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Abstract

The objective of this study was to train the visuospatial and semantic working
memory of a sample of Colombian older adults through the design of a
serious game. The sample was composed of 20 older adults whose ages
ranged from 50 to 77 years and showed signs of normal ageing. The sample
belonged to the Edad de Oro group from the Universidad de lbagué in
Colombia. Participation in this study was voluntary, and the socio-
demographic data and Mini-Mental state examination questionnaires were
administered. The video game’s creative process was developed over Six
months by a team made up of psychologists and systems engineers. The video
game was created using 2D Construct3 game editor, and the use of
JavaScript programming language and an advanced knowledge of HTML
were required. Before training, two pilot sessions were carried out to adjust
the video game structure. After that, the procedure was applied to the sample
for 20 sessions. The time spent and errors made in the video game’s five
levels were registered. The results show values of significant effect size. In
conclusion, the Latin American samples help corroborate the central training
hypothesis. Training through video games leads to improved visuospatial and
semantic working memory performance.

Keywords: visuospatial working memory, semantic working memory, video
game.
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1. Introduction

The decreased birth rate and the progressive increase in life expectancy influence the
population’s age composition as these relatively reduce the number of younger individuals
and increase the older age ranges. The percentage of older adults living in developing
countries is expected to increase even more in the coming decades (United Nations, 2017).
In these countries, old age is associated with less protection, greater dependency, illnesses
and lack of productivity due to the restricted access to economic, social and academic
benefits (Rodriguez, 2011).

Working memory is one of the cognitive processes that declines in a clear and linear way as
individuals get older (Anguera, et al., 2013; Mammarella, et al., 2013). Working memory is
the ability to withhold and use information to carry out complex tasks (Borella, 2017). It is
characterised by various processes which depend on the type of content processed (verbal
vs. spatial). Cornoldi & Vecchi (2003) developed a model comprising a basic structure and
a skill used for active ageing. It showed that training working memory improves
performance not only for the trained tasks (or similar work) but also for non-trained tasks
(transfer effects). Memory training influences how individuals process information,
allowing them to use their own resources in a more flexible way (Borella et al., 2017).

1.1 Video games for cognitive training

Video games entertain people of different ages without distinction. They simulate
experiences, provide the user with information and knowledge, who at the same time
decides to be actively involved in the screen of the device used. This activates the player’s
cognitive areas for the purposes of solving the game and allows for the development of
skills and abilities that can be integrated in daily life (Perea & De la Pefia, 2018).

The positive effects on cognitive functions may depend on the actions taken to develop the
video game, such as tracking, storing in short-term visual memory and reacting to multiple
aural and visual stimuli, which are continuously changing in time and space (Pavan et al.,
2019).

According to Anguera et al. (2013), a supposed cognitive improvement mechanism through
video games is provided by what is called the central training hypothesis, according to
which the repeated stress in a cognitive system leads to plastic changes in its neural
substrates, and therefore, results in better performance.

Younger people are the most exposed to video games in everyday life. In research, samples
are formed by children (Egeland, Aarlien & Saunes, 2013) and adolescents (Nuyens et al.,
2018). However, the possibility of using video games as a form of cognitive training among
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older adults has gained significant interest (Woods et al., 2018). Video games are an
alternative to reduce cognitive impairment and improve quality of life (Maillot, Perrot &
Hartley, 2012), strengthen memory capacity and improve coordination, repetition and
concentration (Connolly et al., 2012).

1.2 Serious games

Serious games are intended to train and develop skills, teach or change attitudes and
behaviour (Moizer, 2019). Their dynamics focus on training the individual’s functions and
they gradually increase in difficulty according to level so as to allow them to improve in
each session, with the training of different cognitive skills as a positive outcome
(Ballesteros et al., 2014). The human cognition project conducted by Lumos Lab (2019) has
developed Lumosity®, an online program consisting of different games to improve
cognitive flexibility, attention, processing speed, problem-solving and memory. This has
become one of the best mental training platforms, available on the web and on iOS mobile
devices.

Other programs involving cognitive stimulation, evaluation and neuropsychological
rehabilitation are Gradior®, developed by Ides (2014) and Cogmed Working Memory
Training® (Pearson, 2016), a computerised solution for attention disorders caused by a poor
working memory.

The computerised programs aimed at improving cognitive skills, and memory in particular,
require credit card payments and are expensive, so access is restricted for individuals with
limited economic resources. Furthermore, despite developing countries’ attempts to bridge
the digital divide, this is ongoing due to restricted access to digital infrastructures,
unaffordable services and the limited use of ICT (Cabrera, Orioy & Gabarrd, 2018). Course
offerings for older adults to learn how to use ICT is scarce, and some of these individuals
are resistant to change and prefer not to use technological resources. Accordingly, this
study intends to train the visuospatial and semantic memory in a sample of Colombian
older adults through the design of a serious game.

2. Method

2.1 Participants

The non-probabilistic sample was formed by 34 participants whose ages ranged from 50 to
77 years who belonged to the Edad de Oro group from the Universidad de Ibagué in
Colombia. 20 of them met the following inclusion criteria of the sample: at least 50 years
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old, ageing normally, having neither a neuropsychological nor medical history. It was a
minimal risk study which met the American Psychological Association’s ethical standards
for research with human beings and participants signed the informed consent.

2.2 Instruments

Mini-mental state examination. This examination was developed by Folstein, Folstein,
McHugh and Fanjiang (2001), adapted to Spanish by Lobo, Saz and Marcos (2002). It
assesses the patient’s level of cognitive state in the following areas: temporal and spatial
awareness, fixation capacity, attention, calculation, memory, naming, repetition and
comprehension, reading, writing and drawing.

2.3 Procedure
2.3.1 Video game design

The “Reta tu Memoria” video game, designed for this project, was developed using the 2D
CONSTRUCT3 framework or game editor based on HTML5 and developed by Scirra
(2011). It requires the JavaScript programming language and advanced knowledge of
HTML, which allows it to work on any platform (see figure 1). It was based on memory
stimulation divided into five levels. The first two levels train the semantic working
memory, while levels four and five train the visuospatial working memory (see figure 2 y
3).

o .
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Figure 1. Home page
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Figures 2 y 3. Nivel 4 visuospatial working memory

2.3.2 Procedure implementation in the sample

The sample was screened by applying the Mini-Mental instrument to all participants; those
who showed signs of cognitive impairment were excluded from the study. Eight days after
applying the questionnaire, two sessions were conducted in order for participants to adapt
to the use of technological tools (keyboard, mouse) and the video game conditions (home,
instructions, help and levels). In all, 20 training sessions were conducted with variable
periods between each session in accordance with the participant and the achievements
attained. The time, errors and help at each level of the video game were recorded while it
was played (see figure 4).

Figure 4. Training session. Fuente: Varela, D. (2018)

3. Results

The time and errors recordings were analysed. Due to the few help requests at each video
game level, only the first two records were taken into account. Results show that the time at
level two of the video game equivalent to semantic memory training was the highest. The
average execution time of all sessions was 26.29 minutes, while the fifth level of training in
visuospatial memory had the lowest total training time: 16.83 minutes.
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The average performance rate was compared for each level between the video game’s first
and last training sessions. A decrease in the execution time could be observed at all levels.
The average length of level one, first session, was 53.13 minutes while the final session
lasted 2.73 minutes. At level two, the first session took 53.73 minutes while the duration of
the last one was 3.16 minutes. Level three showed an average time of 1.85 minutes in the
first session, and at the end of training, it was a minute. The fourth level had an average
initial time of three minutes and ended with 2.22 minutes, while the fifth session started
with 2.97 minutes and ended with 1.65 minutes. In the first three sessions, the participants
finished the video game in approximately 114.68 minutes and the last two took them 10.76
minutes.

According to the errors made at each level, we found that most of them occurred in levels
one and two, and level five showed the least amount of errors. Levels 1 and 2 had the
highest average of errors, although there was also a significant decrease in subsequent
sessions in relation to the remaining levels. At levels 1 and 2, corresponding to semantic
memory, a longer execution time and higher number of errors were observed. However,
throughout the training sessions, the time spent and errors made were significantly reduced.
The same trend was found at levels 3, 4 and 5, regarding visuospatial working memory.
Nevertheless, differences were smaller between time and errors in the initial and final
sessions. The training effect size was d = —0.82, thus indicating a large effect in training
semantic and visuospatial working memory through the video game “Reta tu Memoria.”

4. Discussion

This study aimed to train the visuospatial and semantic working memory of a sample of
Colombian older adults through the design of a serious game. Results show improved
execution of the semantic and visuospatial working memory in the study sample. However,
in the initial sessions, greater deficits of semantic memory were identified compared to the
visuospatial working memory, together with further progress during the final sessions.

Levels one and two of the video game involved memorising pictures of faces, their names
and then recalling or associating them again when the video game required. The semantic
memory consisted of the language knowledge and learning to understand the dialect
spoken, written and read, for the purposes of being able to communicate and transfer
knowledge for different activities, with increasing degrees of complexity when trained in
connection to language, associated with academic life, and other stimuli experienced by
individuals throughout their lives (Garin & Cafias, 2017).
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Levels three, four and five required locating elements in the virtual space based on
memorisation and subsequently evocating visual materials, shapes and colours. The
visuospatial memory was trained, which required locating the objects in space and
remembering their position (Pérez, Mammarella, Del Prete, Bajo & Cornoldi, 2014). This
type of working memory is used when creating and using mnemonics of visual images. It is
important for geographic orientation and planning of spatial tasks. As stated above, the
characteristics of visual pictures, colours, shapes and locations helped to respond to training
(Cornoldi & Vecchi, 2003).

The individuals taking part in memory trainings improve the execution perception during
the sessions and show a remarkable decrease in the subjective complaints made (Montejo,
Montenegro & Sueiro, 2012). The video game “Reta tu Memoria,” designed according to
the culture, traditions and idioms of a particular social group (Garin & Cafias, 2017) was
well suited for a group of older adults to use technology and it contributed to minimising
the effects of ageing in the working memory (Mammarella, et al., 2013). The efficiency of
this type of training through a video game confirms the hypothesis of central training: thatt
the repeated stress of a cognitive system (memory) generated by training, prompts
neuroplasticity and is demonstrated in training improvements (Anguera et al., 2013).

The video game’s development has a technological readiness level of 6. In other words, it is
possible to have a pilot prototype capable of developing all the functions required within a
specific system, having passed feasibility tests in operating or actual functioning conditions.
Nevertheless, documents are scarce and it has not reached the pre-commercial phase yet.
The game’s graphic design and data storage must continue to be improved.

The study has two limitations to be perfected in future research: the inclusion of an actively
trained control group and the incorporation of follow-up sessions to determine whether the
effects are stable over time or not. Despite these limitations, data showed that the video
game “Reta tu Memoria” at its TRLO6 stage is a cognitive strategy that contributes to the
research and application areas with samples of limited technological access and to bridging
the technological divide between generations, allowing older adults to train their memory
by playing and to resolve their daily needs.

5. Conclusions

Working memory is one of the cognitive abilities that is most weakened due to age, training
through computerized tasks such as video games, in its classification of serius games, allow
developing skills through play and interaction. These tasks motivate the learning, the
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participant improves his performance by the feedback of his advances or failures, and
experiences the virtual reality in a simulated situation.

The video game "Reta tu Memoria™ allowed the repetition of tasks through different levels
of semantic working memory and visospatial working memory, achieving indirect
stimulation in their neuroplasticity, this was evidenced by the improvement in memory
through training sessions. This type of intervention reduces the barriers between new
technologies and older adults and improves their cognitive conditions.
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