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Background: It is essential for athletes in fast-paced sports to execute rapid motor responses while processing physical,
emotional, mental, and situational demands. Previously, dual-task paradigms have tested how concurrent cognitive demands
affect motor performance, but very few studies have examined these effects in adolescent competitive athletes.

Objective: We tested whether concurrent serial 7s subtraction would slow reaction time and visuomotor target acquisition speed
in adolescent tennis athletes. We hypothesized that counting backward by 7s aloud would significantly slow both outcomes
compared to baseline.

Methods: Thirty players (ages 14-18) completed a computerized reaction time task (5 trials) and a visuomotor aiming task
(30 targets) under two counterbalanced conditions: baseline and dual-task (counting backward by 7s aloud from 1000). We
evaluated effects using paired t-tests, Wilcoxon signed-rank tests, and 2x2 mixed ANOVAs.

Results: Reaction time increased from 272.4 ms (SD = 41.3) at baseline to 433.5 ms (SD = 77.5) under the dual-task condition,
t(29) = 13.83, p < .001, dz = 2.53, a 59% increase. Average time per target increased from 632.2 ms (SD = 115.5) to 843.1
ms (SD = 237.6), t(29) = 6.55, p < .001, dz = 1.20, a 33% increase. Effects replicated in a trackpad-only subgroup (n = 25).

Wilcoxon tests confirmed significance for both outcomes.
Conclusions:

Concurrent serial subtraction significantly slows reaction time and visuomotor target acquisition speed in ado-

lescent athletes. Because the secondary task required counting aloud, observed effects likely reflect both cognitive interference

and speech-motor coordination demands.
understudied adolescent population.

Our findings extend the established cognitive-motor interference literature to an

Keywords: Dual-task interference, reaction time, visuomotor performance, adolescent athletes, serial subtraction, cognitive-

motor interference

Introduction

Tennis requires constant decision-making under time pressure,
with players managing tactical choices, score-tracking, and
emotional regulation within fractions of a second'. Under-
standing how dual-task demands affect basic motor functions
like reaction time and visuomotor target acquisition speed has
implications for training optimization and performance pre-
diction. In competitive sports, small delays in reaction or aim-
ing during high-pressure moments can meaningfully change
outcomes, making the study of cognitive-motor interference
directly relevant to athletic performance.

Reaction time and visuomotor speed are not only impor-
tant in sports; they are widely used in cognitive science and
clinical research because they are sensitive to attention and
executive control. For example, in a well-established finding
in ADHD research, greater variability (more “lapses” in reac-
tion time) reflects unstable attention over time, a signal which
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is consistently associated with ADHD?. Although the present
study focuses on mean reaction time, the broader literature
highlights that reaction time measures can capture meaningful
changes in cognitive state.

Several theoretical accounts address why performing two
tasks at once tends to hurt both. For example, Kahneman’s
capacity model? treats attention as a single shared pool: when
two tasks draw from it simultaneously, both suffer proportion-
ally. Pashler’s response selection bottleneck* proposes that
the brain can only commit to one response decision at a time,
which forces the second task to wait until the first response is
selected. Wickens’ multiple resources theory? takes a more
nuanced view, arguing that attention is not one pool but sev-
eral partially independent ones, organized by processing stage
(perceptual, cognitive, response), input modality (visual, au-
ditory), and response type (vocal, manual). Under each theo-
retical account, two tasks interfere primarily when they draw
from the same resource pool. We framed the present study
within Wickens’ model because our secondary task was ver-
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bal and arithmetic (counting aloud by 7s from 1000) while our
primary tasks were visuospatial and manual (clicking screen
targets). This pairing crosses resource domains: the count-
ing task draws on verbal-vocal resources and central arith-
metic processing, while the reaction time and aim tasks draw
on visual-spatial perception and manual responses. Any in-
terference observed under this arrangement would therefore
suggest that dual-task costs extend beyond within-pool com-
petition to reflect broader capacity constraints or cross-domain
bottlenecks.

Additionally, working memory constraints remain relevant
to this framework. Sweller’s cognitive load theory® estab-
lished that working memory has a limited capacity for pro-
cessing information, and visuospatial working memory capac-
ity has been shown to predict visuomotor learning and adap-
tation in healthy adults”®. This means that when individu-
als perform tasks that demand working memory resources,
their ability to execute concurrent motor tasks can become im-
paired. Neuroimaging work points to the prefrontal cortex as a
key site where task-relevant representations weaken when two
tasks compete for processing resources’. In the present study,
serial subtraction by 7s places continuous demands on central
executive and phonological loop resources, while the motor
tasks require visuospatial processing and manual response ex-
ecution. Due to the multiple tasks within this experiment, the
multiple resources framework predicts partial rather than com-
plete interference for this cross-domain arrangement.

Studies have demonstrated that dual-task demands can im-
pair motor performance across various populations and task
types ! and a systematic review of acute dual-task studies
in athletes found performance costs in 12 of 13 cases '>. When
researchers use mental tasks such as backward counting, men-
tal math, or word recall, participants tend to demonstrate
slower reaction times and reduced coordination !3. However,
most research has focused on general populations or older
adults, with relatively limited investigation of dual-task inter-
ference in adolescent athletes. While some research has ex-
amined dual-task effects on reaction time in athletes 4, inves-
tigation of adolescent competitive athletes performing sport-
relevant motor tasks remains limited. Recent work in ten-
nis has shown that experts maintain motor accuracy under
dual-task conditions while experiencing cognitive costs %, and
table-tennis studies have demonstrated expertise-dependent
dual-task costs during counting-backward paradigms '®. How-
ever, these studies focused on adult athletes rather than adoles-
cents.

This manipulation was a practical dual-task manipulation
intended to mimic thinking demands; however, the tasks are
simplified proxies. Because participants counted backward
aloud while performing the motor tasks, the dual-task condi-
tion introduced both an arithmetic demand and a concurrent
vocal-motor output requirement. Prior research has shown

that vocal and manual response modalities can produce cross-
modal interference that is at least partially independent of
central cognitive demands !”'®. The present design does not
include an articulatory-control condition and therefore is un-
able to isolate the cognitive component from the speech-motor
component of any observed interference (see Limitations).
Competitive tennis players represent an ideal population for
this investigation because competitive tennis requires both
rapid reactions and precise motor control under conditions of
high cognitive demand (e.g., high-stress points). We focused
on adolescent athletes because this developmental period is
crucial for skill acquisition and competitive advancement, yet
cognitive-motor interactions in this age group remain under-
studied. We tested whether concurrent serial subtraction by 7s
would be associated with slower reaction time and visuomo-
tor target acquisition speed in adolescent tennis athletes. We
hypothesized that concurrent serial subtraction would signifi-
cantly slow reaction time and increase average time per target
compared to baseline conditions.

Materials and Methods

Participants

Participants consisted of 30 high school students (ages 14—18)
recruited from local tennis teams. Students provided assent
before participating, and a parent/guardian provided permis-
sion for the use of their child’s de-identified data. This study
was supervised by Professor Zhen Zhao (Tulane University)
and conducted as an independent high school research project
under Diamond Bar High School’s guidelines for student
research. All participants reported normal or corrected-to-
normal vision and no history of neurological disorders. Partic-
ipation was voluntary, and all performance data were recorded
using a participant ID and do not include names. Con-
sent/permission forms include names and contact information
and are stored separately from the performance dataset. Only
the research supervisor(s) have access to the consent forms.
All procedures were conducted in accordance with ethical
standards for research with human participants. Participants
were informed of their right to withdraw at any time without
penalty.

Participants were instructed to sit in a quiet environment
and to avoid caffeine intake two hours before testing. Data
from participants who report caffeine intake, significant dis-
tractions, and/or fewer than 5 hours of sleep were excluded
from analysis. Age (years), primary sport, sleep duration
(hours), and training history (years in sport; hours/week) were
recorded to explore potential individual differences in dual-
task cost magnitude.

A separate pilot phase (n = 5) was conducted solely to re-
fine instructions and timing; pilot data were not included in
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the analyses reported here. During the main data collection,
32 athletes began the protocol. Two participants were ex-
cluded because they could not sustain the dual-task procedure
(counting backward) and stopped completing the task rather
than showing performance changes. Additional exclusions
were applied based on pre-specified criteria (below). The fi-
nal analyzed sample comprised N = 30 (15 baseline-first; 15
dual-task-first).

No a priori power analysis was conducted; the sample size
(N = 30) was determined by participant availability within the
accessible competitive tennis population. A post-hoc sensitiv-
ity analysis (G*Power 3.1, paired t-test, two-tailed, ¢ = .05,
power = .80, n = 30) indicated that the minimum detectable
effect size was dz = 0.53 (medium). The observed effect sizes
(dz = 2.53 and 1.20) exceeded this threshold, and achieved
power for both primary outcomes exceeded .99.

Experimental Design

A within-subject experimental design was used in which all
participants completed motor performance tasks under two
conditions: baseline and dual-task. In the baseline condition,
participants performed tasks without additional cognitive de-
mands. In the dual-task condition, participants performed the
same tasks while continuously counting backward by 7s aloud
from 1000.

Each condition consisted of two sequential tasks: a reaction
time test (five trials) and a visuomotor aiming test (30 target
clicks). Each participant completed both conditions, baseline
and dual-task, in counterbalanced order (baseline — dual-task
or dual-task — baseline). Within each condition, participants
completed (i) the reaction-time task followed by (ii) the aim-
trainer task. A brief rest interval of approximately 15 seconds
separated conditions. This interval is shorter than the 2-5
minute rest periods used in many laboratory dual-task stud-
ies'?. However, the counterbalanced design provides a direct
test of carryover effects: the non-significant condition x or-
der interaction for both outcomes (see Results) indicates that
order did not moderate the observed effects.

Counterbalancing

Participants were assigned to one of two order conditions:
baseline-first (n = 15) or dual-task-first (n = 15). This bal-
anced design allows examination of potential order effects.

Tasks and Measures

Reaction Time

Reaction time was assessed using a computerized visual re-
action time test (Human Benchmark; humanbenchmark.com),
which measures the latency (in milliseconds) between the ap-
pearance of a visual stimulus and a motor response. Each of

the 30 participants completed five reaction time trials per con-
dition, yielding 150 trial-level observations per condition (300
total across both conditions). The reaction time score for each
participant was calculated as the mean latency (ms) across
five trials per condition. Browser-based reaction time tools
introduce input and display latency that varies by device?’;
however, because all comparisons are within-subject, device-
related latency offsets are held constant across conditions for
each participant.

Target Acquisition Time

Visuomotor performance was assessed using the Human
Benchmark Aim Trainer, in which participants click 30 se-
quential targets. The Aim Trainer score is the platform’s sum-
mary of the average time per target (ms/target) across 30 tar-
gets; lower values indicate faster target acquisition. Because
the recorded score is a time metric, we interpret this measure
as visuomotor target acquisition speed (average time per suc-
cessful target) rather than a pure accuracy measure. No data
on misses, overshoots, or cursor trajectories were captured.

Procedure

Participants completed a reaction time test (five trials) fol-
lowed by a visuomotor aiming task (thirty targets) under both
baseline and dual-task conditions, separated by a brief rest pe-
riod (~15 seconds).

During the dual-task condition, participants continuously
count backward by 7s aloud from 1000 while completing both
tasks, continuing with the number they last counted. Partici-
pants were instructed to count to the best of their ability and
to maintain counting throughout task completion.

Cognitive Load Monitoring

During the dual-task condition, the experimenter supervised
participants in real-time (audio or in-person) to ensure con-
tinuous engagement with the counting task. Participants who
stopped counting for extended periods (>5 seconds) or ap-
peared disengaged were verbally prompted to continue. Ses-
sions requiring more than 2 prompts were flagged for potential
exclusion due to inadequate dual-task engagement.

For 15 of 30 participants, starting and ending count values
were recorded as a rough compliance indicator. End-count
recording was added partway through data collection after rec-
ognizing its value for compliance documentation; the remain-
ing 15 participants were monitored through real-time verbal
supervision only. Because end-count data were collected for
only half of participants and do not capture errors or skips,
they serve as a rough indicator of continued counting rather
than a validated measure of dual-task engagement (Table 3).
We acknowledge this inconsistency as a limitation. Future
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studies should record counting accuracy, error rate, and re-
sponse rate systematically for all participants, consistent with
established dual-task methodology 2!-22.

Vocal-Motor Confound Notice

Because participants counted backward aloud while perform-
ing the motor tasks, the dual-task condition introduced both an
arithmetic demand and a concurrent vocal-motor output. Prior
research has shown that vocal and manual response modalities
can produce cross-modal interference that is at least partially
independent of central cognitive demands'”!8. The present
design does not include an articulatory-control condition (e.g.,
repeating a single syllable at a matched rate without arithmetic
content), and therefore cannot isolate the cognitive component
of the observed interference from the speech-motor compo-
nent. This limitation is addressed in the Discussion.

Data Quality and Exclusion Criteria

Trial-level exclusions

Reaction time trials exceeding 1000 ms were classified as inat-
tentive responses and excluded from analysis.

Participant-level exclusions

Participants were excluded from final analysis if: (a) more
than 20% of their trials were excluded due to the 1000 ms cri-
terion, (b) they reported caffeine consumption within 2 hours
of testing, (c) they report fewer than 5 hours of sleep prior to
testing, or (d) significant environmental distractions occur dur-
ing testing as noted by the experimenter. All exclusion criteria
were determined prior to data analysis to maintain objectivity.

Data Screening

Thirty-two athletes began the protocol. Two participants were
excluded because they could not sustain the dual-task proce-
dure. Of the remaining 30 participants, all participant-level
mean reaction times fell below 1000 ms in both conditions.
Trial-level exclusion counts were not retained in the final
dataset, which is a limitation of the data management protocol.
No participants met criteria for exclusion based on caffeine,
sleep, or environmental distraction.

Data Analysis

Primary hypothesis testing

Paired-samples t-tests compared baseline versus dual-task
conditions for both reaction time and visuomotor target ac-
quisition speed (average time per target). Effect sizes were
calculated using Cohen’s dz, with d = 0.2 (small), d = 0.5
(medium), and d = 0.8 (large) as interpretation benchmarks.

Assumption checks

Normality of difference scores was assessed using Shapiro-
Wilk tests prior to parametric analysis>3. Wilcoxon signed-
rank tests were conducted as nonparametric robustness checks
for both outcomes.

Order effects

A 2 (condition: baseline vs. dual-task) x 2 (order: baseline-
first vs. dual-task-first) mixed ANOVA examined whether or-
der of presentation moderated the dual-task effect.

Individual differences

Pearson correlations explored relationships between partic-
ipant characteristics (age, sport experience, sleep duration,
training intensity) and the magnitude of dual-task costs (calcu-
lated as difference scores: dual-task performance — baseline
performance). With n = 30, these analyses were powered to
detect only large correlations (r> .49 at a = .05, power = .80)
and are reported as exploratory.

All analyses were conducted using JASP statistical software
(version 0.95.4) and verified using SciPy (Python 3); no cus-
tom code was used. Statistical significance was evaluated at o
=0.05 (two-tailed).

Results

Assumption Checks

Shapiro-Wilk tests indicated that difference scores for reac-
tion time were approximately normally distributed, W(30) =
0.959, p = .289. Difference scores for average time per tar-
get violated the normality assumption, W(30) = 0.905, p =
.011. Therefore, Wilcoxon signed-rank tests were conducted
as robustness checks. For reaction time, the Wilcoxon test
confirmed significance, T = 0, p < .001. For average time per
target, the Wilcoxon test also confirmed significance, T = 6,
p < .001. Because both parametric and nonparametric tests
yielded convergent results, paired t-tests are reported as the
primary analyses for consistency with prior literature.

Participant Characteristics

The final sample consisted of 30 high school tennis players
(M = 16.1 years, SD = 1.2, range = 14-18). Participants had
an average of 6.3 years of tennis experience (SD = 3.1) and
trained an average of 9.8 hours per week (SD = 5.4). Mean
sleep duration was 7.3 hours (SD = 1.4) (Table 1). The major-
ity of participants used laptop computers with trackpad input
(n =25), while a minority used desktop computers with mouse
input (n =95).
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Table 1 Participant Characteristics and Testing Context (N = 30)

Variable M (SD) or n (%) Range / Notes

Age (years) 16.1 (1.2) 14-18

Years in sport 6.3 (3.1) 2-12

Training hours per week 9.8(5.4) 2-25

Sleep prior night (hours) 7.3(1.4) 5-9

Order: Baseline — Dual-task 15 (50.0%) Counterbalanced

Order: Dual-task — Baseline 15 (50.0%) Counterbalanced

Device: Desktop/Mouse 5 (16.7%) Device heterogeneity noted
Device: Laptop/Trackpad 25 (83.3%) Trackpads documented as more difficult for aim trainer
Setting: In-person 24 (80.0%) Majority in-person

Setting: Remote 6 (20.0%) Minority remote

Effect of Dual-Task Condition on Reaction Time

A paired-samples t-test revealed that the dual-task condition
significantly increased reaction time compared to baseline,
t(29) = 13.83, p < .001, Cohen’s dz = 2.53. Mean reaction
time increased from 272.4 ms (SD = 41.3) at baseline to 433.5
ms (SD = 77.5) under the dual-task condition, representing a
mean increase of 161.1 ms (95% CI [137.3, 184.9]) or approx-
imately 59% slowing (Table 2). (Figure 1).

Effect of Dual-Task Condition on Target Acquisition Time

A paired-samples t-test revealed that average time per target
was significantly slower under the dual-task condition com-
pared to baseline, t(29) = 6.55, p < .001, Cohen’s dz = 1.20,

A = dual-task — baseline. Average time per target increased
from 632.2 ms (SD = 115.5) at baseline to 843.1 ms (SD =
237.6) under the dual-task condition, representing a mean in-
crease of 210.9 ms (95% CI [145.1, 276.7]) or approximately
33% slowing (Table 2). (Figure 2).

Input Device Subgroup Analysis

To address device heterogeneity, a trackpad-only subgroup
analysis was conducted (n = 25, excluding 5 mouse users).
Reaction time increased from 281.4 ms (SD = 44.9) at base-
line to 442.1 ms (SD = 79.2) under the dual-task condition,
t(24) = 12.00, p < .001, dz = 2.40. Average time per target
increased from 650.0 ms (SD = 106.3) at baseline to 878.6
ms (SD = 248.8) under the dual-task condition, t(24) = 6.29,
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Fig. 1 Within-subject effects of dual-task condition. Each line represents one participant (n = 30). (A) Reaction time (ms) under baseline and
serial-7s dual-task conditions. (B) Aim Trainer average time per target (ms/target) under baseline and serial-7s dual-task conditions.
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Fig. 2 Group mean performance by condition. Bars show mean reaction time (ms) and mean aim time per target (ms/target) under baseline
and dual-task conditions. Error bars show 95% confidence intervals. n = 30.

p < .001, dz = 1.26. Effect sizes in the trackpad-only sub-
group were comparable to the full sample, indicating that the
primary findings are not driven by device heterogeneity. The
mouse subgroup (n = 5) was too small for independent analy-
sis.

Order Effects

Two 2x2 mixed ANOVAs examined whether order of presen-
tation (baseline-first vs. dual-task-first) moderated the dual-
task effect. For reaction time, the condition x order interaction
was not significant, F'(1, 28) = 0.86, p = .363. For average
time per target, the condition x order interaction was similarly
not significant, F(1, 28) =0.07, p =.790.

Individual Differences

Exploratory Pearson correlations examined whether partic-
ipant characteristics predicted the magnitude of dual-task

costs. With n = 30, these analyses were powered to detect
only large correlations (r > .49 at o = .05, power = .80); as-
sociations smaller than this threshold would not be reliably
detected. No correlations reached statistical significance (all
|r] < .25, allp> .18; see Supplementary Table S1 for Pear-
son and Spearman results). These null results should be inter-
preted cautiously as inconclusive rather than as evidence that
individual differences do not moderate dual-task costs.

Discussion

This study tested whether concurrent serial subtraction (count-
ing backward by 7s aloud) would slow reaction time and vi-
suomotor target acquisition speed in adolescent tennis ath-
letes. Using a counterbalanced within-subject design, we
found that reaction time was 59% slower and average time
per target was 33% slower under the dual-task condition com-
pared to baseline. Order effects were not significant, indicat-

Table 2 Dual-Task Effects on Reaction Time and Target Acquisition Time (N = 30)

Outcome Baseline Dual-Task | A (Dual- 95% CI % change | t(df) p dz
M (SD) M (SD) Baseline)

Reaction Time 2724 433.5 +161.1 [137.3,184.9] | +59% 13.83 <.001 | 2.53

(ms) (41.3) (71.5) (29)

Aim time per 632.2 843.1 +210.9 [145.1,276.7] | +33% 6.55 <.001 | 1.20

target (ms/target) (115.5) (237.6) (29)

Note. Aim time per target is the Aim Trainer summary measure (average milliseconds per target across 30 targets) as recorded by the platform. CI = confidence

interval. dz = Cohen’s dz for paired samples.
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Table 3 Dual-Task Compliance Indicator (End-Count Values; n = 15)

Variable n Mean (SD) Median

Range (min-max) Notes

End count value 15 881.93 (47.85) 890

168 End values reflect both counting
behavior and task duration;
errors/skips were not scored.

Count change (1000 15
—end)

118.07 (47.85) 110

168 Use only as a rough indicator of
continued counting.

ing that the counterbalancing procedure controlled for practice
and fatigue effects.

The performance costs observed here likely reflect a com-
bination of at least two mechanisms. First, serial subtrac-
tion by 7s places continuous demands on central executive re-
sources (arithmetic computation) and the phonological loop
(maintaining the running count), which according to multi-
ple resources theory may compete with visuospatial process-
ing for shared central capacity>®. Second, because partici-
pants produced the count aloud, the vocal-motor output itself
may have introduced cross-modal response interference with
the manual clicking task. Hazeltine, Ruthruff, and Reming-
ton!” demonstrated that vocal-manual response pairings pro-
duce measurable dual-task costs that are at least partly inde-
pendent of central cognitive processing demands. Without an
articulatory-control condition—such as repeating a single syl-
lable at a matched speech rate without arithmetic content—we
cannot determine the relative contributions of cognitive load
and speech-motor coordination to the observed performance
costs. The observed effects are therefore best interpreted as
reflecting dual-task interference during concurrent serial sub-
traction, rather than purely cognitive load effects.

Acute dual-tasking generally impairs motor and cognitive
outcomes in athletes >4, Our results are consistent with this
pattern, with substantial slowing in both reaction time and vi-
suomotor target acquisition speed. While a majority of prior
studies have tested adults, fewer have examined dual-task in-
terference in adolescent competitive athletes using both re-
action time and a visuomotor aiming task. Beilock and col-
leagues > demonstrated that divided attention can impair mo-
tor performance differently depending on skill level, and re-
cent work in basketball has examined cognitive-motor dual-
task effects in adolescent athletes?%, but the present study ap-
pears to be among the first to assess dual-task costs in ado-
lescent tennis athletes using computerized reaction time and
visuomotor tasks.

In a dual-task study of tennis athletes, return accuracy was
maintained while cognitive task performance declined, a pat-
tern consistent with task prioritization!>. In a similar study
with table-tennis athletes that used counting backwards by 7
and quantified correct responses, experts had near-zero costs
while novices had ~35% costs '°. Our study differs: our tasks

are browser proxies, not on-court tennis returns, our “motor”
outcome is time-based, and we did not quantify counting ac-
curacy.

The observed effect sizes (dz= 2.53 for reaction time, dz=
1.20 for target acquisition time) are large by conventional stan-
dards in cognitive psychology. Several factors likely con-
tribute to their magnitude. First, serial subtraction by 7s is
among the most demanding secondary tasks used in dual-task
research, and meta-analyses of dual-task gait studies using se-
rial subtraction have reported pooled standardized mean dif-
ferences exceeding d = 1.0%728. Second, the dual-task con-
dition combined arithmetic processing with concurrent vocal
output, meaning the observed effects reflect both cognitive
and speech-motor interference. Third, the baseline condition
involved no secondary task at all, maximizing the contrast
between conditions. Fourth, computer-based reaction time
tasks may produce larger within-subject effects than complex
sport-specific tasks because they offer less room for compen-
satory strategies. Despite their magnitude, the effect sizes
are consistent with prior dual-task research using demand-
ing secondary tasks and should not be interpreted as evi-
dence of measurement error, particularly given the convergent
Wilcoxon signed-rank results and the successful replication in
the trackpad-only subgroup (dz=2.40 and 1.26).

Limitations

Several methodological limitations should be considered
when interpreting these findings. The most consequential is
the vocal-motor confound discussed above: because partici-
pants counted aloud, the observed costs cannot be cleanly at-
tributed to cognitive load alone, and an articulatory-control
condition would be needed to isolate these components '7!3.
A related issue is the incomplete compliance data, since end-
count values were recorded for only 15 of 30 participants
and counting errors and skips were not scored; established
dual-task methodology recommends systematic recording of
counting accuracy and error rate for all participants!?2. We
also did not collect a subjective measure of perceived cogni-
tive load, which is standard practice in this literature (e.g., the
NASA Task Load Index > or the Paas cognitive load scale°);
without one, we cannot independently confirm that partici-
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Supplementary Table S1 Pearson and Spearman Correlations Between Participant Characteristics and Dual-Task Difference Scores (N = 30)

Variable Pearson r Pearson p Spearman p Spearman p
AAIM — Sleep (hrs) —0.139 463 —0.082 .667
AAIM — Device 0.150 428 0.147 437
AAIM — Input 0.225 233 0.212 261
AAIM — Years in sport —0.210 265 —-0.173 .361
AAIM — Hrs/week training —0.033 .863 0.028 .883
AAIM — Age 0.042 .827 —0.001 .994
ART — Sleep (hrs) 0.124 514 0.117 538
ART — Device —0.027 .888 —0.057 766
ART — Input —0.177 351 —0.183 333
ART — Years in sport —0.250 182 —0.249 185
ART — Hrs/week training 0.079 .679 0.097 .609
ART — Age —0.221 .240 —0.080 .676

Note. A = dual-task minus baseline. With n = 30, the analysis is powered to detect only large correlations (|r| > .49 at & = .05, power = .80). Null results

should be interpreted as inconclusive.

pants experienced the manipulation as effortful. Another con-
cern is the limited trial count for reaction time. Five trials per
participant per condition is fewer than the 20-30 trials recom-
mended for stable individual-level estimation3!, although the
group-level analysis draws on 150 observations per condition
and within-participant baseline variability was relatively mod-
est (mean SD = 27.3 ms); future studies should nonetheless
use at least 20 trials per condition. Beyond trial counts, on-
line reaction time measurement introduces input and display
latency that varies by device?, and the Human Benchmark
platform has not been formally psychometrically validated in
peer-reviewed research. We also cannot rule out a dual-task
tradeoff in which participants prioritized counting over the
motor tasks; without counting accuracy data, this remains un-
known. Finally, the browser-based tasks are simplified proxies
for sport-specific motor demands such as ball tracking, antici-
pation, and full-body coordination, and findings should not be
extrapolated directly to on-court tennis performance.

Conclusion

Restatement of Key Findings

Concurrent serial subtraction by 7s was associated with sub-
stantial slowing of both reaction time (59% increase) and vi-
suomotor target acquisition time (33% increase) in adolescent
tennis athletes. Effects were large (dz= 2.53 and 1.20), con-
firmed by nonparametric robustness checks, and replicated in
a trackpad-only subgroup analysis. Counterbalancing con-
trolled for practice and fatigue effects, and exploratory indi-
vidual difference analyses did not detect significant modera-
tors of dual-task cost magnitude.

Implications and Significance

These findings extend the cognitive-motor interference litera-
ture to the understudied population of adolescent competitive
athletes performing computerized reaction time and visuomo-
tor tasks. The magnitude of dual-task costs we observed is
consistent with meta-analytic findings in dual-task gait re-
search and reinforces that demanding verbal secondary tasks
substantially degrade basic visuomotor performance. Thus,
our results are potentially relevant for understanding how con-
current cognitive demands during athletic competition may af-
fect motor execution, although direct extrapolation to on-court
performance requires further research using sport-specific mo-
tor tasks.

Connection to Objectives

Our hypothesis that concurrent serial subtraction would slow
both reaction time and visuomotor target acquisition speed
was supported. However, our design did not include an
articulatory-control condition, so the observed costs reflect
dual-task interference during concurrent counting instead of
pure cognitive load effects. We’ve adjusted the framing of the
study to reflect what the data can and cannot support.

Recommendations for Future Research

We recommend that future studies should: (1) include
an articulatory-control condition to isolate cognitive from
speech-motor components of interference; (2) employ stan-
dardized input devices to reduce measurement noise; (3) col-
lect subjective workload measures (e.g., NASA-TLX) to val-
idate the manipulation; (4) increase trial counts to at least 20
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per condition for stable individual-level reaction time estima-
tion; (5) systematically record counting accuracy, error rate,
and response rate for all participants; and (6) employ sport-
specific motor tasks to test ecological generalization to athletic
performance.

Closing Thought

The robust dual-task costs documented here suggest that even
brief moments of concurrent verbal-cognitive demand can
meaningfully slow basic visuomotor response in adolescent
athletes. We believe that how these laboratory effects translate
to the split-second decisions athletes make under competitive
pressure is an open and important question for future research.
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