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Abstract—This paper investigates how uniform auditory cues
(UACs) influence cognitive performance and brain activity during
a serious memory game based on the Corsi Block-Tapping Test.
Fourteen healthy participants (9 females, 5 males) performed
the task under two experimental conditions: visual-only and
visual with UACs, while EEG signals were continuously recorded.
The serious game was designed to measure spatial memory
performance and reaction times, and EEG data were analyzed
to capture brain responses across multiple frequency bands. Pre-
liminary results revealed that the presence of UACs significantly
increased total response times, indicating a higher cognitive load.
EEG analysis also showed distinct patterns of neural activation,
with UACs associated with increased gamma and alpha power,
and non-UAC trials showing elevated delta and theta activity.
These findings suggest that even simple and repetitive auditory
cues can modulate memory-related cognitive processes and neural
dynamics during gameplay, offering implications for the design
of neuroadaptive and multimodal serious games.

Index Terms—Serious Games, Memory, EEG, Auditory Cues

I. INTRODUCTION

In recent years, video games have become a major part
of the consumer electronics industry, attracting a wide and
diverse user audience. This widespread adoption has led to the
evolution of video games from strictly entertainment-focused
systems to interactive technologies with broader implications
for society [1]. Within the Human-Computer Interaction (HCI)
field, this transition is exemplified by the rise of the ”Serious
Game” (SG). The term refers to games designed to achieve
outcomes beyond entertainment, such as promoting health,
improving education, or facilitating behavior change [2]. By
using game mechanics to influence user behavior and experi-
ence, SGs represent a growing area of research and application
in HCI. SGs have become increasingly distinct from traditional
entertainment games, offering novel interaction paradigms in
a variety of application contexts.

In this context, SG interventions are increasingly being used
across disciplines, including memory research. Given their
interactive and structured nature, SGs are particularly effective
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for studying memory, a core cognitive function responsible
for encoding, storing, and retrieving information. Memory is
often divided into short-term and long-term systems, with
long-term memory supporting learning by linking new expe-
riences to existing knowledge [3]. Studies have shown that
SGs can improve these processes; for instance, a seven-week
intervention led to enhanced working memory in participants
[4]. Moreover, Mohammed et al. [5] developed an origami-
based game to support visual sequential memory in individuals
with dyslexia and dyscalculia, highlighting its potential for
therapeutic and educational use.

Beyond these studies, the inclusion of physiological param-
eters such as Electroencephalography (EEG) in these studies
contributes to greater scientific rigor and provides deeper
insight into the neurocognitive mechanisms involved in game-
play and memory enhancement. For instance, Dawi et al.
[6] used EEG to compare memory recall in individuals with
ADHD and neurotypical peers, finding distinct patterns linked
to weaker memory in the ADHD group. Similarly, Mondéjar et
al. [7] showed that EEG engagement during gameplay supports
short-term memory and cognitive development in children and
adolescents.

However, growing interest in the intersection of SGs, EEG,
and memory, key areas remain underexplored. This study
introduces a proof-of-concept SG designed to examine cog-
nitive functions like retention, recall, and the influence of
sensory cues. In this initial phase, we focus on the effects
of a uniform auditory cue (UAC) on cognitive performance
and brain activity.

Specifically, this study advances HCI by presenting a novel
SG framework to explore retention and recall using UACs.
Its key contributions are: (1) the development of a proof-
of-concept SG for memory research; (2) the integration of
EEG measures to assess neurocognitive responses to in-game
stimuli; and (3) initial findings on how auditory cues impact
memory, supporting future studies on sensory modulation and
cognitive enhancement through interactive media.
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II. MATERIALS AND METHODS

The study involved fourteen healthy, cisgender individuals
(9 females, 5 males) with an average age of 25.21 years (SD
= 2.25; age range: 21–29 years). All participants gave written
informed consent before participation.

A. Corsi Block-Tapping Test-based Serious Memory Game
CBTT is a standard tool for assessing visuospatial and

short-term memory [8], where participants recall sequences of
flashing blocks. This study introduces a proof-of-concept SG
adaptation using a 3×3 block matrix. After a five-level demo
round to ensure task understanding (not scored), participants
completed two trials per level in each of two conditions:
visual-only (non-UAC) and visual with a UAC, where a c5
tone accompanied each block. Sequences ranged from 2 to
6 blocks, presented at 1-second intervals, followed by a 0.8-
second retention phase. Trials had no time limit, and block
arrangements were randomized after each level.

B. Game performance Scoring Algorithm
The game’s scoring system takes into account both the

accuracy and the order of responses. Correctly recalled blocks
earn more points the later they appear in the sequence,
while mistakes lead to greater penalties if they occur later.
Additionally, long streaks of correct answers provide bonus
points, whereas consecutive mistakes result in extra penalties.
This approach rewards consistent performance and offers a fair
assessment of each participant’s spatial memory.

C. Data Collection and Preprocessing
EEG signals were recorded using the DSI-24 headset, a

wireless dry-electrode EEG system, with a sampling rate of
300 Hz across 18 channels. EEG data were processed using
MATLAB R2024a, employing the EEGLAB toolbox for data
handling and analysis. Preprocessing was conducted following
the standardized Harvard Automated Processing Pipeline for
EEG protocol [9]. Following preprocessing, the EEG data were
re-imported together with the event file to enable epoching.
Data were segmented into 0.8-second epochs, corresponding
to the time window between the final item of the sequence
block at each level and the onset of the response window. A
total of 20 epochs per participant were extracted, 10 for the
non-UAC condition and 10 for the UAC condition.

D. Feature extraction
Power analysis was performed by computing the power

spectral density (PSD) for each EEG channel. For each partici-
pant, absolute power within the canonical frequency bands was
calculated by summing the PSD values across the following
frequency ranges: delta (1–4 Hz), theta (4–8 Hz), alpha
(8–13 Hz), beta (13–32 Hz), and gamma (32–48 Hz). The
power in each band was then normalized by the total power
across all five bands, on a per-channel basis. This procedure
yielded normalized power values for the two experimental
conditions under investigation: UAC and non-UAC. Statistical
comparisons between conditions were conducted using the
nonparametric Wilcoxon signed rank test, as the assumption
of normality could not be met due to the limited sample size
of epochs.

III. RESULTS AND DISCUSSIONS

A. Task Performance and Correlation Analysis

Task performance was evaluated using three distinct metrics:
(1) Start Response Time (Start RT), defined as the time interval
(in seconds) between the onset of the response window and
the participant’s first input; (2) Total Response Time (Total
RT), which measured the time between the first and the
last response click within each trial (also in seconds); and
(3) Score, calculated using the Game Performance Scoring
Algorithm. Statistical analysis of these metrics revealed a
significant effect for Total RT (p < 0.05), which was higher
for the UAC condition with respect to the non-UAC condition.

In contrast, Start RT and Score did not show a statistically
significant difference between conditions. Correlation analy-
ses were then conducted to investigate potential associations
among the three task performance metrics. Spearman’s cor-
relation was performed due to the small sample size of the
participants. A negative, statistically significant correlation was
observed in the non-UAC condition between Total RT and
Score (r = −0.55, p < 0.05), while in the UAC condition,
the Start RT and the Total RT showed a positive, significant
correlation (r = 0.57, p < 0.05). No other correlations among
the three performance metrics reached statistical significance
in either condition.

This suggests that the presence of the UAC required ad-
ditional processing time. The UAC introduced an additional
memory load by adding an auditory signal to the visual stimuli,
resulting in more information to process. As a result, the brain
had to spend more time processing both signals, which affected
both reaction times and overall task duration.

B. EEG Power spectral density (PSD)-related Analysis

The presence of UAC facilitates attention, whereas their
absence non-UAC exposes participants to competing inputs,
prompting cortical deafferentation to maintain focus [10]. This
may explain the significant delta increase over the right frontal
(F8) and left parietal (P3) cortices in the non-UAC condition.
A significant increase in the theta band over the left frontal
cortex (F3) under non-UAC may, instead, reflect greater in-
ternal attention control [11]. Interestingly, the increased alpha
power in the left temporo-occipital cortex (T5, O1, and O2)
observed in the UAC condition is likely to reflect a reduced
demand for visual processing due to the integration of auditory
stimuli, consistent with the notion of alpha as a marker of
functional inhibition in task-irrelevant regions [12]. Moreover,
a significant increase over the beta band in the left frontal
cortex (F3) during non-UAC suggests active maintenance of
task set and timing [13], whereas higher gamma activity over
the left central cortex (C4) in UAC trials is consistent with
findings related to added memory load from processing both
task and sound [14].

In conclusion, the comparison between the UAC and non-
UAC conditions highlights significant differences in brain
activity across all EEG frequency bands. These differences
appear to be modulated by the presence or absence of the UAC,
suggesting that such stimuli significantly influence the way
information is processed and encoded in memory. Specifically,
the UAC seems to affect not only early encoding mechanisms,
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as reflected in changes in theta and alpha bands which are
typically associated with memory processes, but also extends
its impact to broader cognitive functions. This includes infor-
mation consolidation and later stages involving the retrieval
and application of stored information, such as during decision-
making processes. The modulation across the full EEG spec-
trum indicates that memory and cognitive operations may
not be separable, but rather represent an integrated process
engaging multiple brain regions and oscillatory dynamics.

Fig. 1: EEG relative band-power differences (UAC and non-UAC)
and false color scalp topographic map (FCSTM) significance maps
for delta to gamma bands.

This experimental design holds strong potential for explor-
ing how different types of cues can modulate cognitive and
memory-related brain activity in a more ecologically valid and
comprehensive way. Figure 1 shows PSD activation of the
participants. Statistical EEG topoplots of relative power for
five bands (delta to gamma). Relative power was computed
per channel by normalizing each band’s absolute power to
the total across all bands. Panels a, c, e, g and i show
UAC and non–UAC differences, while panels b, d, f, h and
j are FCSTM maps: grey color no significance, warm colors
significance with higher median values for the UAC condition,
cold colors significance with higher median values for the non-
UAC condition.
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