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ABSTRACT
Introduction

Working memory is a kind of short term memory important
for reasoning and guiding decision-making and behavioral
process.

Objective
The goal of the present research was to study the outcome

of single bout of acute moderate-intensity exercise on
working memory.

Methodology

Twenty two male subjects were asked to perform working
memory task by 2n back task in baseline resting, immediately
after exercise and after five minute of exercise session. 3
minute step test procedure was used as a moderate
intensity exercise intervention.

Results

The percentage correctness of 2n back task of working
memory was found to be 64.36% for baseline resting
condition, 78.01 % for immediately after 3-minute step test
and 80.70% for 5 minute after the exercise. In both exercise
session (i.e.immediately after exercise and after 5 minute of
exercise), significant improvement (p value <0.05) in
working memory was seen as compared to the baseline
resting session while no such significant beneficial
improvement was seen when compared between
immediately after exercise and after 5 minute of exercise.

Conclusion

Improvement in working memory after moderate exercise
intervention was seen, which is important for learning and
memory and decision-making.
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INTRODUCTION

Retaining optimum brain well-being and function all over
life is a key goal of public health. Extensive research
establishes that exercise and fitness are neuroprotective
and employ a progressive influence on cognitive function.'
Cognitive function is the intellectual activity that comprises
mental processes like learning and memory, attention,
processing speed, executive function and working memory.
Working memory includes short-term storage and handling
of information, expected essential for an extensive range of
complex cognitive events. Working memory is supposed to
play animportant role in numerous cognitive processes and
other characteristics of executive function. Deficits in
working memory will extremely impair decision-making
process, learning and memory.” As a result, working memory
has fascinated growing research attention and has become
acenterof recent research.

The effect of exercise on different realms of cognitive
function continue as vigorously explored area in scientific
research like cognitive neuroscience, sports science and
many other fields.” Past analysis shows that long term
participation in physical exercise is allied with better
attention, cognition and memory; though the outcomes are
unreliable when working memory is related to single bout
of acute exercise with few studies presenting favorable
effects, no effects, or even negative effects. The outcomes
differed with form of memory, exercise strength and the
extent of exercise.® There are different measures available
to assess the working memory out of which 2n back task is
extensively used in cognitive function research as a gold
standard measure. Therefore, the present study makes an
effort to replicate the previous studies in our population
and laboratory setup and to correlate the effect of acute
moderate-intensity single bout exercise on working
memory performance using 2n back task.

METHODOLOGY:

Participants:

Twenty two medical students of Birat Medical College and
Teaching Hospital (mean age = 23.35 + 1.42 years) were
recruited in the study. Informed consent was taken from all
the contestants before the experimental protocol. An
inclusion criterion was assessed through a detailed history
to conform that there was no any potential risk of
cardiovascular, respiratory and other health related
disorders in the participants to perform a single bout of
aerobic acute moderate intensity exercise and working
memory task. This study was conducted in Department of
Physiology, Birat Medical College and Teaching Hospital
from duration of February, 2017 to July, 2017.

Acute Aerobic Exercise Protocol

The subjects were asked to perform 3 minutes step test on
bench of 12-inch height for three minutes in up-up and
down-down fashion at the rate of 96 steps per minute.

The test was demonstrated to the subject with alternating
stepping rhythm. The rhythm of stepping with the beat was
carried as follows: step one foot up on the bench (1°* beat),
step up with the second foot (2"? beat), step down with one
foot (3" beat), and step down with the other foot (4" beat.)
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The subject was asked to practice the stepping on the
metronome rhythm, which was set at 96 beats per minute
(4 clicks = one step cycle) for a stepping rate of 24 steps per
minute. The subjects stepped up and down on the platform
at the given rate for a total of 3 minutes. Immediately after 3
minute of exercise the subject was asked to stop and sit
downand remain still.

Working Memory Task

The n-back test is an uninterrupted performance test that is
frequently used as a valuation in cognitive neuroscience to
measure working memory and working memory capacity.
The subject comes across with a sequence of stimuli, with
the task consisting of indication when the current stimulus
matches the one from n steps earlier in the sequence. The
stimuli factor n can be adjusted to make the task less or
more challenging. For example, 1n-back one has to
remember the position of the item, one turn back likewise
2n-back means that one has to remember the position of
theitem two turns back, and soon.

In our present study, 2n-back test was performed to assess
working memory task using www.cognitivefun.net
program. In this task, ten pictures (e.g., car, cake, cat, fish,
ball, book heart, shape, pencil, boot, and spoon) appeared
on the computer screen randomly and participants were
asked to click on the target box when the current picture
was a repeat of what they had seen or picked 2 pictures ago.
Therefore, the target had to be hit if the same picture was
repeated in the third place as shown in figure 1. After end of
the task, results with correct percentage were displayed.’
Each 2n back working memory task was of sixty second
duration where around 32 items were displayed.
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Figure 1

If click om current item:;
mcorrect response

if click om current item:
Correct response

Experimental Procedure

After obtaining informed written consent, the subject's
information regarding history and anthropometric data was
recorded in the structured performa. The subject was then
instructed for complete bed rest for five minutes to get
accustomed to the laboratory environment. After all
paperwork, 2n-back task training for assessment of working
memory was done for every subject repeatedly for multiple
number of times till the maximum percentage of correctness
was attained during resting. This was done to exclude the
learning effect on working memory performance. It was noted
thatthe subjects understood 2n-back task well.
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Now, in the formal experiment, the subject was asked to
perform first round of working memory task in baseline
resting session. The percentage correctness of the 2n-back
test was noted. It was followed with the exercise session by
3 minute step test at the rate of 96 steps per minute and
immediately after the exercise session second round of
working memory task was performed. Again, the
percentage correctness of 2n-back test was recorded. Then
at last, the subject was asked to sit idle for 5 minutes and
then the next third round of working memory task was
performed. Final recording of percentage correctness was
noted. All the subjects' heart rates were recorded during
baseline resting session, immediately after exercise and 5
minutes after the exercise session.

Statistical analysis

To compare working memory performance differences
between baseline and post-exercise sessions, a paired t-test
was used to for testing the significance. The alpha value was
set to 0.05 for the difference to be statistically significant.
The working memory performance was also correlated with
age, gender, BMI or the academic level of the subjects using
Spearman's correlation. The statistical analysis was done
using Statistical Package for the Social Sciences (SPSS).

RESULTS

Exercise Intensity

The baseline resting and exercise session heart rate was
38.12 % and 70.42%, respectively, of the projected maximal
heart rate. The differences in percentage of heart rate
during baseline resting session and exercise session of the
projected maximal heart rate recommends the 3 minute
step test to be a moderate-intensity exercise. The heart rate
of subject after 5 minute of exercise was found to be
returned to that of the baseline resting condition.

Working Memory Performance:

Figure 2 presents detailed working memory performance
based on the three sessions of 2n back task with exercise
intervention. To explore the working memory performance
difference between baseline and exercise sessions, a paired
t-test was used to for the test of significance.

Bafore exgrciae Iirrnedistely afer sxenics  Sler 5 min, of exeigize

Figure 2: Change in percentage correctness of 2n back text
inrelation to exercise intervention.

The percentage correctness of 2n back task of working
memory was found to be 64.36% for baseline resting
condition, 78.01 % for immediately after 3-minute step test
and 80.70% for 5 minute after the exercise. The both
exercise session (i.e. immediately after exercise and after 5
minute of exercise) showed significant improvement
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(p value <0.05) in working memory as compared to the
baseline resting session while no such significant beneficial
improvement was seen when compared between
immediately after exercise and after 5 minute of exercise.
The working memory performance in our study did not
significantly differ in respect to age, gender, BMI or the
academiclevel from which the subjects were enrolled.

DISCUSSION

This research studied the impacts of single bout of acute
moderate exercise on working memory performance. The
exercise session was correlated to a baseline session of
working memory. It was hypothesized that an association
would be present between those parameters, and the
current study supported this hypothesis. The core finding of
our study was that even a very short period of three minute
moderate intensity exercise test is good enough to attain
positive impact on working memory. An increasing bulk of
literature by Erickson Kl et al, Chang YK et al. and Drollette
ES et al shows that acute aerobic exercise improves working
memory performance and our results are also in agreement
with these previous research findings.** Similarly, a study by
Hillman et al revealed that an acute treadmill workout was
correlated to improved working memory performance
while carrying out a visual attention task by Eriksen flanker
test.’ Also, a study by Sibley et al revealed that acute exercise
of moderate-intensity on a treadmill led to enhanced Stroop
test performance which is one of the important measure of
cognitive function.” A similar study by Simazach et al
revealed that volleyball training interventions increased the
working memory performance measured by Digit span and
Visual Memory Span tasks of Wechsler Memory Scale." In
our study, we concluded that working memory performance
is enhanced with 3 minute of moderate intensity exercise.
Through, a series of literature review we could not find
satisfactory result on the optimum intensity and duration of
exercise which attains a peak level of enhanced working
memory performance asitis noted that evenincreasein the
duration and intensity of the exercise more than optimum
level would decrease the working memory performance.
Therefore, we feel that further study needs to be carried out
inthisdirection.

The exact neurophysiological mechanism that is affected by
acute exercise is still unknown but it is estimated that
exercise may intensify the courses of neuroplasticity at
molecular and cellular level.” Thus, further work in future is
anticipated to explicate the specific mechanisms by which
the exercise affects the human cognition. Few studies argue
that the changes in the working memory performance is
estimated due to enhanced activities of the brain including
bilateral parietal cortices, left hippocampus, and the
bilateral cerebellum elicited by acute aerobic exercise. *
Also, exercise-induced variation in regional cerebral blood
flow has also been proposed as a probable mechanism for
increased cognition level."* Some studies also states that
rise in central and peripheral accessibility of neurotrophic
elements, energy substrates and signaling molecules are
reason behind beneficial memory performance.” Some
researchers using animal model have revealed that exercise
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shows beneficial influence on cognitive function because it
brings some changes in brain structure such as hippocampus
and cerebral cortex.””

CONCLUSION

The current findings support our hypothesis that moderate
intensity exercise is related to improve processing task that
assessed working memory performance in healthy young
adults. It also suggests that acute bouts of exercise may be
tremendously useful for those whose cognitive performance
is low. Thus it is concluded that even single bout of acute
exercise has beneficial effect on working memory and
ultimately overall cognitive function. Therefore, acute
exercise can be important in decision making, learning and
memory process.

RECOMMENDATIONS

We found that even three minute of acute exercise improves
working memory and cognitive function. Therefore, it is
recommended to develop moderate exercise as a daily
habit to all age groups to boost memory, improve
concentration, improve mental health, enhance creativity
and retard cognitive decline with age.

LIMITATIONS OF STUDY

The present research is not devoid of limitations. The
overview of our results is constricted by less number of

REFERENCES

1. ChieffiS, Messina G, Villano |, Messina A, Valenzano A, Moscatelli F, et
al. Neuroprotective Effects of Physical Activity: Evidence from Human
and Animal Studies. Front Neurol. 2017;8:188. DOI: 10.3389/ fneur.
2017.00188

2. Baddeley A. Working Memory: The Interface between Memory and
Cognition. J Cogn Neurosci. 1992;4(3):281-8. PMID: 23964884 DOI:
10.1162/jocn.1992.4.3.281

3. Ferris LT, Williams JS, Shen CL. The effect of acute exercise on serum
brain-derived neurotrophic factor levels and cognitive function. Med
Sci Sports Exerc. 2007;39(4):728-34. PMID: 17414812 DOI: 10.1249/
mss.0b013e31802f04c7

4. Y.K.ChangJDL,J.I.Gapin,andJ. L. Etnier. The effects of acute exercise
on cognitive performance: A meta-analytic review. Brain Research.
vol. 1453:pp. 87-101. PMID: 22480735 DOI: 10.1016/j.brainres.
2012.02.068

5. Upadhayay N, Guragain S. Comparison of cognitive functions between
male and female medical students: a pilot study. J Clin Diagn Res.
2014;8(6):BC12-5. PMID: 25120970doi: 10.7860/JCDR/2014/
7490.4449

6. Erickson KI, Kramer AF. Aerobic exercise effects on cognitive and
neural plasticity in older adults. Br J Sports Med. 2009;43(1):22-4.
PMID: 18927158 DOI: 10.1136/bjsm.2008.052498

7. Chang YK, Labban JD, Gapin JI, Etnier JL. The effects of acute exercise
on cognitive performance: a meta-analysis. Brain Res. 2012;1453:87-
101.PMID: 22480735 DOI: 10.1016/j.brainres.2012.02.068

8. Drollette ES, Scudder MR, Raine LB, Moore RD, Saliba BJ, Pontifex MB,
et al. Acute exercise facilitates brain function and cognition in
children who need it most: an ERP study of individual differences in
inhibitory control capacity. Dev Cogn Neurosci. 2014;7:53-64. PMID:
24309300D0I: 10.1016/j.dcn.2013.11.001

ISSN: 2542-2758 (Print) 2542-2804 (Online)

sample sizes. Further research in future with greater
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