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Abstract

High-performance athletes operate in demanding environments requiring simultaneous
coordination of multiple cognitive and motor tasks. This study developed a novel dual-task
protocol combining continuous visuomotor tracking with discrete attentional vigilance
to investigate temporal dynamics of dual-task interference in young athletes. Thirty-six
participants from interceptive and static sports performed the dual-task paradigm while
behavioral performance metrics were continuously recorded. Adapting event-related po-
tential methodology to behavioral data, we computed Event-Related Behavioral Potentials
(ERBPs) to characterize time-locked performance changes. Results revealed a significant
Dual-Task Effect (DTE) with distinct temporal components: an early perceptual interference
phase around 450 ms post-stimulus and a later decision-execution phase extending to 1400
ms. Friedman tests confirmed significant performance differences across temporal windows
(x*(4) = 85.32, p < 0.001), with performance returning to baseline by 1500 ms. The ERBP
analysis enabled quantification of DTE amplitude, latency, and duration—providing novel
metrics for continuous assessment of cognitive-motor interference. Target events elicited
pronounced performance degradation compared to non-target events (peak difference: 10.5
px, latency difference: 350 ms), indicating sensitivity to decision-making processes beyond
motor execution. Exploratory comparisons between sport groups revealed trends sug-
gesting differential interference patterns, though no significant between-group differences
emerged. These findings demonstrate that ERBP analysis offers a powerful framework for
dissecting temporal dynamics of dual-task performance, with implications for understand-
ing attentional resource allocation in high-demand environments and potential applications

in sports ef‘ralaung and cognitive assessment.
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Studies have shown that individuals who practice high-performance sports exhibit
efficient executive functioning, particularly in processes such as the efficiency of attentional
networks (?), processing speed (?), cognitive flexibility (?), and decision-making (?). How-
ever, although athletes tend to show more efficient cognitive functioning, their executive
performance may vary depending on the specific cognitive demands imposed by the sport-
ing context, which generally require constant adaptation in attention and decision-making
(??).

For effective decision-making in sports, athletes must attend to multiple concurrent
stimuli and activities. The minimal form of multitasking, dual-tasking, involves the simul-
taneous execution of two tasks, requiring coordinated attention and cognitive resources to
maintain parallel processing streams (?). Research on dual-tasking largely focuses on the
measure to which simple tasks interfere with each other during concurrent execution (?).

Interference between tasks is defined as performance decreases in one or both tasks
compared to their execution separately. This phenomenon is quantified as the Dual-Task
Effect (DTE), where a negative DTE indicates a deterioration in performance and a positive
DTE indicates a relative improvement (?). The DTE in a dual-task is often quantified
as longer reaction times in one or both tasks, an increased number of errors, decreased
accuracy, and alterations of behavioral variables (?). Note that these metrics quantify DTE
as deviation of performance, typically calculated as point measures—such as an average
reaction time or total errors over a trial—rather than as a continuous, moment-to-moment
assessment.

Classical studies have attributed the DTE to the Psychological Refractory Period (PRP),
which occurs when two stimuli are presented in rapid succession and responses to the
second are delayed if the interval between stimuli is short (?). Temporal overlap is also a
strongly explanatory factor in DTE contexts, as not only the difficulty of the tasks generates
performance interference but also when and how those tasks are combined (?). Classical
multitasking models have explained dual-task interference from two main perspectives.
The bottleneck model proposes that there are specific processing stages that cannot be
executed in parallel, so two tasks must be processed sequentially by the same central
mechanism (?). On the other hand, the shared resources model suggests that the mind has
limited resources that must be divided among concurrent tasks, generating interference
when demand exceeds available capacity (?).

Diverse approaches have been used to evaluate dual-tasking. One of the most em-
ployed is the Trail Making Test B (TMT-B), which assesses task switching by sequentially
connecting numbers and letters (?), and has been widely applied in athletic populations (?).
Based on this test, adaptations such as the Trail Walking Test (TWT) have been developed,
in which participants perform the task while walking (?), and other variants that incorpo-
rate concurrent motor demands (?). In these paradigms, DTE is analyzed as a decrease in
performance in terms of time and attentional quality.

This interference can lead to differences in the quality of attention. Attentional quality
reflects the efficiency and stability of attentional systems to filter relevant information and
inhibit distractions, allowing for task-relevant processing ?.

When making a decision, the process of selective attention filters relevant stimuli.
These are preferentially processed over distractions (?) and produce increased attentional
gain, understood as the amount of attentional resources allocated to a specific task (?). This
gain can amplify overall perceptual system activity, although it does not necessarily increase
processing selectivity (?). To optimize performance under high-demand conditions, the
cognitive system relies on attentional focus, which promotes the selectivity and precision
with which allocated cognitive resources are applied to task-relevant information (?).
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Furthermore, cognitive flexibility has been described as a central function in dual-
tasking (?). During dual-tasking, the cognitive system regulates balance between main-
taining focus on a primary task and being prepared to respond to a secondary task when
necessary, even under pressure conditions (?). In parallel, attention is also divided between
tasks, which involves a redistribution of cognitive resources that may be reduced in each of
them (?).

Given that most sports require dividing attention among multiple stimuli, single-task
tasks do not adequately capture the nature of sports performance. Dual-task paradigms
allow for observing how cognitive resources are distributed when demand exceeds atten-
tional capacity. However, there is scarce evidence on the use of attentional control in sports
contexts, and attentional gain and focus have hardly been quantified in athletes through
tasks specifically designed for this purpose.

In this context, dual-task paradigms represent a key tool for studying how athletes
distribute attentional resources and regulate interference between concurrent tasks. The
simultaneous performance of a continuous visuomotor tracking task and a stimulus-response
attentional vigilance task allows for evaluation of both the allocation of cognitive resources
(attentional gain) and the quality of processing and filtering of relevant information
(attentional focus), as well as the interference effects derived from competition for shared
resources or structural bottlenecks.

Based on this framework, we developed a dual-task protocol combining the mentioned
tasks to evaluate how high-performance athletes coordinate attention, inhibit distractions, and
maintain performance under concurrent cognitive demand.

We aim to evaluate athletes” attentional gain and focus through determining the DTE
as an expression of performance interference during dual-tasking. In this sense, we can
understand DTE not only as a global phenomenon but also as the accumulated expression
of interferences that emerge in perceptual, decision-making, motor planning and execution
stages of cognitive processing. In turn, we expect the temporal analysis of behavioral
performance to enable the study of dual-task interference throughout time: from early
perception stages to later decision and response phases.

Based on the objective of this task, we propose the following hypotheses:

H1.- The simultaneous execution of the visuomotor tracking task (T1) and the atten-
tional vigilance task (T2) will generate a negative Dual-Task Effect, evidenced by a decrease
in performance in the tracking task. H2.- The latency and duration of the Dual-Task Effect
will vary depending on the load imposed by the secondary task, reflected in different levels
of visuomotor performance deterioration during concurrent execution. H3.- The Dual-Task
Effect will present distinct temporal dynamics for different stages of processing, observable
through shifts in behavioral execution. H4.- The time windows for distinct dynamics will
show different interference for independent procesing stages.

2. Materials and Methods

The present study employed a cross-sectional, within-subject experimental design with
repeated measures. Thirty-six participants voluntarily performed the experimental protocol.
All participants provided informed consent prior to their inclusion in the study. A dual-task
paradigm combining continuous visuomotor tracking and an attentional vigilance task
was implemented to assess dual-task interference by comparing task performance across
multiple time windows relative to task-relevant events. Event-locked behavioral responses
were analyzed to characterize the temporal dynamics, latency, amplitude, and duration of
the dual-task effect.

The dual-task computational protocol was executed with the use of a mouse and a
1920x1080 pixels computer screen, at a distance of approximately 60 cm from the partic-
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ipant. The experimental protocol was implemented using PsychoPy (?)) following the 1
methodological principles described by (?). Participants were presented with a gray screen 13
(RGB: 128,128,128) where they had to perform two tasks simultaneously: 134

Task T1 was a continuous tracking task where participants used a mouse to track and 13
follow a 10px moving target on a computer screen with the cursor. They received visual 13
feedback in the form of a colored rectangle around the cursor, which changed color based 1
on the distance from the cursor to the target (green for close, yellow for moderate distance, 13
and red for far). The target trajectory was determined by a random direction vector with 13
a constant speed of 15 pixels per frame, updating at a rate of 20 frames per second. The 1o
direction vector was altered with a 20% probability at each frame, introducing variability in = 1.
the target’s movement. When the target reached the screen boundaries, it reflected off the 1.
edge, maintaining its speed but changing direction accordingly. The performance metric for 14
T1 was defined as the distance to the target calculated as the Euclidean distance between 1«
the cursor and the target positions on the screen. 15

Task T2 was a letter Go/NoGo task where participants had to respond to the letter "X" 1
(Go) by pressing the left mouse button and withhold their response for other letters, "M", 1«
"N","Y","A", "U", "H" (NoGo). Letters were presented randomly on the screen at intervals s
of 2 seconds with a random jitter of +0.5 seconds. Participants performed six blocks of 1
the dual-task protocol, each lasting 90 seconds. The performance metrics for T2 consist 15
in the reaction times and accuracies for each trial. Figure ?? illustrates the timeline of the 1=
dual-task experimental protocol. 152

For every T2 event, the corresponding performance metric data from T1 was extracted s
in a time window from -500 ms to +2000 ms relative to the event onset: The stimulus letter. 15
Linear interpolation was used to align the event onset with the continuous performance 15
metric. The performance data from the baseline time window (-500 ms to 0 ms) were 15
used to calculate a baseline performance for each event. The performance data were then 1
baseline-corrected by subtracting the average performance from the entire time window. 1=
This process, similar to event-related potential (ERP) analysis in EEG research (?), allowed 15
us to isolate the changes in distance related to T2 events. We refer to these as event-related 10
behavioral potentials (ERBPs). 161

3. Results 162

Participant ages ranged from 13 to 28 years (M = 16.58, SD = 3.92). Of these, 20 were 1
females (55.6%). Participants from seven different sports were included, which were later 1
grouped into two sport groups: interceptive (n = 22; 61.1%) and static (n = 14; 38.9%). 1
Table ?? summarizes the demographic characteristics of the participants. 166

Average accuracy for all participants in T2 was 77.01% (SD = 30.92) and the response 1
time was 594ms (SD = 146ms). 168

The performance metric for T1 was evaluated grouped in five temporal windows: 1
Baseline (-500 to 0 ms), Early (0 to 350 ms), Mid-Early (350 to 650 ms), Mid-Late (650 to 10
1500 ms), and Late (1500 to 2000 ms) relative to T2 event onset. Participants” average AUC 1
for each time window were tested using a Friedman test, followed by post-hoc pairwise 1
Wilcoxon signed-rank tests with Bonferroni correction. 173

A Friedman test revealed significant differences in AUC values across the five time 1
windows (x?(4) = 85.32, p <0.001, Kendall’'s W = 0.595). Post-hoc pairwise comparisons us- s
ing Wilcoxon signed-rank tests with Bonferroni correction indicated significant differences 17
between all the time windows between 0 and 1500 ms, but not between the late window 1~
(1500-2000 ms) and the baseline. Detailed results of the pairwise comparisons, including s
effect sizes, are presented in Table ??. 179
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3.1. Event Related Behavioral Potentials

For a more detailed evaluation of time-locked behavioral responses to T2 events, we
computed the grand average ERBP waveforms across all participants. The maximum peak
was identified in the grand average ERBP waveform within a time window of 0 ms to 2000
ms after the event onset. Figure ?? illustrates the grand average ERBP waveform for target
and non-target events, including a histogram of the response times for T2. Target events
elicited a pronounced increase in distance and latency compared to non-target events. With
a difference in peak latency of 350 ms and a difference in peak amplitude of 10.5 px between
target and non-target events.

The difference between target and non-target ERBP suggests a split of the DTE into two
components: an early component around 450 ms post-event, likely reflecting perceptual
processing interference, and a later component between 450 and 1400 ms, likely associated
with decision-making, motor planning, and execution interference.

By subtracting the non-target ERBP from the target ERBP, we obtained the difference
waveform shown in the lower panel of Figure ??. A cluster permutation test was executed
to evaluate relevant timepoints where the waveform significantly differ from the baseline.
It revealed a significant cluster (p < 0.001) between 500 ms and 1400 ms after event onset,
indicating a significant increase in distance to the objective being tracked in Task 1 during
this time window: A dip in the performance metric reflecting the DTE.

3.2. Exploratory analysis: Sport Group Comparison

To investigate possible trends and relevant time windows in dual-task interference,
we compared the ERBP waveforms of the interceptive and static sport groups. Figure ??
displays the grand average ERBP waveforms for both sport groups, with target and non-
target events. Just as in the overall analysis, target events elicited a pronounced increase in
distance and latency even after subtracting the non-target waveform. Figure ?? illustrates
the difference signal between both of the sport groups” difference waveforms (target minus
non-target). Although both sport groups exhibited a DTE, cluster permutation tests revealed
no significant clusters deviating from the baseline when comparing the two sport groups
to each other. However the difference wave between sport groups shows a trend where
the static sport group appears to experience a less pronounced DTE compared to the static
sport group, except for a brief period around 500 ms post-event.
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3.3. Figures, Tables and Schemes

1)

T2)

Fixation Cross
500 ms

Mo stimulus
/!
SCF@{‘ stimulus letter
e 2000 ms - RT

Mo stimulus
{2000 - RT) + 500 ms
+/- 500ms

Figure 1. Timeline of the dual-task experimental protocol. Participants performed a continuous
tracking task T1, while responding to target letters and ignoring non-target letters from task T2. A
rectangle around the cursor provided feedback on the distance to the target in T1, changing color
based on proximity (green, yellow, red). Letters were presented every 2 seconds with a jitter of +0.5
seconds.
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Figure 2. AUC of the ERBP waveform in four different time windows after T2 stimulus onset
compared to the 500ms baseline.
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Figure 3. ERBP grand average waveform for all participants, comparing target (Red line) and non-
target (gray line) events. The shaded area represents the standard error of the mean (SEM), and the
histogram shows the frequency of response times for T2.
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Figure 4. Difference signal (target trials subtracted from non-target trials) for all participants. Cluster
permutation test revealed a significant cluster (p < 0.001) between 600 ms and 1350 ms after event
onset, indicated by the shaded area.
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represents the standard error of the mean (SEM).
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(interceptive in blue and static in green). The shaded area represents the standard error of the mean
(SEM). Cluster permutation tests revealed significant clusters for both sport groups, but the difference
signal between them did not show significant clusters.
4. Discussion

The main objective of this study was the development and implementation of a
dual-, visuomotor-tracking-, and attentional-vigilance-task designed to evaluate how high-
performance athletes coordinate attention, inhibit distractions, and maintain performance
under concurrent cognitive demand. The developed task aimed to examine how the
simultaneous execution of a continuous tracking task and an attentional vigilance task affects
athletes” behavioral performance, as well as to characterize the temporal dynamics of
dual-task interference through a behaviorally event-related approach.

4.1. Temporal dynamics of dual-task interference

A significant Dual-Task Effect (DTE) was observed in the studied population, char-
acterized by an increase in distance to the target in Task 1 (T1) following target events
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Table 1. Repeated Measures Analysis: Area Under Curve Across Time Windows

Time Window Mean £SD  Median Pairwise Comparisons

(pixels) (pixels) Comparison p-value (Bonf.)
Baseline (-500 to 0 ms) 0.01 £0.14 0.03 - -
Early (0-350 ms) 2.82 + 3.38 2.97 Baseline vs Early < 0.007 * *x

Mid-Early (350-650 ms)  6.62 £+ 5.28 6.55 Baseline vs Mid-Early < 0.001 * *x*
Early vs Mid-Early < 0.001 * *x
Mid-Late (650-1500 ms) 21.53 £21.93  17.73 Baseline vs Mid-Late < 0.001 * *x
Mid-Early vs Mid-Late =~ < 0.001 * *x

Late (1500-2000 ms) 1.92 + 8.11 0.46 Baseline vs Late 0.2702ns
Mid-Late vs Late < 0.007 * **

Overall test: Friedman x%(33) = 67.08, p < 0.001***, Kendall’'s W = 0.493
Sample: N = 34 participants with complete data
Post-hoc: 7 Wilcoxon signed-rank tests, Bonferroni-corrected & = 0.0071

Note: Pairwise comparisons show post-hoc Wilcoxon signed-rank tests with Bonferroni correction.
Significance markers: *** p < 0.001, ** p < 0.01, * p < (Bonferroni-corrected &), ns = not significant.
Effect sizes (rank-biserial r) available in supplementary materials.

Table 2. Descriptive Statistics for Behavioral and ERBP Measures

Measure Mean SD

Response Accuracy (%)

Correct Responses 77.01  30.92
Omissions 2299 3092
Commissions 0.00  0.00

Task 1: Tracking Performance
Average Distance (px) 76.00 16.86

Task 2: GA ERBP Measures

Reaction Time (s) 0.594 0.146
Peak Amplitude (px) 9794 89.14
Peak Latency (s) 0.828 0.489
AUC Measures (px-s)

0-350 ms 289 14.03
350-650 ms 723 18.80
650-1500 ms 18.69 52.33
1500-2000 ms 1.31 2339

Note. ERBP = Event-Related Behavioral Potential; AUC = Area Under the Curve; px = pixels.
Behavioral performance percentages represent hit rate (correct responses), omission rate (missed
targets), and commission rate (false alarms to non-targets) for the target detection task (Task 2).
Average Distance represents the mean distance from the cursor to the target in the tracking task
(Task 1). Standard deviations for behavioral and Task 1 measures reflect between-block variability.
ERBP measures are computed from trials with valid data.
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in Task 2 (T2), with performance returning to baseline approximately 1500 ms after the
event. These results indicate that the introduction of a discrete attentional demand induces
transient interference in continuous visuomotor performance. The accuracy rates obtained
in T2 were lower than those reported by ?, who found a correct response percentage of
97.8% in a similar continous performance task, while reaction times were higher than those
reported by ?, who described a mean reaction time of 317 ms in a comparable Go/NoGo
task. Those observations were made under single task conditions. This pattern suggests
that the concurrent task demands imposed by the dual-task paradigm increased cognitive
load and response uncertainty.

The present study also investigated the cognitive-motor performance of young athletes
from interceptive and static sports using a dual-task protocol. Our results are consistent
with previous evidence documenting dual-task interference in paradigms combining con-
tinuous tasks with discrete executive demands. In particular, ? demonstrated that serial
temporal gait velocity and stability were negatively affected when performed concurrently
with executive tasks involving inhibition, updating, or switching, generating a bidirectional
Dual-Task Effect. Similar to our findings, the authors observed that interference is not
uniform but depends on attentional resource allocation and the nature of the cognitive
process involved.

Borrowing methods from ERP analysis, we computed ERBPs to examine, visualize,
and test time-locked behavioral responses to T2 events. The ERBP analysis allowed for
the identification of distinct temporal components of the DTE, as well as statistical quan-
tification of distinct time windows with respect to baseline. Evaluating the performance
metric in those time windows allowed us to quantify the extent and duration of dual-task
interference. A clear temporal division of the DTE was observed by comparing target and
non-target ERBPs. Target events elicited a pronounced increase in distance and latency
compared to non-target events, with a difference in peak latency of 350 ms and a difference
in peak amplitude of 10.5 px between target and non-target events. This indicates that the
performance metric is sensitive to the decision-making process, even if there is no motor
response required for T2. The difference waveform between target and non-target ERBPs
suggests a behavioral interference DTE, with a component associated with motor planning
and execution.

Exploratory studies comparing ERBP waveforms between sport groups revealed
trends suggesting that, by contrasting participants with training in diverse cognitive strate-
gies, critical time windows of dual-task interference may emerge. Although no significant
differences were found between sport groups, the static sport group appeared to experience
a less pronounced DTE compared to the interceptive sport group, except for a brief period
around 500 ms post-event. This trend could indicate a time window after perceptual
encoding where athletes with specific training may experience less interference, possibly
due to enhanced attentional control or resource allocation strategies developed through
their sport-specific training.

4.2. Adaptation through resource redistribution

When dual-task demands exceed cognitive capacity, resources are redistributed be-
tween primary and secondary tasks. The efficiency of this redistribution has been shown
to be influenced by the athletes” sport-specific cognitive control strategies and limited
cognitive capacity (?). Time pressure plays a crucial role in this model, as participants had a
limited window to respond. This mirrors the time constraints athletes face when executing
motor actions or making decisions during competition (?).

Similar to our findings, ? demonstrated that attentional flexibility and stability do not
always increase or decrease in tandem. An individual may maintain a constant focus on
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the primary task while being inflexible in detecting the secondary task, or vice versa. This
suggests that attention and its control are not unitary constructs; rather, the mind adapts
its strategy based on situational demands. In sports like modern pentathlon (one of the
disciplines evaluated), this adaptability is crucial, as athletes must frequently shift their
focus or sustain it over extended periods while inhibiting distractions.

According to ?, interference occurs when tasks share sensory perception and response
processes, leading to conflict when both demand similar resources. This could suggest
a content-based interference model. We contend that, the dual-task paradigm serves
as a "controlled cognitive stressor," revealing deficits or strengths not observable under
single-task conditions.

4.3. Continuous assessment of DTE

There have been approaches considering a time continuum as an important element in
establishing a DTE. While (?) characterized the DTE primarily based on global changes in
performance variability and accuracy, the current approach allows for decomposing dual-
task interference into differentiated temporal components aligned with specific behavioral
events. In this sense, the analysis of Event-Related Behavioral Potentials (ERBP) extends
these findings by showing that interference emerges in specific temporal windows following
relevant events from the secondary task, suggesting the coexistence of early perceptual and
late decisional components of the DTE.

The DTE is the performance cost of performing two concurrent tasks (?). Previous
studies have expressed DTE in terms of task execution speed (?), accuracy in both tasks
(?), and reaction times (?). In this work, we identified properties of the DTE that had not
been previously defined, stemming from the use of a continuous performance variable for
temporal processing in concurrent tasks.

We were able to identify characteristics of the DTE such as Amplitude, Latency, and
Duration in different temporal windows. Defining characteristics of this nature allows us to
observe different execution patterns, explaining how the DTE can vary among individuals
and even identifying the influence of sport type on it (?). Here, the amplitude of the DTE is
expressed using the distance in pixels to the target over time. This continuous performance
measure allows us to evaluate changes in the DTE over time with previously inaccessible
precision. Thanks to the explored methodology, we can identify the latency of the DTE, seen
as the time it takes for a significant decrease in performance of Task 1 to appear after the
stimulus of Task 2. In PRP dual-task paradigms, the latency of the response to the second
task (T2) systematically increases as the stimulus interval decreases, reflecting temporal
interference in the response selection stage due to central processing limitations (?). Unlike
previous works, we can clearly establish the moment when the significant decrease in
performance of a continuous task begins. Duration of the DTE can be measured as the
length of the cluster significantly different from baseline around the maximum interference
in the time-locked signal of the performance metric. This measure has been previously
explored in ecologically valid conditions, such as dual driving tasks where the DTE could
persist for more than 10 seconds after the concurrent event (?). This supports the idea that
temporal measures like DTE duration are critical behavioral dimensions for characterizing
how interference manifests and resolves in dual-task paradigms.

According to the results obtained, we can identify that the DTE can be decomposed
into characteristics such as Amplitude, Latency, and Duration of the DTE in different
temporal windows. We were able to measure the amplitude, latency, and duration of
the DTE, as well as some of its temporal components, allowing us to identify specific
characteristics of interference between tasks. Based on these characteristics, functional
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criteria were established for selecting explanatory models of the DTE, depending on how sz
athletes allocate and redistribute their attentional resources under concurrent demand. 521

4.4. Aligment with multitasking models a2

Traditional multitasking models, such as the bottleneck model (?) and the shared
resources model (?), posit that interference can originate either from a structural limitation s
in a central processing stage or from gradual competition for limited cognitive resources, sz
respectively (?). The dual-task developed in this study allows for empirical distinction sz
between both mechanisms, as the latency and duration of the DTE are consistent witha s
central bottleneck when interference manifests as a well-defined temporal delay, while sz
sustained performance reduction and changes in DTE amplitude are more compatible with s
a shared resources model. This approach aligns with contemporary proposals suggesting s
that different types of dual-task interference may require differentiated explanatory models, s
depending on the temporal dynamics and cognitive load of the tasks involved (?). 332

Due to the temporal characterization of the DTE, functional criteria can be established 33
to infer characteristics of the compatible models of the observed effects. Since the movement s
of the T1 tracked objective is a random variable of known distribution, non-action from s
the participant will lead to a predictable increase in distance to the target over time. This sz
produces a decrease in the performance metric over time. The expected decrease in this s
distribution is proportional to the distribution of the target movement speed and represents s
a state of resources being fully relocated from T1 to T2. This aligns with the bottleneck model 33
(?), where both tasks compete for a central stage, generating a transient delay, manifested s
as a temporal displacement of performance rather than sustained degradation. In contrast, sa
a change in the rate of increase of the distance waveform represents a measurable partial s«
allocation of resources from T1 to T2, resulting in a slower performance decrease, whichis s
more compatible with the shared resources model (?). This pattern indicates that both tasks s
are executed partially in parallel, but compete for a limited pool of attentional resources. In s
this scenario, interference affects the overall quality of performance over an extended time s
interval. 347

The dual-task developed in this study allows for empirical distinction between both s
mechanisms, as the latency and duration of the DTE are consistent with a central bottleneck s
when interference manifests as a well-defined temporal delay, while sustained performance o
reduction and changes in DTE amplitude are more compatible with a shared resources s
model. This approach aligns with contemporary proposals suggesting that different types s
of dual-task interference may require differentiated explanatory models, depending on the 353
temporal dynamics and cognitive load of the tasks involved (?). 354

In the present study, attentional gain was operationalized through global performance s
costs and DTE amplitude, reflecting the magnitude of resource allocation to concurrent task  ss
demands. In contrast, attentional focus was indexed by temporal parameters such as DTE  ss
latency, duration, and recovery to baseline, capturing the efficiency and selectivity with 15
which attentional resources were applied and re-stabilized following interference. Given s
that the amplitude of the DTE reflects how much T1 is affected after a T2 event and that the  se0
overall decrease in performance indicates attentional prioritization of the secondary event, sa
we can support ? proposal that interference indicates a greater reallocation of resources. -
This is because relevant events in T2 capture attention and degrade continuous performance s
(?). These responses can be characterized as attentional gain. 364

Now, understanding that the onset latency of the DTE reflects the moment when e
interference accesses the central system (?), the duration of the DTE indicates the stability of 36
focus and the ability to sustain relevant processing (?), and recovery to baseline performance  ser
expresses the ability to reorient attention and inhibit distractions (?). It can be understood  se
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that these indicators reflect the selectivity of processing and the quality of attentional
control, which is broadly related to attentional focus (?). In this way, work such as this will
enable us to understand how athletes allocate attentional resources to two concurrent tasks
and how they regulate their processing and filtering of relevant information, as well as how
interference occurs in their attentional states. This information can help athletes, coaches,
and sports psychologists develop tools to intervene in their dual-tasking processes. This
will result in improved performance and understanding of their own processes.

4.5. Limitations

One of the main limitations of this study is the sample size, as 36 athletes participated,
making it difficult to search for significant differences between post-hoc groupings. Another
limitation is the age heterogeneity of the participants (13-28 years). While this variability
allows for exploring dual-task performance in an ecologically representative sports sample,
it limits the generalization of results and reduces statistical power to detect more subtle dif-
ferences between subgroups. The cross-sectional design of this work prevents establishing
causal conclusions about the relationship between sports experience, attentional strategies,
and DTE magnitude. The use of specific tasks may represent a limitation, as the results
are a product of this combination of demands. Additionally, the absence of parametric
manipulation of difficulty in each task limits the possibility of directly evaluating how
gradual changes in cognitive demand modulate DTE amplitude and duration.

4.6. Outlook

The usage of time-locked average behavioral responses to characterize dual-task in-
terference turns a reliable research method from the field of cognitive neuroscience to a
novel framework for dissecting the temporal dynamics of cognitive-motor performance
under concurrent demand. This approach can be extended to investigate how different
cognitive domains (e.g., working memory, inhibition, task switching) interact with con-
tinuous behavioral tasks, allowing for a more comprehensive understanding of cognitive
resource allocation in complex environments. By characterizing statistically significant
time windows of interference, future research may explore precisely timed interference
effects for different cognitive processes, characterizing inter-individual differences and
their relationship to performance, and aiding the management of cognitive demands for
individuals in environments with multiple simultaneous demands. Trends between sport
groups hint at task sensitivity to different phases of perception, cognition, and motor
execution, which could in turn be helpful mechanisms to understand mental strategies
implemented by participants as they solve the task. Future research, incorporating larger
sample sizes from diverse populations, could further illustrate how sport-specific training
influences dual-task performance and its temporal dynamics.

5. Conclusions

This study demonstrates the utility of a dual-task protocol combined with ERBP
analysis to investigate cognitive-motor performance. An example was presented including
young athletes with different sport backgrounds. The observed DTE and its temporal
components provide insights into the cognitive processes underlying dual-task interference:
showing significant performance interference during simultaneous task execution. This
approach offers a promising methodology for future research into cognitive-behavioral
interactions and the effects of multiple objectives on behavioral task performance, and
serves as a foundational example on the combined study of attention as continuous and
discrete cognitive variables in experimental psychology.

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414



Version January 12, 2026 submitted to Journal 15 of 22

Supplementary Materials: The following supporting information can be downloaded at: https:// 45
www.mdpi.com/article/10.3390/1010000/ https:/ / osf.io/4x5zs / overview?view_only=c2598d5448cd4 4
55c847a2fcfbaf55427, Figure S1: Video simulation of a dual-task protocol execution; a17
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