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Abstract

Interventions for age-associated cognitive impairment are of increasing significance as populations age. Using N-back
and memory strategy enhancement, the present study aimed to explore the feasibility of using, and outcomes of a working
memory (WM) training program on visuospatial and verbal WM in older female adults. Older women from two comparable
local health centers who scored 26 and higher on Mini-Mental State Examination were invited to participate. Women at
one center (experimental group) received three sessions on memory enhancement techniques and a computerized training
program with N-back. Women at the other center (control group) received three sessions on memory and aging and training
on using various features of cellphones. All participants completed the Corsi Block Task and Digit Span Task at pre- and
post-training. The experimental group showed significant improvements in their visuospatial and verbal WM compared to the
control group. These findings support the brain’s plasticity in the elderly. WM training for improving cognitive performance
in older adults has potential and should be further investigated.
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Introduction

The number of adults over age 65 has increased worldwide
during the last century (Noroozian 2014), presenting chal-
lenges for a need to preserve cognitive functioning (Hendrie
et al. 2006) and quality of life (Canbaz et al. 2003; Lee et al.
2006) with aging. Maintaining cognitive abilities is crucial
for social interactions, goal-seeking and independence in
older adults (Hendrie et al. 2006). Among different areas of
cognitive function, memory is of particular importance in

Handling editor: Stefano Federici (University of Perugia).

Reviewers: Linette Lawlor-Savage (University of Calgary) and a
second researcher who prefers to remain anonymous.

< Javad Salehi Fadardi
j.s.fadardi@um.ac.ir

Department of Psychology, Faculty of Education
and Psychology, Ferdowsi University of Mashhad,
9177948991 Mashhad, Iran

Bangor University, Bangor, UK
Sedaghat Cognitive Neuroscience Clinic, Mashhad, Iran

Claremont Graduate University, Claremont, CA, USA

older adults (Lawlor-Savage and Goghari 2016; Negash et al.
2011). Working memory (WM) is the ability to maintain
and process information in a short period of time (Berry
et al. 2010). WM is critical to high-level cognitive abili-
ties including the processes of learning, logical reasoning,
problem-solving and fluid intelligence (Carretti et al. 2009)
and is involved in emotion regulation and social interac-
tion (Zinke et al. 2012). WM performance declines with
age (Grady et al. 2003; Westerberg and Klingberg 2007) and
is more susceptible to age-related cognitive changes than
short-term memory (Brickman and Stern 2009). The brain
reserve hypothesis (Valenzuela and Sachdev 2009) suggests
that social and cognitive stimulation may protect against the
effects of aging on cognitive function (Leman 2012).
Several studies based on the Adult Development and
Enrichment Project (ADEPT) suggest that cognitive train-
ing and practice conducted with older people can lead to
degrees of plasticity with WM (Baltes and Willis 1982).
A recent systematic review of randomized controlled trials
(Papp et al. 2009) suggests it is possible to improve cognitive
performance in later adulthood in areas of nonverbal mem-
ory, verbal memory, working memory, processing speed and
visuospatial skills. In addition, neuroimaging studies sup-
port cognitive training as able to enhance activity in brain
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areas thought to be involved in WM tasks (Westerberg and
Klingberg 2007).

Models of adult cognitive plasticity suggest that the brain
is able to optimize its functions in response to environmen-
tal demands, and therefore cognitive training may enhance
memory function (Lovden et al. 2010). However, improv-
ing WM in older adults is, at least in part, dependent on
the cognitive training strategies and individual differences
(Tardif and Simard 2011; von Bastian and Oberauer 2014).
Studies suggest cognitive training in older adults is associ-
ated with improvements in certain aspects of their cognitive
performance (Chiu et al. 2018; Goghari and Lawlor-Savage
2017), which could improve perceived quality of life (Hudes
et al. 2019; Weng et al. 2019).

To date, no studies have examined the feasibility of
improving WM among non-clinical, older female adult pop-
ulations in Iran. The present study tested the effectiveness
of a WM training program among a small sample of older
women in Mashhad, the second largest city in Iran, using a
quasi-experimental design.

Method
Participants

Initially, 70 older women answered an advertisement for the
study at two local health centers that offer services for older
adults from the same civil catchment area in Mashhad, Iran.
The two centers provide similar services to older adults.
Of the 70 women, those who met inclusion criteria for age
(60-75 years) and language (Persian), and who did not have
a history of psychiatric disorders or previous participation in
a cognitive rehabilitation program were selected for further
testing with the Mini-Mental State Examination (MMSE)
(Folstein et al. 1975) and Clock Drawing Test (CDT) (Apra-
hamian et al. 2009). Women were eligible for the study if
they scored > 26 on the MMSE. Among the 45 who were eli-
gible and agreed to participate, 20 were from the first health
center and 25 were from the second. Based on a power anal-
ysis (below), 15 women from each center were randomly
chosen. Considering the similarities of the two health cent-
ers and the socio-economic status of their clients, one center
was randomly assigned to the experimental intervention and
the other center was assigned to an active control group. The
experimenter was aware of the allocation to study groups.
There were two reasons for randomizing at the health center
level instead of randomizing participants within each center:
(a) all participants within each center were in close contact
with each other in their daily activities; therefore, it was not
possible to control for knowledge and skill transfer among
the participants within the same center, and (b) the research-
ers and the ethics committee of the health centers considered
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it unethical to convey a sense of differentiation among the
participants due to their group assignment. Participants did
not receive any monetary compensation or other forms of
incentives for their participation. The study was approved
by the ethics committee of the Department of Psychology
at Ferdowsi University of Mashhad and the management
boards of the two health centers. Written informed consent
was obtained from participants.

Power analysis

To calculate the number of participants needed, a power
analysis was conducted using effect sizes (Cohen’s d rang-
ing from 0.29 to 2.71) found by previous, similar studies on
cognitive training (Kueider et al. 2012). With a calculated
mean effect size, f2 = 1.40 (for statistical models based on F’
values); number of groups, g =2; statistical power set at 0.80
and multivariate analysis of covariance (MANCOVA) as the
statistical test, a sample of 20 participants (10 per group)
was determined (Erdfelder et al. 1996).

Based on results from previous studies, and considering
age and cultural issues, a maximum 50% attrition rate was
expected from baseline to post-test. Therefore, each group
enrolled 15 participants. Of the 15 participants assigned to
the experimental group, ten (66.7%) completed all sessions.
Of the 15 participants assigned to the control group, 12
(80%) completed the sham intervention; 10 of these partici-
pants were randomly matched to women in the experimental
group and selected for the post-test comparison.

Instruments
Mini-mental status examination (MMSE)

The MMSE (Folstein et al. 1975) measures five different
domains of cognitive function: (a) orientation; (b) memory;
(c) attention and calculation (a measure of WM); (d) lan-
guage and (e) design copying. The maximum score is 30,
and a score of 25 or below can indicate significant cogni-
tive impairment or related syndromes. Previous researchers
(Seyedan et al. 2007) have reported a test—retest reliability
(with a time interval of 24 h) of 0.89 and the inter-rater reli-
ability of 0.82 for the Persian MMSE.

Clock drawing test (CDT)

The CDT (Aprahamian et al. 2009) is one of the oldest and
most widely used neuropsychological assessment tools to
measure cognitive abilities that may be involved in early
Alzheimer’s disease, such as short-term memory, spatial ori-
entation, abstract thinking, planning, concentration, execu-
tive and visuospatial skills. The test requires the participant
to draw the face of a clock with all the numbers and set the
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hands to a specified time. We used the Shulman scoring
system (Shulman et al. 1993), which classifies test results in
categories of 0 to 5 (lower score indicates poorer cognitive
performance).

The MMSE and CDT were used as screening tools to
exclude older woman whose scores could suggest abnormal
cognitive functioning. All measurements were administered
by one research assistant to rule out issues with inter-rater
reliability.

Tests of working memory (WM)

Considering available standardized tests in the Persian lan-
guage, we used two commonly used measures of verbal and
visuospatial domains of WM (Bellack and Hersen 1998):
(a) the Digit Span Task of the WAIS-III which has been
standardized for Persian speakers. A Cronbach’s Alpha of
a=0.65 (Moradi et al. 2008) and a test-retest of r=0.83
(Groth-Marnat 2000) have been reported for the Persian ver-
sion. The Digit Span Task (Wechsler 1997) contains a series
of digits that are presented at a rate of 1 s per digit, and par-
ticipants are asked to repeat them in the same (forward) or
reverse (backward) order. On each series, the task is stopped
after two continuous recall errors. The forward Digit Span
is largely accepted as a measure of attention, because even
people with anterograde amnesia show normal scores on the
forward Digit Span, and the backward test is a well-known
test for the assessment of WM (Bellack and Hersen 1998;
Conway et al. 2005). (b) The Corsi Block Task is a widely
used test to assess short-term and WM by a non-verbal ana-
logue of the Digit Span Task procedure, originally proposed
by Hebb (1961). The Corsi Block-Tapping Task measures
visuospatial memory with minimal verbal intervention. The
test requires the retention of visual and spatial patterns.

Kessels et al. (2008) have shown that Corsi Block-Tap-
ping Task relies on processing within working-memory
systems, and the Digit Span backward relies on the cen-
tral executive component of working memory. Three of the
commonly used scores of the Corsi Block-Tapping Task
are (a) Corsi Block Span, the longest sequence of trials that
the participant can remember (as a measure of visuospatial
short-term memory); (b) Visuospatial Memory Span that
is calculated as immediate block forward span divided by
immediate block backward span; and (c) Corsi Total Score
that is calculated as the sum of numbers of blocks in all cor-
rectly recalled trials.

WM training task

We used a modified version of the N-back task, a frequently
used instrument to measure WM (Owen et al. 2005) and
as a WM training task (Lilienthal et al. 2013) among
older adults (Stepankova et al. 2014). The task requires

codification, temporary storage of information and response
to task demands. Information must be updated and main-
tained continuously in the WM to access it readily (Harbi-
son et al. 2011). Convergent and divergent validities of the
task through clinical measurements and an fMR study sup-
port high validity for the test (Kearney-Ramos et al. 2014).
In the current study, the structure of the N-back task was
adapted from one used by Miller et al. (2009) and was com-
prised of four levels of difficulty (0, 1, 2 and 3-back) and
included four types of stimuli: two-syllable words (Braver
et al. 2001), three-digit numbers (Bragin et al. 2008), simple
images or shapes (i.e., fruits, furniture, people, geometric
and meaningless shapes) (Hautzel et al. 2003) and spatial
stimuli (Carlson et al. 1998). The first level of difficulty (i.e.,
0-back) was used as a warm up. For 0-back trials, partici-
pants were asked to simply identify a fixed target stimulus
(e.g., any appearance of letter X in a sequence of stimuli). In
the 1-back task, the participant identified two consecutively
similar stimuli (e.g., Y, Z, X, “X”), whereas in the 2-back
trial, the participant identified an identical stimulus that is
two trials apart (e.g., ¥, X, Z, “X”). It was assumed that the
diversity of stimuli in each level helps maintain task involve-
ment during the training program. We also utilized a random
presentation of stimuli in order to reduce the possibility of
developing response strategies by the trainees. SuperLab
Pro (SKD) software (Cedrus-Corporation 1999) was used
to develop the N-back task. A PC laptop (Dell 1700-200)
with a 15.6” DSTN color display was employed to present
the stimuli. The viewing distance was 36—40 cm. The lap-
top’s keyboard was used as the input device.

Procedure

The training procedure for the experimental group was com-
prised of two phases. First, three psychoeducational sessions
were held to teach memory strategies (i.e., face-name asso-
ciations, mental imagery, semantic organization, story mak-
ing and chunking) (Tardif and Simard 2011). Participants
were asked to use the strategies during the next comput-
erized training sessions that aimed to improve their WM.
The sessions were part of the cognitive training program
that was approved by the health centers ethical committee,
exploring the effectiveness of a computer-assisted memory
enhancement intervention. Second, they received another 14
training sessions (2 sessions a week, 30-45 min each) using
the N-back training task. The N-back training was conducted
individually in a quiet room at the health center that was
dedicated to the study. The N-back stimuli were randomly
presented at the center of the laptop display for 500 ms, dis-
persed by an inter-stimulus interval of 2500 ms. Participants
completed 12 blocks of trials (three blocks of trials and four
conditions of difficulty), with each block comprising of 25
trials. The participants were instructed to monitor a series
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of stimuli and respond if the current stimulus was identi-
cal to the previous one (1-back). When the responses were
correct at least in 85% of trials, the difficulty of the task
was increased by adding one N-back trial to remember; on
N-back trials > 2, when responses were correct less than or
equal to 85%, the task was adjusted to be easier. To control
for initiation effect, the first three trials of each block did not
include a target, the ratio of target to non-target trials was
30-70%, respectively. Participants were required to press the
space bar on the laptop when they detected a target stimu-
lus. Reaction times (RTs) and accuracy of responses were
obtained for each trial. The results of each stage were cal-
culated by Cedrus software (Cedrus-Corporation 1999). A
short break (20 s) between blocks was provided to allow the
participants to rest.

Similarly, the training procedure for the active control
group was comprised of two phases. First, participants
received three educational sessions on issues related to
aging and natural changes in memory, such as how memory
works, feelings about memory decline, factors affecting
memory including diet, sleep and stress. Second, they par-
ticipated in three sessions on how to use their cellphones
more efficiently, including locking-unlocking their phone
in various ways, using sound and alarm features, managing
their contact list (adding, deleting, re-naming), composing
and sending text messages (to individuals or lists), setting
and using date and time features (e.g., for alarms, calen-
dar). The groups classes lasted for 3 weeks. Next, they were
required to practice what they had learned at home for the
next 4 weeks and ask any questions prior to the post-test
session. It was not necessary to have the subsequent sessions
at the health center because there was nothing new to teach
on how to use the cellphones. Therefore, participants were
asked to practice the materials and tasks at least for 30 min
at home twice a week. They logged their hours and turned
the log in at the end of each training week when visiting the
center. All participants continued visiting the center as nor-
mal for other activities as scheduled, so their social activities
at the health center were not interrupted. Finally, the number
of practice sessions and their lengths were equivalent across
the two groups. For all participants, post-testing followed
their final training session at week nine.

Statistical analysis

A series of ¢ tests were calculated to compare the experi-
mental and control groups’ age, education and scores on the
MMSE and Clock Test at pre-test assessment. An analysis
of covariance (ANCOVA) was used to examine differences
between the experimental and control group in order to test
the hypothesis that WM training and memory strategies
can enhance visual WM function of the older women. For
the analysis, group (experimental vs. control group) was
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the independent variable; age, education and pre-test total
scores of Corsi Block Task were covariates; and post-test
total scores of Corsi Block Task were the dependent vari-
able. Another ANCOVA was used to test the hypothesis that
WM training and memory strategies can enhance the older
women’s verbal WM function. For this test, group (experi-
mental vs. control group) was entered as the factor; age,
educational level and the pre-test scores on the fotal Digit
Span Task were covariates; and the post-test scores on the
total Digit Span Task were the dependent variable.

We also conducted two multivariate analysis of covari-
ance (MANCOVA) in order to include in our model more
than one dependent variable so as to compare the two groups
on Corsi Block-Tapping Task subscales (i.e., Corsi Block
Span and Visuospatial Memory Span) and Digit Span sub-
scales (i.e., forward and backward digit span). In each of the
MANCOVA models, group (experimental vs. control group)
was entered as the factor; age, education and the measures’
pre-test scores as covariates; participants’ scores on the post-
test measures were dependent variables. Normalized data
were used in all data analyses.

Results

There were no differences between the experimental and
control groups in age and education, MMSE and CDT
scores at pre-test (Table 1). Means and standard deviations
of scores on Corsi Block Task and Wechsler Digit Span, in
pre- and post-test measurements are presented in Table 2 for
experimental and control groups.

First, after controlling for age (F(l’ 15) =0.44, p=0.51,
d=0.29), education (F(; ;5,=0.13, p=0.72, d=0.19),
and pre-test fotal scores of Corsi Block-Tapping Task
(F(L 15)= 13.63, p=0.002, d=1.88), there was a main
effect for group, with the experimental group scoring
significantly higher than the control group on post-test
total scores of Corsi Block-Tapping Task (F; ;5 =18.48,
p=0.001, d=2.21). Second, after controlling for age
(F(1,15y=0.71, p=0.41, d=0.1.84), education (F; ;5=0.17,

Table 1 Age, education and scores on Clock Test and MMSE at pre-
test for experimental and control groups

Experimental group Control group p value*
Mean SD Mean SD
Age 68.40 5.89 67.00 452 >0.05
Education 11.9 2.92 132 1.93 >0.05
Clock Test 4.70 0.48 4.90 0.31 >0.05
MMSE 28.10 1.66 29.4 1.07 >0.05

MMSE Mini-Mental State Examination
“From t test
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Table 2 Scores on Corsi Block

- Dependent variables Pre-test Post-test

Task and Wechsler Digit

Span at pre- and post-test for Experimental Active control Experimental Active control

experimental and control groups group group group group

M SD M SD M SD M SD

Block Span 3.60 1.07 4.00 1.15 5.10 0.57 4.30 0.82
Memory Span 3.15 0.67 3.20 0.75 4.70 0.59 3.80 0.71
Total Block Task score 14.35 9.83 19.10 9.87 38.30 9.93 25.00 11.21
Forward Digit Span 6.10 1.60 4.90 0.74 7.00 94 5.80 1.14
Backward Digit Span 5.80 1.23 5.00 1.49 7.40 1.35 6.10 1.20
Total Digit Span score 11.90 2.18 9.90 1.97 14.40 1.71 11.90 1.79

p=0.68, d=0.73) and pre-test fotal scores of Digit Span
(F1,15=5.26, p=0.037, d=1.13), there was not a main
effect for group on the post-test total scores of Digit Span
(F1, 15=3.90, p=0.067, d=1.00). Third, MANCOVA
results indicated that after controlling for age (F, ;3,=1.66,
p=0.34, 3d=0.84), educational level (F(z’ 13)= 0.30, p=0.74,
d=0.42) and the participants’ pre-test scores on the Block
Span (F(, 15y=0.12, p=0.88, d=0.27) and Visuospatial
Memory Span (F(l’ 13)= 1.95, p=0.18, d=1.09), the main
effect for group was significant (F, 13,=6.50, p=0.011,
A = 0.50, d=2.00). On the post-test, the experimental group
scored significantly higher than the control group on Block
Span (F; 14,=8.52, p=0.011, d=1.53) and on Visuospatial
Memory Span (F; 14=13.99, p=0.002, d=2.00).

Fourth, MANCOVA results indicated that after control-
ling for age (F(z’ 13)= 1.97, p=0.17, d=1.09), educational
level (F(, 13y=1.43, p=0.27, d=0.93) and the participants’
pre-test scores on the Forward Digit Span (F, 3,=9.80,
p=0.003, d=2.44) and Backward Digit Span (F; 3,=0.80,
p=0.46, d=0.70), the main effect for group was not signifi-
cant (F(, 13y=2.76, p=0. 10, A = 0.70, d=1.30). Although
on the post-test, the difference between the experimental
and control group did not reach statistical significance on
the post-test Forward Digit Span (F(; 14)=0.47, p=0.50,
d=0.36), the experimental group scored significantly higher
than the control group on the post-test Backward Digit Span
(F,14=591, p=0.029, d=1.31).

Discussion

This study of an N-back WM training program had two
general findings. First, practicing with the memory training
helped improve visuospatial WM in a group of older women
with no apparent cognitive decline. Second, the training led
to improvements in the trainees’ verbal WM, as shown by
increased scores on the Backward Digit Span Task, a meas-
ure of WM. However, as expected, there were no changes
in the Forward Digit Span, which is largely a measure of
attention (Bellack and Hersen 1998; Conway et al. 2005).

These results are in agreement with earlier findings sug-
gesting that cognitive plasticity can extend into older age
(Borella et al. 2013; Dahlin et al. 2008; Degen and Schroder
2014; Karbach and Kray 2009; Li et al. 2008; Lindenberger
et al. 2006; Salminen et al. 2016). Given that the major-
ity of research to date has focused on individuals suffering
from Alzheimer’s disease, the present study is the first of
its kind in Iran to explore the efficacy of a cognitive train-
ing program on verbal and visual WM among healthy, non-
demented older women.

The rationale of the present study was based on two the-
ories. First, cognitive plasticity could enable the brain to
compensate for the loss of neurons or synaptic connections
in one area of the brain by finding alternative processes or
shortcuts to return the same level of cognitive efficiency
(Leman 2012). Second, cognitive engagement suggests that
older adults who participate in cognitive stimulation activi-
ties will experience less cognitive decline during their life-
time and will be less likely to develop dementia than people
who are cognitively inactive (Fratiglioni et al. 2004). Our
findings for WM are potentially consequential and should be
followed up since WM is an essential component for many
high-level cognitive functions that are related to everyday
life activities, such as learning, logical thinking, problem
solving and fluid intelligence (Alloway et al. 2006), emo-
tion regulation and social interactions (Zinke et al. 2012).
Furthermore, WM tends to decline with aging (Bopp and
Verhaeghen 2005) and its deficit is an early symptom of
Alzheimer’s disease (Rosen et al. 2002). Further research is
needed and should address the question of whether improve-
ments in WM of non-demented older women could lead to
improvements in their everyday activities and quality of life.

One limitation of the study is related to the experimental
group’s receiving instruction on using memory strategies
prior to their N-back training sessions. This makes it dif-
ficult to stratify the source of post-training outcomes for the
experimental group. However, it was not the goal of the pre-
sent study to isolate the individual versus combined effects
of each training type on WM modules or executive function.
Therefore, based on the outcomes of this study, it is not
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possible to isolate the effects of each training method (i.e.,
N-back training vs. memory strategies) on measures of WM.
For example, we assumed that the experimental group’s per-
formance on the N-back training task could benefit from
learning memory enhancement techniques (i.e., mnemonics
and hierarchical rehearsal) in that they could better remem-
ber relevant information and instructions related to practic-
ing with the N-back task. However, there is ample evidence
suggesting that training one WM module can be transferred
to other WM modules and even to other executive cognitive
functions (Borella et al. 2013; Degen and Schroder 2014;
Salminen et al. 2016). Training programs may produce pos-
itive plasticity by involving multiple processes, including
encoding, maintenance of information, inhibition of irrel-
evant information, simultaneous management of two tasks,
shifting attention and ability to control attention (Carretti
et al. 2013). Previous studies have shown that memory train-
ing is an effective tool for improving various memory abili-
ties, such as WM, short term memory and episodic long-
term memory among older adults (Rebok et al. 2007). This
may have important implications for the older adults who
experience age-related cognitive decline. That is, to improve
cognitive function, it may not be necessary to address every
cognitive ability individually with training exercises.

Results of this study will need to be replicated with
additional, larger-scale studies. The sample was small and
limited to older women who utilized the health centers’ ser-
vices and may not be representative of the older adult female
population of Mashhad. Unfortunately, due to the uneven
distribution of sexes in the health centers, we could not
measure the effectiveness of the training in men or compare
the results of the training between older adults and elderly
participants. Thus, findings of the study may not be gener-
alizable to older adult males or the elderly.

Despite the reasons stated for randomizing at the health
center level, there is still a possibility that the study out-
comes have been confounded by center allocation. There-
fore, whenever possible, we suggest randomization of par-
ticipants within a given center. Another criticism is that
cognitive outcomes for the experimental vs. control group
could be due to the experimental group being involved in
more social activities than the control group who did the
majority of their sham intervention at home. We consider
this a very unlikely explanation because during the study, all
participants were receiving all other routine services at the
health center which required considerable social activities.
Normally, older women in Iran have an important social sta-
tus, receive considerable attention and are actively involved
in family relationships as well as household activities, shop-
ping, family gatherings and looking after their grandchil-
dren. We also cannot rule out that women improved their
performance on the N-back training over repeated trials.
The study included participants with no detectable cognitive
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impairment; thus, studies of the effectiveness of the same
intervention in those with cognitive impairment will warrant
additional studies.

Based on participants’ reaction to computerized tasks, we
suggest further research on computer technology for older
adults. The computerized techniques are cost-effective,
self-administered, flexible with training times and easy to
distribute (Kueider et al. 2012). During the training, most
computerized programs can measure changes, provide
immediate feedback and scoring and give persuasive mes-
sages to motivate the participant. Computerized training can
also be adapted at the level of each individual participant’s
needs and level of cognitive performance. This provides an
optimal level of challenge for the training.

To summarize, results of this study (a) support the feasi-
bility of using computerized cognitive training among older
adult women and (b) suggest positive outcomes of comput-
erized WM training among older adult women in Iran on
their visuospatial and verbal WM. Such programs should
continue to be researched for their potential to be offered by
local health centers serving older adult women. Future stud-
ies may address the potential benefits of using the presented
WM trainings for the other areas of cognitive function.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from all individual
participants in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Alloway TP, Gathercole SE, Pickering SJ (2006) Verbal and visu-
ospatial short-term and working memory in children: are they


http://creativecommons.org/licenses/by/4.0/

Cognitive Processing (2020) 21:383-390

389

separable? Child Dev 77(6):1698—1716. https://doi.org/10.111
1/j.1467-8624.2006.00968.x

Aprahamian I, Martinelli JE, Neri AL, Yassuda MS (2009) The Clock
Drawing Test: a review of its accuracy in screening for dementia.
Dement Neuropsychol 3(2):74-81. https://doi.org/10.1590/S1980
-57642009DN30200002

Baltes P, Willis S (1982) Plasticity and enhancement of intellectual
functioning in old age: Penn State’s Adult Development and
Enrichment Project (ADEPT). In: Craik F, Trehub S (eds) Aging
and cognitive processes. Plenum Press, New York, pp 353-390

Bellack AS, Hersen M (1998) Comprehensive clinical psychology, vol
1. Pergamon Press, Oxord

Berry AS, Zanto TP, Clapp WC, Hardy JL, Delahunt PB, Mahncke
HW, Gazzaley A (2010) The influence of perceptual training on
working memory in older adults. PLoS ONE 5(7):e11537. https
://doi.org/10.1371/journal.pone.0011537

Bopp KL, Verhaeghen P (2005) Aging and verbal memory span: a
meta-analysis. J Gerontol B Psychol Sci Soc Sci 60(5):P223-233

Borella E, Carretti B, Zanoni G, Zavagnin M, De Beni R (2013) Work-
ing memory training in old age: an examination of transfer and
maintenance effects. Arch Clin Neuropsychol 28(4):331-347.
https://doi.org/10.1093/arclin/act020

Bragin VCM, Vaysman V, Bragin I, Grinayt E, Ruditser M (2008)
N-back task to tailor memory training protocols for patients with
depression and dementia. Paper presented at the Alzheimer’s
Association International conference on Alzheimer’s Disease

Braver TS, Barch DM, Kelley WM, Buckner RL, Cohen NJ, Miezin
FM, Snyder AZ, Ollinger JM, Akbudak E, Conturo TE, Petersen
SE (2001) Direct comparison of prefrontal cortex regions engaged
by working and long-term memory tasks. Neuroimage 14(1 Pt
1):48-59. https://doi.org/10.1006/nimg.2001.0791

Brickman AM, Stern Y (2009) Aging and memory in humans. Encycl
Neurosci 1:175-180

Canbaz S, Sunter AT, Dabak S, Peksen Y (2003) The prevalence of
chronic diseases and quality of life in elderly people in Samsun.
Turk J Med Sci 33(5):335-340

Carlson S, Martinkauppi S, Rama P, Salli E, Korvenoja A, Aronen
HIJ (1998) Distribution of cortical activation during visuospatial
n-back tasks as revealed by functional magnetic resonance imag-
ing. Cereb Cortex 8(8):743-752

Carretti B, Borella E, Cornoldi C, De Beni R (2009) Role of working
memory in explaining the performance of individuals with spe-
cific reading comprehension difficulties: a meta-analysis. Learn
Individ Differ 19(2):246-251

Carretti B, Borella E, Fostinelli S, Zavagnin M (2013) Benefits of train-
ing working memory in amnestic mild cognitive impairment: spe-
cific and transfer effects. Int Psychogeriatr 25(4):617-626. https
://doi.org/10.1017/S1041610212002177

Cedrus-Corporation. (1999). SuperLab Pro SKD (Version 2.1) [Soft-
ware] San Pedro, CA: Cedrus-Corporation.

Chiu HL, Chan PT, Kao CC, Chu H, Chang PC, Hsiao SS, Liu D,
Chang W, Chou KR (2018) Effectiveness of executive function
training on mental set shifting, working memory and inhibition in
healthy older adults: a double-blind randomized controlled trials.
J Adv Nurs 74(5):1099-1113. https://doi.org/10.1111/jan.13519

Conway AR, Kane MJ, Bunting MF, Hambrick DZ, Wilhelm O, Engle
RW (2005) Working memory span tasks: a methodological review
and user’s guide. Psychon Bull Rev 12(5):769-786

Dahlin E, Nyberg L, Backman L, Neely AS (2008) Plasticity of exec-
utive functioning in young and older adults: immediate train-
ing gains, transfer, and long-term maintenance. Psychol Aging
23(4):720-730. https://doi.org/10.1037/a0014296

Degen C, Schroder J (2014) Training-induced cerebral changes in
the elderly. Restor Neurol Neurosci 32(1):213-221. https://doi.
org/10.3233/RNN-139009

Erdfelder E, Faul F, Buchner A (1996) G*Power: a general power
analysis program. Behav Res Methods Instrum Comput 28:1-11

Folstein MF, Folstein SE, McHugh PR (1975) Mini-mental state. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 12(3):189-198

Fratiglioni L, Paillard-Borg S, Winblad B (2004) An active and socially
integrated lifestyle in late life might protect against dementia.
Lancet Neurol 3(6):343-353. https://doi.org/10.1016/S1474
-4422(04)00767-7

Goghari VM, Lawlor-Savage L (2017) Comparison of cognitive change
after working memory training and logic and planning training
in healthy older adults. Front Aging Neurosci 9:39. https://doi.
org/10.3389/fnagi.2017.00039

Grady CL, Mclntosh AR, Craik FI (2003) Age-related differences in
the functional connectivity of the hippocampus during memory
encoding. Hippocampus 13(5):572-586. https://doi.org/10.1002/
hipo.10114

Groth-Marnat GE (2000) Neuropsychological assessment in clinical
practice: a guide to test interpretation and integration. Wiley,
Hoboken

Harbison JI, Atkins SM, Dougherty MR (2011) N-back training task
performance: analysis and model. Paper presented at the Annual
Meeting of the Cognitive Science Society

Hautzel H, Mottaghy FM, Schmidt D, Muller HW, Krause BJ (2003)
Neurocognition and PET. Strategies for data analysis in activa-
tion studies on working memory. Nuklearmedizin 42(5):197-209

Hebb DO (1961) Distinctive features of learning in the higher animal.
In: Delafresnaye J (ed) Brain mechanisms and learning. Black-
well, Oxford, pp 3746

Hendrie HC, Albert MS, Butters MA, Gao S, Knopman DS, Launer
LJ, Yaffe K, Cuthbert BN, Edwards E, Wagster MV (2006) The
NIH cognitive and emotional health project. Report of the Critical
Evaluation Study Committee. Alzheimers Dement 2(1):12-32.
https://doi.org/10.1016/j.jalz.2005.11.004

Hudes R, Rich JB, Troyer AK, Yusupov I, Vandermorris S (2019) The
impact of memory-strategy training interventions on participant-
reported outcomes in healthy older adults: a systematic review
and meta-analysis. Psychol Aging 34(4):587-597. https://doi.
org/10.1037/pag0000340

Karbach J, Kray J (2009) How useful is executive control train-
ing? Age differences in near and far transfer of task-switch-
ing training. Dev Sci 12(6):978-990. https://doi.org/10.111
1/j.1467-7687.2009.00846.x

Kearney-Ramos TE, Fausett JS, Gess JL, Reno A, Peraza J, Kilts CD,
James GA (2014) Merging clinical neuropsychology and func-
tional neuroimaging to evaluate the construct validity and neural
network engagement of the n-back task. J Int Neuropsychol Soc
20(7):736-750. https://doi.org/10.1017/S135561771400054X

Kessels RP, van den Berg E, Ruis C, Brands AM (2008) The backward
span of the Corsi Block-Tapping Task and its association with the
WAIS-III Digit Span. Assessment 15:426-434

Kueider AM, Parisi JM, Gross AL, Rebok GW (2012) Computerized
cognitive training with older adults: a systematic review. PLoS
ONE 7(7):e40588. https://doi.org/10.1371/journal.pone.0040588

Lawlor-Savage L, Goghari VM (2016) Dual N-back working memory
training in healthy adults: a randomized comparison to process-
ing speed training. PLoS ONE 11(4):e0151817. https://doi.
org/10.1371/journal.pone.0151817

Lee TW, Ko IS, Lee KJ (2006) Health promotion behaviors and qual-
ity of life among community-dwelling elderly in Korea: a cross-
sectional survey. Int J Nurs Stud 43(3):293-300. https://doi.
org/10.1016/j.ijnurstu.2005.06.009

Leman P (2012) Developmental psychology. McGraw-Hill, London

Li SC, Schmiedek F, Huxhold O, Rocke C, Smith J, Lindenberger
U (2008) Working memory plasticity in old age: practice gain,

@ Springer


https://doi.org/10.1111/j.1467-8624.2006.00968.x
https://doi.org/10.1111/j.1467-8624.2006.00968.x
https://doi.org/10.1590/S1980-57642009DN30200002
https://doi.org/10.1590/S1980-57642009DN30200002
https://doi.org/10.1371/journal.pone.0011537
https://doi.org/10.1371/journal.pone.0011537
https://doi.org/10.1093/arclin/act020
https://doi.org/10.1006/nimg.2001.0791
https://doi.org/10.1017/S1041610212002177
https://doi.org/10.1017/S1041610212002177
https://doi.org/10.1111/jan.13519
https://doi.org/10.1037/a0014296
https://doi.org/10.3233/RNN-139009
https://doi.org/10.3233/RNN-139009
https://doi.org/10.1016/S1474-4422(04)00767-7
https://doi.org/10.1016/S1474-4422(04)00767-7
https://doi.org/10.3389/fnagi.2017.00039
https://doi.org/10.3389/fnagi.2017.00039
https://doi.org/10.1002/hipo.10114
https://doi.org/10.1002/hipo.10114
https://doi.org/10.1016/j.jalz.2005.11.004
https://doi.org/10.1037/pag0000340
https://doi.org/10.1037/pag0000340
https://doi.org/10.1111/j.1467-7687.2009.00846.x
https://doi.org/10.1111/j.1467-7687.2009.00846.x
https://doi.org/10.1017/S135561771400054X
https://doi.org/10.1371/journal.pone.0040588
https://doi.org/10.1371/journal.pone.0151817
https://doi.org/10.1371/journal.pone.0151817
https://doi.org/10.1016/j.ijnurstu.2005.06.009
https://doi.org/10.1016/j.ijnurstu.2005.06.009

390

Cognitive Processing (2020) 21:383-390

transfer, and maintenance. Psychol Aging 23(4):731-742. https
://doi.org/10.1037/a0014343

Lilienthal L, Tamez E, Shelton JT, Myerson J, Hale S (2013) Dual
n-back training increases the capacity of the focus of attention.
Psychon Bull Rev 20(1):135-141. https://doi.org/10.3758/s1342
3-012-0335-6

Lindenberger U, Li SC, Backman L (2006) Delineating brain-behavior
mappings across the lifespan: substantive and methodological
advances in developmental neuroscience. Neurosci Biobehav Rev
30(6):713-717. https://doi.org/10.1016/j.neubiorev.2006.06.006

Lovden M, Backman L, Lindenberger U, Schaefer S, Schmiedek F
(2010) A theoretical framework for the study of adult cognitive
plasticity. Psychol Bull 136(4):659-676. https://doi.org/10.1037/
20020080

Miller KM, Price CC, Okun MS, Montijo H, Bowers D (2009) Is the
N-back task a valid neuropsychological measure for assessing
working memory? Arch Clin Neuropsychol 24(7):711-717. https
://doi.org/10.1093/arclin/acp063

Moradi A, Saed O, Roshan R (2008) Psychometric characteristics of
Wechsler Memory Scale (3rd ed) among students [barrasi viz-
hegihaye ravansanji meghyase hafezeh weksler dar daneshjooyan].
Daneshvar Raftar 15(31):57-70

Negash S, Bennett DA, Wilson RS, Schneider JA, Arnold SE (2011)
Cognition and neuropathology in aging: multidimensional per-
spectives from the Rush Religious Orders Study and Rush Mem-
ory and Aging Project. Curr Alzheimer Res 8(4):336-340

Noroozian M (2014) The elderly population in Iran: an ever-growing
concern in the health system. Iran J Psychiatry Behav Sci 6(2):1-6

Owen AM, McMillan KM, Laird AR, Bullmore E (2005) N-back work-
ing memory paradigm: a meta-analysis of normative functional
neuroimaging studies. Hum Brain Mapp 25(1):46-59. https://doi.
org/10.1002/hbm.20131

Papp KV, Walsh SJ, Snyder PJ (2009) Immediate and delayed effects
of cognitive interventions in healthy elderly: a review of current
literature and future directions. Alzheimers Dement 5(1):50-60.
https://doi.org/10.1016/j.jalz.2008.10.008

Rebok GW, Carlson MC, Langbaum JB (2007) Training and main-
taining memory abilities in healthy older adults: traditional and
novel approaches. J Gerontol B Psychol Sci Soc Sci 62(Spec No
1):53-61

Rosen VM, Bergeson JL, Putnam K, Harwell A, Sunderland T (2002)
Working memory and apolipoprotein E: what’s the connection?
Neuropsychologia 40(13):2226-2233

Salminen T, Frensch P, Strobach T, Schubert T (2016) Age-specific dif-
ferences of dual n-back training. Neuropsychol Dev Cogn B Aging

@ Springer

Neuropsychol Cogn 23(1):18-39. https://doi.org/10.1080/13825
585.2015.1031723

Seyedan M, Fallah M, Nejat S, Delavar A, Ghasemzadeh H (2007)
The psychometic peroperties of the Persian Mini Mental Status
Examination. Journal of Medical Council of Iran 25(4):408-414

Shulman KI, Pushkar Gold D, Cohen CA, Zucchero CA (1993) Clock-
drawing and dementia in the community: a longitudinal study. Int
J Geriatr Psychiatry 8(6):487-496

Stepankova H, Lukavsky J, Buschkuehl M, Kopecek M, Ripova D,
Jaeggi SM (2014) The malleability of working memory and visu-
ospatial skills: a randomized controlled study in older adults. Dev
Psychol 50(4):1049-1059. https://doi.org/10.1037/a0034913

Tardif S, Simard M (2011) Cognitive stimulation programs in healthy
elderly: a review. Int J Alzheimers Dis 2011:378934. https://doi.
org/10.4061/2011/378934

Valenzuela M, Sachdev P (2009) Can cognitive exercise prevent the
onset of dementia? Systematic review of randomized clinical trials
with longitudinal follow-up. Am J Geriatr Psychiatry 17(3):179-
187. https://doi.org/10.1097/JGP.0b013e3181953b57

von Bastian CC, Oberauer K (2014) Effects and mechanisms of work-
ing memory training: a review. Psychol Res 78(6):803-820. https
://doi.org/10.1007/s00426-013-0524-6

Wechsler D (1997) WAIS-III: Administration and scoring manual:
Wechsler adult intelligence scale, 3rd edn. Psychological Corpo-
ration, San Antonio

Weng W, Liang J, Xue J, Zhu T, Jiang Y, Wang J, Chen S (2019)
The transfer effects of cognitive training on working memory
among Chinese older adults with mild cognitive impairment: a
randomized controlled trial. Front Aging Neurosci 11:212. https
://doi.org/10.3389/fnagi.2019.00212

Westerberg H, Klingberg T (2007) Changes in cortical activity after
training of working memory—a single-subject analysis. Phys-
iol Behav 92(1-2):186-192. https://doi.org/10.1016/j.physb
¢h.2007.05.041

Zinke K, Zeintl M, Eschen A, Herzog C, Kliegel M (2012) Poten-
tials and limits of plasticity induced by working memory
training in old-old age. Gerontology 58(1):79-87. https://doi.
org/10.1159/000324240

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1037/a0014343
https://doi.org/10.1037/a0014343
https://doi.org/10.3758/s13423-012-0335-6
https://doi.org/10.3758/s13423-012-0335-6
https://doi.org/10.1016/j.neubiorev.2006.06.006
https://doi.org/10.1037/a0020080
https://doi.org/10.1037/a0020080
https://doi.org/10.1093/arclin/acp063
https://doi.org/10.1093/arclin/acp063
https://doi.org/10.1002/hbm.20131
https://doi.org/10.1002/hbm.20131
https://doi.org/10.1016/j.jalz.2008.10.008
https://doi.org/10.1080/13825585.2015.1031723
https://doi.org/10.1080/13825585.2015.1031723
https://doi.org/10.1037/a0034913
https://doi.org/10.4061/2011/378934
https://doi.org/10.4061/2011/378934
https://doi.org/10.1097/JGP.0b013e3181953b57
https://doi.org/10.1007/s00426-013-0524-6
https://doi.org/10.1007/s00426-013-0524-6
https://doi.org/10.3389/fnagi.2019.00212
https://doi.org/10.3389/fnagi.2019.00212
https://doi.org/10.1016/j.physbeh.2007.05.041
https://doi.org/10.1016/j.physbeh.2007.05.041
https://doi.org/10.1159/000324240
https://doi.org/10.1159/000324240

	Feasibility of using a computer-assisted working memory training program for healthy older women
	Abstract
	Introduction
	Method
	Participants
	Power analysis
	Instruments
	Mini-mental status examination (MMSE)
	Clock drawing test (CDT)
	Tests of working memory (WM)

	WM training task
	Procedure
	Statistical analysis

	Results
	Discussion
	References




