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Abstract 
The study was designed to investigate the effects of an acute naturalistic stressor, namely, examination of 
stress on memory, attention and cognition in healthy human volunteers. Fifty-three students participated in 
this study. All the volunteers were assessed for their neuropsychological states, which are memory, attention 
and cognition, during non-examination and examination period. The neuropsychological tests used in this 
study were- logical memory test, digit span test, letter cancellation test, trail making test and Stroop test. It 
was revealed that there was significant difference (p<0.05) in the score of logical memory II, backward and 
total score of digit span, time taken to complete letter cancellation test and score in part C of  Stroop test in 
the exam period. The present study thus demonstrated that acute naturalistic stress improves attention while 
impairs delayed memory retrieval and cognition. 
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Introduction 
 The term ‘stress’, which is originally used to 
describe a force that exerts physical damage on a 
structure, is generally defined in biological systems as 
any condition that seriously perturbs the 
physiological/psychological homeostasis of an 
organism. The profound physiological consequences of 
stress were first shown empirically in Hans Selye’s 
seminal paper of 1936: as “a syndrome produced by 
diverse nocuous agents” (Selye, 1936, 1973). Stress is a 
modulator that is potent for learning and memory 
process. Subsequent researches showed the broad range 
of adverse physiological effects of stress in animals and 
humans, including adrenal-gland enlargement, atrophy 
of thymus and lymph nodes, increased cardiovascular 
tone, immune system suppression and ulceration 
(Sapolsky, 1992). Acute stress is a reaction to an 
immediate threat or perceived threat. Mixed 
conclusions have been drawn on the effects of acute 
stress on memory. One view is that acute stress can 
impair memory while others believe that acute stress 
can actually enhance memory.  

In response to stress, the hypothalamic-pituitary-adrenal 
axis is activated which leads to an increased secretion 
of glucocorticoids (GCs) (McEwen, 2000). During 
stress glucocorticoids and catecholamine such as 
adrenaline and nor adrenaline are secreted which 
facilitate adaptation (De Kloet et al., 1998; McEwen, 
1998; Sapolsky et al., 2000). These hormones (cortisol 
in humans; corticosterone in rodents) influence multiple 
target tissues including the brain. Glucocorticoids have 
a modulatory influence on memory processes. Several 
studies have shown that stress and glucocorticoids 
enhance memory formation while they impair memory 
retrieval. Studies in rodents have revealed that GCs 
enhance or impair performance depending on the tested 
of specific memory tested and on the timing of the 
stress exposure, respectively (Lupien and McEwen, 
1997; De Kloet et al., 1999). Experimental studies in 
humans have repeatedly shown that GC administration 
can interfere with performance in working memory as 
well as declarative memory tasks (de Quervain et al., 
2000; Wolf et al., 2001). Studies also revealed that, 
verbal working memory (Smith et al., 1998) and 
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sources of attention are influenced by corticosteroid 
levels during the memory process (De Kloet et al., 
1998). 
 In recent decades, an important line of 
neuroscience researches have shown that stressful 
experiences can have a negative impact on certain 
aspect of brain function. Stress has a great impact on 
memory, attention and cognition. In the present 
investigation, a study was done to assess the effects of 
an acute and naturalistic stressor, namely examination, 
on memory, attention and cognition in healthy human 
volunteer. 
 
Materials and Methods 
 Participants: Undergraduate students who were 
known to have a period of examinations in the English 
academic year (i.e., July to December) were approached 
for this study. Posters advertising the study were 
displayed in different departments of Noakhali Science 
and Technology University, Bangladesh. Participation 
in the project was entirely voluntary. Seventy healthy 
male and female volunteers, who were adult, were 
recruited and finally fifty-three volunteers were selected 
for taking part in the experiment. Written informed 
consent was obtained from each participant prior to 
study. Before the selection of the volunteers, they were 
introduced with a complete set of medical health 
questions to evaluate their health conditions for the 
suitability of the study. All subjects were interviewed 
and included in the study only when they met the 
following criteria: 1) no history of neuropathological 
conditions or illness, 2) absence of hospitalization for 
psychiatric illness, 3) no history of drug or alcohol 
abuse, 4) normal psychomotor development. Those who 
had diabetes, hypothyroidism, renal disease or 
malignancy or were on thiazide diuretics, β-blockers or 
corticosteroids; had admission to hospital with a severe 
illness within the previous 3 months were also 
excluded. We also excluded those with a known 
cardiovascular condition (ischemic heart disease, 
peripheral arterial disease, abdominal aortic aneurysm, 
and carotid artery disease). All the habitual smokers 
who usually smoke more than eight cigarettes per day 
were dropped from the selection procedure of 
volunteers. Subjects were advised to follow standard 

diet during the study period and were asked to avoid 
caffeine twelve hours prior the study. The educational 
background and body-mass were also considered during 
the selection of participants so that the differences 
among the selected participants can be minimized. 
Finally, fifty-three participants who were divided into 
two groups (non-exam and exam), participated in the 
memory, attention and cognition tests reported here.  
 Treatment procedure: The study was conducted 
over an exam period. The volunteers were divided into 
two groups. One group (group A) was non-examinee. 
The second group (group B) was taking examinations 
for the same period of time in the similar fashion.  The 
assessment was done to measure the condition of 
memory, attention and cognition. For all the volunteers, 
the sequences of the tests administered were kept 
constant. To estimate health conditions during the study 
period, age, weight, height, education year, IQ test and 
blood pressure were measured. The demographic 
information of the volunteers did not vary much 
statistically (Table 1). 
 

Test of memory: 
 Logical memory (LM): Logical memory test, a 
subtest of the Wechsler memory scale, was used to 
measure immediate memory and delayed memory 
(Wechsler, 1997). In the Logical memory, the 
volunteers were told a brief story and then they were 
asked to retell the story twice: once immediately upon 
hearing the story (Logical Memory I, LM-I), and a 
second time after a 30 min delay (Logical Memory II, 
KM-II). During the test, story elements the participants 
used in each of their retellings were noted. The score 
was then calculated by counting the number of elements 
used in a volunteer’s retelling. 
 Digit span test (DST): The Digit Span test (DST) 
(subtest of the Wechsler intelligence scale) (Wechsler, 
1987) was used to assess simple verbal working 
memory. The test consists of two parts, digits forward 
(DSTF) and digit backward (DSTB). Strings of digits 
were read aloud (e.g., 2 4 8) to the participants at a rate 
of one digit per second (each string increasing in length 
from three to nine digits in forward test and two to eight 
digits in backward test). After every string, the 
participants were asked to repeat the string. Each 
subtest (forward and backward) was stopped when a 



16 Hossain et al. / Bangladesh Pharmaceutical Journal 20(1): 14-19, 2017 
 
participant incorrectly reproduced two successive 
strings or when a full digit number has been 
successfully repeated. The total score of the digit span 
test (DSTT) is the sum of the maximal digit numbers 
that a participant can recall from forward and backward 
testing. 
 

Attention test: 
 Letter Cancellation Test (LCT): Letter cancellation 
test (LCT) was used for assessing visual search, 
scanning and attention (Benton, 1968). It consists of 
rows of letters randomly interspersed with a designated 
target letter. The participants were asked to cross out all 
the target letters. Performance was scored for a subject 
according to the number of correct responses (LCTC) 
and the time taken to complete the test (LCTT). 
 Trail Making Test (TMT): Trail making test (TMT) 
(Reitan and Wolfson, 1985) provides information on 
visual search, scanning, speed of processing, attention, 
mental flexibility and executive functions. TMT, in this 
investigation, consists of two parts- TMTA and TMTB. 
TMTA requires drawing lines sequentially connecting 
25 encircled numbers distributed on a sheet of paper. 
Task requirements are similar for TMTB except the fact 
that the person must alternate between numbers and 
letters (e.g., 1, A, 2, B, 3, C, etc.). The score on each 
part represents the amount of time required to complete 
the task. 
 Cognition test: Stroop test (ST): The Stroop color-
Word test-Victoria version (VST) (Regard, 1981) was 
used to measure of selective attention and cognitive 
flexibility which was originally developed by Stroop 
(Stroop, 1935). The test had three parts. In part D 
(Dots) [STD], the participants were asked to tell the 

names of the colors of 24 dots printed in blue, green, 
red and yellow as quickly as possible. Part W (Words) 
[STW] is similar to Part D, except that the Dots are 
replaced by common words printed in lowercase letters. 
The participants were asked to tell the name of the 
colors in which the stimuli are printed and to disregard 
their verbal content. Part C (Colors) [SDC] is similar to 
parts D and W, but here the colored stimuli were the 
color names ‘blue, green, red and yellow’ printed 
lowercase so that the printed color never corresponds to 
the color name. For each part, the time to complete and 
the number of errors were recorded. Spontaneous 
corrections were scored as correct.  
 Statistical analysis: Data were expressed as mean ± 
standard error. Statistical analysis was performed using 
the statistical software package SPSS. Independent 
sample t-test was used to determine the level of 
significance between non-examinee and examinee 
group. 
 
Results 
 Test of memory: Logical Memory: There is no 
significant (p<0.05) difference observed in Logical 
memory-I between the two groups but in logical 
memory-II there was significant decrease (p<0.05) in 
score for the group attending examinations (Table 2).  
 
 Digit Span: In the DST, there was not any 
statistical difference in digit forward (p>0.05) score in 
group A and group B. However, there was decrease 
(p>0.05) in score in backward test hence, in the total 
score of the exam group due to stress (Table 2). 

 
Table 1. Demographic information of the volunteers. 
 

Group aAge 
(Year) 

aWeight 
(Kg) 

aHeight 
(Meter) 

aSystolic 
BP (mm 

Hg) 

aDiastolic 
BP (mm Hg) 

aEducation 
(Year 

Completed) 

a,bBMI 
(Kg/m2) 

a,cEstimated 
IQ 

Group-A 20.7 ± 0.2 66.7 ± 0.8 1.6 ± 0.0 114.1±1.0 82.6 ± 0.8 13.8 ± 0.2 25.0 ± 0.3 117.9 ± 0.8 

Group-B 20.8 ± 0.2 67.5 ± 1.0 1.7 ± 0.0 114.8±0.9 81.5 ± 1.1 13.8 ± 0.2 24.7 ± 0.2 118.6 ± 0.6 
 

aMean ± Standard Error; bBMI= Body Mass Index; cIQ was estimated from National Adult Reading Scale. 
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Table 2. Neuropsychological test. 
 

Neuropsychological Tests Group A (n=28, value expressed 
as mean ± SE) 

Group B (n=25, value expressed 
as mean ± SE) 

Logical Memory-I 15.2 ± 0.3 14.8 ± 0.2 Logical Memory 
Logical Memory-II 13.3 ± 0.2 11.7 ± 0.2* 

      
Forward 5.4 ± 0.1 5.4 ± 0.1 
Backward 4.2 ± 0.1 3.7 ± 0.1* M

em
or

y 
Te

st
 

Digit Span 

Total 9.6 ± 0.1 9.1 ± 0.1* 

Correct Response 116.9 ± 0.3 117.0 ± 0.4 Letter 
Cancellation 
Test Time (second) 115.1 ± 1.1 105.2 ± 1.5* 

      
TMT-A 80.5 ± 1.3 78.8±1.0 

A
tte

nt
io

n 
Te

st
 

Trail Making 
Test (TMT) TMT-B 219.5 ± 4.4 211.0±3.2 

Part D-Time  17.6±0.2 17.6 ± 0.3 
Part W-Time  16.7±0.2 16.4 ± 0.2 

C
og

ni
tio

n 
Te

st
 Stroop Test 

Part C-Time  22.2±0.4 24.0 ± 0.2* 
 
 SE= Standard Error of Mean. *statistically significant in comparison to baseline data where   p<0.05. The unit of time was 
second. 

 
  Attention test: Letter cancellation test: In 
LCT, statistical difference (p>0.05) was not observed in 
the score for number of correct responses for both of 
the groups. However, significant decrease (p<0.05) was 
observed statistically in the time taken to complete the 
test in the group which consisted of examinees (Table 
2). 
 Trail making test: In both TMT-A and TMT-B, 
there was no any statistically significant difference 
(p<0.05) in the time required to make the trail for both 
of the groups (Table 2). 
 
Cognitive test: 
 Stroop test: There was not any significant 
statistical variation (p>0.05) in part D and part W of 
Stroop test conducted in both of the groups. However, 
difference (p<0.05) was found in the score of part C in 
both of the groups (Table 2). 
 
Discussion 
 The present investigation was conducted to assess 
the effect of an acute and naturalistic stressor, i.e., 
examinations on memory, attention and cognition in 
young human subjects. The obtained data revealed that 
the examination period was associated with a 

significant increase in self-reported levels of stress. A 
significant negative effect of acute stress on delayed 
memory retrieval and cognition was observed while 
there is a significant increase in attention. The LM-I 
number of correct response in Letter Cancellation Test, 
TMT-A, TMT-B, the score of Part D and Part W in 
Stroop test were not significant. Other tasks namely- 
LM-II in logical memory test, time taken to cancel all 
the letters in LCT, score of part C in Stroop test were 
observed to have relatively changed and the values 
were significantly different due to Stress. Systolic and 
diastolic pressure of the volunteers was documented 
during the study period and difference could not be 
found between both the groups. 
 Cortisol is widely regarded as an objective marker 
of changes in psychological stress (Kirschbaum et al., 
1996) and has been shown to increase during periods of 
both acute (Al’Absi et al., 1997) and chronic (Vedhara 
et al., 1999) stress. Other investigation suggests that an 
increase in self-reported levels of stress reduced the 
cortisol level and was associated with impaired 
cognitive function (Vedhara et al., 2000). Moderate 
cortisol elevation in response to psychosocial stress, 
most likely in combination with activation of the 
autonomous nervous system, can lead to negative 
effects on delayed memory (Kuhlmann et at., 2005). 
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Examination in student life can cause stress on an 
individual. This study validates the examination as a 
naturalistic stressor on students in Bangladeshi 
population. 
 However, it would appear reasonable to speculate 
that confounding factors may include: seasonal 
variations in cortisol levels; the activity of other stress 
hormones (e.g., adrenalin, noradrenalin); the unique 
nature of examination stress (i.e., a predictable and 
often recurring stressor); characteristics of the target 
population (i.e., students) or participants’ appraisal 
processes. There have been data suggesting that cortisol 
levels are higher during the months in winter compared 
to the months in summer (Maes et al., 1997). It is not 
clear whether the interval between our non-exam and 
exam sampling periods may have been influenced by 
such seasonal variations, but this factor may have 
contributed to decline delayed memory and cognition 
during the exam period. A limitation of the current 
study is the missing information of women’s menstrual 
cycle. Furthermore, age might have an influence on the 
association between cortisol and memory. 
 To conclude, in this experiment we observed a 
significant negative effect of acute stress on delayed 
memory and cognition.  As previous investigation 
showed that examination stress does not reliably 
produce increases in cortisol. Indeed, the increase in 
self-reported levels of stress during the examination 
period might be associated with an unexpected decrease 
in levels of cortisol. As a consequence, the origins of 
the observed cognitive changes between the non-exam 
and exam periods remain unclear. Further detailed 
studies are needed to evaluate the actual effect of 
glucocorticoid on memory, attention and cognition on 
stress condition.  
 
Conclusion 
 The experimental reports evidenced that significant 
increase in self-reported levels of stress is caused by 
examinations. It can be concluded that acute stress 
caused by examinations have a significant negative 
impact on delayed memory retrieval and cognition 
while there is a significant increase in attention. 
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