently documented in
cancer patients and survivors compared to their matched healthy peers (Bi et al., 2025; Schuerch et al.,
2025; Siegwart et al., 2021).

Being a core component within EF, WM is a multi-compartment system providing temporary storage and
manipulation of information to support complex cognitive tasks such as reasoning, comprehension, and
learning (Baddeley, 2020). More specifically, WM updating is defined as the ability to continuously
monitor and revise WM contents in response to changing task demands (Friedman et al., 2016). WM
deficits can lead to cascading adverse effects on overall cognitive function and adaptive behavior,
including patterns of inattentiveness, forgetfulness, and poor academic performance across reading,
mathematics, and language domains (Alloway et al., 2013; Carpenter & Alloway, 2023).

Recent neuroimaging studies employing fMRI during WM task performance reveal significant group
differences between CCS and matched healthy controls in both brain activation patterns and task
accuracy (Habibi et al., 2025; Silverman et al., 2025). Notably, altered activation patterns in CCS include
reduced engagement in prefrontal cortical regions essential for WM, such as the dorsolateral prefrontal
cortex (DLPFC), as well as attenuated activity in hippocampal and amygdala circuits associated with
learning and emotion regulation (McKenna et al., 2026). Additionally, atypical increases in activity in
parietal regions during incorrect trials have been found, consistent with inefficient or compensatory
neural processing (Stefancin et al., 2020).

The specific WM impairments seen in CCS vary in magnitude across WM components (Schuerch et al.,
2025). Specifically, on verbal WM tasks such as Digit Span Backward, survivors score approximately 0.5
SD below controls on, reflecting difficulties with mental manipulation of verbal information (Conklin et
al., 2012; van der Plas et al., 2021). Comparable deficits are found on visuospatial WM tasks, particularly
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under high cognitive load, with survivors exhibiting reduced accuracy on spatial span tasks and
prolonged response times (Siegwart et al., 2021). WM updating abilities are especially compromised: on
n-back tasks, survivors demonstrate 10–25% more errors, increased omissions, and response times 200-
400ms slower than controls (Gandy et al., 2023; King et al., 2015). These deficits manifest across
diagnostic groups, with approximately 34% of long-term survivors performing more than 1.5SD below
norms (Kanellopoulos et al., 2016; Satragno et al., 2024; Schuerch et al., 2025). In addition, WM
impairment shows a dose-dependent relationship with radiation exposure: higher cumulative cranial
doses correlate significantly with reduced white matter tract integrity, which directly predicts lower WM
scores (Dockrell et al., 2025; Habibi et al., 2025).

A fundamental limitation of traditional WM measurements used in most previous studies is that
assessments are often administered as single-session evaluations in controlled laboratory or clinical
settings (Sliwinski et al., 2018). Additionally, cognitive performance is characterized by intra-individual
variability (IIV), fluctuating over multiple time scales due to short-term internal and external processes
(Burnett et al., 2025). However, although factors such as fatigue, mood, and environmental stressors
drive IIV, routine testing seldom accounts for them in real time (Weizenbaum et al., 2020). Ecological
Momentary Assessment (EMA), which facilitates repeated, objective assessments in naturalistic
settings, addresses these limitations by capturing real-world cognitive performance as it unfolds in daily
life (Henneghan et al., 2025; Henneghan et al., 2023). Unlike one-time lab tests, EMA provides a high-
resolution window into the temporal fluctuations of WM, effectively bridging the gap between objective
cognitive capacity and subjective functional impairments. While studies in adult clinical populations
confirm the feasibility of task-based WM EMA with high adherence (80–94%) and strong reliability (ICCs 
> 0.85) (Agelink van Rentergem et al., 2025; Cobden et al., 2025; García de la Garza et al., 2025),
application in pediatric populations remains limited. Consequently, the use of active EMA to assess WM
has yet to be applied to CCS, representing a notable gap in understanding the daily cognitive fluctuations
of this population.

The current proof-of-concept study examines the feasibility and validity of a task-based WM EMA for
assessing cognitive performance in pediatric CCS compared to matched controls. To provide a clear
framework for our investigation, we address three primary research questions:

(1) Feasibility and compliance: We evaluate the feasibility of a 10-day EMA protocol in a pediatric
oncology population, with the expectation that compliance rates will be comparable between groups to
established benchmarks in clinical EMA research.

(2) Group differences in performance: We investigated group differences in WM performance, using both
laboratory-based tasks (the Adaptive Cognitive Evaluation- Explore ;ACE-X cognitive control battery) and
real-world performance (EMA). We hypothesized that CCS would demonstrate significantly worse
performance across all cognitive control measures.

(3) Comparability to existing one-time lab-based measures: We examined the association between WM
as it is performed in laboratory settings (efficiency) and in real-world settings (accuracy and stability).
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We predicted that average EMA performance would correlate with baseline assessments, thereby
demonstrating comparability between real-world and laboratory-based WM measures. Furthermore, we
hypothesized that measures of IIV will not correlate with lab-based metrics.

Methods

Study Design and Participants
A correlative and comparative study design was employed to examine differences in WM between
children and adolescents with a history of cancer (CCS) and matched healthy controls. Data collection
included standardized objective and subjective cognitive measures at baseline, along with EMA reports
over a 10-day period. The CCS group was recruited from the follow-up oncology unit at Hadassah
Hospital in Jerusalem, Israel, while healthy comparison participants (HC group) were recruited through
snowball sampling targeting children of acquaintances and their peers.

Inclusion criteria for both groups were: (a) age 10–18 years; (b) Hebrew- or Arabic-speaking; (c)
sufficient intellectual functioning to comprehend and perform the baseline EMA training task as
evaluated by the researcher. Additional inclusion criteria for the CCS group were: (a) diagnosis of cancer
without central nervous system involvement within the past 10 years; (b) completion of active cancer
treatment (e.g., chemotherapy, radiation, surgery, biological therapies) at least six months prior to
participation; (c) subjective concerns about cognitive decline due to cancer diagnosis or treatment.
These concerns were identified via parent-report, requiring a “yes” response to the question: “Do you
have concerns about your child’s memory or other thinking abilities following cancer or cancer
treatment?”. Exclusion criteria for the HC group included any past or present cancer diagnosis.
Participants in both groups were excluded if they had a significant and/or unstable medical or
psychiatric diagnosis, whether ongoing or past.

Instruments

Demographic Questionnaire
A demographic questionnaire was developed specifically for this study to collect descriptive data about
participants. Variables included age, gender, date of diagnosis, date of last treatment, and type of
treatment received (e.g., chemotherapy, radiation, biological therapy). Information regarding inclusion
and exclusion criteria was also collected, along with the participant's or parent's phone number for
sending EMA prompts.

Behavior Rating Inventory of Executive Function (BRIEF;(Gioia et al.,
))
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The BRIEF is a gold-standard, norm-referenced questionnaire for children and adolescents ages 5–18
that measures EF across multiple domains, including inhibition, shifting, WM, planning, and monitoring.
The Hebrew translation (Linder et al., 2010) was administered in both parent- and self-report formats.
The parent version comprises 86 items, while the self-report version contains 80 items. Items describe
behaviors rated on a three-point Likert scale based on the frequency of occurrence during the previous
six months. Raw scores are converted to T-scores (normative mean = 50, SD = 10), with clinical
thresholds indicated by T-scores ≥ 65. The BRIEF has demonstrated high internal consistency and
convergent validity in normative and clinical samples (Gioia et al., 2002), with moderate to high internal
reliability reported for the Hebrew version (Linder et al., 2010). BRIEF has been shown to be sensitive to
EF deficits in children with various disorders, including cancer (Viola et al., 2017). Both parent and self-
report versions were administered online and required approximately 10–15 minutes to complete.

Adaptive Cognitive Evaluation Explorer (ACE-X; (O'Laughlin
et al., 2025))
ACE Explorer (ACE-X) is a mobile assessment battery containing adaptive subtests designed to assess
various aspects of EF across ages 7–107 (O'Laughlin et al., 2025). For the present study, four subtests
were administered during the baseline laboratory session, taking approximately 20 minutes to complete.
All assessments are adaptive, hence allowing for more precise measurement of individual abilities. ACE-
X demonstrated moderate to good test-retest reliability (ICCs = 0.45–0.79) and strong construct validity
in adult populations (O'Laughlin et al., 2025). We administered the following 4 subtests from the ACE-X
battery:

(1) Boxed - Assesses visual WM (Visual Search Efficiency; VSE). Participants view an array of green and
red squares with side openings and are instructed to attend only to green boxes with bottom or top
openings while ignoring distractors, responding as quickly as possible to indicate opening direction.

(2) Response inhibition – the Color Tricker assessment This assessment measures response inhibition
based on the Stroop paradigm (Stroop, 1935). Participants identify the color of words that spell color
names while ignoring the word's meaning.

(3) Cognitive flexibility – the Sun and Moon task. Participants identify stimulus features (color or shape)
based on a preceding cue.

(4) Visuospatial WM capacity – the Backwards Gem Chaser. Participants view an array of orange
diamonds that light up sequentially and are instructed to recall and select the targets in reverse order.
The primary outcome is the maximum object span recalled in reverse order.

All subtest scores except for Backwards Gem Chaser are calculated as rate-correct scores (RCSs). RCS
integrates speed and accuracy to measure processing efficiency, representing the average number of
correct responses per second. Raw scores were extracted via the ACE-X interface and standardized into
z-scores using R. Subsequently, a global composite score was derived by averaging the standardized z-
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scores across all subtests, with higher composite scores indicating better overall performance
(O'Laughlin et al., 2025).

Ecological Momentary Assessment (EMA) of Visuospatial WM
Our EMA protocol followed previous protocols in pediatric and clinical populations with similar sampling
frequencies (Hakun et al., 2025; Ray et al., 2025). Participants were prompted twice daily over a 10-day
period (Sunday-Friday, excluding weekends), resulting in a total of 20 potential EMA sessions, each
consisting of two consecutive trials of the visuospatial WM task. To ensure flexibility while maintaining
consistency, prompts were sent out during two fixed time windows every day: 13:00–15:00 and 19:00–
21:00.

[Add Fig. 1 here]

Figure 1. The visuo-spatial working memory task administered during Ecological

Momentary Assessment (EMA).

Note

(1) Encoding phase: Three red dots are displayed in a 5 X 5 grid for 1,000 ms; participants are required to
memorize their spatial locations. (2) Distractor task: A cancellation task where participants identify and tap
the letter "F" among "E" distractors. (3) Recall phase: An empty grid is presented, and participants mark the
previously shown dot locations.

The visuospatial WM task applied over EMA was modeled after Schuster et al. (2015) to assess
visuospatial storage and maintenance capacity under interference (see Fig. 1). Participants viewed a
5X5 square grid with three red dots displayed for 1s, followed by an 8s distractor task, which was used to
prevent active rehearsal. Each EMA session included two trials, taking approximately one minute to
complete. WM performance was quantified for each trial by calculating the mean Euclidean distance
between the original and recalled locations. A score of zero represents perfect accuracy, while higher
scores indicate poorer performance. For data analysis, an overall EMA score was calculated by
averaging these distances across all completed sessions. IIV of EMA performance was calculated as the
standard deviation (SD) of each participant's performance. Consistent with a previous report, such ultra-
brief assessments provide reliable estimates even with limited administrations (Hakun et al., 2025).

Procedure
Ethics approval

was obtained from the Helsinki Committee of Hadassah Medical Center in Jerusalem (0129-20-HMO).
All methods were performed in accordance with the relevant guidelines and regulations. Eligible
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participants met inclusion criteria, and their parents were approached within the follow-up clinic or by
telephone and offered participation. Parents provided written informed consent, and adolescents ages
16–18 years provided additional written assent. Subsequently, parents completed online questionnaires
including the demographic questionnaire and parent-report BRIEF. Children completed the self-report
version of BRIEF followed by the ACE-X battery using a tablet or personal smartphone in a quiet setting.

Thereafter, instructions and guidance for downloading and operating the EMA application were provided
by the researcher. Participants received training on the EMA application and completed a guided trial on
their mobile device. They were then asked to complete the visuo-spatial WM task, twice daily via their
mobile devices for a 10-day active EMA period. Each participant was compensated at a rate of 200 ILS
upon completion of all study activities.

Data Analysis
All data was collected electronically via the hospital network and coded to ensure participant anonymity.
Data was analyzed using IBM SPSS Statistics, version 30. EMA response rate was calculated as the
percentage of completed entries for the total sample and each group separately. Entries with scores
exceeding 3 SDs above the sample mean were excluded to improve accuracy, under the assumption that
extremely high scores reflected random responding (see Cook et al., 2025; Schinkel-Bielefeld et al.,
2024). Statistical analyses were conducted in three stages corresponding to study research questions:

First, to assess feasibility and compliance (Q1), descriptive statistics and Z-tests for independent
proportions were performed, comparing response rates between groups. Second, to examine group
differences in performance (Q2), non-parametric Mann-Whitney U tests were employed for baseline
measures due to the small sample size (Kim et al., 2025), while independent samples t-tests were used
for aggregated EMA data. Chi-square tests were used for demographic comparisons. Third, to evaluate
construct validity and stability (Q3), Spearman rank-order correlations were conducted to examine
associations between baseline assessments and EMA WM performance.

A False Discovery Rate (FDR) correction was applied to address the potential for inflated Type I error due
to multiple comparisons between EMA and the four ACE-X subtests.. For all other analyses, a two-sided
significance level of α = .05 was used.

Results

Sample Characteristics
Fifty-four participants completed the study protocol and met the inclusion criteria for analysis: 18
childhood cancer survivors (CCS) and 32 healthy comparison participants (HC). This final sample size is
consistent with recent pediatric EMA feasibility studies (King-Dowling et al., 2025; Ray et al., 2025). Four
participants (CCS n = 3; HC n = 1) were excluded from the performance analyses because they
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completed fewer than 8 EMA trials, although their data were included in the initial compliance
calculations.

Demographic and clinical characteristics of the sample are given in Table 1. Groups did not differ
significantly on demographic variables. However, the HC group consisted exclusively of Hebrew-
speaking participants, while the CCS group included 15 Hebrew-speaking and 3 Arabic-speaking
participants.

[Add Table 1 here]

Table 1
Demographic and clinical characteristics of the control and CCR groups.

Demographics characteristics HC (N = 32) CCS (N = 18) Z (p)

Age, M (SD) 13.64 (1.9) 14.34 (2.2) -1.06(.29)

Sex, n (%)

Female

Male

12 (37.5)

20 (62.5)

8 (44.4)

10 (55.6)

.23(.63)

First Language, n (%)

Hebrew

Arabic

Treatment type, n (%)

Chemotherapy

Surgery

32 (100) 15 (83.3)

3 (16.7)

18 (100)

5 (27.7)

2 (11.1)

5.2 (3.9)

6 m-10 y

 

Biological treatment    

Time since last treatment, years M( SD) range    

Age at diagnosis, years: M (SD)   7.7 (4.7)  

Note. M = Mean; SD = Standard deviation; HC= Healthy Controls; CCS= Childhood Cancer Survivors.

Feasibility and Compliance of EMA Procedures
We first examined the feasibility and compliance of EMA in our sample (Q1). A total of 974 EMA entries
were collected from both groups in response to 1,120 prompts sent. The overall response rate for the
total sample was 87%. However, initial compliance differed significantly between groups, with 76.9% in
the CCS group and 93% in the HC group (z = 4.30, p < .001). After the predefined exclusion of participants
with fewer than eight entries (CCS n = 3, HC n = 1) and the removal of individual outlier entries (> 3 SD
above the mean; total n = 2), corrected compliance rates were calculated. The corrected compliance
rates were 81.4% and 90.8% for the CCS and HC groups, respectively, showing significantly higher
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compliance in the HC group (z = 4.30, p < .001). The final analysis consisted of 581 clean entries for the
HC and 293 for the CCS.

Group Comparisons of Baseline and EMA Measures
Comparison between groups on both baseline and EMA metrics is given in Table 2. At baseline, the CCS
group demonstrated significantly greater difficulty (i.e., higher scores) on the parent-reported BRIEF WM
(z = -2.40, p = .02) and shifting (z = -1.96, p = .05) subscales compared to HC. No other significant group
differences emerged on BRIEF parent- or self-report subscales. Performance on all four ACE-X subtests
did not differ significantly between groups.

During the 10-day EMA period, the CCS group showed significantly poorer mean WM performance than
the HC group (mean Euclidean distance of 1.74 + 1.19 and 1.44 + 1.17 for the CCS and HC group,
respectively; t(48) = 3.483, p < .001). However, while intra-individual variability (IIV) of WM performance
over EMA was numerically larger for the CCS group (0.98 + 0.08 vs. 0.82 + 0.06 for the CCS and HC
groups, respectively), it did not reach statistical significance (t(48) = 1.58, p = .121). Still, the higher SD in
the CCS group suggests a trend toward less stable cognitive performance in daily life.
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Table 2
Group Comparisons of EMA Performance Metrics, Parent- and Self-Reported Executive

Functions (BRIEF), and Baseline Cognitive Assessments (ACE-X) Between Childhood
Cancer Survivors (CCS) and Healthy Controls (HC)

  CCS (N = 18) HC (N = 32) Statistic(p)

M (n) SD M (n) SD  

EMA

Mean

1.74 (18) 1.19 1.44 (32) 1.17 t (p)

3.48(.00)

Variability

BRIEF

0.98 (18) 0.08 0.82 (32) 0.06 1.58

(.12)

Z (p)

P- GEC 52.31 (13) 9.66 46.96 (26) 9.45 -1.58(.11)

P- WM 53.08 (13) 8.81 46.08 (26) 8.11 -2.40(.02)

P- Shifting 60.77 (13) 13.9 51.88 (26) 11.79 -1.96(.05)

SR- GEC 50.36 (14) 10.65 52.93 (29) 12.3 − .43(.67)

ACE-X          

Boxed 0.98 (15) 0.22 0.93 (23) 0.28 − .76 (.45)

Color Tricker 1.35 (15) 0.27 1.34 (23) 0.49 − .7 (.48)

Sun and Moon 1.3 (15) 0.45 1.24 (23) 0.56 − .16(.87)

Backwards Gem Chaser 5.86 (14) 1.92 6 (23) 2.13 − .58(.56)

Note. CCS= Childhood Cancer Survivors; HC= Healthy Controls; EMA =Ecological Momentary
Assessment; BRIEF=Behavior Rating Inventory of Executive Function; P=parent report; SR- GEC= Self-
report Global Executive Composite; ACE-X= Adaptive Cognitive Evaluation Explorer; Independent t-tests
were used to analyze EMA mean and SD scores, while all other group differences were assessed using
Mann-Whitney U tests.

Associations Between Lab-based and Ecological WM
Measurements
Given the limited sample size within the CCS group, we first examined the associations across the entire
sample, followed by exploratory group-specific analyses. No significant correlations emerged between
EMA performance and BRIEF subscales in either group.

Across the entire sample, significant negative correlations were observed between mean WM
performance over EMA and all four ACE-X subtests (Table 3). Specifically, higher baseline efficiency
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(higher RCS scores) was associated with better mean EMA accuracy (lower Euclidean distances).
Correlations remained significant for all ACE-X subtests after applying the False Discovery Rate (FDR)
correction (Benjamini-Hochberg, q < .05).

We next examined the association between baseline measures and performance variability (EMA SD).
For the entire sample, higher baseline efficiency across the ACE-X was significantly associated with
lower EMA variability (greater stability). After applying FDR correction, significant negative correlations
were maintained between EMA SD and ACE-X subscales, except for the Backward Gem Chaser task,
which did not reach significance (Table 3).

When examining groups separately, the HC group demonstrated significant correlations between WM
mean over EMA and all ACE-X subtests (FDR corrected; all p’s < .05). Notably, in the CCS group,
significant correlations emerged between WM mean over EMA and the ACE-X assessments of the Boxed
task (rs = − .64, p = .010) and the Color Tricker task (rs = − .59, p = .022). Regarding performance
variability (EMA SD), distinct patterns of association were observed between the two groups. In the CCS
group, a robust and statistically significant negative correlation was found between EMA SD and the
Boxed task. No significant correlations were found within the HC group (Table 3).

Table 3
Spearman Correlations Between EMA mean (accuracy), variability and ACE-X Subtests by Group

  EMA mean EMA variability

CCS

N = 15

(rs)

HC

N = 23

(rs)

Total
Sample

N = 38

(rs)

CCS

N = 15

(rs)

HC

N = 23

(rs)

Total
Sample

N = 38

(rs)

ACE

Boxed

− .64* − .67** − .59* − .70* − .40 − .49*

Color Tricker − .59* − .55* − .57* − .50 − .47 − .46*

Sun and Moon

Backwards Gem
Chaser

− .35

− .05

− .47*

− .58*

− .39*

− .42*

− .39

− .18

− .37

− .13

− .37*

− .13

Note. rs = Spearman’s rho. * Indicates correlations that remained statistically significant after False
Discovery Rate (FDR) correction (Benjamini-Hochberg) at the q < .05 level

Discussion
This proof-of-concept study examined the feasibility and acceptability of using Ecological Momentary
Assessment (EMA) to examine WM performance in childhood cancer survivors (CCS). Our findings
demonstrate that EMA successfully captured WM deficits in CCS compared to healthy controls, with
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significantly poorer mean spatial accuracy in the CCS group, demonstrating its capacity to differentiate
between clinical and healthy populations in real-world settings. Furthermore, EMA performance
correlated moderately-to-strongly with laboratory-based cognitive assessments across the entire
sample, supporting comparability to existing measures. These results provide early, promising evidence
of the feasibility and acceptability of EMA for capturing real-world cognitive deficits overlooked by the
ACE-X, yet subjectively reported by participants.

Regarding feasibility and acceptability, compliance rates were encouraging: 76.9% in CCS and 93% in
healthy controls. Exploring feasibility in real-world settings is a necessary prerequisite for implementing
EMA-based tools in clinical practice, and the present findings demonstrate that smartphone-based active
behavioral monitoring is feasible in a pediatric oncology population. These rates align with those
reported across diverse clinical EMA studies (75%–94%), which vary by population characteristics and
protocol demands (Campbell et al., 2025; Han et al., 2022; Luna et al., 2025). Moreover, recent evidence
demonstrates that ultra-brief smartphone-based WM tasks yield reliable capacity estimates with as few
as 2–3 EMA administrations while maintaining moderate comparability with full-length laboratory
assessments (Hakun et al., 2023).

As hypothesized (Agelink van Rentergem et al., 2025; Gandy et al., 2023; Sciancalepore et al., 2023) our
findings confirm WM deficits in CCS, supporting the capacity of the EMA WM-task to capture real world
cognitive performance that is not detected by single-session laboratory testing, as underscored by its
ability to detect significant group differences that were absent in laboratory-based performance (ACE-X)
but consistently reported by parents via the BRIEF. These results suggest that CCS participants
performed comparably to controls when completing a singular task in a quiet, controlled environment,
however, demonstrated marked deficits when real-life demands required functioning in dynamic settings.
Similar discrepancies between laboratory and real-world performance have been documented in other
clinical populations (Goverover et al., 2018; Lee et al., 2025), underscoring the importance of
assessment approaches demonstrating both verisimilitude (i.e., similarity to daily task demands) and
veridicality (i.e., statistical relationship to real-world performance; (Crist, 2015)).

In addition, the CCS group demonstrated a trend toward higher intra-individual variability (IIV) (less
stability) compared to the HC group. This variability significantly correlated with baseline processing
efficiency, suggesting that cognitive instability is a hallmark of functional impairment in this population.
Our results are in line with previous studies demonstrating that temporal dynamics in cognitive EMA
extend beyond mean performance (Campbell et al., 2025). For instance, in young adults with ADHD,
momentary fluctuations in WM and inhibitory control assessed via EMA contributed to real-world
emotion dysregulation beyond what one-time assessments captured (Ben-Dor Cohen et al., 2023).

The moderate-to-strong correlations between EMA (accuracy and stability) and ACE-X subtests,
particularly those measuring VSE and response inhibition, provide support for the comparability of real-
world EMA performance with existing lab-based measures. It further confirms that EMA performance is
grounded in established executive processes, such as processing efficiency and inhibitory control, and
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reinforces the sensitivity of smartphone-based assessments in capturing the core components of
functional cognition (Dupuy et al., 2022; Schuster et al., 2015). These findings provide early promising
evidence that smartphone-based EMA is a feasible and acceptable tool for capturing cognitive
performance comparable to traditional laboratory assessments.

Despite parent and self-reported BRIEF revealing significant group differences in WM and shifting
abilities, consistent with CRCI literature (Siegwart et al., 2021; Stefancin et al., 2020), EMA did not
correlate with BRIEF subscales in either group. This pattern reflects fundamental assessment
differences, whereas questionnaires capture broader behavioral patterns over extended timeframes,
EMA samples momentary cognitive performance. Such dissociations between performance-based and
questionnaire-based measures have been previously documented across clinical populations (Cormack
et al., 2019; Schmitter-Edgecombe et al., 2020), further highlighting limitations of relying solely on
questionnaire reports (Wallisch et al., 2018). These findings underscore that EMA provides unique
information beyond laboratory testing and subjective report, aligning with the conceptual shift toward
top-down, contextually embedded assessment of functional cognition (Poon et al., 2018). Consequently,
comprehensive cognitive profiling requires integrating objective performance-based EMA with subjective
measures from both children and caregivers.

Limitations
While this study provides a novel proof-of-concept, its preliminary findings have several limitations. First,
the modest sample size, particularly within the CCS group, may have limited the statistical power to
detect group-specific correlations. We addressed this by conducting primary analyses on the entire
sample and applying a conservative Bonferroni correction to ensure the reliability of our findings.
Secondly, methodological heterogeneity, including varied recruitment, remote data collection, and
language differences, may limit generalizability. Additionally, the lower EMA response rate in the CCS
group and the reliance on a single visuospatial WM task should be considered, as multiple task domains
might reveal broader cognitive fluctuations. Finally, the two-week window may not capture long-term
variability, and the absence of detailed treatment data (e.g., radiation dose or chemotherapy protocols)
limits the identification of moderating factors associated with cognitive late effects in this population.

Future research should employ larger, uniform samples to enhance generalizability. Moreover,
investigating relationships between EMA metrics and occupational outcomes, such as academic
achievement and daily-life participation, would establish veridicality and clinical relevance for oncology
rehabilitation. Finally, examining EMA's sensitivity to intervention effects could establish its utility as an
outcome measure for cognitive rehabilitation.

Conclusion
This proof-of-concept study establishes the feasibility and acceptability of using EMA to detect WM
deficits in CCS. EMA offers an ecologically valid method to repeatedly assess WM in naturalistic
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contexts, capturing performance and intra-individual fluctuations that reflect daily demands (Ram &
Gerstorf, 2009). The findings support EMA's comparability to traditional measures and highlight its
capacity to reveal functional difficulties not apparent in single-session testing. Based on the current
study results clinicians are recommended to integrate EMA data with subjective reports from both
children and caregivers and laboratory measures. Moreover, EMA findings can inform pediatric
rehabilitation clinicians to deliver context-specific interventions by revealing environmental and temporal
patterns.
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Figures

Figure 1

The visuo-spatial working memory task administered during Ecological Momentary Assessment
(EMA).

Note. (1) Encoding phase: Three red dots are displayed in a 5 X 5 grid for 1,000 ms; participants are
required to memorize their spatial locations. (2) Distractor task: A cancellation task where participants
identify and tap the letter "F" among "E" distractors. (3) Recall phase: An empty grid is presented, and
participants mark the previously shown dot locations.

Page 20/20


