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Abstract

Objective: Although many studies are investigating the effects of stimuli on
sustained attention performance, only a few studies compare auditory, visual and
neutral conditions. Thus, this study aimed to investigate the effect of visual and
auditory stimuli on performance during sustained attention task.

Materials and Methods: Twenty-six volunteers participated in this study.
Participants executed sustained attention task in three different sessions. In the
"auditory” session, participants listened to a highly paced folk music during the
Mackworth Clock test. In the "visual" session, happy emoticons were presented
around the test screen. In the “neutral” session, the test was carried out without
any extra stimulus. The order of sessions was randomised. The time interval between
sessions was at least 48 hours, and each session took 5 minute. The reaction times
of all responses and correct responses and correct response rates were evaluated.
Repeated-measures analysis of variance and Friedman tests were used depending
on the distribution characteristics of data.

Results: The reaction times of all responses or correct responses alone did not differ
significantly among sessions. The correct response rates were 91.18%, 89.74% and
89.24% for the auditory, neutral and visual sessions, respectively. However, no
statistically significant difference was found when these sessions were compared.
Conclusion: Music was expected to improve performance in a sustained attention
test, which is not complex but difficult because of monotony, like Mackworth Clock
test. Visual stimuli are expected to hamper performance, as they share the modality
of the test. Although data had this trend, no statistically significant difference was
found. Further research with increased number of participants and more difficult
Mackworth Clock test, by extending its duration and using different types of music
and visuals, is warranted.

0z

Amagc: Literatlirde uyaranlarin siirdirilebilir dikkat performansina etkilerini
inceleyen calismalar bulunmasina ragmen, gorev sirasinda isitsel-gorsel-notr
durumlarda sturdiriilebilir dikkat performansini kiyaslayan arastirmalar kisithdir.
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Bu arastirmada siirdirilebilir dikkat gorevi esnasinda uygulanan gorsel ve isitsel uyaranlarin gorev performansina etkilerinin
arastirilmasi hedeflenmistir.

Gere¢ ve Yontemler: Arastirmaya 26 goniilli (16 erkek yas ortalama: 22,32+1,91) katilmistir. Katiimeilar ¢ farkh kosulda
stirdirilebilir dikkat gorevini gerceklestirmistir. "Isitsel” oturumunda katilimeilar Mackworth Saat testi uygulamasi sirasinda horon
muzigi dinlemis, "gorsel" oturumda gorsel alan icerisinde testle birlikte mutlu yiiz ifadesi ikonlari sunulmustur. "Notr" oturumda
katihmellar test esnasinda ek bir uyarana maruz kalmamistir. Oturumlarin sirasi seckisizlestirilmistir. iki oturum arasinda en az 48
saat ara verilmistir ve her bir oturum yaklasik bes dakika strmistiir. Tim yanitlarin ve dogru yanitlarin tepki sireleri ile dogru
yanit oranlari degerlendirilmistir. Veri gruplarinin dagilim o6zelliklerine gore tekrarlayan &élciimlerde ANOVA ve Friedman testleri
kullaniimistir.

Bulgular: Tiim yanitlarin veya sadece dogru yanitlarin tepki streleri incelendiginde oturumlar arasinda istatistiksel olarak anlamh
fark bulunamamistir. Dogru yanit oranlari incelendiginde “isitsel” uyaran esliginde dogru yanit yiizdesinin %91,18; “nétr" oturumda
0089,74; "gorsel” uyaran esliginde %89,24 oldugu gorilmistlr. Ancak veriler karsilastirildiginda oturumlar arasinda istatistiksel
olarak anlamli fark bulunamamistir.

Sonug¢: Mackworth Saat testi gibi karmasik olmayan, ancak tekdiizelik nedeniyle zor olan bir siirdirulebilir dikkat testi esnasinda
mizigin performansi arttirici etkisi olacagi diistintilmiistiir. Gorsel uyaranlarin ise test ile ayni modaliteyi paylastigi icin performansi
diisiirmesi beklenmistir. Veriler bu trendi gosterse de istatistiksel olarak anlamli fark gdsterilememistir. Katilimer sayisi artirmak,
Mackworth Saat testinin siiresini uzatarak zorlugunu artirmak, farkh tiplerde miizik ve gorseller kullanmak gibi yontemlerle

arastirmanin ilerletilmesi planlanmaktadir.

Introduction

Attention is a state of wakefulness/awareness or
alertness where we focus on a stimulus among many
and, combine all our emotions and thoughts on
that stimulus. Attention is classified into four types:
sustained attention, selective attention, divided
attention, and alternating attention. Sustained
attention is the ability to focus on a stimulus until an
action is completed. Students who focus on course
materials for a long time while studying for finals
or who read a book can be examples for sustained
attention (1,2). Degangi and Porges (3) stated
that sustained attention consists of three stages
that include attention getting, attention holding,
and attention releasing. Distracting factors cause
disturbances in sustained attention. Engaging in other
things during studying or daydreaming while reading
can be an example for the disturbances in sustained
attention. Vigilance, an active attention situation, can
be defined as being alert to danger or emergency, and
being conscious. Attention can be distracted more
quickly towards positive valence and neutral words,
whereas more slowly towards negative valance
words (4). This may be caused by the negative stimuli
which can be a distress signal and can be related to
the survival instinct. This may be due to the fact that
the danger-containing stimuli draw attention to itself
completely (5).

Sustained attention has been investigated under
many different conditions. Sustained attention is
quite important for tasks that require continuous
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visual information processing such as reading, and
driving (6). Armstrong and Greenberg (7) examined
the performances of individuals in various cognitive
activities such as spatial problem solving, reading
comprehension, and linguistic processing speed in
four different television watching sessions. Significant
decreases in reading comprehension, spatial problem
solving, and cognitive performance measurements
were observed in television watching sessions. Also,
a decrease in cognitive performance was observed
during performing complex and difficult tasks while
watching television. Another study investigated the
effects of background television on the Continuous
Performance Task (CPT) which is used as a measure
of sustainable attention. CPT was administered to
the participants in two sessions, with or without
the presence of background television. As a result,
it has been found that the presence of background
television has no impairing or enhancing effect on
CPT performance (8). However, Lysaght reported an
increase in sustainable attention in the presence of
low noise in the background. Lysaght investigated
the effects of the noise level (high or low) and noise
quality (white or variable noise) on vigilance level. It
has been found that performance on low-demanding
tasks with the presence of varied music have been
improved (9).

Wang (10) examined the effects of music on
sustained attention and perceived cognitive fatigue by
measuring participants’ performance and perceived
mental workload in two different conditions which
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are silence and preferred/popular music. Participants’
performance generally increased in preferred music
condition. In the silent condition, large fluctuations
between sessions were observed, while inter-session
performance remained constant without sequence
effects in the preferred music condition. The results
showed that music improves sustainable attention
performance and reduces the perceived mental
workload.

Shih et al. (11) considered that background music
could increase employee satisfaction and productivity
and they investigated the effects of music with or
without lyrics on attention. The Chu Attention test
was administered while listening to music with or
without lyrics in the background. The results showed
that music with lyrics had significant negative effect
on attention and performance. For this reason, they
reported that music without lyrics should be preferred
in working places since it reduces the attention less
and increases the satisfaction in work environment.

Wolfe and Noguchi (12) investigated the use
of music for sustain attention of young children
in kindergarten under the conditions of auditory
distractions. Participants were randomly assigned to
one of four conditions which are spoken story with
no distraction, spoken story with distraction, musical
story with no distraction, and musical story with
distraction. Participants were asked to recall some
actions and animals after the story telling. The results
showed significant differences between the spoken
story with distraction condition and the musical
story with distraction condition. The musical story
with distraction increased attention and engagement
compared to spoken story with distraction. The
results of the study indicated that the use of music
with young children could improve vigilance within
educational settings.

Involuntary attention to emotional sounds has
been studied in a cross-modal Oddball task where
participants categorized angry and frustrated
emoticons. Before each emotion, they were exposed
to a tone of 80% in standard tone or 20% in a non-
standard tone (angry or disappointed). Some of the
sounds that they were exposed to in non-standard
tones were compatible with the following emoticon
(e.g. angry tone and angry emoticon) while others
were incompatible (13). The results showed that
the emotional content of non-standard tones was

effective in the processing of emotion only in trials in
which the sound and emoticon were compatible. In
other words, the emotion given by music increased
emotion perceived from emoticon.

A study was conducted to examine the benefits
of musical attention control training (MACT) on
psychiatric patients. In MACT, participants were
asked to listen to musical exercises that help focused,
selective, sustained, and alternating attention.
Experimental group received an additional 30-min
MACT whereas the control group continued their
regular psychiatric therapy. In the study, participants
in experimental group outperformed the participants
in control group in terms of selective, sustained, and
alternating attention (14). This study showed that
prolonged music listening can enhance sustained
attention. Thus, this study made us think that listening
to music may have an impact on sustained attention
even it is not prolonged.

Berger and Cassuto (15) aimed to measure whether
adolescents with attention deficit hyperactivity
disorder (ADHD) were affected more by visual and
auditory distractors on CPT than control group and
to measure which distractor was more effective for
diagnosis of ADHD. The omission errors in the CPT
were used to measure the degree of difficulty in
sustained attention. The results revealed that ADHD
group made significantly higher omission errors in the
presence of only visual distractor condition and in the
combined visual and auditory distractors condition
compared to no distractor condition. On the other
hand, distractors did not influence CPT performances
in the healthy control group.

Modi (16) studied the effect of background music
on attention among clinically diagnosed patients with
Parkinson’s disease. In the study, there were three
experimental conditions which are performing a given
task under instrumental music, lyrical music, and no
music. The results showed that performing a task
under instrumental music condition results in better
attention than conditions of no music and lyrical
music. Thus, in our study we selected an arousing
instrumental music to see whether it has a booster
effect on attention.

In the related literature, there is no sufficient
number of studies that examines the effects of visual
and auditory stimuli on sustained attention in the
same study. Apart from the studies in the literature,
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this study aims to investigate the possible positive
effect of auditory and visual stimuli on sustained
attention task performance.

Materials and Methods

Participants

This study was performed in Human Factors
Laboratory of Dokuz Eylal University, Department
of Biophysics. In this study, 32 healthy participants
between the age of 20-27 were recruited for the
protocols. Six participants were excluded from the
study for failing to complete the sessions. In total,
data from 26 participants (16 male; mean: 22.32+1.92
years) were evaluated. Participants filled the Turkish
version of The Symptom Checklist (SCL-90R) before all
of the sessions in order to determine their previous
diagnosis of any psychiatric or neurological disorders
(17-19). All participants have normal hearing, and
normal or corrected-to-normal vision and did not
suffer from color blindness. Participants signed the
written informed consent form and filled the personal
information form prior the sessions. Participants’
consumption of alcohol, coffee, or any other drugs
or medication were questioned since they may have
an effect on test performance. In the cases where
participants were under the influence of any of these,
their recordings were postponed to another day. Prior
to each session, participants also filled the Turkish
version of The State-Trait Anxiety Inventory State
form (STAI-TX1) in order to determine their anxiety
levels (20,21). The study has been approved by the
Clinical Ethical Committee of Dokuz Eylll University.

Procedure

Participants were asked to attend three different
sessions at an interval of at least 48 hours. These
sessions are neutral session, auditory session, and
visual stimuli session. Sessions were applied in
randomized order to avoid the order effect. Each
session lasted an average of five minutes. Mackworth
Clock test which is selected from the computer-based
PEBL software was applied to the participants (22).
The participants performed the task in a quiet and
well lit room with only an empty wall, desk, PC screen,
mouse, and keyboard in their visual field.

In Mackworth Clock test, sustained attention and
vigilance are influential in detecting and following
the signals and completion of task. In the test screen,
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there are 60 small circles ordered in a larger circular
pattern like a clock. A red pointer appears inside the
small circles one by one in order. Participants were
asked to respond by pressing the space key when red
point skips a circle.

In the present study, auditory stimuli sessions and
visual stimuli sessions were recorded in addition to
neutral (no-stimuli) session. Highly paced folkloric
music has been selected as auditory stimuli and
all participants listened auditory stimuli in a quiet
environment through headphones while they were
asked to perform Mackworth Clock test. Positive
emoticons were used as visual stimuli which were
placed around the screen and the wall behind it.
Participants were exposed to these emoticons while
they were asked to perform Mackworth Clock test.
In the control session, Mackworth Clock test applied
without any extra stimuli.

Statistical Analysis

Shapiro-Wilk analysis is performed in order to
check for violation of normal distribution. In order
to compare group data, One-way repeated measures
ANOVA and Friedman test was used for normally
distributed and non-normal date, respectively.

Results

The reaction times of all responses are presented in
Table 1. When they were compared by using repeated
measures ANOVA, there was no significant difference
between three sessions [F(1, 25)=1.32, p>0.05]. Also,
the reaction times for the correct responses are
presented in Table 2. According to Friedman test, there
was no statistically significant difference between
reaction times of only correct responses [x*(2) =1.62,
p>0.05]. According to Friedman test, there was no
statistically significant difference between the rates

Table 1. The table shows all reaction times of the
participants in Mackworth Clock test

‘ Standard ‘
Mean -

Deviation
Reaction time NA 537.09 21.71 26
Reaction time VA 530.45 25.14 26
Reaction time AA 531.48 22.58 26

NA: Neutral All, VA: Visual All, AA: Auditory All

*The reaction time for Neutral All has the longest time. There is a slight
difference between reaction time for Visual All and reaction time for
Auditory All
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of correct responses [x?(2) =2.96, p>0.05]. However,
when the rates of correct responses were compared,
the rates of simultaneous auditory stimulus were
found the greatest among all three sessions
[Median=95.00, interquartile range (IQR)= 4.17].
Furthermore, the rates of correct responses of visual
stimulus [Median= 93.33, IQR= 4.16] were greater
than the rates of correct responses of neutral session
(Median=95.83, IQR= 12.09).

Discussion

The present study investigated the possible effects
of the visual and auditory stimuli on performance
during sustained attention. Three different sessions
(visual, auditory, neutral) with the interval of 48
hours were recorded. The results indicated that there
were no significant differences between the number
of correct answers, congruent reaction times, and
overall reaction times among three different sessions.
However, a non-significant increase in the correct
answers were found in the auditory stimulus session
which may indicate a possible positive effect of high
paced music.

In related literature, the effect of auditory stimulus
on sustained attention have been reported. Lysaght
(9) (1982) examined the effects of noise level (high
and low) and noise quality (white or changeable
noise) on vigilance and reported that low-demanding
tasks with the presence of varied music have positive
effect on the performance. Wang (10) examined the
effects of music on attention and perceived cognitive
fatigue and found that music eased the work load
and increased performance. Wolfe and Noguchi (12)
examined the effects of the auditory stimulus on the
sustained attention on children and found that the
use of music could improve vigilance in children. Shih

Table 2. The table indicates the reaction times for the
correct responses in Mackworth Clock test

Interquartile
Median Rang: (IQR) ‘
Reaction time NP 419.02 48.60 26
Reaction time VP 410.48 48.24 26
Reaction time AP 418.78 50.69 26

NP: Neutral Press, VP: Visual Press, AP: Auditory Press

*The shortest reaction time for correct responses is in the visual
condition. The auditory condition has shorter reaction time for correct
responses than neutral session

et al. (11) (2016) showed that music without lyrics
distracted workers less and provided job satisfaction
compared to music with lyrics. Ljungberg et al. (13)
(2016) asked participants to categorize the angry and
frustrated facial expressions after they were given
sound in three different tones. As the result of the
study, it was found that the reaction times of the
participants slowed down when the auditory stimulus
and the emotional content of the facial expressions
were matched.

In further researches, it is planned to continue the
study by increasing the number of the participants,
using different genres of music, and extending the
application time of Mackworth Clock test.

Conclusion

In this research, the effects of the visual and
auditory stimuli that were given during the application
of Mackworth Clock test on the sustained attention
performance were examined. The results of the study
showed that there was no statistically significant
difference between the reaction times and correct
answers of the participants when three sessions were
compared (Neutral, Simultaneous Visual Stimulus,
and Simultaneous Auditory Stimulus). Nevertheless,
it was found that there was a booster effect of high
paced folkloric music, that were chosen as auditory
stimulus, on correct answers. Therefore, it can be
said that music with high pace affects the sustained
attention in a positive way. Using only single type of
auditory or visual stimulus is one of the limitations of
the study. In further studies, the participants can be
given a soothing music along with high paced music
that has a stimulant feature in a different session in
simultaneous with Mackworth Clock test. Thus, the
effects of the soothing music and stimulant music on
the sustained attention can be compared. Effects of
different types of noises or natural sounds can also
investigated. Likewise, the effects of the visual stimuli
that have different emotions (e.g. scared and happy
emoticons) can be given in different sessions while
simultaneously applying Mackworth Clock test. Using
dynamic figures or videos is another possible method
to investigate effects of visual stimuli.
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