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Chapter

Aging Associated Specificity 
in Training Visual Short-Term 
Memory
Olga Razumnikova and Vladislav Kagan

Abstract

There are numerous data in existence, the computerized cognitive training 
programs (CCTP) maintain or improve the plasticity of the neural networks in the 
brain. It is known as well that CCTP reduces the probability of cognitive dysfunc-
tions associated with aging. In the chapter, the age-associated specificity in the 
temporal dynamics of changes in the visuospatial short-term memory (VSWM, 
also called visuospatial working memory) is presented. VSWM has been analyzed 
as there are evidence for age-related decline in visuospatial memory associated 
with hippocampus atrophy in aging. Memory retrieval decline in older women in 
comparison with young women while computerized training at home is shown. The 
elderly achieving results which are comparable to the youngs are determined by 
significantly increased duration while performing the memory tasks. To reveal  
factors of the CCTP’s efficiency, age-related differences in the attention systems 
using the Attention Network Test were resolved. In the group of older women, 
VSWM efficiency is negatively related to the errors of incongruent information 
selection whereas in young women—to the reaction time while testing. Thus, 
the success of long-term systematic training of visuospatial memory in old age is 
strongly related to the high level of executive control.

Keywords: age, visuospatial short-term working memory, memory training, 
executive control

1. Introduction

The growing part of seniors in population into economically developed countries 
is associated with a risk of cognitive dysfunctions and brain ischemia due to cardio-
vascular disease (CVD) that has prompted numerous studies on the mechanisms of 
brain aging. Age-induced structural and functional changes in the brain including 
neuronal death, loss of synapses, and dysfunction of neuronal networks relate to 
such cognitive changes as a decline in the speed of mental activity, inhibitory pro-
cesses, and short-term memory, including visuospatial short-term memory [1–6].

Aging is a complicated process that has a broad impact on human being in all 
countries. Aging has some unwelcome consequences to result such as the appear-
ance of neurodegenerative processes and age-related atherosclerotic vascular 
disruptions which are cause cognitive deficits in elder age [7, 8].

However, there are several important modulating factors that do a preservation 
impact on cognitive functions in late ontogenesis, which are—education, occupational 
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cognitive activity, locomotor activity, and eating habits. These factors and other 
conditions in the developmental context are build up compensatory brain resources 
that form through the lifespan of a person [9, 10]. Aging is a complicated process of the 
human being. It has some unwelcome consequences to result, such as the appearance 
of neurodegenerative processes and age-related atherosclerotic vascular disruptions 
which cause a cognitive deficit in elder age.

A meta-analysis of studies that goals investigation of the forces and trends of 
cognitive functions, related to various periods of the ontogenesis, shows—there 
is significant variability of these processes. Consequently, the conclusion of the 
meta-analysis point to the necessity of further studies aimed to clarify which 
factors stimulate or prevent cognitive deficits, and what is their weight [10]. The 
noted variability is due to the fact that almost every age effect is a multicomponent 
phenomenon, sensitive to the peculiarities of the tasks, the research context, and 
motivation when doing CCTPs.

Moreover, almost every cognitive task can be performed on the basis of different 
individual strategies. This means that they are differently associated with aging and 
include different neural mechanisms for its implementation. Thus, because of the 
multifactoriality of the research subject, it is difficult to generalize and compare the 
effects in the studied age groups.

The hypotheses about the role of the plasticity of functional neural networks 
and lifelong learning in the formation and maintenance of cognitive reserves are 
widely known. Armed with those ideas, researchers develop CCTP or/and brain 
training games (BTG). And there are numerous studies of their effect on the 
preservation of mental health and the prevention of dementia and other cognitive 
impairments [11–16]. Despite the positive effect described by different authors 
according to the indicators of motor response and functions of attention and 
memory [11, 15, 17, 18], accompanied by structural changes with an increase in the 
mass of gray and white matter of the brain and the reorganization of its functional 
activity [19, 20], the question remains about the long-term beneficial effect of 
CCTP. In addition, further researches are warranted to determine the expansion of 
cognitive-training-related effects to the general state of cognitive activity neces-
sary for daily adaptation [20, 21]. Some researchers to increase the probability of 
this expansion propose to pay attention to the personalization of a CCTP, and to 
increase efficiency—to perform the training not individually, but in groups [11]. 
However, according to another point of view, exactly individualized computerized 
cognitive training may enhance cognitive self-efficacy in healthy seniors [22].

There are also results showing a positive effect of BTG on cognitive function 
only in a group of healthy subjects [23]. It should also be noted that some authors 
point out that different computerized brain training programs work in different 
ways. The plasticity-based cognitive training programs have a positive effect on 
cognitive ability, while the computer game training program, which also involves 
cognitive functions, does not [24].

A meta-analysis reported promising effects of both working memory train-
ing and executive functioning training on cognitive functioning in healthy adults 
aged 60 years and older [25]; albeit, the findings have been contested [26]. A 
recent analysis of publications on CCTP failed to provide evidence of a significant 
improvement in cognitive function after computerized cognitive training interven-
tions lasting at least 12 weeks on cognitive function in cognitively healthy people 
[27]. The authors note that further research is required, possibly longer training, to 
achieve a sustainable CCTP outcome.

Indeed, 10-year cognitive training data for older people living in the commune 
show improvements in their cognitive functions not only as a result of subjective 
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assessment, but also in psychometric measurements of reasoning ability or reaction 
rate, but not memory [18]. It should be noted that there is a lack of scientific evi-
dence for the effectiveness of cognitive training, and perceptions of its benefits are 
driven by the commercialization of this industry (see e.g., Harrell et al. [28]). Such 
conflicting points of view require clarification of the reasons for this discrepancy.

There are evidence for age-related atrophy in several brain regions, more often 
including the hippocampus and prefrontal cortex [29, 30]. The findings suggest 
that age-related decline in memory can be linked to encoding processes as well as to 
general cognitive-control operations.

One of the well-known theories to explain the cognitive deficit associated with 
aging is the theory of “frontal aging” [31, 32], according to which its main cause is 
the weakening of inhibitory functions during the selection of incongruent informa-
tion and executive control of problem-solving choice and behavior in general. It 
was shown that older adults are able to improve inhibition performance through 
practice [33], and repetition learning is effective in enhancing VSWM in aging 
and acts through modifications at different stages of stimulus processing [34]. 
There is evidence for greater interference on a visuospatial compared with a verbal 
span task (see also Park et al. [35]). The task requires the participant to remember 
the presented particular blocks. It is believed to involve a number of components 
important to VSWM—encoding of visual stimuli, maintenance of that information, 
and memory retrieval. Some studies have already shown that encoding strategies 
are modified by aging, notably self-initiated strategies [36].

Considering the above-mentioned diversity in opinions regarding the effective-
ness of cognitive training, the purpose of our study was to elucidate the age-related 
characteristics of the temporal dynamics of VSWM and to determine the value of 
executive control of behavior when testing VSWM.

2. Materials and methods

2.1 Design

Prospective, single-center, single-arm, nonrandomized study conducted at 
students/listeners of the Novosibirsk State Technical University (NSTU).

2.2 Participants

For investigation of differences in the time dynamics of the effectiveness of 
VSWM training in dependency of age, we recruited two groups of volunteers. The 
first group—the elderly—contained 65 women of retirement age (66.3 ± 8.5 years) 
who studied instruction of the Public Faculty of NSTU. This group had designated 
as GrE1. The second group—the youngs—contained 94 female students of NSTU’s 
psychology chair (20.1 ± 1.7 years). This group had designated as GrY1.

At the second stage was performed the analysis of the relationship between 
VSWM and executive control of behavior in the ANT model. These 56 women 
formed a group designated as GrE2.

The reason for the female composition of the studied groups consisted in the 
overwhelming majority of the students-retirees (98%) of the Public Faculty are 
women. Therefore, for comparison VSWM, the group of young participants in 
the study was also formed only of girls. Moreover, as cerebrovascular accidents 
were more frequent in women [37], assessing the possibilities of activating their 
cognitive reserves through VSWM training seems to be practically useful.
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2.3 Procedures

For the VSWM, the workout was used a computerized version of the modified 
“Visual Patterns test” [38]. The program shows a series of randomly generated 
spatial patterns of blue squares (Figure 1A). The presentation of spatial patterns 
produces in a 6 × 6 matrix. The minimum number of stimuli was 3, the maximum 
was 13. The pattern of stimuli was displayed for 2 seconds and then disappeared.

According to the instruction, after disappearing the blue-colored spatial pattern, 
a subject tries to reproduce this pattern by clicking on the unfilled matrix.

The correctly clicked cells turn green (Figure 1B), while the wrong clicked cells 
become red. In case when the reproducing of a pattern is out of time, the whole trial 
regards as incorrect (Figure 1C). In this case, a trial repeats with the pattern of the 
same number of the blue squares (re-located randomly). The total allowed number 
of incorrect trials in the one session is limited to 5.

If a trial of reproducing a pattern was successful (i.e., all cells turned green 
from the first try without any mishits) it regards as correct. In this case, a subject is 
moved to the next pattern with the increased number of blue squares by 1.

The experimental session overs in two conditions:

1. The number of blue squares in pattern reaches the pre-set maximum [13];

2. A subject reaches the limit of the allowed incorrect trials [5].

One whole session contains 11 trials with 88 blue squares in total.
Each participant was requested to complete 5 sessions of visuospatial memory 

testing.
The experimental procedure was supported by web-based software that we 

specially developed. It is available for authorized access at http://psytest.nstu.ru/
tests/23/.

An example stimuli presentation to testing the visuospatial working memory 
(a screenshot from the software that was used in the training):

The efficiency of memory was determined in the percentage of the maximum 
possible stimuli retrieval—100% reflected the correct reproduction of 88 stimuli 
presented in 11 trials (using one session).

Instructions for training memory at home were given to students in practical 
classes in psychology. Students of the Public Faculty—received the instructions in a 
lecture on the psychophysiology of brain aging, followed by the practice of test-
ing memory in a computer class. Participants were asked to further systematically 

Figure 1. 
Randomly generated spatial pattern—A; correctly clicked cells and correct trial—B; incorrect trial—C.
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perform the task in order to achieve 80–100% efficiency of VSWM reproduction. 
The results of all sessions were saved to a database on the university server.

To estimate the function of the executive system of attention was used a com-
puterized method, developed as part of the approach to assessing attention systems 
(Attention Network Test, ANT) [39] (programmer A.M.Suslov, A.S. 2012617379 
dated 16.08.2012). The index of the functiotn of the executive attention system 
(RTex) was calculated as the difference in response time to the central arrow in the 
situation of selection of congruent (RTc) (Figure 2A) and incongruent (RTnc) 
(Figure 2B) stimuli. The number of errors in response to congruent and incongru-
ent stimuli (Nc and Nnc, respectively) was also recorded.

The software package StatSoft Statistica 13.3.1 Ru AXA805I391121ARCN5-S was 
used for statistical data processing.

3. Results

3.1  Age differences in visuospatial short-term memory and time dynamic 
during training

A one-way ANOVA (AGE factor) was used to analyze the effectiveness of 
memory recall in the first testing session. A significant effect of the AGE factor was 
found: F (1, 157) = 53.13, p = 0.00000, η2 = 0.25, due to lower values of reproduc-
tion in GrE1 compared to GrY1 (50.1 ± 2.0 and 68.7 ± 1.6, respectively). Table 1 
shows the distribution of VSWM efficiency in the first test depending on age, from 
which it follows that in GrE1 only 16.9% demonstrated retrieval better than 60%, 
while in GrY1 61.6%. The training criterion in GrY1 already at the first testing 
reached 28.7%, while in GrE1—only 1.5% (1 person).

The observed decrease in VSWM efficiency in GrE1 compared to GrY1 is 
consistent with data from other studies of age-related differences in visual-spatial 
memory [4, 40–43].

The trajectory of the intensity of memory training in two age groups is shown 
in Figure 3—after the first five sessions, the number of participants in training 
from GrE1 systematically increases compared to GrY1. Analysis of the dynam-
ics of memory retrieval in the first five sessions showed significant effects of the 
AGE and SESSION factors (F (1, 88) = 34.41; p < 0.00001, η2 = 0.31 and F (3, 
264) = 11.44; p < 0.00000, η2 = 0.13, respectively), due to lower memory indices 
in GrE1 compared to GrY1 (54.0 ± 2.2 and 71.1 ± 1.9) and a similar dynamics in 
the groups of increase in indices in the 4th and 5th sessions compared to the 1st 

Figure 2. 
Stimuli for determining the functions of the executive attention system: A—Congruent, B—Incongruent.

Group Retrieval (%)

20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100

GrE1 3,1 15,4 40,0 24,6 12,3 3,1 0,0 1,5

GrY1 1,1 4,3 7,4 25,5 22,3 10,6 11,7 17,0

Table 1. 
The effectiveness of VSWM retrieval in the groups of elderly (GrE1) and young (GrY1) women.
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Figure 3. 
Change in the number (%) of young (dotted line) and elderly (solid line) participants in memory training 
depending on the session number (x-axis).

Figure 4. 
The efficiency of memory reproduction in groups of young (dotted line) and elderly (solid line) participants in 
memory training, depending on the session number (x-axis).

(0.00000 < p < 0.000002 with post hoc analysis of the SESSION effect with 
Bonferroni correction).

Up to 30 training sessions in GrE1 were performed by 18.5% of the study 
participants, and in GrY1—only 5.3%. However, this small part of GrY1 achieved 
an improvement in VSWM retrieval, while GrE1 failed to achieve the criterion 
required according to the instructions (Figure 4).

The observed decrease in the number of participants in cognitive training in GrE1 
is similar to that obtained in the course of the Finnish geriatric study aimed at prevent-
ing cognitive impairment [44]. Despite the positive effect of long-term training, only 
a small part of GrE1 achieved it. Therefore, we should agree with the conclusion that 
home workouts without external control of their implementation are not effective 
enough [45] for those people who do not have high self-control over their activities.

Five people from GrE1 continued their memory training for over 3 months. The 
effect of improving their memory in session 87 according to the Wilcoxon criterion 
was significantly higher than in the first one (p = 0.04) (Figure 5), and the average 
value of reproduction reached the proposed criterion of 80%.

Thus, the internal motivation for starting memory training is insufficient to 
achieve its effectiveness in GrE1, since most of its participants stop performing 
the task after only five trials, without achieving the required effect of improv-
ing memory. Persistence in VSWM training manifested by a small part of GrE1 
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indicates the possibility of achieving a positive effect only when more than 80 
sessions are implemented within 3 months, while in GrY1 seven sessions are enough 
to increase the effectiveness of VSWM.

The effectiveness of performing VSWM tasks is associated with the influence 
of practice and interference processes, each of which has an age specificity, and 
the combination of a higher learning rate with more pronounced interference in 
young people than in old age can determine the individual effectiveness of cognitive 
training [43, 46].

Several factors are also known to support long-term cognitive training. These 
include the possession of high behavior control, intrinsic motivation to achieve a 
goal, and interest in the performed activity, including due to the awareness of the 
development of cognitive deficits [22, 28, 47]. Previously, it was shown that when 
assessing motivational inducers of behavior, older women single out cognitive 
training as a priority in maintaining their health; however, only 8% of this group 
actually consistently participated in cognitive training using a battery of computer-
ized techniques [48]. Consequently, the different age dynamics of memory training 
noted by us can be associated with the dominance of the learning potential in GrY1 
and motivation to perform the task in GrE1.

It is believed that aging is associated with the effect of increased costs of cogni-
tive interaction and increased effort required to achieve a high level of task perfor-
mance [49, 50]. Therefore, older people become more selective and economical in 
the use of cognitive resources, which is reflected in a decrease in intrinsic motiva-
tion to participate in predictably complex cognitive activities. Apparently, there-
fore, the lack of visible success after the first training sessions causes them to refuse 
further activities. Individualized cognitive training with feedback that reinforces 
subjective assessments of change can help to improve cognitive self-esteem in older 
adults [22], and success can help to reduce perceptions of difficulties and become 
more willing to participate in cognitive activities [50].

It has been shown that the effectiveness of cognitive training can be increased 
due to involvement in activities and increased motivation through learning cogni-
tive control using play procedures or nonplay learning [51]. Improving visual 
memory is possible through the application of a strategy for controlling attention 
and directing it to target memory components [40].

In this regard, the next stage of our study was devoted to elucidating the rela-
tionship between VSWM and executive attention control.

Figure 5. 
Memory recall efficiency in the long-term training group during the first test and in the 87th session.
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3.2  Role of executive control in the efficiency of the visuospatial short-term 
memory

This stage of the research was devoted to the analysis of the relationship between 
VSWM and executive control of behavior in the ANT model.

VSWM assessment was carried out according to the method described in clause 
3.1 above.

The indicators of attention and memory in the studied groups are shown in 
Table 2. According to the intergroup comparison, all indicators differed signifi-
cantly—GrE2 was characterized by lower memory values, but a large number of 
errors and a longer reaction time when testing executive control of attention.

By the correlation analysis of the ratio of VSWM and attention indices in each 
group a negative relationship was found between the VSWM efficiency with Nnc in 
GrE2 (r = − 0.31, p < 0.02) and with RTnc (r = − 0.35, p < 0.01) in GrY2.

Consequently, in GrE2, the memorization efficiency is associated with the 
control of the accuracy of information selection, and in GrY2, with the information 
selection rate.

The relationship between executive control and working memory, including 
VSWM, is well known [52–54], but continues to attract the interest of researchers 
since their age-related changes determine preservation of intellectual abilities and 
quality of life during aging [55]. According to the results of tomographic studies, 
cortical thinning of the right anterior cingulate and middle frontal gyri showed 
progression from mild cognitive impairment (MCI) to Alzheimer’s disease (AD) 
[52]. Since these brain structures are associated with such WM functions as the 
selection of information relevant for memorization and inhibition of irrelevant 
information, tracking executive function performance can be a useful tool to assess 
an individual’s cognitive abilities in older adults as well as a strong predictor of 
progression from MCI to AD. In this regard, executive attention control training is 
included in complex multimodal cognitive training programs for patients with MCI 
[56]. Our data are consistent with these views, indicating a positive relationship 
between the effectiveness of the executive functions of attention and VSWM. It is 
noteworthy that if in GrY2 a high speed of information selection is required for suc-
cessful reproduction of VSWM, then in GrE2 the predominant role is played by the 
selection accuracy with inhibition of irrelevant stimuli. Consequently, regardless of 
the general slowdown in the rate of cognitive processes characteristic of old age  
[5, 6, 37, 57], such a reorganization of information selection is possible, in particular, 
through the strategy of redistribution of directed attention [40] or modifications at 
different stages of stimulus processing [34], which provides an effective VSWM.

Thus, according to the results of the second part of the study, the preservation 
of executive control of attention should be recognized as a necessary condition for 
successful long-term VSWM training in GrE1.

Group VSWM ANT

Nc Nnc RTc RTnc RTex

GrE2 67.9 ± 7.4*** 0.3 ± 0.5* 3.5 ± 4.3*** 841 ± 159*** 952 ± 157*** 111 ± 56**

GrY2 82.5 ± 7.6 0.1 ± 0.3 1.5 ± 2.3 541 ± 77 634 ± 90 93 ± 42

*<0.05.
**<0.01.
***<0.001.

Table 2. 
Indicators of attention and memory in the elderly group (GrE2) and young group (GrY2).
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4. Conclusion

The results obtained in our study show that despite the initially lower VSWM 
indicators in older women than in younger women, long-term (more than 
3 months) training allows you to achieve a result comparable to that of young 
women; and because of that to achieve effectiveness in cognitive training in the 
elderly internal control of behavior is crucial.

Indeed, according to the results of the experiment to determine the ratio of 
VSWM and psychometric assessment of the functions of executive attention, the 
relationship between VSWM and exactitude processing of information selection in 
the elderly group is established.

Therefore, achieving an improvement in VSWM in old age requires persistence 
and a prolonged training period, which is provided by executive control of cogni-
tive activity. The success of cognitive training at home for the individual execution 
of computerized programs is possible in the presence of internal motivation and 
high executive control of behavior.

Hence, memory decline as a consequence of cerebrovascular disease can be com-
pensated by cognitive training and psychological support of insufficiently effective 
initially obtained results. Such support is natively possible in group of cognitive 
training programs at neurorehabilitation centers. Also, such a psychological sup-
port can be realized in computerized training programs in the form of feedback to 
emotional reinforcement. Especially when the current result are not satisfied and 
motivation for continue training are insufficient.
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