International Journal of Clinical Psychiatry and Mental Health, 2015, 3, 47-53 47
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Abstract: Cognitive therapy can be an important part of a stroke survivor’s rehabilitation but the effects of psychological
factors on its training outcome is unclear. This study investigated the neuroplastic effects of working memory training on
a single stroke survivor who has emotional distress due to prolonged motor impairment. The participant completed a six-
week auditory working memory training program at home. Neurocognitive tests and functional magnetic resonance
imaging (fMRI) testing were conducted before and after training. Posttest neuroimaging results indicated increased
neural efficiency for the trained task. However, there was no behavioral improvement on neurocognitive tests, and the
participant’s motivation declined as the training progressed. This case study indicated that while the performance of the
trained task could be improved due to automaticity of task practice, psychological factors might play a key role in limiting
the transfer of learning to other cognitive skills. Nevertheless, more research is needed to determine if these findings can

be replicated in a similar clinical population.
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INTRODUCTION

Stroke is one of the leading causes of death and
disability [1]. The type, size, and location of a stroke
largely determine the damage inflicted to the physical
brain structure and the deficits a person may
experience. Many survivors require extensive
rehabilitation to regain their physical and cognitive
functions [1].

Cognitive training programs often use working
memory paradigms as they have been shown to
improve executive function [2]. Working memory is
defined as the capacity to ‘maintain’ (store internally)
and ‘manipulate’ (mentally process) online information
for a short time [3-4]. Incoming information is typically
viewed as either verbal or spatial in nature, but this
research only considers the verbal category. This
maintenance and manipulation of information is
necessary for functional outcomes [5] and can
ultimately influence a person’s behavior [6]. For
example, an efficient working memory is required in
orderto successfully perform daily activities, such as
recalling a phone number [5], and complex mental
operations, like goal-directed behavior [6]. These types
of deficitscan make participation in everyday life very
challenging.

*Address correspondence to this author at the Rm 2-64 Corbett Hall,
Department of Occupational Therapy, Faculty of Rehabilitation Medicine,
University of Alberta, Edmonton, Alberta, T6G 2G4, Canada; Tel: (780) 492-
2342; Fax: (780) 492-4628; E-mail: awleung@ualberta.ca

E-ISSN: 2310-8231/15

Working memory rehabilitation programs have been
shown to be effective in stroke survivors [2].
Westerberg et al. [7] placed stroke survivor participants
into either a treatment or passive control group to
assess the effectiveness of a working memory
rehabilitation program. Participants in the treatment
group received higher scores on non-trained tasks and
perceived fewer cognitive problems after five weeks of
training when compared to the control group. Another
study analyzed the effects of two different styles of
memory rehabilitation (process-orientated or strategy
focused) against a control group that received only
minimal cognitive treatment [8]. Most of the participants
in the study had suffered a stroke, but some had other
forms of organic brain damage. The authors found
differences between the two treatment styles but both
experimental groups performed better than the control
participants. These studies demonstrate the value and
benefits seen from working memory training.

However, the effects of cognitive training on stroke
survivors who develop emotional distress have not
been explored. Past studies have shown that emotional
distress is common for people who had a stroke [9-10].
The most common manifestation is the presence of
anxiety or depressive symptoms thatare not severe
enough to be diagnosed as anxiety or depressive
disorders [11]. Very often the presence of emotional
distress is caused by an extended period of
hospitalization, reduced physical mobility, uncertainty
for future, and diminished social networks [12]. There
has been evidence that a person’s cognitive processing
could be negatively influenced by emotional distress
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[13], which in turn would reduce the success of
cognitive rehabilitation in stroke survivors.
Nevertheless, the investigation of the impacts of
emotional distress on neuroplasticity induced by
cognitive training has received little attention.

Research using functional magnetic resonance
imaging (fMRI) techniques can help explain
complicated neural processes involved in cognitive
activities. Neuroimaging studies on working memory
have reported consistent activation in regions
comprising the frontal-parietal network, including the
inferior and middle frontal gyri, the superior and inferior
parietal lobes, and subcortical structures such as the
anterior cingulate gyrus, thalamus and caudate
nucleus, which is independent of stimulus type [5, 14-
16]. Multiple brain regions activate during the
performance of working memory tasks [for a recent
meta-analysis, please see 5 or 17], and many of these
networks overlap [6]. Both left and right prefrontal
cortices as well as the parietal regions in the brain
show activation during verbal working memory tasks [3-
5; also see reviews by 15 and 17]. Nevertheless, more
research is needed to determine how components of a
rehabilitation program affect damaged neural networks
and cognitive outcomes [18].

This research uses a case-study design to
investigate the neuroplastic effects of verbal working
memory training on a client who has emotional distress
due to motor impairments after stroke. The study will
also explore the impacts of the client’'s motivation on
the learning and skill transfer of functional tasks. The
findings will help wunderstand the impacts of
psychological well-being on functional recovery.

METHOD

Case Demographics

The participant (EC) is a 38-year-old male who
suffered a right-sided cerebral vascular accident (CVA)
almost 19 years prior to the time of study (Figure 1). He
completed post-secondary education and worked full
time in central Alberta. EC is bilingual, right-handed,
and has no documented history of any other
neurological condition or mental illness. However, he
has residual motor deficits that limit his left-hand
movements. He is also concern about his body image
because the spasticity in his left arm and fingers force
his hand into an unnatural position. Despite his CVA
occurring many years ago, EC continues to report
working memory problems that are noticeable during
work and home life.

Figure 1: Structural scan showing the brain lesion of EC.

Procedure

EC was recruited through the out-patient clinic of a
local hospital. He gave written consent for participating
in the study during the intake interview at the
laboratory. After that, he completed a battery of
neurocognitive assessments to establish a record of
current cognitive function in a variety of areas (e.g.
working memory, inhibition, etc). The Cognitive
Failures Questionnaire (CFQ) was also administered to
measure EC’s perception of his cognitive ability in daily
activities. Following baseline assessment, EC was
tested on verbal working memory n-back task using
fMRI. EC then received a cognitive training program on
a personal laptop that he took home for training. He
repeated the assessment battery and fMRI scan within
one week of completing the training program. The
study was approved by the Health Research Ethics
Boards of the University of Alberta Human Research
Review Committee.

Neurocognitive and Functional Assessments

Arrow Task

This task assesses response inhibition abilities. A
series of arrows (up or down) appear randomly on the
screen during this computer task. The participant was
required to make either a congruent (e.g. press ‘up’ on
UP) or incongruent (e.g. press ‘down’ on UP) response
using the directional keys for each trial. There were a
total of 180 ftrials, organized in 10 blocks and each
block contained 18 trials; 5 blocks were congruent
condition and 5 blocks were incongruent conditions.
Congruent blocks were presented followed by
incongruent blocks. For each trial, the arrow appeared
for 100 ms, followed by 500 ms inter-stimulus interval.
E-prime (version 2) was used to capture both accuracy
and reaction time results. Both accuracy (correct
response) and reaction time were recorded.
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Cognitive Failures Questionnaire (CFQ)

The CFQ [19] is a self-report questionnaire that
depicts a person’s cognitive troubles during day-to-day
activity. EC answered a variety of questions (e.g. Do
you find you forget whether you've turned off a light?)
and indicated on a 5-point Likert scale, from 0 (never)
to 4 (very often), how often the statement applied to his
performance. This form looks at activities involving
memory, reasoning, and other aspects of cognition
necessary for daily function.

Rehabilitation Therapy Engagement Scale (RTES-
18)

At the end of training, EC rated on the RTES-18 to
reflect his level of motivation in the training [20]. There
are 18 items on the scale that address his perception
on various aspects such as concentration, effort, and
confidence. He indicated on a 4-point scale, from 0
(severely impaired) to 3 (meets potential), how he felt
for each item.

Training Program

The training occurred five days per week over six
weeks. Each day, EC completed four auditory working
memory n-back tasks. The n-back task requires ‘online’
updating as each new stimulus on the screen becomes
the new target, and the participant must constantly
make comparisons between stimuli. This manipulation
of actively retained information places demands on
working memory processes [15]. During the task, EC
monitored a series of auditory stimuli and pressed the
spacebar on the computer keyboard when the current
target was the same as a stimulus presented ‘n’ trials
previously (‘n’ being an integer of 1, 2, or 3 typically —
please see Figure 2). Each task consisted of 10 blocks
of trial (lasting 10 minutes); each block contained 30
trials; each trials consisted of 600 ms stimulus
presentation and 1400 ms inter-stimulus interval (i.e., 1
minute per block). There were, on average, 5 targets
per block. Stimuli were single digits from 1 to 9 (except
6 and 7) and letters from A to Z (except X, W, and Z).
In the ftraining, the 1-, 2- and 3-back tasks were
randomly organized in advanceto vary the training
schedule. For example, Day One may contain three 1-
back tasks and one 2-back task. In this way, EC always
completed the same amount of training time (40
minutes per day) but the task difficulty varied. In total,
EC completed 400 blocks for each of the 1-back, 2-
back, and 3-back tasks (i.e., 12,000 trials for each of
the three types of tasks) during the six week period.
The researchers were also able to ensure that EC

practiced a relatively equal number of stimuli and
completed the training in a graded manner (i.e., more
3-back than 1- and 2-back tasks in the last two weeks
of training).

=

2-back target

H

- |- 4

1-back target

Figure 2: Diagram showing the n-back task. It shows
examples of 1- and 2-back conditions.

fMRI Scanning

EC performed a series of n-back tasks during fMRI
scanning before and after training. The tasks were the
same as that he did in the training. During scanning,
there were six runs of tasks with an equal number of 1-
and 2-back tasks. 3-back tasks were not included in the
assessment as it was too difficult. The fMRI scanning
was done at the Peter S. Allen MR Research Centre at
the University of Alberta. A 1.5-T MRI system
(Siemens) with a standard bird-cage head coil was
used. Structural T1 weighted anatomical volumes were
obtained before fMRI using SPGR (axial orientation,
TR = 2080 ms, TE = 4.38 ms, FOV = 256 mm, slice
thickness = 1 mm) for co-registration with the functional
images. Functional imaging was performed to measure
brain activation using the blood oxygenation level-
dependent (BOLD) signal [21]. T2* functional images
were obtained using EPI acquisition (TR = 1950 ms,
TE = 40 ms, flip angle = 90°, FOV = 256 mm, effective
acquisition matrix = 64 x 64). Each functional sequence
consisted of 36 4-mm thick axial slices, positioned to
image the whole brain.

The functional images were analyzed using the
Statistical Parametric Map (SPM8) software package
(Wellcome Department of Cognitive Neurology,
Institute of Neurology, UK). Images underwent
standardized preprocessing procedures including slice
timing, motion correction, co-registration, normalization,
and smoothing [16, 22]. The preprocessed data were
modeled as a general linear model (GLM) with
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Figure 3: Two charts showing the hit percentages and reaction times accumulated over the six-week training period. All three
conditions show decreased accuracy and speed of task performance over time. Error bars indicate standard deviations.

regressors representing the two experimental
conditions, i.e., time (pre- versus post-) and memory
load (1-back versus 2-back). Details of the analysis
procedures could be found in Leung et al. [22] and
Leung and Alain [16].

RESULTS

Performance of the Training Tasks

Overall, EC’s performance declined over the six-
week period. There was a trend of decreasing hit rates
and increasing reaction times in all the three tasks (1-,
2- and 3-back) from week 1 to 6 (Figure 3).

Neurocognitive and Functional Assessments

There was a slight improvement in the performance
of the arrow task (improved accuracy in the
incongruent condition by 1.1%) (Table 1). However, EC
showed no improvement on the CFQ (Table 1). He also
showed comparatively low ratings in the RTES-18 with
a total score of 24 out of 54 (Table 2).

Table 1: Results of Behavioral

Performance in the

Assessments
Pre Post
Arrow task — congruent condition
Accuracy (%) 98.9 97.8
Reaction time (ms) 393.6 379.0
Arrow task — incongruent condition
Accuracy (%) 98.9 100
Reaction time (ms) 441.6 453.3
CFQ
Total score 37 44
1-back (during fMRI)
Hit rate (%) 95.6 97.8
Reaction time (ms) 587.9 671.5
2-back (during fMRI)
Hit rate (%) 97.8 100
Reaction time (ms) 768.4 723.9
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Table 2: Ratings on the 18 ltems of the RTES-18 at the
End of Training

RTES-18 Rating*

Spontaneity 1
Enthusiasm 0
Concentration and focus 1
Interest in his rehabilitation program 1
Attentiveness to task demands 2
Motivation to participate in his recovery 1
Eagerness to learn 2
Effort put into therapy activities 1
Appropriate response to redirection 2
Ease of engaging in activities 2
Persistence and determination to face 1
challenges

Positive response to encouragement 1
Understanding the benefits of therapy 2
Cooperation with therapist 3
Optimism and hope for recovery 1
Confidence or self-efficacy for reaching rehab 1
goals

Recognition of accomplishments 2
Tolerance for frustration 0

*0 = Major problem (Severely impaired); 1 = Minor problem (Mildly impaired);
2 = Could be better (Below potential); 3 = Optimal or ideal (Meets potential).

fMRI Results

There was a slight increase of hit rates (by 2.2% for
both the 1-back and 2-back tasks). fMRI images
showed activation of the frontal and parietal regions in
the left hemisphere in the pre-training testing (Figure
4). There was no significant activation in the right
hemisphere where there was a large area of cortical
damage resulting from his stroke. After training, the
activations in the right hemisphere significantly
subsided, leaving only activations in the temporal lobes
for monitoring the verbal information.

DISCUSSION

EC’s performance during the training period showed
a remarkable pattern. His average accuracy for correct
responses dropped consistently for all tasks (1, 2, and
3-back) each week. E.C.s reaction time stayed
relatively stable but showed a trend of decreasing
speed even on the simple 1-back condition. Behavioral
results from the pre- and post-training testing showed
only slight positive change (between the ranges of

Figure 4: Activation maps showing significant activations in
the pre- and post-training. The activation maps were
computed from T contrasts (i.e., 2-back > 1-back). In the pre-
training scan, both frontal and parietal activities were
significantly activated in 2-back compared to 1-back tasks. In
the post-training scan, activations at the frontal and parietal
regions subsided, and activations at the temporal lobes were
dominated in the 2-back compared to 1-back task.

1.1% to 2.2%) on the arrow task and the n-back tasks.
The amount of change was not considered significant
by comparison with previous studies (e.g., Leung et al.,
[22]). His subjective perception of cognitive failure
increased after training as reflected by the CFQ. He
also gave low ratings on his efforts and frustration
tolerance to the training as measured by the RTES-
18.Taken together, the cognitive training did not appear
to benefit EC on his cognitive and functional abilities.

Results from the post-test fMRI images reveal
reduced activation in the frontal and parietal brain
regions. The front and parietal regions are most active
during working memory tasks [3-5]. The reduction of
neural activation at these regions has been
demonstrated in other neuroimaging research that
investigates cognitive training effects [23]. Many
previous studies have also found that practice appears
to lower neural activity over time [17]. A decline in
activation indicates a reduction of neural resources
needed to perform the task and is often used as an
indication of practice effect [23]. This practice effect
appeared to happen in EC as he showed reduction of
neural activities at the frontal and parietal regions.
Previous studies have shown that transfer happens in
tasks that share similar cognitive abilities such as
working memory and response inhibition tasks [17].
Since both the working memory tasks (e.g., n-back)
and response inhibition tasks (e.g., arrow task or stroop
task) require neural activation of the fronto-parietal
network and are core components of executive function
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[25], transfer of skills between these tasks would be
possible [17]. However, EC showed only very small
extent of improvement on the arrow task and no
improvement on subjective perception of cognitive
skills. Hence, the transfer effect was not likely effective
for him, and the reduced in neural activation at the
frontal and parietal regions were likely related to the
automaticity of task engagement due to repeated task
practice.

The lack of training effects to other functional task
performance could be explained by somepsychological
factors. The most obvious factor is his motivation level
and self-perceived confidence and efforts on the
training tasks. From the RTES-18, it appears that EC
has very low ratings of self-mastery over the training
tasks. He does not feel confident with his performance
and reports a low level of motivation throughout the
training. Other possible factors might be that the
training period is six weeks long, and the program
requires an enormousamount of dedication to
complete. By the last half of the training, EC could have
lost interest to improve and simply fulfilled the training
for completion’s sake. Fatigue may have also played a
role in his declining performance. Johasson and
Tornmalm [24] found that many of their brain-injured
participants found computer training “mentally
exhausting”. EC also tended to complete the tasks late
at night so he may have had reduced concentration
and attention. Lack of motivation and fatigue could
cause EC to enter an “autopilot” mode and not fully
engage with the task before him. A varying number of
personal circumstances could also have played a part
(e.g. stress at home or work, illness).

It is also worth noting that EC had a stroke almost
nineteen years ago and continued to have a large area
of damage over the right hemisphere involving the
working memory network, i.e., the fronto-parietal neural
network [15]. This may limit his ability to learn and
transfer cognitive skills from one task to another.
Therefore, the results of this study should be
interpreted with caution. Future studies should consider
increasing the sample size and including patients with
similar demographic backgrounds and areas of the
lesion to elucidate the effects of cognitive training.

CONCLUSION

This case study investigated the effects of working
memory training on cognitive and functional
improvements. The results indicated that while neural
activation patterns showed evidence of improved

neural efficiency on the trained task, the performance
gain did not necessary transfer to other cognitive and
functional task performance. The most plausible
explanation is the psychological factors of the clients.
Other factors like the post-injury duration, time-of-day
of training and the extent of brain damage may also
play a role in limiting the transfer of learning to other
cognitive skills. More research is needed to determine
if these findings can be replicated in a similar clinical
population.
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