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ABSTRACT
AIM: Physical activity is known for its benefits to improve cognitive functions such as sustained attention. The study aimed to conduct a
systematic review on the effects of physical activity on sustained attention.

METHODS: Literature search was conducted using databases from Scopus, PubMed, ResearchGate, ScienceDirect and Google Scholar. The
date of these published articles ranged from January 2010 to August 2018.

RESULTS: A total of thirteen studies using the longitudinal design was selected to be part of this review. Most studies showed positive
relationships between physical activity and sustained attention.

CONCLUSIONS: Future studies may consider a longitudinal study design to study the effect of physical activity on sustained attention in
prolonged time; as well as the corresponding affect with gender, age, motivation and to investigate the relationship between physical activities
together with other possible factors that can indirectly affect sustained attention.
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RESUMO
OBIJETIVO: A atividade fisica ¢ conhecida por seus beneficios para melhorar as fungdes cognitivas, como a atencdo sustentada. O estudo
objetivou realizar uma revisdo sistematica sobre os efeitos da atividade fisica na atengdo sustentada.
METODOS: A pesquisa bibliografica foi realizada utilizando os bancos de dados da Scopus, PubMed, ResearchGate, ScienceDirect e Google
Scholar, com artigos publicados entre janeiro de 2010 e agosto de 2018.
RESULTADOS: Treze estudos com delineamento longitudinal foram selecionados para fazer parte desta revisdao. A maioria dos estudos mostrou
relagdes positivas entre atividade fisica e a ateng@o sustentada.
CONCLUSOES: Futuros estudos poderao considerar um delineamento longitudinal para investigar o efeito da atividade fisica sobre a atengdo
sustentada por tempo prolongado, assim como sua relagdo pode ser afetada por sexo, idade e motivagdes, e, relacionar as atividades fisicas
com outros possiveis fatores que podem afetar indiretamente a atengo sustentada.

DESCRITORES: atividade fisica; exercicio; aten¢do sustentada; vigilancia.
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INTRODUCTION

Physical activity (PA) is any bodily movement
produced by the skeletal muscles resulting in energy
consumption [ 1] or any bodily movement produced by
the muscular system that increases energy expenditure
above the normal physiological demands [2]. Whereas,
exercise is defined as a PA that is planned, structured,
and aims to improve or maintain one or more
components of physical fitness [1] and is considered
as a subcategory of PA. According to the World
Health Organization in 2010, children and adolescents
aged between 5-17 years old are recommended to
accumulate at least 60 minutes of moderate-to-vigorous
physical activity daily [3]. Meanwhile, guidelines by
American College of Sports Medicine and American
Heart Association in 2007, adults aged between 18-65
years old are recommended to participate in moderate-
intensity endurance PA, for a minimum 30 minutes,
five days per week; or participate in vigorous-intensity
endurance PA for a minimum 20 minutes, three days
per week to maintain a healthy lifestyle.

It is well known that PA can benefit us physically by
increasing physical fitness and promote the development
of both the cardiovascular and musculoskeletal
systems [4]. However, PA is also known to improve
us mentally by enhancing learning and memory [5],
improve academic achievement [6] and even enhance
an individual’s quality of life-based on previous
systematic reviews and meta-analysis [7,8]. PA can
improve a persons’ cognitive functioning. Recently,
there are some reviews conducted to examine the
relationship between PA and cognitive functions such
as working memory [9], and attention [10]. However,
fewer reviews have been conducted to examine the
relationship between PA and sustained attention. It may
be due to the lack of updated knowledge and interest in
research that has been conducted on this topic. Since
then, this topic has become an area of interest to us to
find out the extent to which exercise gives cognitive
benefits to sustained attention.

Sustained attention is a process that enables
sustained performance on tasks over an extended
period [11], while Sarter et al. [12] defined it as a
fundamental component of attention characterised by
the readiness to detect rarely and unpredictably signals
over prolonged periods of time. Both authors have

Sci Med. 2019;29(2):e32864

Hajar MS, Rizal H, Kuan G — Effects of physical activity on sustained attention

highlighted the significant characteristic of sustained
attention that is to sustain activity or performance over
a prolonged time. It is one of the primary elements of
the attention process that enables a person to maintain
vigilance, continuous effort, persistence response,
selective, and focused attention.

In assessing sustained attention ability, there are
many types and versions of sustained attention tests.
The most frequent test used was the Psychomotor
Vigilance Test (PVT) [13-18], followed by the
Continuous Performance Test and its many versions
such as Identical Pairs [19], and Conners’-11 [20]. Other
sustained attention tests are Digit Vigilance Test [21];
Picture Deletion Task Performance [22]; Rapid Visual
Processing [23]; and Visual Pursuit Test [24].

A previous study conducted by Luque-Casado et al.
[25], stated that those who have higher physical fitness
were related to better overall sustained attention,
demonstrating a better ability to allocate attentional
resources over time. Besides, activities involving
prolonged high demand attention such as military,
surgery, lifeguarding; and is also needed in many
daily activities such as attending academic lessons
or examinations at school. Moreover, this cognitive
function represents a fundamental component of the
general cognitive capacities of the human because
a reduced ability to monitor significant sources
of the information, which will affect all cognitive
abilities such as slow or failures to respond to target
stimuli [12].

However, in nature, a human cannot maintain
their optimal attention for a long time without falling
into a fatigued state [26]. Mental fatigue may affect
the attention that can decrease the ability to suppress
irrelevant information and inhibit shifts of attention to
irrelevant stimuli, which leads to the increase in reaction
time and the number of incorrect responses [27,28].
Those that have difficulty in sustaining their attention
may appear to be daydreamy, bored, fidgety, and
disorganised. In the worst case, it may result in attention-
deficit hyperactivity disorder. There are several ways
to overcome mental fatigue such as drinking enough
water [29]; listening to smooth music [30]; getting
enough sleep, as well as being physically active [19].
PA not only helps to overcome a state of mental fatigue
but also improves sustained attention especially in long
duration activity such as during school hours [31,32].
It has been addressed in many research such as Palmer
etal. [22] found that acute exercise enhanced sustained
attention in pre-schoolers as indexed by Picture
Deletion Task Performance omission and it aligns
with the extant literature regarding older children,
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aged 13 to 16 years old [17] and second, third and
fourth grade [33]. In sport performance perspective,
a study by Ballester et al. [13] found that vigilance
capacities by athletes were much better than non-
athletes. They responded faster with fewer lapses
and able to maintain a similar level of performance
throughout PVT task compared to non-athletes.
Interestingly the between-group difference vigilance
capacities did not seem to be influenced by motivation
toward the task and/or perceived activation prior to
the task, though the two groups significantly differed
in these two measures. Medina et al. [20] found that
there is increased surveillance, decreased impulsivity,
increased reaction speed, and greater stability in all
the metrics of sustained attention after exercise and
stretching among attention-deficit hyperactivity
disorder subjects, ignoring methylphenidate use. The
methylphenidate is known as a drug that has been used
for attention-deficit hyperactivity disorder treatment.
However, in other research [34] they found contrary
finding that aerobic exercise had no effects on sustained
attention among female students with a mean age of
16 years old.

Based on the diversity of findings above, it shows
the need for a comprehensive and systematic review to
obtain a transparent and independent decision against
prejudice risk. Therefore, some questions need to be
answered among which are what is the minimum or
the maximum number of participants recruited and at
what age? What interventions are given to participants
to examine the impact of physical activity on their
sustained attention? How about the sustained attention
comparison between physically active individuals
and physically inactive individuals, is there any
significant difference? What is the result of the study
or intervention given? What is the design of the study
which most researchers implemented?

Therefore, this paper attempts to write a systematic
review to answer related questions on the effects of PA
on sustained attention and whether other interventions
in addition to PA may have improved effects on sustained
attention. As authors, we hope this paper will help
researchers who are interested in studying this field.

METHODS

Based on PRISMA guidelines, eligibility criteria
are divided into two; study characteristics and report
characteristics. This is important so that the review
produced are authentic and valid as well as easier
for readers to keep up with the issue. Eligible study
characteristics were: (1) interventional studies to

Sci Med. 2019;29(2):e32864

Hajar MS, Rizal H, Kuan G - Effects of physical activity on sustained attention

retrieve stronger data in the form of experimental
based designs for this systematic review; (2) conducted
among healthy children, adults or special population
regardless of races; (3) those reported an association
between PA and sustained attention or effects of PA
in combination with other interventions on sustained
attention. Meanwhile, eligible report characteristics
were: (1) those published in English; (2) publication
range from January 2010 till August 2018 (ranged from
the past eight years of released publication) as there
were more new and updated knowledge regarding PA
on sustained attention are published; (3) only published
articles (on dates mentioned above). Review paper,
meta-analysis, validation studies, dissertations, thesis,
conference abstracts, monographs, commentaries, and
brief reports were not included to narrow down the
search category.

We developed a data extraction sheet (based on
the Cochrane Consumers and Communication Review
Group’s data extraction template), pilot-tested it on all
included studies, and refined it accordingly. One review
author extracted the following data from included
studies while a second review author checked the data.
There was a discussion among two review authors
to resolve disagreement. However, if no agreement
could be reached, third author would decide. Several
information or data that we extract from selected
studies were: a) characteristics of participants (number,
type of population, gender and age); b) PA intervention
or test, as well as its frequency and number of sessions
performed; c) sustained attention assessment and;
d) results of the study. A two-phase strategy was applied
to search for potential studies. Firstly, in literature
search, the databases used were Scopus, PubMed,
ResearchGate, ScienceDirect and Google Scholar.
Search strategies included the combination “AND” of
variations between two groups of keywords including
(1) PA; exercise, (2) sustained attention; vigilance. The
second phase, titles and abstracts of potential studies
were screened by the researchers. References cited
by each of journals were examined to identify other
potential studies for inclusion.

The Figure 1 shows a forest plot of comparison
between low levels versus moderate-to-high level
physical activity. The average effect size of all studies
is d=1.29. According to a common interpretation of
effect sizes, this would suggest that the intervention
being tested in all studies had a large effect size. In
other words, it worked and had a large effect. However,
the heterogeneity of study is 1>=42% in which 42%
less confident on the intervention to consistently have
a large effect.
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Figure 2 shows the risk of bias collected from all
13 studies presented in the form of a graph. The studies
in this review are predominantly quasi-experimental,
therefore the random sequence generation has a higher
risk for bias. In addition, larger study designs conducted
outside of clinical labs would also generally be harder
to blind and conceal. Hence, these scales show a
greater percentage of high risk of bias. The blinding of
outcome assessment is also intrusive which is evident
in Figure 2 as researchers are required to be present
during the handling and administration of instruments,
mainly questionnaires, and tests. Incomplete outcome
data shows almost equal percentages in a lower risk
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of bias and unclear risk of bias as participants in these
studies generally are accounted for until the end of the
study. For example, the studies by Luque-Casado et al.
[17,25], withdrawal of participants were clearly stated
with data reduction section stating cut-off point as the
main reason. Finally, the results for both significant
and non-significant results were clearly reported in the
results section for all the included studies.

RESULTS

The Figure 3 shows the inclusion diagram for
the effect of PA and sustained attention based on the

Moderate-to-high level PA  Low level PA
Study or Subgroup Events Total Events Total Weight

IV, Random, 95% CI

Odds Ratio Odds Ratio

IV, Random, 95% Cl

(=]

Ballester 2015 39 7h 36 A 18.3%
Ballester 2017 40 60 20 B0 15.4%
Chou 2017 24 44 24 49 14.7%
Ciria 2017 22 44 22 44 13.8%
Kurnar 2015 12 24 12 24 9.2%
Lugue-Casado 2016 (1) 25 50 24 50 14.9%
Lugue-Casado 2016 (2) 23 44 21 44 13.8%

Total (95% CI) 346 346 100.0%
Total events 185 161

Heterogeneity: Tau®=0.12; Chi*=10.29, df= 6 (P =0.11);, F= 42%

Test for overall effect: £=1.26 (P =0.21)

Risk of bias legend

{A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

117 [0.62, 2.23]
4.00[1.87, 8.55]
0.92[0.42, 2.03]
1.00[0.43, 2.31]
1.001[0.32, 3.10]
1.00[0.46, 2.14]
1.20[0.52, 2.77]

1.29 [0.87, 1.93] i

=)

Ll LoL T LA

02 05 2 5
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Figure 1. Forest plot of comparison: Low level PA versus Moderate-to-high level PA.

Fandom sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of paricipants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Dther bias

0% 255 50% 75%  100%

.I_nw tisk of bias

DUncIearrisk of bias

[l High risk of bias

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across

all included studies.
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PRISMA guideline. A total of 1254 search results
were found in which only 34 studies were found to
be relevant to the research question posed in this
paper, which is to: determine the effects of PA and
other combining interventions on sustained attention.
Out of the 34 studies, 19 studies were removed during
the abstract/method as it did not measure the effects
of PA and sustained attention directly. Afterward, a
full copy of paper was obtained for those that met
initial screening criteria and then fully examined by
the researchers using triangulation method; which
facilitates validation of data through cross verification
from two or more sources or research technique.
After full reading, two additional papers by
Roland [32] and Kalia [34] were excluded due to
having no reference and being a thesis dissertation.
The following data were extracted from all eligible
articles: (a) year of publication and authors, (b) study
design, (c) sample size, (d) age, (e) PA intervention/
assessment, (f) sustained attention assessment, and
(g) main outcomes. The Table 1 summarises the
authors and year of study, study design, participants’
characteristics recruited, PA and sustained attention
assessments, control variables, and the results. All
information is obtained after a full reading and most

Scopus, PubMed, ScienceDirect
& Google Scholar

.

1254 total search results
34 relevant studies

-

Inclusion
criteria
applied

19 relevant studies excluded
after title/abstract screen

15 studies retrieved

Inclusion
criteria
applied

2 relevant studies excluded after
full text reading

13 studies included

Figure 3. Inclusion diagram for effect of physical activity on
sustained attention.
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of it is extracted from the method section as well as
the results of the study. A total of thirteen studies were
included in the final review.

The total number of studies that met the inclusion
criteria and were subsequently included is thirteen.
Most of the studies examined the effect of PA on
sustained attention among the younger population. To
achieve a significant result, the young population is
easier to be recruited in large samples compared to the
older population. Besides, the smaller sample size may
also reduce the power of the study as well as increases
the margin of error, which can lead to less significant
result [35]. Young population can be recruited either
from school or higher education institutes.

Here we explain answers to each of the research
questions given above to gain more insights about
included studies: 1) what is the minimum or maximum
number of participants recruited and at what age? In
Figure 4, the largest sample size recruited was 423
participants which were from a primary school. The
trend in sample size decreases following the incremental
in the participant’s age. The studies were divided into
three groups by the age of participants recruited,
namely; children (4-12 years old), adolescent (13-16
years old), and young adults (22-27 years old). 2) What
interventions are given to participants to examine the
impact of physical activity on their sustained attention?
In Figure 4 also shown specific intervention of physical
activity given to participants. Specifically, most studies
provide moderate to high-intensity aerobic exercise
interventions for 30 to 60 minutes per session and were
done two to three times a week (Figure 5). 3) How
about the sustained attention comparison between
physically active individuals and physically inactive
individuals, is there any significant difference? In
general, most of physically active individuals have
shown better result in sustained attention compared
to less physically active or sedentary individuals.
In fact, they showed shorter reaction time, increase
surveillance and less impulsive as well as improve in
overall cognitive functioning. 4) What is the result
of the study or intervention given? Most of studies
have shown the positive relationship between physical
activity and sustained attention. 5) What is the design
of the study which most researchers implemented?
Most of studies implemented quasi-randomised
controlled trials (either pretest-posttest design, non-
equivalent design, interrupted time series design or
combination design), one study used cross-sectional
design [23], one study used non-randomised controlled
study design [24], and only one study implemented
randomised controlled trials [19].
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Table 1. Intervention characteristics and result of studies.
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Authors (year)

Medina et al.
(2010) [20]

Palmer et al.
(2013) [22]

Ballester et al.
(2015) [13]

Leong et al.
(2015) [21]

Kumar et al.
(2015) [55]

Luque-Casado
etal. (2016) [16]

Participants characteristic:
N, Mean (SD) & age

N=25 males

(MTP user (US), n=16 &
non-users (NUS), n=9)
Age:

US=9.33 (2.87) years old

NUS= 9.75 (2.38) years old

N=16 (males, n=13 &
females, n=3)

Age: 49.4 (5.3) months

N=75 (athletes, n=39 &
non-athletes, n=36)
Age:

Athletes=13.7 (0.5)
years old
Non-athletes=13.8 (0.6)
years old

N=81 (only females)
Age: (16 years old)

N=24 (16 males and 8
females)

Age:

Endurance-trained: 27.7
(5.5) years old

Sedentary: 26.8 (7.0)
years old

N=42 (higher fit, n=22 &
lower fit, n=20)

Age:

mean (95% of Cl):

higher fit=22 (21, 24)
years old

lower fit=23 (22, 24)
years old

Physical activity
intervention/test,
frequency & total sessions

Treadmill running
(moderate-to vigorous
intensity)

Frequency: once/session

Total sessions: 1

30 minutes movement
program (accelerometer)

Frequency: once/day

Total sessions: 3 (3 days)

Leger Multi-stage fitness
test

Frequency: once/session

Total sessions: 1

One-hour aerobic dance
Frequency: twice/week
Total sessions: 12 (6 weeks)

30 minutes moderate
cycling and/or to volitional
fatigue

Frequency: once/session
Total sessions: 7 including

2 preliminary and
familiarisation sessions

Incremental effort test
Frequency: once/session

Total sessions: 1

Sustained attention
assessment

Corner’s Continuous
Performance Test-II
(CPT-I)

Picture Deletion Task
for Pre-schoolers
(PDTP)

Psychomotor
Vigilance test (PVT)

Digit Vigilance Test

Continuous
Performance Task
(CPT)

Psychomotor
Vigilance Test (PVT)

Results

Mean=SD of CPT post-exercise comparisons between MTP
users and non-users revealed no significant differences in:
omissions (users=22.68+16.72; non-users=21.55 +12.19;
p=0.42);

commissions (users=25.18+7.13; non-users=24.44+8.45;
p=0.81);

hit RT (users=417.83 +56.49; non-users=436.51+66.78;
p=0.24);

hit RT SE (users=14.68+6.32; non-users=16.21+7.63;
p=0.30);

Perseverations (users=14.25+16.50; non-users=14.00+9.84;
p=0.48);

hit RT ISI change (users=0.07=0.05; non-users=0.10+0.06;
p=0.15);

hit SE ISI change (users=0.16+0.21; non-users=0.14+0.23;
p=0.43);

index confidence (users=60.17+15.34; non-users=
62.63+12.55; p=0.34).

Mean=SD comparison between PA and SS on CPT-II responses
showed statistical improvements in the:

hit RT (PA= 424.55+59.71; SS=451.38+84.00; p=0.01),

hit RT SE (PA=15.23+6.7; 55=19.17+9.3; p=0.01),
perseverations (PA=14.16+14.23; SS=34.48+40.40;
p=0.004),

hit RT ISI change (PA=0.08+0.05; $$=0.11+0.06; p=0.006),
and index confidence (PA=61.06+14.18; S5=69.95+17.84;
p=0.007).

Omission: Wilcoxon signed-rank test revealed a significant
effect for condition (p=0.01) with fewer omission was made
after the exercise condition, mean (SD)=25.6 (12.3) than after
sedentary condition, mean (SD)=44.3 (28.7).

Commission: Wilcoxon signed-rank test revealed no significant
effect for condition (p=0.06) though fewer commission was
made after exercise condition, mean (SD)=4.88 (4.43) than
after the sedentary condition, mean (SD)=10.6 (17.2).

Mean RTs revealed significant main effects of sport
participation, F (1,71)=17.27, p < 0.001, I]? partial=0.19 and
time on task, F (1.50, 106.67)=>5.84, p=0.03, I]2 partial=0.08.

Participants’ lapses revealed significant main effects of time on
task, F (1.71,122)=7.41, p<0.001, I}? partial=0.09, and sport
participation, F (1,71)=15.08, p<0.001, I]2 partial=0.04.

No significant interaction between experimental groups across
testing sessions on sustained attention total time and errors
for both digits 6 (p=0.81, p=0.23); and digits 9 (p=0.45,
p=0.06).

Accuracy: There was a significant condition x time interaction
in both groups (30 minutes moderate exercise vs rest control),
F(2,2)=4.23, p=0.02, [2=0.19.

However, it declined (p<0.001) from baseline CPT to post CPT
prior to 30 minutes rest (relative A score of -4.5+4.6 %) and
prior to exercise (-5.0=4.7%).

Compared to post CPT, improvement in accuracy was higher
(p=0.03) after exercise as compared to after rest.

Precision: There was a significant main effect for time,
F(2,36)=12.04, p<0.001, []2=0.40 and a significant condition
x time interaction, F(2,23)=5.25, p=0.02, I]?=0.24.
However, it declined significantly (p<0.001) during initial 20
minutes CPT in the trial preceding the exercise condition but
not prior to rest (p=0.08).

Compared to post CPT, improvement in precision was higher
(p=0.03) after exercise compared to rest.

The cue-locked ERP pairwise comparisons (FDR corrected;

p threshold=0.029) showed significant differences between
high-fit group and lower-fit group at block 1 (p<0.01), block 2
(p<0.01) and block 3 (p=0.029).

Target-locked ERP analysis revealed that the comparisons
between blocks in the lower-fit group showed significant
difference only between block 1 and 5 (p=0.003).
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Table 1 (conclusion)
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Authors (year)

Luque-Casado
etal. (2016) [17]

Wilson et al.
(2016) [18]

Geertsen et al.
(2016) [23]

Ciria et al.
(2017) [15]

Chou et al.
(2017) [24]

Ballester et al.
(2017) [14]

Kato et al.
(2018) [19]

Participants characteristic:
N, Mean (SD) & age

N= 44 (high-fit, n=23 &
low-fit, n=21)

Age:

mean (95% of CI):
High-fit: 23 (21, 24)
years old

Low-fit: 23 (22, 24)
years old

N=58 (only males)
Age: (11-12 years old)

N=423 (males and females)
Age: (8-10 years old)

N=44 (high-fit, n=22 &
low-fit, n=22)

Age: (18-23 years old)

N=49 (males and females)

Age: (8-12 years old)

N=60 (males, n=30 &
females, n=30)

Age: 11.0 (0.2) years old.

N=23 (males, n=13 &
females, n=10)

Age: 22.0 (2.2) years old

Physical activity
intervention/test,
frequency & total sessions

Submaximal
cardiorespiratory fitness
test

Frequency: once/session

Total sessions: 1

Active Lesson Breaks
(ALBs) and Passive Lesson
Breaks (PLBs) measured
with accelerometer

Frequency: once/day
(3 out of 5 school days)

Total sessions: 12 (4 weeks)

Visuomotor accuracy-
tracking task

Frequency: 10 trials/
session (including 3
practice trials)

Whole-body coordination
task
Frequency: once/session

Yo-yo intermittent
recovery level 1 children’s
test (YYIR1C)

Frequency: once/session
Total sessions: 3
Incremental test
Frequency: once/session
Total session: 1

Yoga exercise (Heart rate)
Frequency: twice/week
Total sessions: 16 (8 weeks)

Leger Multi-stage fitness
test

Frequency: once/session

Total sessions: 1

Daily physical activity
(uniaxial accelerometer)

Duration: 1T week
Total sessions: —

Sustained attention
assessment

Psychomotor
Vigilance Task (PVT)

Psychomotor
Vigilance Test (PVT)

Rapid Visual
Processing (RVP)
from Cambridge
Neuropsychological
Test Automated
Battery (CANTAB)

Modified version
of Psychomotor
Vigilance Test (PVT)
& Oddball test

Visual Pursuit Test
(VPT)

Psychomotor
Vigilance Test (PVT)

Continuous
Performance
Test-Identical Pairs
(CPT-IP)

Results

Mean reaction time:

There were significant main effects of group (p=0.001) and
time-on-task (p=0.001).

The interaction between both factors also reached statistical
significant (p=0.001).

Pairwise comparisons between groups were performed within
each temporal block (FDR corrected; p-threshold=0.009).
The comparisons showed significant differences between
groups at block Tand 2 (both ps=0.001) with high-fit being
faster than low-fit group.

However, there were no significant differences when
comparing groups at blocks 3 and 4 (both ps=0.18), then
between groups differences reached again statistical significance
(p=0.009) at block 5, but with the high-fit being slower than
low-fit group.

Mean RTs and % lapses revealed the ALBs and PLBs condition
was not significant (p=0.61, p=0.64).

The results showed that performance in both the fine and
gross motor skill task was significantly associated with better
performance in sustained attention (p<0.001, p<0.001).

Higher exercise capacity was associated with fewer errors in
sustained attention (-0.110.04, p=0.046).

The mean RTs revealed a marginally significant main effect of
aerobic fitness, F (1,42)=3.663, p=0.052, I[]p?=0.08.

The high-fit group responded faster overall than low-fit group
(32324 ms and 34646 ms, respectively).

The accuracy rate results showed that a significant interaction
of exercise group and control group by time was found,
F(1,47)=4.26, p=0.045, partial I]2=0.08.

Reaction time:

Football players showed faster RTs than track and field athletes,
1(38)=3.01, p=0.014, d=0.98, and non-athletes, t(38)=2.98,
p=0.014, d=0.97.

However, no significant differences were found between track
and field athletes and non-athletes (p=0.311)

Condition on reaction time (normal vs speed):

There was a significant main effect of condition on RTs
(F(2,54)=34.89, p<0.001, I)?,,u=0.39). Participants were
faster in the speed condition (382 ms) than in the normal
condition (432 ms).

Exercise amount was not significantly correlated with % correct
(mean+SD=87.4%12.4, r=0.163, p=0.458) and d prime
(mean+SD=2.5+0.8, r=-0.036, p=0.869) on CPT-IP

PA = physical activity; SS = stretching session; Hit RT = hit reaction time; hit RT SE = hit reaction time standard error; Hit RT ISI change = hit reaction time interstimulus change;
Hit SE ISI change = hit standard error interstimulus change; SD = Standard deviation; MTP = methylphenidate drug; ERP = electrophysiological; % lapses = percentage of lapses;
RTs = reaction time; % correct = percentage of correct response; d prime = signal detection index (discriminality from “hits” and “false alarm™).
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Studies on the Effect of Physical Activity on Sustained Attention (13 studies)

4
Children (N= 16-423)
(6 studies)

A 4

Physical activity
test/intervention:

e Treadmill running

e 30-min movement
programme

e Active/Passive Lesson
Break

e  Yo-yo intermittent
recovery level 1
children’s test

e Leger Multi-stage test

Sustained attention test:

e CPT-I

e PDTP

e PVT (2 studies)
e RVP

e VPT

v v
Adolescent (N=75-81) Young adults (N=23-44)
(2 studies) (5 studies)

\ 4 A 4

Physical activity
test/intervention:

e Leger Multi-stage
test

e I-hour aerobic
dance

Physical activity
test/intervention:

e  Incremental test

e 30-minutes cycling
(below lactate
threshold)

e Submaximal cycling
e Daily physical activity

Sustained attention test:

e PVT
e DVT

Sustained attention test:

e CPT-IP

e CPT

e PVT (2 studies)
e Oddball test

e Modified version of
PVT

Figure 4. Summary of extracted study data from previous sustained attention studies.

Physical activity Intervention:

Type: Acrobic exercise

Duration: 30-60 minutes per session

exercise environment

Frequency: 2-3 times/week (longitudinal)

Intensity: moderate-to-vigorous intensity

Complexity: More complexed physical activities
combining cardiovascular fitness, sports expertise &

Sustained Attention Assessment:
Psychomotor Vigilance Test (PVT)
Continuous Performance Test (CPT)

Digit Vigilance Test (DVT)

Visual Pursuit Test (VPT)

Picture Deletion Test for Pre-schoolers (PDTP)

Cambridge Neuropsychological Test Automated Battery

(CANTAB)

[

oW

Outcomes:

Most studies showed positive relationship between
physical activity and sustained attention more so for
fitter individuals as compared to less fit. These

include:

Shorter reaction time,
Increasing surveillance,
Decreasing impulsivity,
Overall cognitive functioning.

Figure 5. The positive outcomes from physical activity and sustained attention relationship.
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DISCUSSION

Based on the results obtained from the collected
studies, physical activity has a positive impact on
sustained attention. Individuals who are more fit
showed better-sustained attention than individuals
who are less fit. Researchers found that more fit
individuals performed shorter reaction time, increased
surveillance, less impulsive, and had a better overall
cognitive functioning. Figure 5 demonstrates the
summary of relationship between PA intervention and
sustained attention. Possible causal relations between
physical activity and sustained attention might be
based on “cardiovascular fitness hypothesis” which
propose that cardiovascular fitness is the physiological
mediator that explains the cognitive benefits of physical
activity. However, an extensive meta-regression [36]
did not support this hypothesis and concluded that
it is unrelated to cognitive performance. This meta-
regression suggested that other than cardiovascular
fitness may affect the relationship between physical
activity and cognitive performance. It is in line with
the result found by Ballester et al. [15]. They found
there were no significant correlations between the
indices of vigilance performance (overall reaction
time and lapses) and the main index of physical fitness
(time-to-exhaustion); and no significant differences
in performance in the vigilance assessment (PVT)
between males and females, even though they were
considerably different in cardiovascular fitness. The
result becomes a question mark that cardiovascular
fitness may not be the causal for cognitive improvement
from physical activity. This may be an interesting
topic to be studied to fill in the gap to understand the
possible causal relations between cognitive functions
and physical activity.

In addition, there are various of moderating factors
that can affect the magnitude of the effects of physical
activity and cognitive function relationship [37,38]
such as mode or type of exercise (i.e. small effect in
running vs. cycling), type of cognitive task (i.e. smaller
effect on processing tasks vs. memory tasks), duration
of exercise [39] and timing of the task following
exercise. Furthermore, control rest condition can also
affect the result [40]. Each of these factors should be
taken into consideration by the researchers before
delivering intervention to the subjects.

Researchers must know what kind of physical
activity intervention to be delivered. First, we need
to look at basic features of exercise; type or mode,
intensity, frequency and duration of physical activity to
give an effect on participants’ sustained attention. Most
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of studies have applied moderate-to-high intensity
aerobic physical or aerobic exercise that emphasises
several features such as cardiovascular fitness, sports
skills, and exercise environments [41,42] while only
one study carried out flexibility physical activity
intervention [35], one study administered the daily
PA by recording the number of steps and exercise
amount per day from uniaxial accelerometer [16], and
one study conducted active and passive lesson breaks
[36]. It shows that PA intervention has progressively
implemented into applicable settings such as during
academic lesson breaks and daily life. This is crucial to
see this physical execution not only from one setting,
but it is also easier to be carried out in daily life at
any time. It does not matter whether it is conducted
in laboratory setting or field setting, both have shown
a significant finding on sustained attention. There are
also other types of PA such as 30-minutes movement
programmed, aerobic dance, active and passive lesson
breaks, daily physical activity and yoga. However,
there was a lack of findings in implementing resistance
exercise. Thus, future study may consider this type of
exercise to examine its effect on sustained attention.
In any case, aerobic capacity should be taken into
consideration as it is the main key factor to determine
the effectiveness of PA on sustained attention. Several
findings have shown a significant outcome pertaining
to the effect of MVPA on sustained attention [5,15,
23,41-43]. Therefore, future research should consider
administration of PA in accessible settings at the same
time fulfil the PA guideline and recommendation from
American College of Sports Medicine, American Heart
Association and World Health Organization. Figure 4
shows the summary of extracted studies data related
to the effect of PA on sustained attention.

Researches should consider specific sports groups
and the account of PA for the potential influence of
the perceptual-cognitive skills involved in sport
training context to clarify the specific, rather than
combined, effect for both cardiovascular fitness and
the training on vigilance performance [31]. Therefore,
as a suggestion for future studies, comparing larger
groups of participants from different sport types
and with different levels of sport participant and the
participants’ cardiovascular fitness are needed to
clarify the specific, rather than combined effect of each
variable on vigilance performance [14].

The physical activity implemented is between
30 to 60 minutes per session and is done at two to
three times a week. These collective results are
slightly different from the meta-analytical results [44]
which recommended at least 20 minutes of exercise
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to achieve improvement in cognitive performance.
However, in the sense of the intensity of exercise, both
meta-analytical studies agree that exercise or physical
activity with moderate-to-vigorous intensity gives a
clearer impact on cognitive performance rather than
low-intensity exercises.

In relation to the frequency and duration of exercise
performed, every study has a variety of approach to
ensure the target duration of exercise is achieved based
on global guidelines. ACSM recommends participating
in moderate-intensity endurance PA, for a minimum
30 minutes, five days per week; or participating in
vigorous-intensity endurance PA for a minimum 20
minutes, three days per week to maintain a healthy
lifestyle [3]. Aerobic exercises must be emphasised
during PA sessions. Researchers should also pay
attention to the type and number of subjects recruited.
Some of the recruited subjects have other commitments
that may affect their ability to keep on engaging in
intervention and affect the duration of the study.
Researchers must be aware that the involvement of
health professionals as observers, if necessary, should
be considered as well. For example, school children
are committed to schooling hours while adults have
work commitments. Meanwhile, the vulnerability of
disabled people as compared to normal and healthy
people requires parental consent before they can
involve in any intervention, in addition to requiring
the supervision of a doctor or a well-trained healthcare
professional. Researchers should consider these aspects
before deciding their study design.

It is speculated that due to methodological
differences, especially the measurements used for
sustained attention, have contributed to contradictory
finding as it may not sensitive enough to the participants’
changes in sustained attention [21]. Therefore, the
selected measurement should be appropriate to the
design and study objectives. The selection of the
inappropriate measurements will affect the significance
of the obtained results. Besides, researches may provide
more challenging task to discriminate the participants’
sustained attention as well as consider other factors,
such as nutritional intake and duration of sleep to see
its effect on the relationship between physical activity
and sustained attention.

The most widely used sustained attention
assessments are PVT. This assessment is available in
various versions depending on the age of the subject
and the objective of the study. The standard PVT
only takes about 10 minutes. However, there is also a
60-minutes version used by Luque-Casado et al. [17]
to assess the sustained attention of young adults.
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Meanwhile, most PV T assessment versions were used
on children and adolescents and took less than 9 minutes
(minimum is 5 minutes). Among the possibilities
of this assessment is often used by researchers are
due to less complex and complicated variables to be
measured and even the duration of the assessment takes
only a short time. However, this assessment involves
inhibition of responses to unpredictable stimuli, thus
requiring less executive demand. Thus, PVT may risk
in causing a lack of significant relationship between
cardiovascular fitness and cognitive processing
measure [44]. Therefore, researchers should know
the appropriate assessment to be used based on the
objectives and study design.

Next assessment that frequently used is the
Continuous Performance Test. This assessment also
has multiple versions depending on age and subjects’
conditions. It takes at least 14 minutes to be done and
the longest duration it can take is 20 minutes. Most
of the assessment versions were used among young
adults. However, there is another version that was
used among attention-deficit hyperactivity disorder
children (Continuous Performance Test - II), in a study
conducted by Medina et al. [20] which has high number
of variables. However, the variables in the standard
Continuous Performance Test assessment is not as
much as CPT-II. This assessment might not as easy as
compared to PVT because it takes a longer duration to
be done but these it has higher chance to demonstrate a
significant relationship between physical and cognitive
activities, regardless of other moderating factors [45].

Other suggestions for future study to examine the
effect of the association between PA and sustained
attention on academic performance which can
produce a strong justification on the importance of
sustaining attention. This observation may encourage
teachers’ interest to encourage their students to
participate in daily physical activity by considering
the implementation of short physical activity breaks
as it becomes a concern about reduced attention due
to the disruption to the classroom routine. To entice
to education policymakers, research needs to cover a
wider range of educational settings as well as include
academic performance as a longer-term outcome. It is
not only to create interest for future study but also to
draw attention to the policymakers in promoting PA
among grassroots.

It is also suggested that a study needs to be replicated
in a wider range of schools and age ranges. As boys are
more prone to inattention during extended academic
study periods, the current findings may not generalise
to girls [18]. More research is needed to determine

10/14



the time course of changes over the longer term,
and the extent to which ongoing time commitments
and potential ‘fatigue’ among students and teachers
impact the long-term implementation of the physical
activity break [39, 46]. In addition, both cognitive and
academic tests suggest that it is important to focus on
general motor skill development in school children.
Future intervention studies focusing on motor skill
training should investigate how improvements in fine
and gross motor skills affect cognitive functions and
academic performance in children and the possible
underlying mechanisms should be investigated.

There was a limitation when studying the effects of
PA on sustained attention is the consideration to vigilance
decrement due to mental fatigue state which onsets after
maintaining attention for a long duration [47]. It is noted
that fitter individuals responded faster overall towards the
psychomotor vigilance test than less fit individuals [15].
This may give rise to the hypothesis that athletes reach a
state of mental fatigue much later as compared to normal
individuals as they perform better in sustained related task
in the early phases. Here, it is important to note that these
previous studies used experimental tasks that typically
last for only a few minutes (i.e., 10 minutes at the most),
a duration that might be insufficient to elicit a significant
deterioration in vigilance performance in young
adults [48]. Thus, the duration of the task appears to be a
key factor to pinpoint the link between aerobic fitness
and sustained attention. Maintaining a high attentional
state is effortful and it is taxed by time-on-task [48,49].
Alternatively, a habituation effect (i.e., a gradual
familiarity effect and reduction of the cue-related
heart response with repeated stimulus presentation),
could also have been responsible for the disappearance
of the observed cardiac deceleration in higher-fit
individuals [50-52].
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