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Abstract: The principle of Fitts’ law explains that the difficulty of movement increases when targets
are farther away and narrower in width, particularly when touching two parallel targets as quickly
as possible. Understanding the differences in motor and gaze behaviors between extroverts and
introverts when performing tasks that require speed and accuracy is crucial for the development of
sensor-based interfaces for games and rehabilitation. This study aimed to investigate such differ-
ences in a computer task that assesses the speed–accuracy trade-off (Fitts’ task). Twenty introverts
and seventeen extroverts wore an eye tracker and an accelerometer attached to their hand while
performing 12 trials through six levels of difficulty presented on a computer screen. The results
showed that introverts had longer visual fixations at the higher difficulty levels and reduced pupil
diameter variability when difficulty was intermediate, suggesting that their gaze behavior may be
different from that of extroverts. However, no significant differences were found in the speed and
accuracy performance or kinematic variables between extroverts and introverts. These findings
have important implications for the design of interventions that require both speed and accuracy
in movement, such as in the development of virtual reality/games for rehabilitation purposes. It is
important to consider individual differences in motor and gaze behaviors, particularly in those who
may struggle with longer visual fixations, for the design of sensor-based applications and to promote
successful interventions and recovery.

Keywords: personality; visual search; motor performance; motor control; Fitts’ law

1. Introduction

Individual differences in personality have been identified as factors that can influence
how people perceive and engage with their environment, which in turn can impact their
social behavior, health, and well-being. For example, extroverts typically gravitate towards
vigorous and fast-paced physical activities, while introverts may prefer moderate activities
without time constraints. These behavioral predispositions, which involve consistent think-
ing, feeling, and acting across various situations, can also influence task performance [1–3].
Furthermore, cortical arousal has been identified as a biological correlate of extroversion;
optimal levels of arousal are essential for fundamental cortical processes such as perception,
reasoning, and memory. If arousal levels exceed or fall below extreme thresholds, the point
of transmarginal inhibition, which is a protective response of the body, may be surpassed [1].
These distinct neural characteristics associated with social behavior, vitality, and energiza-
tion are typical of extroverts who feel comfortable with intense stimuli, while introverts
tend to be more reserved and inclined to avoid strong stimuli [1,4,5]. Introverts exhibit
shorter reaction times, whereas extroverts demonstrate shorter movement times [6–9].
Additionally, introverts tend to maintain attention for shorter periods [10], display higher
accuracy in dart throwing [11], and exhibit superior manual dexterity [12]. Finally, it was
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reported that extroverts are more inclined to prioritize speed over accuracy, while introverts
tend to prioritize accuracy over speed when performing a continuous rotary pursuit task,
such as chasing a beam of light with a hand stylus [13]. These differences underscore the
impact of personality factors on the design and implementation of sensor-based devices
involving human–computer interactions, such as virtual reality games for leisure, e-sports,
or rehabilitation purposes. For example, the design of sensor-based devices in rehabilitation
settings, including virtual games and assistive devices, should consider how personality
differences such as those between extroverts and introverts influence individuals’ percep-
tion and interaction with specific environments and devices like computer screens, mouse,
accelerometers, eye-tracker glasses, and joysticks.

The speed–accuracy trade-off paradigm, as mathematically described by Fitts [14],
has been widely studied, especially in aiming tasks. The task requires an individual to
alternately tap two parallel targets as quickly as possible with their dominant hand. Fitts’
mathematical formulation characterizes an index of difficulty (ID) where the average move-
ment time is linearly related to the ratio of the distance or amplitude (A) between the two
targets and their width (W). The index of difficulty, or movement time, increases when the
amplitude between the targets increases and/or when the widths of the targets decrease.
This speed–accuracy trade-off has been observed in a wide range of situations, environ-
ments, and among different populations, including those pertinent to human–computer
interaction, ergonomics, and different types of motor performance across varying age
groups [15]. These findings suggest that tasks requiring greater accuracy may necessitate
more cognitive resources and processing power, such as in the manipulation of sensors
in assistive devices, playing games, or engaging in human–computer interaction. The
amount of information necessary to perform these tasks is expressed in bits and calculated
by the equation I = log2 N, where I is the information and N is the number of available
alternatives. Fitts’ equation has been found to explain up to 90% of the variance in existing
databases, indicating that it is a robust predictor of human motor performance in varied con-
texts, including those relevant to the design of sensor-based devices for human–computer
interaction, such as for games and rehabilitation purposes.

Movement execution requires the visual system to direct gaze towards specific areas
of interest to collect and process pertinent information, as well as to control the movements
accurately [16,17]. Individual differences in personality traits can affect the visual–motor
strategies used to direct the gaze [17,18]. Eye-tracking systems offer a means to evaluate
gaze direction and gauge the effectiveness of decision-making processes by measuring
various parameters such as search rate (duration and number of fixations and number
of fixated areas), percentage of viewing time devoted to specific areas of interest, and
pupillary response (variability of pupil diameter) [19–24]. These measurements provide
valuable insights into pupil/corneal displacement, eye/head position, and orientation,
thereby enabling the assessment of sensor-related quality and performance.

The present study seeks to examine the motor and gaze behaviors of extroverts and
introverts as they perform an adapted Fitts’ task. Gaze control variables provide indices
of perceptual and cognitive strategies during movement execution; thus, it is expected
that notable differences in visual–motor strategies will be observed when investigating
the gaze and motor behavior of individuals with different levels of extroversion. To
date, no study has assessed gaze behavior in a speed–accuracy trade-off paradigm in the
context of individual differences of personality traits. The aim of the present study is
to investigate the visuomotor performance of extroverted and introverted participants
during a speed–accuracy trade-off paradigm performed on a touchscreen computer (as
used by Meira Jr. et al. [25]. Participants were asked to touch the targets on the screen so
that their actions could be mapped with their gaze. We employed an eye-tracking system
to provide fresh personality-related insights into the speed–accuracy trade-off paradigm.
We also scrutinized movement kinematic variables with accelerometer sensors attached to
the participants’ wrists. Our hypotheses are that extroverts would perform the task faster
with more errors, shorter visual fixations, and a wider range of pupil diameter variability,
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while introverts would perform the task slower with fewer errors, longer visual fixations,
and a narrower range of pupil diameter variability.

2. Materials and Methods
2.1. Participants

An a priori sample size calculation was performed based on data from a previous
investigation [25] regarding the effects of age and personality traits on speedy–accuracy
performance. For a test with statistical power of 80% (1 − β = 0.80) and α = 0.05, the sample
size calculated was of 26 participants. We recruited a larger number of participants to avoid
type II errors. A convenience sample of 37 university students (21.45 ± 2.83 years) from the
state of Sao Paulo, Brazil, volunteered to participate.

The inclusion criteria were that all participants were between 18 and 30 years old, had
normal vision and used no correction devices (spectacles or contact lenses), and reported
previous experience in the use of standard personal touch screens. Participants with
neurological or motor disorders or those taking medications that might somehow affect
motor performance or cognition were excluded.

Participants’ average score on extroversion/introversion (0–18) was 11.67 ± 4.82. The
participants were deliberately grouped by scores on the extroversion/introversion scale
of the Eysenck Personality Questionnaire (EPQ), a reliable and valid tool for assessing
individual differences in personality traits [26]: the Introverted Group scored 7.85 ± 2.99
and had 9 men and 11 women, while the scores of the Extroverted Group (9 men and
8 women) were 16.17 ± 1.38. Participants read and signed an informed consent form.
The study was conducted in accordance with the Declaration of Helsinki for experiments
involving humans and was approved by the School of Arts, Sciences, and Humanities’
Ethics Committee at the University of São Paulo (CAAE 88994818.0.0000.5390).

2.2. Task

The adapted Fitts’ task [14] to assess speed–accuracy trade-off had 12 variations
(combinations of four target widths and three distances between them), with 6 IDs. We
administered task execution on a custom desktop version of Fitts’ task developed by
Victor Hugo Alves Okazaki (Londrina, Brazil), software Discrete Aiming Task v.2.0 http:
//okazaki.webs.com/softwares, accessed on 26 February 2023. The dimensions of targets’
width (W) and the amplitude (A) between targets were identical to the original study
by Fitts [14], with targets of 6 inches long and widths of 2, 1, 1/2 , and 1/4 inches. The
3 amplitudes between targets were 2, 4, and 8 inches and the combinations of W and A
formed a continuum of IDs from 1 (easiest; wider targets/shorter distance; W2 and A2) to
6 (hardest; narrower targets/longer distance; W1/4 and A8). IDs 2 and 5 had two combina-
tions (W2/A4 and W1/A2 for ID 2, and W1/2 /A8 and W1/4 /A4 for ID 5), whereas IDs
3 and 4 had several possible combinations each (W2/A8, W1/A4, and W1/2 /A2 for ID 3,
and W1/A8, W1/2 /A4, and W1/4 /A2 for ID 4). We categorized the level of difficulty of
the IDs as follows: ID 1 and 2 as low, ID 3 and 4 as intermediate, ID 5 and 6 as high.

Participants performed the task while comfortably sitting on an adjustable chair with
their eyes aligned to the targets’ locations on the computer’s touchscreen (Dell Touch
Inspiron All-In-One 5348 A20, 23-inch screen, full HD with 1920 × 1080 pixels, Intel Core
i5—Dell Technologies, Hortolândia, Brazil). The distance from the computer screen to
the participants’ shoulders was between 50–70 cm, depending on participants’ height.
Touches on the screen were performed with the index finger of the dominant hand. Each of
the 12 combinations represented a “trial” and the order of combinations’ execution was
randomized. On every trial, the participants performed 20 touches (10 on each side—right
and left), with a 40-s interval between trials. The instructions were identical to the ones
used originally by Fitts. Each touch on the screen was considered a hit or an error.

2.3. Instruments

We used the Mobile Eye XG [27] to measure gaze behavior.

http://okazaki.webs.com/softwares
http://okazaki.webs.com/softwares
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The EPQ was used to quantify the participants’ extroversion scores. This tool in-
cludes 88 questions to assess extroversion, neuroticism, psychoticism, and a lie scale/social
desirability (misinterpretations of the answers). The extroversion scale ranges from 0 to
18 points. Participants scoring between 0 and 12 points were considered introverts and
those scoring between 14 and 18 points, extroverts. Those who scored 13 were not included
in the analyses. Due to the principle of independence between traits [1] the values of
neuroticism and psychoticism were disregarded. Participants scoring above 11 in the lie
scale/social desirability (0–22) were not included in the analysis. These cut-off values have
been used in other studies that investigated extroverted and introverted adults in motor
tasks [8,25,28–30].

For the acquisition of the kinematic variables, a Trigno Wireless Biofeedback System
accelerometer (Delsys, Natick, MA, USA) was attached centrally on the back of the par-
ticipant’s dominant hand (see Figure 1). The device was operated via a wireless system
and data were recorded for each trial. The accelerometer was designed to easily acquire
biofeedback signal detection reliably [31].

Figure 1. Illustration of a Participant Performing the Adapted Fitts’ Task.

2.4. Procedures

Recruitment for the study was solicited in person or via electronic means. Once
participants agreed to take part in the study, they filled out the informed consent and
answered the EPQ. If they met the inclusion criteria (explained above), they were invited
to come to the laboratory to take part in a single-session experiment.

The session initiated with the calibration of the eye tracker to ensure proper adjustment
of the participants’ eye and point of regard to the scene (computer screen). While partic-
ipants were sitting comfortably and looking ahead, the line adjustment and focus of the
gaze were performed at nine calibration points, a prerequisite for the quality of gaze data.

Participants performed the modified version of Fitts’ task, as used in Meira Jr. et al. [25],
utilizing their dominant hand to make rapid alternate touches on rectangular targets dis-
played on a computer touch screen. The task consisted of twelve attempts, each involving
different combinations of target widths and distances between targets. These combina-
tions were randomly generated across six levels of difficulty. The objective was to achieve
maximum speed while maintaining accuracy in the touching actions.
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After the researcher had read the task instructions (The instructions read to each
participant prior to the familiarization trial were: “Strike these two target strips alternately.
Score as many touches as you can. If you hit either of the side strips an error will be
recorded. You will be given a 2 second warning before a trial. Place your hand here and
start tapping as soon as you hear the buzzer. At the end of each trial I shall tell you if you
have made any errors.” These instructions were identical to those used by Fitts, with the
exception of the words “strip” instead of “plate” and “touch” instead of “hit”/“tap”) to the
participant, an image of the task (ID 3—width 2 and amplitude 8) was shown on the screen
and the participant accomplished four familiarization touches, two at each target, prior to
performing the first trial. During the interval between trials, the researcher selected a new
combination of width and amplitude according to a unique random order. Figure 1 depicts
the experimental setting with a participant performing the task.

2.5. Data Analyses

We defined accuracy as the number of correct answers (a hit on the target area) in each
trial. The speed (S) of each trial was calculated from the ratio between the movement time
(MT) in the trial and the number of touches (20), as in the equation: S = MT/20. MT is the
average time for each of the 20 movements. In addition, we ran a linear regression analysis,
which equation expresses the regression line between ID and MT: MT = b0 + (b1 * ID);
(b0 = intercept, b1 = slope). The coefficient of determination (r2) was also calculated and
stands for the amount of variation in the MT explained by the regression line.

Gaze data were organized according to the following variables of interest: search rate
(duration and number of fixations; number of fixated areas), percentage of viewing time
(while on target, on area in between targets, or on area beyond targets), and pupil diameter
variability (standard deviation of the pupil diameter mean during the trial). These variables
were based on an ocular fixation (when participants casted the point-of-gaze as they looked
at a stationary target in a visual field for a period equal to or greater than 100 milliseconds
within 1.5 degrees of tolerance of movement—Applied Science Laboratories, 2014). Gaze
data were collected at a sampling rate of 30 Hz. Video and data files were analyzed using
the ASL Results analysis software.

The accelerometer collected information from the dominant hand used to touch the
screen. Acceleration data were acquired at 100 Hz filtered with a 50 Hz Butterworth low-
order filter. For each touch cycle (i.e., between touch n and touch n + 1), the acceleration
curve was used to assess the following variables: (1) time to peak acceleration, defined
as the time to achieve the maximum acceleration (i.e., the highest point of the curve for
each touch cycle); (2) time to peak velocity, defined as the time between the start of each
touch movement and the peak velocity [i.e., when acceleration signal crossed the zero
line changing from positive (acceleration) to negative (deceleration)]; (3) time to peak
deceleration, defined as the time between the start of acceleration reverse (i.e., the point
where acceleration crosses zero for the first time) up to the end of the touching moment
(i.e., when it returns to zero); (4) cycle duration time, defined as the time between the
beginning of acceleration and the end of deceleration, until the curve has returned to
zero. These variables were computed using Matlab® software [version 7.12.0.635 (R2011a),
MathworkInc, Natick, EUA] and an average of the 20 touch cycles for each participant was
calculated and used for the statistical analyses.

The values of the three sets of measures were tabulated and organized individually,
by group, and by ID pairs: low (1 and 2), intermediate (3 and 4), and high (5 and 6).
The exploratory analysis revealed the existence of moderate outliers, which were kept in
the analyses. Due to largely non-normal data distribution of the dependent variables (as
indicated by Kolmogorov–Smirnov and Shapiro–Wilk tests) and unequal sample sizes that
affect the robustness of the equal variance assumption, we ran nonparametric inferential
statistics. The two groups (introverts versus extroverts) on each ID pair were compared
using Mann–Whitney (Wilcoxon Rankings–U) tests. Alpha level was set at 5% for all
analyses. We reported p-values (the probability of obtaining test results at least as extreme
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as the results observed) and effect sizes (the magnitude of the difference between groups–r)
were calculated for significant differences.

3. Results

The data of this study are available at https://data.mendeley.com/datasets/b5sx33fvrz/1,
accessed on 26 February 2023. The results are displayed by variable sets (gaze behavior,
speed–accuracy, and hand kinematics) and ID pairs (low, intermediate, and high). The
descriptive data for each set of variables are shown in Tables 1–4, whereas the regression
lines are in Figure 2. All comparisons were carried out between introverts versus extroverts.

Table 1. Data from Introverts and Extroverts in the Low, Intermediate, and High Index of Difficulty
(ID) Pairs on Visual Search Rate (Duration of Fixation–in seconds, Number (N) of Fixed Areas and
Number (N) of Fixations), Percentage (P) Viewing Time (Out, Left Target and Right Target—in
seconds), and Pupil Diameter (PD) Variability (in pixels).

Introverts Extroverts
(Mean ± SD; 95% CI) (Mean ± SD; 95% CI)

Low IDs
Duration of fixation 0.50 ± 0.35; 0.42–0.6 0.39 ± 0.21; 0.33–0.45
N fixed areas 2.18 ± 0.7; 2–2.36 2.27 ± 2.04; 2.05–2.5
N fixations 15.36 ± 9.28; 12.97–17.77 16.33 ± 9.07; 13.78–18.89
P viewing time out 18.57 ± 28.69; 11.16–25.98 21.56 ± 29.75; 13.19–29.93
P viewing time left 42.74 ± 28.72; 35.33–50.17 40.30 ± 22.69; 33.92–46.69
P viewing time right 39.09 ± 28.09; 31.84–46.35 38.56 ± 29.2; 30.35–46.78
PD variability 18.59 ± 13.24; 15.17–22 20.92 ± 13.87; 17.02–24.82

Intermediate IDs
Duration of fixation * 0.35 ± 0.25; 0.31–0.4 0.25 ± 0.08; 0.24–0.28
N fixed areas 2.65 ± 0.51; 2.56–2.74 2.71 ± 0.53; 2.61–2.82
N fixations 23.76 ± 9.49; 22.05–25.48 25.45 ± 9.27; 23.63–27.27
P viewing time out 26.28 ± 25.98; 21.59–30.98 28.20 ± 27.87; 22.73–33.68
P viewing time left 41.44 ± 17.17; 38.34–44.55 41.27 ± 18.22; 37.7–44.86
P viewing time right 32.37 ± 18.38; 29.05–35.69 30.86 ± 17.72; 27.38–34.35
PD variability * 28.66 ± 15.85; 25.8–31.53 29.39 ± 9.17; 27.59–31.19

High IDs
Duration of fixation * 0.27 ± 0.1; 0.25–0.3 0.23 ± 0.07; 0.21–0.26
N fixed areas 2.80 ± 0.4; 2.7–2.9 2.72 ± 0.56; 2.57–2.89
N fixations 33.43 ± 10.61; 30.69–36.17 32.70 ± 11.83; 29.38–36.04
P viewing time out 33.37 ± 22.7; 27.51–39.24 39.36 ± 31.37; 30.54–48.17
P viewing time left 38.56 ± 16.34; 34.35–42.8 36.42 ± 20.87; 30.56–42.3
P viewing time right 29.23 ± 18.68; 24.41–34.06 24.82 ± 17.15; 20–29.65
PD variability 31.55 ± 19.53; 26.5–36.6 30.55 ± 13.22; 26.84–34.27

Mean ± SD: Mean ± Standard Deviations; 95% CI: 95% Confidence Interval. * Indicate significant differences
between introverts and extroverts (p < 0.05).

3.1. Gaze Behavior (Table 1)

Introverts showed longer durations of visual fixations for the intermediate IDs
(U = 4421; p = 0.0001; r = 0.06) and high IDs (U = 1202; p = 0.05; r = 0.02), as well as
lower pupil diameter standard deviations for the intermediate IDs (U = 5171; p = 0.047;
r = 0.02). No significant differences were found for durations of visual fixations in the low
IDs (U = 1463; p = 0.677) and for pupil diameter variability in the low IDs (U = 1409.5;
p = 0.476) and high IDs (U = 1388.5; p = 0.402).There were no significant effects for the
percentage viewing time: out of the target [low IDs (U = 1424; p = 0.51), intermediate IDs
(U = 5892.5; p = 0.633), high IDs (U = 1435.5; p = 0.576)], left target [low IDs (U = 1489;
p = 0.807), intermediate IDs (U = 5803.5; p = 0.507), high IDs (U = 1517.5; p = 0.941)], and
right target [low IDs (U = 1501; p = 0.863), intermediate IDs (U = 5836; p = 0.551), high IDs
(U = 1303.5; p = 0.18)].

https://data.mendeley.com/datasets/b5sx33fvrz/1
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Table 2. Data from Introverts and Extroverts on Speed (movement time/number of touches) and
Accuracy (hits on the targets) in the Low, Intermediate, and High ID Pairs.

Introverts
(Mean ± SD; 95% CI)

Extroverts
(Mean ± SD; 95% CI)

Low IDs
Accuracy 19.88 ± 0.49; 19.76–20.01 19.92 ± 0.27; 19.85–20
Speed 10.12 ± 4.58; 8.94–11.31 9.86 ± 4.37; 8.63–11.1

Intermediate IDs
Accuracy 19.17 ± 1.56; 18.89–19.46 19.22 ± 1.6; 18.91–19.54
Speed 14.61 ± 5.93; 13.55–15.69 14.19 ± 5.77; 13.06–15.33

High IDs
Accuracy 18.18 ± 2.62; 17.5–18.86 18.76 ± 1.73; 18.28–19.25
Speed 16.29 ± 6; 14.75–17.85 15.19 ± 4.05; 14.05–16.33

Mean ± SD: Mean ± Standard Deviations; 95% CI: 95% Confidence Interval.

Table 3. Data from Introverts and Extroverts on Slope, Intercept, and Coefficient of determination (r2)
obtained from the regression model applied to the values of time of touches as a function of index
of difficulty.

Introverts
(Mean ± SD; 95% CI)

Extroverts
(Mean ± SD; 95% CI)

Slope 0.048 ± 0.029; 0.035–0.062 0.048 ± 0.021; 0.037–0.059
Intercept 11.35 ± 9.45; 6.93–15.77 11.68 ± 8.47; 7.33–16.05
Coefficient of determination (r2) 73.70 ± 15.02; 66.67–80.73 74.96 ± 22.11; 63.59–86.33

Mean ± SD: Mean ± Standard Deviations; 95% CI: 95% Confidence Interval.

Table 4. Data from Introverts’ and Extroverts’ Kinematic variables (obtained from the accelerometer
attached to the hand, expressed in seconds) for the Low, Intermediate, and High ID Pairs.

Introverts
(Mean ± SD; 95% CI)

Extroverts
(Mean ± SD; 95% CI)

Low IDs
Time peak acceleration 0.22 ± 0.03; 0.21–0.23 0.21 ± 0.03; 0.2–0.22
Time peak velocity 0.43 ± 0.06; 0.42–0.45 0.42 ± 0.06; 0.4–0.44
Time peak deceleration 0.65 ± 0.1; 0.62–0.68 0.62 ± 0.1; 0.6–0.65
Cycle duration time 0.87 ± 0.14; 0.83–0.91 0.83 ± 0.13; 0.8–0.88

Intermediate IDs
Time peak acceleration 0.21 ± 0.05; 0.2–0.22 0.20 ± 0.04; 0.2–0.21
Time peak velocity 0.42 ± 0.09; 0.41–0.45 0.41 ± 0.07; 0.4–0.43
Time peak deceleration 0.63 ± 0.14; 0.61–0.67 0.62 ± 0.11; 0.6–0.65
Cycle duration time 0.85 ± 0.19; 0.82–0.89 0.83 ± 0.15; 0.81–0.87

High IDs
Time peak acceleration 0.22 ± 0.04; 0.22–0.24 0.23 ± 0.04; 0.22–0.25
Time peak velocity 0.45 ± 0.08; 0.44–0.48 0.46 ± 0.08; 0.44–0.49
Time peak deceleration 0.68 ± 0.12; 0.65–0.72 0.70 ± 0.12; 0.67–0.74
Cycle duration time 0.91 ± 0.16; 0.88–0.96 0.93 ± 0.15; 0.89–0.98

Mean ± SD: Mean ± Standard Deviations; 95% CI: 95% Confidence Interval.
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Figure 2. Scatterplots with 95% Confidence Intervals, Regression Lines, and Equations for Introverts
and Extroverts.

3.2. Speed–Accuracy (Tables 2 and 3, Figure 2)

The analyses did not reveal significant effects for low IDs (accuracy: U = 1516;
p = 0.853; speed: U = 1488.5; p = 0.806), intermediate IDs (accuracy: U = 5925; p = 0.622;
speed: U = 5840; p = 0.557), or high IDs (accuracy: U = 1452; p = 0.624; speed: U = 1405.5;
p = 0.459). The regression lines (Figure 2) of the groups were represented by the equations:
Introverts, y = 0.0485x + 0.1135; r2 = 0.9426; Extroverts, y = 0.0479x + 0.1136; r2 = 0.9285.
No significant differences were detected for the variables of the equations (Table 3): slope
(U = 158; p = 0.715), intercept (U = 160; p = 0.761), and r2 (U = 139; p = 0.345).

3.3. Hand Kinematics (Table 4)

The analyses showed no differences for low IDs (Time peak acceleration: U = 1271.5;
p = 0.226; Time peak velocity: U = 1261.5; p = 0.204; Time peak deceleration: U = 1224.5;
p = 0.134; Cycle duration time: U = 1242; p = 0.164), intermediate IDs (Time peak accelera-
tion: U = 1242; p = 0.954; Time peak velocity: U = 5507.5; p = 0.768; Time peak deceleration;
Cycle duration time: U = 5517; p = 0.784), or high IDs (Time peak acceleration: U = 1334;
p = 0.512; Time peak velocity: U = 1363.5; p = 0.636; Time peak deceleration: U = 1332;
p = 0.504; Cycle duration time: U = 1326; p = 0.48).

4. Discussion

This study investigated the visuomotor performance of extroverted and introverted
participants during a speed–accuracy trade-off paradigm performed on a touchscreen
computer. Our study provides novel evidence of extroversion-related differences in gaze
behavior but not in motor performance when completing a speed–accuracy trade-off task
adapted for a visuomotor task performed on a computer screen. Specifically, introverts ex-
hibited longer visual fixations, particularly under intermediate and high levels of difficulty,
indicating a prioritization of accuracy in task execution. This visual attention strategy could
help prevent errors (e.g., missing a target) by gathering more detailed information from the
environment. This strategy is similar to that observed in expert and team sports studies
that compared visual search patterns of top-level versus non-skilled athletes, where longer
fixations on the most relevant areas of the scene allowed for adjustments to anticipate
action [32–34].
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Anchoring gaze on the most relevant areas of the environment is crucial for extracting
information [17,32]. In the Fitts’ task, the targets are the most informative areas, so extro-
verts and introverts are expected to exhibit distinct gaze patterns according to their speed
and accuracy preferences, with extroverts gazing longer outside the targets and introverts
focusing more on the targets. However, we did not find significant extroversion-related
differences in percentage viewing time. Since the instructions emphasized accuracy over
speed, extroverts adhered strictly to the instructions and could not exhibit a gaze behavior
reflecting a preference for speed.

The eye-tracker sensor allowed us to measure pupillary response as a measure of
cognitive effort in task performance, with variations in pupil diameter [22,35–37]. Re-
sults showed that the introverted group had significantly lower pupil diameter standard
deviations than the extroverted group while performing the intermediate ID pair of the
adapted Fitts’ task, which consisted of six combinations of the twelve possible ones (the
other ID pairs had only three combinations each). This suggests a direct correlation be-
tween extroversion and the number of options available to complete a task, implying that
extroverts required more cognitive effort to prioritize accuracy over speed. These findings
contrast with Bækgaard et al.’s [19] results, who observed that pupil variations were as-
sociated with the onset of the task, regardless of the difficulty of the Fitts’ task performed
using a head-mounted display, mouse input, head, foot, and gauze conditions. Similarly,
Fletcher et al. [20] conducted research on pupil dilation during a speed–accuracy trade-off
task in a sample of military personnel, with a focus on precise performance. Their results
suggested that pupil size did not vary significantly as task difficulty increased, despite
the increased workload. These results indicate the need for further investigation to gain
a deeper understanding of the relationship between pupil response, task difficulty, and
the number of options available in speed–accuracy trade-off tasks when using sensor de-
vices, thereby enhancing our comprehension of how these factors interact and influence
decision-making processes in sensor-based scenarios.

Our speed and accuracy analyses revealed no differences between extroverts and
introverts, hence not supporting our hypotheses that extroverts would complete the tasks
in less time but with more errors and introverts would take more time with fewer errors.
Brebner’s [38] extroversion motor theory may explain these findings, as the response time
between introverts and extroverts may not differ due to introverts possibly compensating
for their lower speed of response organization by a more efficient analysis of the stimulus.
Extroverts, on the other hand, inhibit stimulation and excitation in response organization,
while introverts do the opposite. This may have allowed introverted participants to
compensate for their proposed lower speed of execution by analyzing the targets efficiently
at the beginning of each trial, as indicated by Bækgaard et al. study [19], thus providing
insight into the role of extroversion in performing the proposed visuomotor task on the
computer screen.

Our kinematic data revealed no significant differences in terms of extroversion/
introversion, suggesting that the underlying mechanisms of coordination, control, feedback,
and error detection/correction are similarly effective in both introverts and extroverts. Our
task used online corrections and visual feedback to improve movement end-point accu-
racy by enabling the perception of eye-head-hand coordination to control for successful
movements of reaching and touching the target centers [15]. Both groups of participants
appeared to utilize similar strategies of acceleration and deceleration, potentially using the
cycle time for correction strategies via intrinsic feedback. The lack of differences in terms of
speed and accuracy may be attributed to the movement being performed against a vertical
plane, which is different from a horizontal plane where gravity can have a greater impact
on movement performance.
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5. Limitations and Conclusions

The limitations of this study include the reliance on self-report questionnaires to assess
personality, which may be influenced by various factors, and the absence of an arousal
measure prior to or during task execution.

The present findings indicate that gaze behavior is a significant factor in extroversion-
related differences during a speed–accuracy trade-off task, with introverts spending more
time gazing (taking more time to extract visual information from the environment) and
extroverts exhibiting greater variations in pupil diameter (indicating more cognitive effort).

6. Practical Implications

The results of the present study have important implications for the clinical and
rehabilitation fields, particularly in the context of using sensor devices. Understanding
the visual–motor strategies and differences between extroverted and introverted indi-
viduals during a speed–accuracy trade-off task can inform the development of targeted
interventions and assistive technologies.

The fact that introverts spent more time gazing suggests that they require more
time to extract visual information from the environment. This insight can be used to
design rehabilitation programs that focus on improving information processing and visual
attention skills in introverted individuals. Additionally, clinicians and therapists can utilize
eye-tracking systems to assess and track the progress of patients with different personality
traits in their motor rehabilitation.

The variations in pupil diameter observed in extroverts suggest an increased cognitive
effort during the task. This finding underscores the importance of considering cognitive
load and attentional demands when designing rehabilitation protocols for extroverted indi-
viduals. By understanding the specific cognitive challenges faced by extroverts, clinicians
can tailor interventions to optimize their performance and reduce mental fatigue.

Therefore, the present results have important implications for the development of
innovative sensor applications and sensor-based interventions that take into account the
role of personality traits and gaze behavior in motor performance, ultimately improving
the outcomes and quality of life for individuals undergoing rehabilitation.

Author Contributions: Conceptualization: L.T., A.C.G. and C.M.M.J.; methodology: C.M.M.J., D.M.C.
and F.H.M.; data analysis: L.T., C.M.M.J. and F.H.M.; and writing: L.T., D.M.C., A.C.G. and C.M.M.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki for experiments involving humans and was approved by the Review Board of the School
of Arts, Sciences, and Humanities at the University of São Paulo, Brazil, under the protocol CAAE
88994818.0.0000.5390 (Date of approval: 30 May 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The authors confirm that the data supporting the findings of this study
are available at https://data.mendeley.com/datasets/b5sx33fvrz/1, accessed on 26 February 2023.

Acknowledgments: We thank the participants, who kindly accepted to take part in this experiment.

Conflicts of Interest: The authors report that there are no competing interests to declare. This work
has not been published previously (except in the form of an abstract and an academic thesis), is
not under consideration for publication elsewhere, its publication is approved by all authors, and if
accepted it will not be published elsewhere in the same form.

References
1. Eysenck, H.J. Biological Basis of Personality. Nature 1963, 199, 1031–1034. [CrossRef]
2. Knopik, V.S.; Neiderhiser, J.M.; Defries, J.C.; Plomin, R. Behavioral Genetics; Worth Publishers: Derbyshire, UK, 2017;

Available online: https://www.amazon.com/Behavioral-Genetics-Valerie-S-Knopik/dp/1464176051 (accessed on 26 February
2023).

https://data.mendeley.com/datasets/b5sx33fvrz/1
https://doi.org/10.1038/1991031a0
https://www.amazon.com/Behavioral-Genetics-Valerie-S-Knopik/dp/1464176051


Sensors 2023, 23, 6483 11 of 12

3. McCrae, R.R.; Costa, P.T., Jr. The Five-Factor Theory of Personality. In Handbook of Personality: THEORY and Research; John, O.P.,
Robins, R.W., Pervin, L.A., Eds.; The Guilford Press: New York, NY, USA, 2008; pp. 159–181.

4. Allen, M.S.; Mison, E.A.; Robson, D.A.; Laborde, S. Extraversion in sport: A scoping review. Int. Rev. Sport Exerc. Psychol. 2020,
14, 229–259. [CrossRef]

5. Flores-Mendoza, C.M.; Colom, R. Introdução à psicologia das diferenças individuais [Introduction to Individual Diferences
Psychology]. Ed. Artmed, Porto Alegre. 2008. Available online: https://www.amazon.com.br/Introdu%C3%A7%C3%A3o-
Psicologia-das-Diferen%C3%A7as-Individuais/dp/8536306211 (accessed on 26 February 2023).

6. Houlihan, M.; Stelmack, R.M. Extraversion and Motor Response Initiation: Further analysis of the lateralized readiness potential.
J. Individ. Differ. 2011, 32, 103–109. [CrossRef]

7. Rammsayer, T.H.; Indermühle, R.; Troche, S.J. Psychological refractory period in introverts and extraverts. Pers. Individ. Differ.
2014, 63, 10–15. [CrossRef]

8. Stahl, J.; Rammsayer, T. Differences in the transmission of sensory input into motor output between introverts and extraverts:
Behavioral and psychophysiological analyses. Brain Cogn. 2004, 56, 293–303. [CrossRef] [PubMed]

9. Stahl, J.; Rammsayer, T. Extroversion-Related Differences in Speed of Premotor and Motor Processing as Revealed by Lateralized
Readiness Potentials. J. Mot. Behav. 2008, 40, 143–154. [CrossRef]

10. Doucet, C.; Stelmack, R.M. Movement time differentiates extraverts from introverts. Pers. Individ. Differ. 1997, 23, 775–786.
[CrossRef]

11. Meira, C.M.; Perez, C.R.; Maia, R.F.; Neiva, J.F.D.O.; Barrocal, R.M. Extroversão, neuroticismo e desempenho motor em crianças
executando arremessos de dardo de salão. Rev. Bras. Psicol. Esporte 2008, 2, 1–14. [CrossRef]

12. Beltrão, N.; Meira, C.M., Jr.; Cattuzzo, M. Efeito da extroversão e da atividade física no desempenho de habilidades motoras. Braz.
J. Phys. Educ. Sport 2017, 31, 797–805. [CrossRef]

13. Frith, C.D. Strategies in rotary pursuit tracking. Br. J. Psychol. 1971, 62, 187–197. [CrossRef]
14. Fitts, P.M. The information capacity of the human motor system in controlling the amplitude of movement. J. Exp. Psychol. 1954,

47, 381–391. [CrossRef]
15. Schmidt, R.; Lee, T.; Winstein, C.J.; Wulf, G.; Zelaznik, H.N. Motor Control and Learning: A Behavioral Emphasis; Human Kinetics:

Champaign, IL, USA, 2019.
16. Knudson, D.; Kluka, D.A. The Impact of Vision and Vision Training on Sport Performance. J. Phys. Educ. Recreat. Dance 1997,

68, 17–24. [CrossRef]
17. Williams, A.M.; Davids, K.; Williams, J.G. Visual Perception and Action in Sport; Routledge: London, UK, 2005.
18. Mann, D.L.; Causer, J.; Nakamoto, H.; Runswick, O.R. Visual Search Behaviors in Expert Perceptual Judgements. In Anticipation

and Decision Making in Sport; Williams, A.M., Jackson, R.C., Eds.; Routledge: London, UK, 2019; pp. 59–78.
19. Bækgaard, P.; Hansen, J.P.; Minakata, K.; MacKenzie, I.S. A Fitts’ law study of pupil dilations in a head-mounted display. In

Proceedings of the ETRA’19: The 11th ACM Symposium on Eye Tracking Research & Applications, Denver, CO, USA, 25–28 June
2019; Volume 32, pp. 1–5. [CrossRef]

20. Fletcher, K.; Neal, A.; Yeo, G. The effect of motor task precision on pupil diameter. Appl. Ergon. 2017, 65, 309–315. [CrossRef]
21. Geng, J.J.; Eblumenfeld, Z.; Tyson, T.L.; Minzenberg, M.J. Pupil diameter reflects uncertainty in attentional selection during visual

search. Front. Hum. Neurosci. 2015, 9, 435. [CrossRef]
22. Jiang, X.; Zheng, B.; Bednarik, R.; Atkins, S.M. Pupil responses to continuous aiming movements. Int. J. Hum.-Comput. Stud. 2015,

83, 1–11. [CrossRef]
23. Ward, P.; Williams, A.M. Perceptual and Cognitive Skill Development in Soccer: The Multidimensional Nature of Expert

Performance. J. Sport Exerc. Psychol. 2003, 25, 93–111. [CrossRef]
24. Williams, A.M.; Hodges, N.J. Practice, instruction and skill acquisition in soccer: Challenging tradition. J. Sports Sci. 2005,

23, 637–650. [CrossRef] [PubMed]
25. Meira, C.M., Jr.; Moraes, R.; Moura, M.; Ávila, L.T.G.; Tosini, L.; Magalhães, F.H. Extraversion/Introversion and Age-Related

Differences in Speed-Accuracy Tradeoff. Rev. Bras. Med. Esporte 2018, 24, 225–229. [CrossRef]
26. Tarrier, N.; Eysenck, S.B.; Eysenck, H.J. National differences in personality; Brazil and England. Pers. Individ. Differ. 1980,

1, 164–171. [CrossRef]
27. Applied Science Laboratories. Eye Tracker Systems Manual: Mobile-Eye XG-Manual Version 1.6 [Manual]; Applied Science Laborato-

ries: Bedford, MA, USA, 2014.
28. Gomes, A.C.; Tosini, L.; Oliveira, D.; Lage, G.; Franchini, E.; Meira, C.M., Jr. Caffeine Produces Neutral Effects on Extraverts’ and

Introverts’ Performance of Fundamental Motor Skills. J. Hum. Kinet. 2021, 78, 229–237. [CrossRef]
29. Kaefer, A.; Chiviacowsky, S.; Meira, C.M., Jr.; Tani, G. Self-Controlled Practice Enhances Motor Learning in Introverts and

Extroverts. Res. Q. Exerc. Sport 2014, 85, 226–233. [CrossRef]
30. Meira, C.M., Jr.; Fairbrother, J.T.; Perez, C.R. Contextual Interference and Introversion/Extraversion in Motor Learning. Percept.

Mot. Ski. 2015, 121, 447–460. [CrossRef]
31. Delsys. Trigno Wireless Biofeedback System—User’s Guide [Guide]. 2021. Available online: https://www.delsys.com/

downloads/USERSGUIDE/trigno/wireless-biofeedback-system.pdf (accessed on 19 January 2023).
32. Kredel, R.; Vater, C.; Klostermann, A.; Hossner, E.-J. Eye-Tracking Technology and the Dynamics of Natural Gaze Behavior in

Sports: A Systematic Review of 40 Years of Research. Front. Psychol. 2017, 8, 1845. [CrossRef] [PubMed]

https://doi.org/10.1080/1750984X.2020.1790024
https://www.amazon.com.br/Introdu%C3%A7%C3%A3o-Psicologia-das-Diferen%C3%A7as-Individuais/dp/8536306211
https://www.amazon.com.br/Introdu%C3%A7%C3%A3o-Psicologia-das-Diferen%C3%A7as-Individuais/dp/8536306211
https://doi.org/10.1027/1614-0001/a000041
https://doi.org/10.1016/j.paid.2014.01.033
https://doi.org/10.1016/j.bandc.2004.07.004
https://www.ncbi.nlm.nih.gov/pubmed/15522767
https://doi.org/10.3200/JMBR.40.2.143-154
https://doi.org/10.1016/S0191-8869(97)00104-9
https://doi.org/10.31501/rbpe.v2i1.9269
https://doi.org/10.11606/1807-5509201700040797
https://doi.org/10.1111/j.2044-8295.1971.tb02029.x
https://doi.org/10.1037/h0055392
https://doi.org/10.1080/07303084.1997.10604922
https://doi.org/10.1145/3314111.3319831
https://doi.org/10.1016/j.apergo.2017.07.010
https://doi.org/10.3389/fnhum.2015.00435
https://doi.org/10.1016/j.ijhcs.2015.05.006
https://doi.org/10.1123/jsep.25.1.93
https://doi.org/10.1080/02640410400021328
https://www.ncbi.nlm.nih.gov/pubmed/16195012
https://doi.org/10.1590/1517-869220182403172690
https://doi.org/10.1016/0191-8869(80)90035-5
https://doi.org/10.2478/hukin-2021-0038
https://doi.org/10.1080/02701367.2014.893051
https://doi.org/10.2466/23.PMS.121c20x6
https://www.delsys.com/downloads/USERSGUIDE/trigno/wireless-biofeedback-system.pdf
https://www.delsys.com/downloads/USERSGUIDE/trigno/wireless-biofeedback-system.pdf
https://doi.org/10.3389/fpsyg.2017.01845
https://www.ncbi.nlm.nih.gov/pubmed/29089918


Sensors 2023, 23, 6483 12 of 12

33. Smeeton, N.J.; Hüttermann, S.; Williams, A.M. Postural Cues, Biological Motion Perception, and Anticipation in Sport. In
Anticipation and Decision Making in Sport; Williams, A.M., Jackson, R.C., Eds.; Routledge: London, UK, 2019; pp. 3–24.

34. Vaeyens, R.; Lenoir, M.; Williams, A.M.; Mazyn, L.; Philippaerts, R.M. The Effects of Task Constraints on Visual Search Behavior
and Decision-Making Skill in Youth Soccer Players. J. Sport Exerc. Psychol. 2007, 29, 147–169. [CrossRef] [PubMed]

35. Cardoso, F.D.S.L.; González-Víllora, S.; Guilherme, J.; Teoldo, I. Young Soccer Players with Higher Tactical Knowledge Display
Lower Cognitive Effort. Percept. Mot. Ski. 2019, 126, 499–514. [CrossRef]

36. Tsukahara, J.S.; Harrison, T.L.; Engle, R.W. The relationship between baseline pupil size and intelligence. Cogn. Psychol. 2016,
91, 109–123. [CrossRef] [PubMed]

37. Van Der Wel, P.; Van Steenbergen, H. Pupil dilation as an index of effort in cognitive control tasks: A review. Psychon. Bull. Rev.
2018, 25, 2005–2015. [CrossRef]

38. Brebner, J. A model of extraversion. Aust. J. Psychol. 1983, 35, 349–359. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1123/jsep.29.2.147
https://www.ncbi.nlm.nih.gov/pubmed/17568064
https://doi.org/10.1177/0031512519826437
https://doi.org/10.1016/j.cogpsych.2016.10.001
https://www.ncbi.nlm.nih.gov/pubmed/27821254
https://doi.org/10.3758/s13423-018-1432-y
https://doi.org/10.1080/00049538308258748

	Introduction 
	Materials and Methods 
	Participants 
	Task 
	Instruments 
	Procedures 
	Data Analyses 

	Results 
	Gaze Behavior (Table 1) 
	Speed–Accuracy (tabref:sensors-2264871-t002,tabref:sensors-2264871-t003, Figure 2) 
	Hand Kinematics (Table 4) 

	Discussion 
	Limitations and Conclusions 
	Practical Implications 
	References

