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Abstract
This study examined whether structured engagement of Ayò Ọlọ́pọ́nỌlọ́pọ́Ọlọ́pọ́n, a traditional board
game, could enhance children’s executive functions and processing speed. Eighty-two elementary school
children were randomly assigned to a control group (n = 41) or an intervention group (n = 41) from the
same peri-urban school. Executive functions (inhibitory control, working memory, and cognitive
flexibility) and processing speed were assessed using the NIH Toolbox Cognition Battery before and
after a six-week intervention. Children in the intervention group played Ayò Ọlọ́pọ́nỌlọ́pọ́Ọlọ́pọ́n three
times a week for 20 minutes, whereas the control group engaged in normal unstructured activities.
Results from the non-parametric analyses showed pre-post gains in both groups. However, children in
the intervention group showed significantly greater gains than children in the control group across
inhibitory control, working memory, cognitive flexibility, and processing speed. These findings showed
that structured engagement with Ayò Ọlọ́pọ́nỌlọ́pọ́Ọlọ́pọ́n can improve core cognitive skills in
elementary school children and highlight the potential of culturally grounded traditional games as low-
cost, scalable cognitive interventions in low-resource contexts.

Introduction
Early childhood is crucial for children’s cognitive development, laying the foundation for skills like
executive function and processing speed [1]. Executive functions refer to the ability to manage cognitive
processes that support goal-directed behaviors [2]. This includes inhibitory control, which helps inhibit
prepotent responses; working memory, which allows for the temporary storage and manipulation of
information; and cognitive flexibility, which enables shifting attention between tasks or mental
frameworks in response to changing demands [3, 4]. Processing speed, on the other hand, refers to the
pace at which simple or complex tasks are performed [5]. Together, executive functions and processing
speed are associated with learning outcomes, including numeracy, literacy, and school readiness [6].

Several interventions have shown that different activities, including computerized games, physical
activities, music, chess, and mindfulness, are significantly associated with improvements in children’s
executive functions and information-processing speed [7,8,9,10,11,12,13]. However, intervention findings
are mixed in underrepresented low-income contexts due to cultural and environmental variability [14].

For example, while activities such as yoga and aerobic dance have been shown to improve executive
functions [15,16], expressive writing and dancing [17,18] have not. Specific game intervention, including
red-light purple light, did not improve children’s executive functions [19]. Interventions specifically
targeting processing speed are limited in our study context, despite their importance to children’s
learning outcomes. 

Importantly, while many of these interventions, including computerized games, demonstrate potential in
improving cognitive outcomes, they often lack transfer and cultural adaptability in diverse real-world
contexts [20,21]. Contrastingly, traditional games, rooted in everyday indigenous practices, may provide
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cost-effective and developmentally appropriate interventions to improve children’s executive functions
and processing speed, due to the malleability of their cognitive systems. 

Ayò Ọlọ́pọ́n, a traditional Yoruba board game similar to the Mancala game, is a strategic decision-making
game that originated in the South-Western part of Nigeria. While its precise historical origin is
undocumented, it has been passed down intergenerationally and remains prevalent globally [22]. The
game is played on a board of two rows of six pits with 48 identical seeds distributed evenly, four per pit,
at the start. Each player owns one of the rows and play proceeds in turns, with the starter selecting one
of their non-empty pits and emptying the seeds across other pits counterclockwise, skipping the starting
pit even when there is an overlap (e.g., when there are more seeds). Seeds are captured when the move
falls directly into the opponent’s pit side containing one or more seeds, which are then removed from the
board. The game ends when one of the players can no longer move or when the pits are all empty (e.g.,
seeds are captured by the opponents). The player with the greater number of seeds is considered the
winner. 

Ayò Ọlọ́pọ́n engages executive functioning, as players mentally track the number of seeds in multiple
pits and hold information about their opponent’s current and future moves (working memory). Players
also resist impulsive, obvious moves in favor of future strategic gains (inhibitory control), and they must
adapt to their opponent’s changing position and tactics, and shift perspectives and strategies in real-
time (cognitive flexibility). The game also requires processing speed demands, as players rapidly
compute possible moves and outcomes under their opponent’s pressure and time constraints.
Therefore, Ayò Ọlọ́pọ́n is considered a suitable traditional game that could improve children’s executive
functions and processing speed. 

This study aimed to investigate whether structured continuous engagement with Ayò Ọlọ́pọ́n can
effectively improve children’s executive functions and processing speed. We adopted the NIH Toolbox to
assess children’s cognitive skills because it has been previously validated in this context [23]. We
hypothesized that playing Ayò Ọlọ́pọ́n would lead to significant improvement in the intervention group
compared to the control group. Our study is significant because it explores the cognitive benefits of a
low-cost, culturally embedded traditional game for supporting early cognitive development, particularly in
low-resource settings where access to digital cognitive training may be limited. 

Results
The Shapiro-Wilk test showed significant deviations from normality for some outcome variables,
particularly post-intervention scores for inhibitory control (W = 0.56, p < .001) and across both groups
and measurement periods for working memory (W = 0.88-0.92, p < .001 - .03) and processing speed
scores (W = 0.88 – 0.94, p < .001 – .30). Non-parametric statistical methods were therefore applied to
subsequent inferential statistics. Results from the Mann-Whitney U test in Table 2 comparing baseline
differences between the intervention and control groups showed no significant differences across all
outcome domains. 
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Results from the within-group analysis in Table 3 showed significant pre-post gains in outcome domains
in both groups. In the control group, small but significant gains were observed in inhibitory control (W =
10, padj < .001), working memory (W = 122, padj < .01), cognitive flexibility (W = 5, padj < .001), and
processing speed (W = 23.5, padj < .001). In the intervention group, robust gains were observed across all
outcome domains, including inhibitory control, working memory, cognitive flexibility, and processing
speed, with Wilcoxon signed-rank statistics of zero (W = 0, padj < .001), indicating that all participants

scored higher post-intervention than pre-intervention. 

Results of the between-group intervention-related gains assessed using the Mann-Whitney U test in
Table 4 indicated that children in the intervention group showed higher gains than those in the control
group across all four cognitive domains. All results remained significant after Bonferroni correction for
multiple comparisons; inhibitory control (U = 43, padj = 5.76 × 10⁻¹³), working memory (U = 259, padj =

2.34 × 10⁻7), cognitive flexibility (U = 0, padj = 2.64 × 10⁻14), and processing speed (U = 0, padj = 2.40 ×

10⁻14). Zero Mann-Whitney U statistics for cognitive flexibility and processing speed indicate complete
statistical separation between groups, specifically uniformly higher gains among children in the
intervention group. 

Discussion
This study examined whether structured engagement with Ayò Ọlọ́pọ́n improves executive functions and
processing speed in elementary school children. The results showed that although children in the control
group showed small improvements over time, they exhibited significantly lower executive function and
processing speed than children who played Ayò Ọlọ́pọ́n three times a week for 20 minutes over six
weeks. These small gains in the control group may reflect practice effects arising from repeated
exposure to the assessment tasks [24], whereas the substantially larger gains observed in the
intervention group indicate an additional effect associated with the structured Ayò Ọlọ́pọ́n gameplay
[25,3,26].

These findings align with previous evidence demonstrating that cognitively demanding games can
improve cognitive processes, including executive functions and processing speed [27,8,28,26,29].
Importantly, our intervention draws on low-cost, indigenous, and familiar activities, which may enhance
contextual relevance in low-resource contexts. Board games such as Ayò Ọlọ́pọ́n may engage cognitive
processes associated with executive functioning, thereby providing repeated opportunities to strengthen
core executive functions and processing speed in an engaging and developmentally appropriate manner
[3,8]. This may explain why the intervention group that played Ayò Ọlọ́pọ́n significantly outperformed the
control group. 

Beyond showing the efficacy of Ayò Ọlọ́pọ́n, our findings highlight the potential of culturally grounded
traditional games as a scalable tool for supporting early cognitive processes in diverse and resource-
constrained contexts. Integrating Ayò Ọlọ́pọ́n into schools may underscore the importance of leveraging
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indigenous knowledge systems while complementing technology-based cognitive training programs,
which are often difficult to sustain in low-resource settings due to high subscription costs.

Our study draws on a low-cost, culturally embedded, and scalable traditional game, which increases the
ecological validity and practical relevance of our findings. However, our sample size was relatively small
and drawn from a single school, which may limit the generalizability of our findings. Similarly, the
familiarity effect and the absence of long-term follow-up limit conclusions about the durability of
observed gains. Future studies should include large multi-site samples, alternate test forms, and longer
follow-up periods to evaluate the robustness of the intervention effects. 

Methods
Participants

The intervention group comprised 41 randomly assigned children (22 girls and 19 boys; M = 6.5 years,
SD = 0.3), and the control group included 41 children (19 boys, 22 girls; M = 6.6 years, SD = 0.4). Children
in both groups were enrolled in grades 1 and 2 in an elementary school in Ondo State, Nigeria, and were
randomly selected for the study. Demographic characteristics are shown in Table 1. Sample size
calculations using G*power version 3.1 indicated that 41 children in each group (intervention and
control) would provide 0.80 (1 − β) of power based on an α level of 0.05, two measurements, and a
correlation among repeated measures of 0.5 [30].

Measures

Children's executive functions and processing speed were assessed using the NIH Toolbox Cognition
Battery, a tablet-based, validated cognitive assessment designed to assess cognitive domains for
participants aged 3 years and above [31,32,33]. We selected four tasks, including the Flanker Inhibitory
Control and Attention Test (FICAT), to measure children's inhibitory control. FICAT requires children to
identify the direction of a central stimulus while ignoring the congruent and incongruent flankers.
Children's performance reflects the ability to suppress interference from distracting stimuli. The List
Sorting Working Memory Test was used to measure working memory. The test requires children to recall
and sequence pictures of items (e.g., foods or animals) in size order, capturing children’s ability to
manipulate information over a short period [34]. Cognitive flexibility was assessed using the Dimensional
Change Card Sort (DCCS), which requires children to sort bivalent visual stimuli by one dimension (e.g.,
color) and then by another dimension (e.g., shape). Performance on DCCS reflects the ability to shift
between task demands [33]. Processing speed was assessed using the Pattern Comparison Processing
Speed Test. The test required children to identify whether two visual patterns are the same or different.
Children respond by agreeing (e.g., pressing yes) or disagreeing (e.g., pressing no). Patterns were either
identical or varied. Scores reflect simple processing efficiency under time constraints [35]. 

Procedures
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Children in both the intervention and control groups completed baseline assessments of executive
functions and processing speed prior to the intervention in October 2025. For the intervention group,
children were randomly assigned and engaged in continuous structured Ayò Ọlọ́pọ́n game sessions over
six weeks between October and November 2025. Sessions were conducted three times per week for 20
minutes during a scheduled 40-minute school break. Children were relocated to a small, designated hall
within the school during each session to minimize distractions. This short, high-frequency dosage aligns
with recommendations from previous research [2,36]. Children were divided into four groups, with five
children on each side of the board. The two instructors play first and show the children the rules, then
play with at least one of them before leaving them to play with randomly assigned opponents. To
facilitate sustained interests and an interactive environment, children were allowed to talk while
observing but were instructed not to disrupt active players, including touching the game seeds. Post-
intervention measures were administered in November 2025 by two trained research assistants and
supervised by the first author. 

Children in the control group spent their 20-minute break on unstructured activities, including napping,
chatting, or free play with classmates. These activities were either indoors or outdoors, depending on the
child’s preference and the teachers’ approval. The control group completed post-intervention
assessments in November 2025, simultaneously with the intervention group. 

Ethical Considerations

The study was conducted in compliance with the Declaration of Helsinki. The study was approved by the
Ondo State Ministry of Education through the Ondo State Universal Basic Education Board. The study
purpose and procedures were sent in writing through the children to their primary caregivers, and a
signed informed consent was obtained. We also obtained assent (e.g., children said yes or nodded) from
participating children and were informed they could withdraw from the study at any time without
consequences. Ethics approval was obtained from the Institutional Review Board of Harvard University
and the Social Sciences and Humanities Research Ethics Committee of the University of Ibadan. All data
were anonymized before analysis.

Data Analysis

            Data for the 82 participants in the intervention and control groups were included for analysis, as
there was no missing data. The Shapiro-Wilk test indicated significant deviations from normality across
several outcome variables. Hence, non-parametric statistical methods were applied to the data for all
inferential analyses. The Mann-Whitney U test was conducted to compare baseline differences between
intervention and control groups and between-group effects. The Wilcoxon signed-rank test was used to
assess the within-group intervention effects. Bonferroni correction was applied to account for multiple
comparisons across outcomes. All analyses were performed using R version 4.5 [37].
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Table 1. Participants characteristics
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  All (n = 82) Intervention group (n=41) Control Group (n=41)

M (SD) M (SD) M (SD)

Age (years) 6.6 (0.3) 6.5 (0.3)  6.6 (0.4)

Sex 44 females and 38 males 19 males and 22 females 19 males and 22 females

Note: M = Mean; SD = Standard Deviation; n = number of participants in the group

Table 2. Baseline group differences (Mann–Whitney U tests)

Measure U p p_adj

Inhibitory Control_Pre 824 0.88 1

Working Memory_Pre 886 0.68 1

Cognitive Flexibility_Pre 941 0.35 1

Processing Speed_Pre 926 0.43 1

Table 3. Within-group pre–post effects (Wilcoxon signed-rank tests)

Group Measure W p_adj

Control Inhibitory Control 10 < .001

Control Working Memory 122 .012

Control Cognitive Flexibility  5 < .001

Control Processing Speed 23.5 < .001

Intervention Inhibitory Control 0 < .001

Intervention Working Memory 0 < .001

Intervention Cognitive Flexibility 0 < .001

Intervention Processing Speed 0 < .001

Table 4. Between-group differences in change scores (Mann–Whitney U tests)

Measure U p_adj r

Inhibitory Control_change 43 < .001 .82

Working Memory_change 259 < .001 .60

Cognitive Flexibility_change 0 < .001 .86

Processing Speed_change 0 < .001 .86


