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Abstract. Reaction times (RTs) are a measure of the time elapsed between the
sensory stimulation and the occurrence of a response. It depends upon many fac-
tors. This paper focuses on one of the possible sources of variability introduced
by the device used to gather RTs data and compares RTs performance between
subjects who completed a Stroop task through desktop or mobile devices. The
research hypothesizes that mobile devices users’ (a) have faster RTs in incongru-
ent trials than the desktop ones, (b) have a lower error rate, and (c) perceive the task
easier. The results showed significant differences in RTs, error rate, and percep-
tion of the difficulty of the task between devices but only the last two hypotheses
are supported by data. Subjects under 40 years achieved a lower error rate than
older people in the incongruent and neutral trials. Moreover, participants always
perceived the task easier when they complete it through mobile devices. Some
implications of the results are discussed, and a second ongoing within-subjects
study is described.
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1 Introduction

Reaction times (RTs) have been used as a psychological task since the mid-19th century
[1] and it is also called response time or response latency. RTs are a simple, and pre-
sumably the most widely used, measure of behavioral response in time units (usually
in milliseconds), from a presentation of a given task to its completion. There are two
typical and functional procedures to estimate response latency: choice reaction time and
simple reaction time. The first one is more complicated because it requires the subject to
make the appropriate response to one of some stimuli. The second one concerns making
a response as fast as possible in reaction to a single stimulus [1].

According to Kosinski [2], many factors impact RTs in addition to the type of stimu-
lus, the type of RT experiment, and stimulus intensity. For example, age, gender, arousal,
left/right hand, direct/peripheral vision [2, 3] have a direct influence on RTs.

Previous studies showed that RT latencies and variability increase and become more
variable with age [4–9]. RTs tend to slow down with age starting from the 20s for choice
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tasks and 30s for simple [10] but, in general, the decline accelerates after the age of
about 70 [11, 12]. Rabbitt, Osman, Moore, & Stollery [13] proposed that the increase
in mean RTs with age is a result of increasing variability, and variability is, therefore, a
more important component of cognitive aging.

The present research hypothesizes that another possible source of variability is intro-
duced by the device used to gather RTs data. Many studies revealed that touch devices
are faster [14] and more natural and convenient [15] than desktop computers. Moreover,
users usually prefer touch-input devices because of a coordination factor. Touch input
implicates eyes-hand direct coordination, unlikemouse which requires a greater effort of
coordination: “the input is also the output device” [16]. The ordinary use of touchscreen
is also associated with the cortical reorganization of the fingertips in the somatosensory
cortex [17].

According to the above-mentioned theoretical background, this paper describes a
research aimed to compare RTs performance between subjects who completed a Stroop
task [18], one of the most widely used measures of cognitive functioning [19], through
desktop or mobile devices. The Stroop task requires participants to name the color of ink
in which a color name is printed while ignoring the written word. Indicating the color
with which the congruent color-word stimuli were written takes less time than indicating
the color of the incongruent color-word stimuli. Increased RTs during incongruent trials
have been attributed to the interfering effects of the printed color name on the different
colored ink.

The study hypothesizes that mobile devices users’ (a) have faster RTs in incongruent
trials than the desktop ones, (b) have a lower error rate, and, (c) perceive the task easier.

2 Methods

Data were collected from June 2020 to June 2021. Participants (general population aged
18 years or older) were contacted through the authors’ network and posts on the most
popular social networks. The compilation instructions informed the participants that
the answers were anonymous and that there were no right or wrong answers. Informed
consent was obtained from all subjects involved in the study. A privacy policy at the
beginning of the questionnaire described to the participants the purposes and methods
of treatment operated by the data controller on the personal data collected. The research
was submitted to the ethics committee of the University Polyclinic “Paolo Giaccone” of
Palermo and obtained a favorable opinion for its development.

2.1 Participants

The full sample comprised 397 subjects, with an overall mean of 41.24 years (SD =
11.85). Their age ranged from 18 to 74 years. Among all participants, 304 (76.57%)
were female, 92 (23.17%) were male, and 1 (0.25%) other.

68.26% of the subject participated in the research through a mobile phone, while the
rest (31.74%) did it through a desktop computer. A Wilcoxon signed-rank test showed
that these groups did not differ in age (Z = 19,062.50, p = 0.06) or the proportion of
male and female X2 (2, N = 397) = 4.37, p = 0.10.
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2.2 Stroop Task

Aweb-based computerized version of the Stroop color-naming task has been developed
for the study. The Stroop task was coded using HTML5 and JavaScript programming. In
particular, the web-based Stroop Task implemented the High-Resolution Time API that
provides the time in sub-millisecond resolution, such that it is not subject to system clock
skew or adjustments [20]. In order to make the Stroop Task usable from both desktop
computers and mobile devices, the Bootstrap responsive frontend framework [21] has
been used to design the task templates.

The Stroop Task included 21 training trials and 28 experimental trials for each
type: congruent, incongruent, and neutral (displayed as a colored horizontal rectangle).
Participants were instructed to focus their attention on a fixation cross at the center of the
screen. Then, after 1000 ms, stimuli were presented against a white background. For all
trial types, participants responded by choosing the color (red, green, blue, or yellow) of
the stimulus by typing on the keyboard the letter corresponding to the color or touching
a box matching the color displayed on the screen. Letters (only for desktop computers)
and colors were displayed in a bar at the bottom of the screen (Fig. 1).

Fig. 1. Stroop Task interfaces for desktop and mobile devices

At the end of the Stroop task, a question about the difficulty was asked to participants
with a response mode from 0 to 100.

2.3 Data Analysis

Starting from the results obtained to the Stroop task, mean reaction time and error rates
for congruent, incongruent, and neutral trial types were calculated. The training trials
are not included in the analysis. For statistical analyses, a logarithm transformation was



Reaction Times and Performance Variability 189

applied to data to better approximate a normal distribution. The dependent variables of
the study were the reaction time latency, the error rate, and, according to the work of
Cain and colleagues [22], indexes of interference (mean RTs of incongruent trials - mean
RTs of neutral trials) and facilitation (mean RTs neutral trials - mean RTs congruent
trials). While the interference index refers to the additional time needed to respond
when reading the word interferes with responding to the color, the facilitation index
is a measure of the increased speed of reaction when color and word matched. The
independent variables used in the statistical models were: age group (18–40, >40),
device (desktop, mobile), and trial typology (congruent, incongruent, neutral). The age
groups were chosen applying a median split transformation and this is consistent with
the research of Deary andDer [6] who demonstrated that RTs tend to slow downwith age
30s for simple tasks and that intraindividual variability in choice reaction time increases
steadily from the mid-30s to the mid-60s. The post hoc comparisons showing significant
effects related to the variability of RTs related to age and task are not reported because
they are well documented in the literature. The interquartile rangemethod was applied to
detect and remove the outliers. All statistical analyses were performed with R software.

3 Results

3.1 Latency and Task Per Age Group

The distribution of response time violated both the assumption of normality and homo-
geneity of variances. AShapiro-Wilk test was performed and showed that the distribution
of response times departed significantly from normality (W = 1.00, p-value < 0.01).
To analyze data according to a Task(3) × Age group (2) × Device (2) design, first,
the Aligned Rank Transform (ART) procedure [23–25] was applied and then a factorial
ANOVAbased on the aligned-and-ranked responseswas calculated. TheART techniques
for analysis of variance are considered a powerful and robust nonparametric alternative
when the assumption of a normal error distribution is violated [26]. The ART procedure
and the post hoc pairwise comparisons were calculated with the support of the ARTool
R package [27, 28]. The three-way interaction between age, task, and device was not
significant, (F2 = 0.06, p > 0.05). A significant interaction between the age group and
the device used was found (F1 = 37.31, p < 0.001). Significant main effect on reaction
times for age group (F1 = 144.81, p < 0.001), task (F2 = 39.60, p < 0.001), and the
device used to complete the Stroop task (F1 = 1.94, p < 0.05) were found. The ART-C
post hoc pairwise comparisons, corrected with Holm’s sequential Bonferroni procedure,
indicates that users under 40 years were faster in incongruent tasks when they completed
the Stroop task via desktop devices (p < 0.001).

3.2 Error Rate and Task Per Age Group

The error rate distribution significantly deviates from a normal distribution (W = 0.76,
p-value < 0.01). Applying the already mentioned ART procedure, a Task (3) × Age
group (2) × Device (2) design was analyzed through a factorial ANOVA. A three-way
interaction was identified between task, age group, and device (F2 = 3.30, p < 0.05).
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Statistically significant interactions between task and device used (F2 = 11.30, p <

0.001), and age group and task (F2 = 11.86, p< 0.001) were found. Simple main effects
analysis showed that age group (F1 = 24.75, p < 0.001), task (F2 = 43.44, p < 0.001),
and the device used have a statistically significant effect on error rate (F1 = 30.27, p <

0.001). Post hoc pairwise comparisons, applied with the support of the ART-C align-
and-rank procedure and corrected with the Holm method, revealed that subjects under
40 years have a lower error rate in the incongruent (p < 0.001) and neutral (p < 0.01)
trials when they did the Stroop task from mobile.

3.3 Interference and Facilitation Indexes

Facilitation and interference indexes violated the assumption of normality (W = 0.96,
p-value < 0.01; W = 0.98, p-value < 0.01). As a consequence, the ART procedure
was applied to the analyzed variables. A two-way ANOVA revealed that there was not
a statistically significant interaction between age group and device both for facilitation
(F1 = 0.96, p > 0.05) and interference (F1 = 0.09, p > 0.05) indexes. Simple main
effects analysis showed that the device used did have a statistically significant effect
on both facilitation (F1 = 5.83, p < 0.05) and interference indexes (F1 = 16.41, p <

0.001). The age group had a significant main effect only on the interference index (F1 =
5.91, p < 0.05). Post hoc pairwise comparisons, applied with the support of the ART-C
align-and-rank procedure and corrected with the Holm method, revealed that the index
of interference is greater in mobile device users in both age groups (p < 0.05).

3.4 Difficulty

The perceived difficulty distribution is positively skewed (W = 0.94, p-value < 0.01).
After having applied the ART procedure on the analyzed variables, the interaction
between the device used and age group was not significant (F1 = 2.21, p > 0.05) but
a simple main effect of the device used was found (F1 = 25.36, p < 0.001). Post hoc
pairwise comparisons revealed that mobile users perceived the task easier in both the
analyzed age groups.

4 Conclusion

The study explored the variability of reaction times, error rates, and perception of diffi-
culty comparing users who performed a Stroop task via desktop or mobile devices. The
authors’ hypotheses were only partially supported by the data. Although not always sta-
tistically significant, young users (<40 years) tend to be faster from desktop computers
than from mobile devices, especially in incongruent tasks. This tendency is identifi-
able, also, in the interference index, higher in the just mentioned group of users. This
result needs further investigation, and, for this reason, a second within-subject study
is in progress. The within-subjects design has been chosen to expose every subject to
both the mobile and desktop conditions and to control the possible bias introduced by
the JavaScript library developed for the data gathering. Secondly, the second study is
collecting data about the daily use and experience that subjects have with the devices.
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Familiarity and ability to use the device probably influence the speed and accuracy of
the task. The finding that young people are slower during incongruent tasks with mobile
devices could also be due to diminished attentional capacity amongheavy users ofmobile
devices [29]. For example, Leiva and colleagues reported that when the user’s thoughts
drift toward a smartphone-related activity, task completion in one app can be delayed
by up to 400% when these endogenous interruptions appear [30].

In the study presented in this paper, as predicted, users made fewer errors when they
completed the task via mobile devices. Age, task typology, and the device used affect
the number of errors made during the color naming tasks. In particular, subjects under
40 years showed a significantly lower error rate in the incongruent and neutral trials when
they did the Stroop task from mobile. A clear difference is also found in the perception
of the task difficulty: users perceived the task easier when completed through mobile
devices. The perception that tasks based on reaction times are easier when performed
from mobile devices may increase their uptake as a cognitive screening tool for older
people. RTs are widely used to evaluate cognitive performance in general [31] and even
life expectancy [10], and intraindividual variability of reaction times in cognitive aging
is a predictor of dementia [32] and chronic fatigue syndrome [33].

Finally, the second study will have to try to balance the proportion of males and
females which is unbalanced in the present study due to convenience sampling.
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