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ABSTRACT
Background and Aim: Working memory has substantial importance in academic, profes-
sional and social aspects of life. Working memory deficit influences the academic perfor-
mance of students irrespective of their intelligence quotient (IQ) status. Therefore, this 
study was designed to evaluate the working memory status owing to examination stress. 
Methods: Forty healthy subjects were recruited for this study and it was conducted after 
ethical approval from institutional ethical committee. Written consent was obtained from all 
participants. EEG was done in 67 students and 40 students shown α wave on EEG were 
selected as study subjects. Digit Span Forward (DSF), Digit Span Backward (DSB) and EEG 
was determined both in relax and in examination stress. Digit span and EEG was compared 
in relaxed and stress state. Results: Mean frequencies of EEG in relax was 9.6 Hz with SD 
0.86 while in stress it was 25.9 Hz with SD 0.31. DSF in stress was 6.45 ± 1.15 and in relax 
state it was 7.42 ± 1.21. Mean DSB in stress was 5.7 ± 0.64 and in relaxed period it was 7.1 
± 0.74. In stress there was negative correlation between digit span and EEG. Conclusion: 
This study concluded that examination stress was associated with low DSF and DSB. Nega-
tive correlation between digit span and EEG suggested examination stress was a factor of 
working memory deficit.
Key words: Forward digit span, Backward digit span, Electroencephalogram, Examination 
stress, Working memory. 
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INTRODUCTION
Now-a-days a lot of interest has been shown by re-
searchers in working memory and enlightens the 
importance of working memory in academic, pro-
fessional and social life.[1] Study of working memory 
capacity has substantial relationship with perfor-
mance in cognitive tasks.[2] Working memory is the 
ability of a person to store and recall very short-term 
information, words, numbers, figures etc.[3] Work-
ing memory measures the capacity of a person to 
acquire knowledge rather than measuring what the 
person has already learned.[4] Study has done first on 
animal about the impact of acute and chronic stress 
on working memory and also has proved that stress 
can impair the working memory.[5] Prefrontal cor-
tex (PFC) is the site of brain where catecholamine is 
released in stress. This catecholamine is responsible 
to impair working memory performance by rapidly 
decreasing the neuronal firing in PFC through feed 
forward and intracellular signaling pathways.[6] Ex-
posure to chronic stress changes the architecture of 
PFC, including the dendritic atrophy and spine loss 
leading to profound working memory deficits.[7] Low 
PFC functional connectivity is found in medical stu-
dents undergoing stressful examination.[8] Beta wave 
in EEG shows significant relation with high stress 
while alpha wave shows significant relation with re-
laxed state of brain.[9] Medical students face to stress 

situations like academic, social, cultural etc. and one 
of the most consistent event is examination stress. 
Therefore, this study was conceptualized to observe 
the working memory owing to examination stress. 
The objective of this study was to evaluate the effect 
of examination stress on working memory in medi-
cal students. 

MATERIALS AND METHODS
This descriptive cross sectional study was designed 
and conducted in department of Physiology in col-
laboration with Neurology in Veer Surendra Sai In-
stitute of Medical Sciences and Research (VIMSAR), 
Burla, Odisha. It was accomplished between Jan 
to June 2019. This study protocol was approved by 
Institutional Ethical Committee of VIMSAR. Forty 
male MBBS students were recruited as the subjects 
for this study. All subjects were between the age 
ranges of 18 to 20 years. Apparently healthy students 
were selected for this study. Students suffering from 
any chronic disease or history of taking drugs were 
excluded from the study. When there was not any 
examination students were screened for selection 
of subjects. Written consent was taken and 67 male 
students were screened for electroencephalogram 
(EEG) after their taking written consent. Only male 
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subjects were selected to avoid the influence of female hormones that 
fluctuate during menstrual cycle which in turn might have an effect on 
EEG. They were well explained about the purpose and output of study. 
Among 67 students we selected 40 students having alpha wave (frequen-
cy 8-13) in EEG. This screening procedure confirmed that selected 40 
students were in relaxed state when there was no examination.[9] Simul-
taneously their working memory was assessed in relaxed period. All 40 
subjects were again assessed for working memory during the period of 
examination and their EEG was recorded. 

Recording of EEG 
Electrodes used for EEG recording were silver-silver chloride discs of 
4-10 mm in diameter.[10] Electrodes were positioned according to in-
ternational 10-20 system to record EEG. This system included total 21 
electrodes out of which 19 put on scalp and 2 on both sides ear lobes.[11] 
EEG recording was done in eye closed condition for 10 min to observe 
the different wave pattern as per the protocol laid down by International 
Federation of Clinical Neurophysiology.[12] Eye close EEG was chosen to 
minimize the effect of sensory input and effect of movement on brain 
activity.[13]

Digit Span
Digit span, a subset of Wechsler Adult Intelligence Scale–Fourth Edition 
(WAIS-IV) was administered to assess the working memory capacity.[14] 

Two subsets of digit span i.e. digit span forward (DSF) and digit span 
backward (DSB) were administered for working memory assessment. In 
DSF examiner read a sequence of numbers and examinee recalled the 
numbers in same order. For example when examiner read 35764, the ex-
aminee recalled 35764. In DSB when examiner read 35764, the examinee 
recalled 46753. For each subject two trials were done and the highest dig-
its counted was selected for recorded according to (WAIS-IV) manual.[14] 
DSF and DSB was assessed in both relax and examination stress.

Statistical Analysis of Data
Statistical analysis was done by statistical software SPSS 20 IBM Corpo-
ration. Statistical test used were Paired t test and Pearson correlation. P 
value <0.05 was considered to be significant. Digit span and EEG change 
in relaxed and stress state was analyzed by paired t test. Pearson correla-
tion was used to observe the association between EEG and digit span. 

RESULTS
This study was accomplished among 40 healthy subjects to evaluate the 
effect of examination stress on working memory. Table 1 depicts the 
change in EEG in relax and stress state. In relax state frequency of EEG 
was 9.6 Hz with SD 0.86 while in stress it was 25.9 with SD 0.31. Data was 
analyzed by paired t test and change was found significant (P=0.000). Ta-
ble 2 depicts the DSF and DSB of subjects in relax and stress state. Mean 
DSF in relax state was 7.42 with SD 1.21 while in stress it was 6.45 with 
SD 1.15. Data comparison was done by paired t test and difference was 
found significant (P=0.001). Mean DSB in relaxed state was 7.1 with SD 
0.74 while in stress it was 5.7 with SD 0.64. Data comparison was done by 
paired t test and difference was found significant (P=0.000). Table 3 and 
Figure 1, Figure 2, depicts the correlation between digit span and EEG. 
In stress there was negative correlation between DSF and EEG frequency, 
Pearson correlation coefficient “r” was -0.963 (P=0.000). In stress there 
was negative correlation between DSB and EEG frequency, Pearson cor-
relation coefficient “r” was -0.490 (P=0.001). 

DISCUSSION
School and college students are exposed to stressors like academic, social, 
cultural etc. Examination is an important academic stressor in a student’s 

life. Vast course of medical curriculum put an extra load on student’s 
life. Therefore, it is difficult to achieve a good score in examination and 
to achieve their target.[15] So examination act as a substantial stressor on 
medical student’s life. During the period of examination, most of medi-
cal students perceive a lot of stress due to course burden.[15] 
EEG wave analysis in this study provided information about the func-
tional status of the brain. Baseline EEG was done and students show-
ing alpha wave (8-13 Hz) on EEG were selected as the study subjects. 
When subjects were not exposed to examination their EEG wave was 
alpha and they were in relaxed state.[9] In this study we found that in 
examination stress the EEG wave was high frequency (13-30 Hz) beta 
pattern type. Previous studies suggested that beta wave in EEG indicates 
that the person is in stress whereas alpha wave indicates relaxed state.[9,16] 
Thus analysis of EEG confirmed that examination put stress on subjects, 
which was reflected by EEG frequency that shown the functional status 
of brain. 
Richard SL et al. in their research on examination stress put their view 
that DSB was increased in stress while DSF was not affected.[17] Our study 
contradicted to their study i.e. both DSF and DSB were decreased owing 
to examination stress. Study of Klein and Boals suggested that working 
memory capacity was decreased owing to stress.[18] Their study corre-
lated to our study. Vedhara et al. and Kuhlman et al. suggested that stress 
was not a factor that affect the working memory.[19,20] Their was contra-
dicted to our study. Researchers Elzinga and Roelofsin in their study sug-
gested that the DSF was low owing to stress.[21] Their study was correlated 
to our study. 

Correlation analysis found that there was negative correlation between 
digit span and EEG in examination stress. This suggested that at higher 
brain activity i.e. high frequency EEG, digit span was low. Researchers 
suggested that high frequency EEG may be due to maintenance of verbal 
stimuli in auditory memory. Working memory is associated with men-
tal processing and manipulation of information. For manipulation vol-

Table 3: Correlation between Digit Span and EEG.

Variables  Correlation Coefficient (r) P

Stress DSF vs. EEG -0.963 0.000

DSB vs. EEG -0.490 0.001

Data analysis by Pearson correlation, P value significant at <0.01, 
DSF- Digit Span Forward, DSB- Digit Span Backward, 
EEG-Electroencephalogram

Table 1: Comparison of EEG. 

Variables Relax Stress P

Mean ± SD Mean ± SD

EEG frequency 9.6 ± 0.86 25.9 ± 0.31 0.000

Data comparison by paired t-test, P value significant at <0.05, 

EEG-Electroencephalogram, SD-Standard deviation

Table 2: Comparison of Digit Span.

Variables Relax Stress P

Mean ± SD Mean ± SD

DSF 7.42±1.21 6.45±1.15 0.001

DSB 7.1±0.74 5.7±0.64 0.000

Data comparison by paired t test, P value significant at <0.05, 
DSF- Digit Span Forward, DSB- Digit Span Backward, SD-Standard deviation
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ume of information is so high that may be the cause of high frequency 
beta wave EEG.[22,23] In examination stress students are more attentive 
for which their alertness is increased as well as they are anxiety level is 
increased. Therefore, their EEG pattern is shifted to beta pattern.[24] 
Stress induced release of catecholamine from prefrontal cortex (PFC) 
rapidly decreases its neuronal firing and impairs working memory 
performance through feed forward, intracellular signaling pathways.[6] 

There is a link between working memory capacity and neural ability to 
focus attention on task relevant information and to ignore distraction.[25] 
Working memory deficit has severe detrimental effect on academic per-
formance of students. Researchers suggested that one in every ten stu-
dents have low or deficit working memory. Among them majority have 
poor academic performance independent of their IQ status.[26] There is a 
link between cognitive aspect of brain and working memory. Therefore, 
working memory impairment or deficit is associated with low academic 
performance and achievements for students.[27] 

Limitations of the Study
Hormonal assessment is an important indicator of stress was not esti-
mated. Only male subjects were recruited and effect of examination 
stress on working memory in female could not be evaluated. Only fre-
quency of EEG was taken into consideration for convenience. 

CONCLUSION
This study concluded that DSF and DSB both decreased owing to exami-
nation stress in comparison to relax state. There was negative correlation 
between digit span (both DSF and DSB) and EEG. Thus, in examination 
stress there was working memory deficit. 
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