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Objective. To preliminarily assess changes in Doctor of Pharmacy students’ working memory perfor-
mance over the course of an academic semester and to determine whether any observed changes were
associated with fluctuations in stress and fatigue.
Methods. Twenty-three PharmD students were recruited for this pilot study. At baseline, data were
collected on students’ personality, stress, fatigue, and working memory performance using two mea-
sures, the operation span and the symmetry span. Approximately every four weeks throughout the
semester students’ fatigue and stress levels were reassessed and they completed the two measures of
working memory. A repeated measures analysis of variance was used to assess trends over time, and
correlation analysis was used to assess potential relationships between working memory and other
variables.
Results. The operation span, a measure of general working memory resources, showed a significant
quadratic trend over time. Irrespective of time, some associations between working memory perfor-
mance and fatigue were seen. Significant correlations between fatigue and the extraversion personality
trait were identified. The symmetry span, a measure of visuospatial resources, did not show trends over
time nor did it correlate with fatigue, stress, or personality factors.
Conclusion. Pharmacy students’ working memory performance may fluctuate over the course of a
semester, but more research is needed to identify factors that may influence this fluctuation.
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INTRODUCTION
Michael is sitting in his pharmacotherapy class lis-

tening to the instructor and simultaneously taking notes.
This requires Michael to hold information in his memory
ofwhat the instructor is sayingwhile trying to recordwhat
the instructor said just seconds prior. A similar situation
may arise when Michael is receiving instructions or
studying for an examination, ie, he needs to hold infor-
mation in his short-term memory while attempting to do
something else. The ability to hold information in short-
term memory temporarily is a function of working
memory performance. For this study, we focused on
working memory performance over the course of a se-
mester because working memory performance is one of
the primary cognitive factors that underpin thinking and
learning and is a significant predictor of academic suc-
cess.1,2 The primary question of interest in this study was

whether working memory performance changes over the
course of the semester, and if so, do those changes cor-
relate to changes in stress and fatigue.

Working memory (or short-term memory) is the
component of human memory that allows for temporary
storage and executive manipulation of information.3 It is
the mind’s workbench, a place where information can be
used andmanipulated.Workingmemory can be separated
into two distinct processes that vary from person to per-
son: controlled attention allows a person to focus on
relevant information, while controlled search allows a
person to find information needed that is stored in long-
term memory.4,5 The capability to use working memory,
ie, working memory capacity, has been well-established
as a strong predictor of higher order cognition, gen-
eral fluid intelligence (the ability to reason in an abstract
way), and academic success.6,7 Working memory ca-
pacity is considered an individual-difference variable,
meaning that individualswith higher capacity are better at
maintaining information in working memory, integrat-
ing information with long-term memory, and retrieving
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information from long-termmemory.5,8 That is, they have a
larger “workbench.” As such, an individual’s working
memory capacity can be a bottleneck for learning because
information must pass through working memory before it
can be integrated into long-term memory. Given the es-
sential role of working memory capacity in cognition and
learning, extensive research has focused on factors that
impair working memory capacity, as well as elements that
might influence individual differences in performance.1,9,10

As such, we sought to explore how working memory ca-
pacity changes throughout a semester in pharmacy school
as it may impact student learning.

In the general population, stress and fatigue have
been identified as two factors that can lower working
memory performance.9,11-15 We use the term working
memory performance instead of working memory ca-
pacity because working memory capacity may change
over a person’s lifespan,16 while performance may fluc-
tuate throughout the day or between days depending on
contextual factors. That is, an individual’s capacity may
be stationary over a relatively short time period (eg, an
academic semester) but his/her ability to utilize the full
working memory capacity may vary daily based on fac-
tors such as stress, fatigue, lack of sleep, anxiety, and
medication use.9 However, while the literature has dem-
onstrated that various factors can impact performance,
research on the potential change in working memory
performance over the course of a semester is lacking in the
academic literature. These changes might be very salient
in healthcare professional students who experience fluctu-
ating levels of stress and fatigue. If performance does change
as a function of the environment, it may impact student
learning, study strategies, and academic performance.

Stress among college students, both acute and
chronic, has been shown to negatively impact working
memory performance.13,15 In a randomly controlled study
that evaluated the effect of stress, students assigned to the
stress-induced group experienced a pronounced deficit in
workingmemory.13 Another study found that participants
with reported higher levels of stress following a long
period of preparation for a major examination demon-
strated changes in working memory dynamics; such
neural changes correlated with reduced performance on
working memory performance tasks.15 This potentially
negative correlation between stress and working memory
performance is concerning as healthcare professional
students report relatively higher and more harmful levels
of stress.17 Stress in student pharmacists, in particular, has
been well-documented in several studies.18,19

Fatigue is another relevant factor that is associated
with working memory impairment. Chronic fatigue syn-
drome (CFS) patients who report higher mental fatigue

exhibit significant impairment in spatialworkingmemory
tasks compared to CFS patients with low reported mental
fatigue and non-fatigued patients.11 In healthcare, work-
ing memory performance is decreased in sleep-deprived
medical residents.20 Additionally, fatigue induced by
sustained work on cognitive tasks was found to be asso-
ciated with impairment in executive function, which is
higher-level cognitive skills used to control and coordi-
nate other cognitive abilities and behaviors.8,9,12 As an
example, a study in undergraduate students examined the
impact of mental fatigue on executive function by using
both complex and simple working memory tasks. The
students in the induced fatigue group performed worse on
tasks that were related to executive control (complex
tasks) in that they made significantly more errors and had
slower reaction times; importantly, there was no observed
difference between the groups on a simple memory span
task.14 These findings highlight the importance of using
the appropriate working memory measurement for opti-
mal assessment of any potential correlation.

Another aspect of our study was to examine the role
gender and personality may have in any observed changes
in performance. Any findings could help identify poten-
tial students who may be at greater risk of fatigue and
stress-induced impairment. For gender, one study showed
that men significantly outperformed women in working
memory visuospatial tasks,21 but others have found mini-
mal differences in working memory capacity between
genders.22 Moreover, cognitive changes in response to
stress may vary betweenmen and women. For example, in
an experiment among university students, induced stress
was shown to produce a relatively greater impairment ef-
fect on the working memory of female participants com-
pared to male participants.23 Regarding personality, there
is some evidence introverts have higher dopamine levels in
the prefrontal cortex,24 and dopaminergic drugs alter
working memory performance with the extraversion/in-
troversion continuumbeing an important factor in the drug
effects.25 This was demonstrated in a study that found that
introverts had a statistically significant slower reaction
time on a paradigm that taps into the executive function of
working memory.26 Other studies have found a negative
relationship of neuroticism (a five-factor personality trait)
with both general fluid intelligence and mind-wandering
(an indication of executive attention)9,10,27,28 and a rela-
tionship of extraversion with vigilance/attention.27 Be-
cause stress, fatigue, gender, and personalitymay influence
workingmemory performance, we included them as initial
exploratory variables in our study. However, using the
right tests to detect variation is important.

A variety of tasks have been developed to assess
working memory capacity (eg, simple span, N-back).
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Complex span tasks are the most commonly used, as they
provide a more accurate assessment and correlation with
measures of fluid intelligence (capacity to reason and
solve novel problems independent of any knowledge from
the past) and reasoning ability.29,30 This may be because
of the potential of complex span tasks to tap into the ex-
ecutive functioning aspect of working memory (storage
and processing) rather than just storage (short-term
memory) as simple span tasks do.30 For example, com-
plex span tasks may have broad predictive utility. As
such, Engle and colleagues proposed that performance on
operation, symmetry, and reading span primarily reflect
individual differences in executive attention.8,22 Execu-
tive attention includes both memory and attention abili-
ties, and reflects the ability to temporarily maintain
goal-relevant information in primary memory and to re-
trieve information (eg, using our earlier scenario, the
lecture content Michael wanted to hold in memory and
write down as notes)31 During a complex span task, par-
ticipants engage in an unrelated processing activity called
distractor that is interleaved between presentation of the
items to be recalled; the processing component could be
reading sentences (ie, reading span task), assessing the
symmetry of objects (ie, symmetry span task), or solving
math problems (ie, operation span task).31 One limitation
of using the traditional complex span tasks to measure
workingmemory capacity in students is the length of time
these tasks take.29 Consequently, several shortened ver-
sions of complex span tests have been developed and have
been shown to substantially reduce measurement time
without substantially decreasing the ability to predict
fluid intelligence.29,30 Foster and colleagues suggested
that the ideal combination of shortened complex span
tasks deemed to best balance practicality with reliability,
is one block of the Operation Span and three blocks of the
Symmetry Span.32 This model is estimated to take about
35 minutes to complete in 95% of participants, accounts
for about 85% of the fluid intelligence variance from the
full model, and thus seems to be an ideal option. As such
we employed the abridgedmeasures of the operation span
and symmetry span in this study.

This pilot study was the first of its kind to longitu-
dinally examine potential changes in the working mem-
ory performance of student pharmacists related to stress
and fatigue secondary to the demands of a rigorous
pharmacy program. The findings could help identify
students whomay bemore impacted by stress and fatigue,
based on gender and personality. This study also provided
important information to assess the need for strategies to
minimize student cognitive impairment, whether through
reevaluation of curricular design or the addition of more
formal student success interventions.

METHODS
We used two complex working memory tasks to

assess changes in working memory performance over the
course of the semester. At each time point, student phar-
macists were assessed on their level of fatigue and stress.
By measuring working memory performance, stress, and
fatigue over time, in addition to personality and gender
information, we were able to assess whether stress, fa-
tigue, and working memory performance change in tan-
dem or if they were more independent of each other and if
the effects were dependent on personality or gender.

Participants were recruited from the Eshelman
School of Pharmacy and offered either a $15 gift card or
extra credit in their pharmacokinetics course. Because
this was a pilot study, no formal power analysis was
conducted. Once enrolled, participants completed a
baseline survey asking for their name, gender, and re-
sponse to the five factor personality test (100 questions,
HEXACO).33 The range of possible scores for openness
to experience, conscientiousness, extraversion, agree-
ableness, and neuroticism was (16 – minimum possible
score, 80 – maximum possible score).

Students reported for testing on four occasions
throughout the semester. On each visit, participants
completed an assessment of stress and fatigue. They
subsequently completed two tests of working memory:
the shortened version of the operation memory span
(OSPAN) and the shortened version of the symmetry span
(SYMSPAN, E-Prime, Psychology Software tools, Inc,
Pittsburgh). Testing occurred throughout the day as stu-
dents were available (mostly lunch time or early morn-
ing). Subjects were scheduled for testing ideally every
four weeks but at a minimum of at least three weeks apart
and at relatively consistent times.

To assess their level of fatigue, participants com-
pleted the IowaFatigue Scale (11 questions), and to assess
stress, participants completed the Perceived Stress Scale
(10 questions). Both assessments are retrospective, reflect-
ing students’ experience during the prior month.34-36

The range of values for the Iowa Fatigue Scalewere 11-55
and for the Perceived Stress Scale were 0-32.

Prior to each working memory task, there were three
trials to familiarize the subject with the test. The first
workingmemory test was the OSPAN. This test primarily
measures verbal working memory, but also serves as a
general measure of working memory performance. For
this test, subjects went through an iterative process of
solving a simple math problem while simultaneously
being asked to remember a letter. After this iterative
process, subjects were asked to recall the sequence of
letters. For this final recall, subjects were prompted to
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report the presented letters in order after completing three
to seven of the equation-letter events (set-size; randomly
determined on each trial). Students selected the letters by
clicking with a mouse on their choices from a 433 grid
presenting the complete set of 12 letters that could be
shown. Tomaintain correct serial position in the response
sequence for recalled letters, participants were instructed
to click a “blank” option for any letters they could not
recall.37 The ranges of possible scores were 0 to 75.

The second was the Symmetry Span task. This task
assesses visuospatial working memory. Participants were
presented with a pattern where they needed to assess
symmetry, followed by red squares in a grid of potential
locations, which were to be remembered. Subjects re-
ported the square locations in order after completing two
to five of these symmetry-square events by clicking on
their choices in the cells of a 434 grid. To maintain
correct serial position in the response sequence for
recalled square locations, participants were instructed to
click a “blank” option for any square locations they could
not recall.31 The range of possible scores was (0 through
42).

For each test, partial credit scoringwas used and data
were included in the study analysis if the intervening
task scored above 85%.29 Data from the two working
memory tasks were analyzed independently. A repeated
measuresANOVAwas used to identify trends in data over
time (IBM Corp. Released 2016. IBM SPSS Statistics
for Windows, Version 24.0. Armonk, NY). Correlation
analysis was used to assess relationships between the
workingmemory capacity and personality as measured at
baseline, fatigue, and stress. Another correlation analysis
was performance within each subject to assess the asso-
ciation between stress and fatigue on working memory
over time. On personality assessments, we conducted a
median split and compared the high and low groups with
an independent t test. An independent t test was used to
assess differences between sex. Statistical significance
was set at p,.05. This study was approved by the uni-
versity’s institutional review board.

RESULTS
Twenty-three students completed the study. Demo-

graphic information can be found in Table 1. We first
examined the changes in working memory performance
over the course of the semester.We identified a significant
quadratic trend in the operation span (OSPAN)(p5.02)
(Figure 1A). We identified a near significant cubic trend
in the symmetry span (SYMSPAN)(p5.07) (Figure 1A).
Over the semester, there was a significant linear trend
(increase) in fatigue (p,.001) and a near significant
linear trend (increase) for stress (p5.06 (Figure 1B).

Overall, the reliability of the two working memory tests
(OSPAN 5 0.97; SYMSPAN 5 0.84) and measures of
stress (.94) and fatigue (.93) were high.

Next, we examined if any of the potential factors of
interest were associated with baseline working memory
performance or to each other. As such, we conducted a
correlation analysis on the factors of interest (Table 2).
There were strong correlations (r..5) between the two
working memory tasks and between each of the follow-
ing: stress and fatigue, stress and extraversion, fatigue and
extraversion, and extraversion and agreeableness. These
results suggest an association between stress, fatigue, and
working memory performance. No personality trait was
associated with working memory at baseline despite the
association of extraversion with stress and fatigue.

Subsequently, we conducted an intra-individual cor-
relation analysis to examine the relationship between
working memory, stress, and fatigue within each subject
over time. This analysis was performed to account for an
individual’s ability to self-report stress and fatigue mean-
ing, ie, two people may have the same amount of stress
placed on them but perceive the stress differently. As seen
in Figure 2, there was a wide range of correlations sug-
gesting an unclear relationship between fatigue, stress, and
the measures of working memory. We then collapsed all
the data to examine mean stress, fatigue, and working
memory tominimize the effects of time.Overall, therewas
a negative correlation between the OSPAN and stress (r5-
.39, p5.07) and fatigue (r5-.43, p5.04). There were no
correlations with SYMSPAN and stress or fatigue.

We further examined the relationship of working
memory performance and sex and personality traits.
There was no difference between men and women at any

Table 1. Demographics of Pharmacy Students Who
Participated in a Study to Identify Changes in Working
Memory Performance Over a Semester

Demographic Measure

Professional year, No. (%)
First 21 (91)
Second 0 (0)
Third 2 (9)

Male, No. (%) 7 (30)
Age, y (mean, range) 23 (21-27)
Personality (mean, range)

Openness to experience 56 (34-74)
Conscientiousness 60 (39-76)
Extraversion 50 (35-69)
Agreeableness 50 (26-67)
Neuroticism 56 (41-72)

Stress (mean, range) 17 (5-28)
Fatigue (mean, range) 29 (18-45)
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timepoint for stress, fatigue, OSPAN, or SYMSPAN. For
personality, therewere no differences between the top and
bottom of the median split for openness to experience,
conscientiousness, agreeableness, or neuroticism. There
were differences between the top and bottom of the me-
dian split for extraversion with respect to fatigue (d5.68
to 1.0) and stress (d5.95 to 1.4), but not with working
memory performance.

DISCUSSION
This study examined how an essential part of student

learning, working memory performance, may change
throughout an academic semester and whether those
changes are associatedwith fatigue and stress. Therewere
some trends suggesting that working memory perfor-
mance changes over the course of the semester. Further-
more, on average, stress and fatigue correlated with
working memory performance but there was high inter-
individual and/or temporal variability in this relationship.
Of note, student pharmacists can still have high working

memory performance despite increased levels of stress
and fatigue. The response to semester induced stress and
fatigue may be moderated by personality type. Given this
was a preliminary investigation, more work is needed to
assess how stress, fatigue, and personality may interact to
modify working memory performance over the course of
a semester. Thus, in our earlier example, Michael may be
at risk of lower working memory performance and thus
lower academic performance during parts of the semester,
and these “dips”may be caused by stress or fatigue ormay
be dependent on personality type.

It is difficult to conclude from these preliminary
findings the exact relationship between stress and changes
in working memory performance. First, having students
complete the working memory tasks over time may have
increased their performance on the test as participants
may have learned how to “play the game.”38-40 In other
words, students’ scores may have been impacted by a sort
of learning curve in taking the test. This is consistent with
the literature on programs aimed at cognitive (or brain)

Figure 1. Changes in Doctor of Pharmacy Students’ Working Memory Performance (A) and Stress and Fatigue (B) Over the Course
of the Semester. Data shown as mean and standard error of the mean (SEM).

Abbreviations: OSPAN5operation span, SYMSPAN5symmetry span, n.s.5non-significant.

Table 2. Correlation Analysis of Baseline Characteristics of Pharmacy Students Who Participated in a Study to Identify Changes in
Working Memory Performance Over a Semester Including Performance on Working Memory Tasks, Fatigue, Stress and the Five-
Factor Personality Scale

1 2 3 4 5 6 7 8 9

OSPAN (1) 1
SYMSPAN (2) .61a 1
Fatigue (3) -.44a -.22 1
Stress (4) -.40 -.055 .76a 1
Openness to experience (5) .058 -.13 .079 .07 1
Conscientiousness (6) .16 .18 -.45a -.35 -.48a 1
Extraversion (7) .27 -.22 -.52a -.59a .17 .23 1
Agreeableness (8) .13 -.005 -.38 -.41a .17 .24 .52a 1
Neuroticism (9) .21 .11 -.32 -.16 -.15 .099 .063 -.48a 1

Abbreviations: OSPAN5operation span, SYMSPAN5symmetry span
a p,.05
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training (eg, Luminosity). While these training tools are
purported to increase the user’s working memory capac-
ity, research shows that users get better at the game but do
not actually improve their workingmemory capacity.41-43

Thus, the challenge is to separate gains in performance
from practice from changes impacted by stress or fatigue.
This could be resolved with more baseline trials to min-
imize the effects of a learning curve – that is, more
practice trials until the baseline measures are stable.
However, there may be other explanations for the rise in
performance at the second time point, eg, the subjects had
a reduction in task-irrelevant thoughts. In other words, if
subjects were less apprehensive about taking the working
memory tests because they already completed similar
tests in a previous session, they could have less intrusive
thoughts and perform better. This phenomenon would
be similar to what is seen with test anxiety where task-
irrelevant thoughts may occupy a student’s working mem-
ory and lead to poorer performance.44

This study measured self-assessed stress and fatigue
with published scales that reflected the previous four
weeks.While this captured students’ general feelings from
the past month, those feelings may not have reflected the
students’ level of stress or fatigue at the time of testing,
which may have ultimately impacted their working
memory performance. This measure also may not be as
sensitive asmeasures of working memory, thus explaining
some of the discrepancies seen over time. That is, working

memory performance may be more sensitive to change
compared to our measures of stress and fatigue whichmay
be less sensitive measures. However, as expected, stu-
dents’ level of fatiguewas higher by the endof the semester
compared to at the beginning. Interestingly, we found
notable differences in stress and fatigue that were associ-
ated with the extraversion/introversion trait. Extraversion
represents a state where people draw their energy from and
how they interact with others. Those who rate low on the
scale are considered introverted and become tired during
interaction with others and replenish their energy in soli-
tude. In the current study there was a negative correlation
between stress and fatigue and extraversion, meaning as
students moved to more introverted behavior, they expe-
rienced more stress and fatigue. This could be because of
constant interactions with people over the course of a se-
mester whichmight result in more fatigue in the fast-paced
nature of a professional program. Alternatively, those
students could just self-calibrate differently, ie, what an
introvert feels as fatigue may not be the same as what an
extrovert feels. There also was minimal association of
extraversion with working memory performance. Thus,
extraversion may mediate its effects on working memory
by modulating stress and fatigue. Of note, because of the
small sample size, correlation analysis should be inter-
preted with caution.

Both of the workingmemory tests used represent an
individual’s ability to temporarily maintain goal-related
information and to retrieve information from memory.
Both tests have high test-retest reliability (.83 and .77,
respectively). The sample within this study showed
scores similar to undergraduate populations.22We found
significant trends over time with the operation span but
not the symmetry span. The operation span intermixes
mathematical calculation with remembering a series of
letters and reflects verbal material. The symmetry span
intermixes visuospatial puzzles and thus represents
visuospatial working memory performance. This may in-
dicate that the visual-spatial aspects of working memory
performance are less impacted throughout the semester
compared to a more general assessment of executive
attention.

There are potential implications for this study. The
original interest was to answer the question of whether
workingmemory performance changes over the course of
the semester. This interest stems from changes in per-
formance impacting study decisions, attention, and note
taking. We did find a change in working memory per-
formance over time, but it is difficult to conclude whether
these changes are meaningful in terms of impact on
learning. We did not find a clinically significant change
impact of stress and fatigue on performance, changes that

Figure 2. Correlation Between Fatigue and Stress in Doctor of
Pharmacy Students and the Two Measures of Working
Memory for Each Subject (1-23) Over Time. High correlation
coefficients suggest as stress and fatigue increase, so does
working memory performance and negative numbers suggest
as stress and fatigue increase, working memory performance
decreases.

Abbreviations: OSPAN5operation span, SYMSPAN5sym-
metry span. Numbers represent each subject.
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are seen when comparing laboratory models of stress or
fatigue or in clinical populations such as patients with
chronic fatigue syndrome or anxiety.11,40,45-49 However,
most of these studies also used larger study populations.
The current study was a pilot to identify potential future
studies. The results did note some potential changes in
working memory performance throughout the semester
and these may be influenced by stress and fatigue. While
further investigation is warranted, these initial findings
may explain student learning behavior frommidsemester
to the end of the semester, either because of the levels of
stress or fatigue either on, or independent of, working
memory performance.

CONCLUSION
This is one of the first studies to examine changes in

workingmemory performance in pharmacy students over
the course of a semester. While measures may fluctuate
over time, it is unclear how stress and fatigue may con-
tribute to this fluctuation. More importantly, more re-
search is needed on whether these changes in working
memory performance impact academic decision making
such as study decisions by the student.
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