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Abstract

Background: Serious games have been found to have enhancing and preventative effects on cognitive abilities in healthy older
adults. Yet, there are few results on the effects in older seniors with age-related low cognitive impairments. Their special needs
were considered when designing and using innovate technology in the area of prevention, which is especially relevant owing to
the continuously aging population.

Objective: The objective of this study was to evaluate the impact of a serious game on the cognitive abilities of seniors in order
to potentially implement innovative resource-oriented technological interventions that can help to meet future challenges.

Methods: In this controlled trial, we tested the serious game MemoreBox, which features modules specifically designed for
seniors in nursing homes. Over a period of 1 year, we tested the cognitive abilities of 1000 seniors at 4 time points using the
Mini-Mental Status Test. Only half of the participating seniors engaged with the serious game.

Results: The study included an intervention group (n=56) and a control group (did not play; n=55). Based on the in-game data
collection, a second intervention group (n=38) was identified within the original intervention group, which exactly followed the
planned protocol. There were no noteworthy differences between the demographic and main variables of the overall sample. The
large reduction in the sample size was due to the effects of the COVID-19 pandemic (drop-out rate: 88.9%). The CI was set at
5%. Mixed analysis of variance (ANOVA) between the cognitive abilities of the intervention and control groups did not show a
statistically significant difference between time and group (F2.710,295.379=1.942; P=.13; partial η²=0.018). We noted approximately
the same findings for mixed ANOVA between the cognitive abilities of the second intervention and control groups (F3,273=2.574;
P=.054; partial η²=0.028). However, we did observe clear tendencies and a statistically significant difference between the 2
groups after 9 months of the intervention (t88.1=−2.394; P=.02).

Conclusions: The results of this study show similarities with the current research situation. Moreover, the data indicate that the
intervention can have an effect on the cognitive abilities of seniors, provided that they regularly play the serious game of
MemoreBox. The small sample size means that the tendency toward improvement cannot be proven as statistically significant.
However, the tendency shown warrants further research. Establishing an effective prevention tool as part of standard care in
nursing homes by means of an easy-to-use serious game would be a considerable contribution to the weakened health care system
in Germany as it would offer a means of activating senior citizens in partially and fully inpatient care facilities.

Trial Registration: German Clinical Trials Register DRKS00016633; https://tinyurl.com/2e4765nj

(JMIR Serious Games 2022;10(2):e33169) doi: 10.2196/33169
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Introduction

The Social Challenge of an Aging Population
The demographic changes in mainly industrialized societies
include aging of the population because of falling birth rates,
increased life expectancy, improved medical care, and adequate
nutrition [1,2]. The proportion of people aged 65 years is
forecasted to increase from 17% in 2008 to an estimated 30%
by 2060, and the number of people aged over 80 years would
triple [3]. This age shift is leading to a rapidly growing
proportion of the population in need of medical and general
care given that the risk of acute and chronic diseases increases
with age [4-6]. At the same time, the proportion of healthy
caregivers is decreasing [7]. The aging process and the reasons
for entry into the need for long-term care are highly
individualized, and in Germany, they usually lead to
accommodation in nursing homes [8].

Besides losses in physical abilities, cognitive functions in
particular are subject to strong age-associated degradation
processes in people over 65 years. Population-based
epidemiological studies report that 3% to 19% of adults over
65 years of age experience mild cognitive impairment, with
more than half of these adults developing dementia within 5
years [9]. Both age-related physical and cognitive impairments
lead to increased social isolation in older people in nursing
homes [10,11], which in turn has a negative impact on mental
health [12]. Empirical research shows that cognitive
deterioration processes can be counter-balanced; cognitive
training can help healthy older people to significantly improve
their cognitive performance and maintain these gains in the long
term [13,14].

Different areas of cognitive functioning, such as memory [15],
processing speed [16], executive functions [17], and attention
[18], can be successfully trained in older people. These findings
highlight the relevance and need of prevention, as well as the
early detection of cognitive decline [19].

Opportunities of Prevention
The World Health Organization [20] defines health promotion
(prevention) as “[...] a process that enables all people to have a
greater degree of self-determination about their health and thus
empowers them to strengthen their health.” Numerous studies
on demographic change point out that the intensity of prevention
and health promotion measures, especially in nursing homes,
must increase [21]. Research findings provide a clear indication
that health-promoting interventions in long-term inpatient care
should not only counteract existing physical and cognitive
limitations but also promote remaining skills and health
resources [22]. Finally, such interventions would also have
positive effects on the number of cases and thus the health care
system overall [23].

Serious Games for Prevention
Serious games are games which, in addition to the fun of the
game, have a serious added value. They are suitable for not only
imparting knowledge, but also prevention, therapy, and use in
care [24]. Although studies have shown that seniors play
computer games [25], it is noticeable that there are only a few

studies on serious games and older people, with an even more
limited number of studies including older adults in care facilities
(also limited availability) and even fewer studies on nursing
home residents with cognitive impairments [26]. Serious games
for seniors are developed with special features. For example,
attention must be paid to simple operation, customizable
development potential, intuitive and easy-to-remember game
mechanics, and game principles [27,28]. Lau et al [29] also
emphasized the combination of cognitive challenge and
stimulation for physical activity, which makes serious games a
multifactorial and extensive prevention medium. Thus, training
with serious games provides synergy effects that cannot be
achieved with separate training of physical and cognitive skills
[30]. Despite the limited research, Chao et al [31] found 22
studies for their meta-analysis that investigated the effects of
serious gaming on older people. The results showed promising
indications that serious gaming in older people has a positive
impact on physical skills, cognition, and psychosocial
experience. There are also some studies specifically on serious
gaming, cognition, and older people. So far, these studies have
yielded diverse results. A very recent meta-analysis [32], which
examined 18 randomized studies about the effectiveness of
serious gaming on the cognition of older people, reported
moderate effects on general cognitive functions and memory.
In addition, Mura et al [33] showed in their meta-analysis that
people with neurological disabilities benefit from serious gaming
in their cognitive functions, especially in executive functions
and visuospatial perceptions, but there was no effect on attention
and global cognition. These results demonstrate that there are
few effects for special cognitive functions, but the effect sizes
are often not large enough to be beneficial. Moreover, Sala et
al [34] conducted publication-bias analyses in meta-analyses
regarding this topic, which suggested that the actual effect of
exergames on overall cognitive function is small or even
nonexistent.

Pilot Study on MemoreBox: A Serious Health Game
Launched in 2014, MemoreBox is a science-based,
computer-based, gesture-controlled game console, specifically
adapted to the needs and abilities of seniors in nursing homes.
It aims to promote, activate, and reactivate the seniors’
cognitive, motor, and psychosocial skills in a preventive and
therapeutic fashion (RetroBrain R&D, developing company of
MemoreBox). In a German pilot study with 72 seniors [35],
which was conducted over a period of 6 months, MemoreBox
players showed more beneficial development of their cognitive
performance, among other health effects, compared with
nonplayers (effect of time: playing intervention group, n=28

[χ2
2=12.653; P=.002; r=2.39]; nonplaying control group, n=29

[χ2
2=2.495; P=.29]). The positive pilot led to a longitudinal

nationwide German study on MemoreBox to evaluate its
physical, cognitive, and mental health effects. A detailed
methodological discussion of the longitudinal study has been
provided elsewhere [36]. This work will evaluate the data from
this study relative to cognitive aspects.

The goal of the study is to investigate the impact of the serious
game MemoreBox on the cognitive abilities of seniors. Previous
considerations with regard to demographic change highlight
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the need for knowledge about the preventive effect of
interventions (physical and psychological). Thus, studies, such
as the one presented in this paper, are key to contribute to a
growing knowledge base in this area. In order to meet future
challenges, it will be essential to turn to novel, resource-oriented,
and technology-based ideas that offer possible solutions. One
of these ideas could be serious games, and they have the
potential to reactivate existing cognitive resources in senior
citizens, which is a topic that we aim to explore further in this
paper.

Methods

Study Design
The current intervention study has a quasiexperimental design
with 8 repeated measures. To evaluate the effectiveness of
MemoreBox, a large-scale study was conducted in 100 German
care facilities, recording and examining a total of 1000 seniors
in a playing intervention group and a nonplaying control group
over the course of a year. Seniors were allocated to either the
intervention group or control group based on their preference,
that is, if they wanted to play serious games or just participate
in the study without playing.

Intervention
MemoreBox (see detailed description above), a serious game
that was specifically designed for seniors in care facilities,
constituted the focus of the intervention study. MemoreBox
was developed a few years ago by health care professionals
(physical therapists, medical doctors, and psychologists) based
on empirical research. It is a purely computer-based digital
intervention that requires the handling of technology, but was
designed in a way that it would be as accessible as possible
through pure gesture control. Its technical features allow the

recording of a player’s movements, including, for instance,
inclinations, movement angles, body balance, and movement
radius. These movement data can be used in future studies to
analyze potential changes in movement or agility. In addition,
there is a point system included in the games to promote
motivation, and the level of difficulty (sensitivity) can be
adjusted.

The intervention included 6 coordinated movement games,
which combine preventive, therapeutic, and rehabilitative
aspects, aimed at playfully training the physical, mental, and
social skills of seniors. Every senior has an individual QR code
that records their (movement) data by means of a Kinect camera
(Microsoft Corp). The games can be played while sitting or
standing, individually or in groups.

The intervention for this study, training through games, was
carried out 3 times a week for 1 hour each in a group using a
fixed training plan that was developed in advance by therapists.
This ensured that each participant used each game (with their
different therapeutic foci) once a week. Each training session
was supervised by a trained therapist. The preventive training
program can be used independently of age-related indications.
As shown in Figure 1, there are currently 6 games
(motorcycling, bowling, table tennis, singing, postman, and
dancing) that are based on everyday activities and focus on
different combinations of balance, memory, ability to react,
hand-eye coordination, and flexibility.

In addition, MemoreBox provides a record of the amount,
duration, and regularity of the game recorded by each person.
The data allowed us to differentiate people in the intervention
group and subdivide them further into those who regularly
played according to the training plan and those who belonged
to the intervention group but only exercised irregularly (see the
Participants section below).

Figure 1. Game modules, and some of their potential therapeutic characters.
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Operationalization
Standardized questionnaires on cognition, motor skills, and
psychosocial health were administered every 3 to 6 months and
were thus completed by participants at 4 to 5 points in time.
Given that only cognitive skills are addressed in this study, the
corresponding Mini-Mental Status Test (MMST), which has
been described in more detail elsewhere [37], was used. It is a
screening method for identifying cognitive deficits and
monitoring progress. The German-language version was created

by Kessler et al [38]. With 30 items, the MMST checks cognitive
performance in the following 5 dimensions: temporal and spatial
orientation, attention and arithmetic ability, memory, language
comprehension, and ability to act. The reliabilities provided in
the manual for observer agreement (r=0.83) and retest (r=0.89;
24 hours apart) are high. There were 4 measurements (Figure
2), where trained nursing staff carried out the MMST. In
addition, the objective technical data of the gaming behavior
(duration and frequency) were present and were needed.

Figure 2. Survey times, periods of the operationalization and drop-out reasons. CG: controls group; IG: intervention group.

Participants
The sample consisted of an intervention group and a control
group. The intervention group included 56 participants (38
females and 18 males) aged between 62 and 96 years (mean
age 81.84 years, SD 6.78 years). For this study, the technical
data from MemoreBox on gaming behavior were used to identify
those within the intervention group who played regularly
(according to the training plan) in order to obtain more precise
insights into the effects of the training. Another intervention
group (second intervention group) of 38 senior citizens, who
trained regularly for 1 year, was identified. Of the 38 participants
in the second intervention group (regular end of the game), 28
(74%) were females and 10 (26%) were males, with an age
range of 71 to 96 years (mean 83.61 years, SD 5.38 years). The
control group included 55 participants (41 females and 14 males)
aged between 60 and 107 years (mean age 84.24 years, SD 9.33
years). The distributions of age (mean 83.03 years, SD 8.2 years)
and gender (66 females, 71%; 28 males, 29%) of the total sample
roughly corresponded to the current findings on the need for
care in Germany [39].

All participants were residents of care facilities in Germany. A
total of 100 care facilities were included. When selecting the
facilities, care was taken to ensure that the facility structure was
very diverse (eg, private, state, church, city, and country). For
both groups, severe mental or neurological illnesses and age
below 60 years were exclusion criteria. In addition, the health
status, comorbidities, and medications in both groups were
surveyed.

Recruitment
After the nursing staff of the facilities passed on the information
materials to the residents, the seniors could volunteer to
participate in the study. A similar procedure was used to assign
participants to the intervention or control groups. The
participants voluntarily assigned themselves to 1 of the 2 groups.
Given that this voluntary group assignment led to unequal
groups with different parameters, the group data were
parallelized for comparison purposes after data collection was
completed.
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Dropout and Missing Data Resulting From the
COVID-19 Pandemic
The global COVID-19 pandemic, which has caused major
changes in care facilities in Germany at least since March 2020,
led to the inevitable interruption of the study and thus of the
planned surveys in most of the participating care facilities. Due
to the large number of nationally participating institutions, the
individual on-site situation and the local restrictions imposed
because of COVID-19 differed greatly from one care facility
to the next. In 11 nursing homes, the study design could be
continued unhindered based on the training plan because of
special facility conditions, which ultimately led to a sample size
of 111 (56 in the intervention group and 55 in the control group)
in this study (Figure 2). The surveys were subject to a very brief
interruption (3 months), which led to an analyzable and
sufficiently interpretable data set in the sense of the originally
intended study design for 4 measurement times with different
intervals. Additionally, the intervention group (n=56) was further
divided into the following 2 groups: a group of participants for
whom the data in MemoreBox indicated that they had
participated in the training relatively regularly despite the
pandemic conditions (second intervention group, n=38) and a
group of participants for whom the data showed that they had
participated irregularly (n=18).

The MMST was originally planned to be administered every 6
months. However, due to the changes in the nursing homes as
a result of COVID-19, an additional measurement was carried
out after the first easing of the lockdown in the summer of 2020,
to have a kind of “second start value.” This step resulted in 4
MMST measurement times, with the interval between the first
2 measurements being 6 months and the further 2 intervals being
3 months each (Figure 2).

Statistical Analysis
To ensure comparability, the intervention and control groups
were compared and parallelized in terms of the characteristics
of the dependent variables at baseline (T0). For the statistical
significance test, the confidence interval was set at a level of
α=.05. To examine the 2 intervention groups in comparison
with the control group, a mixed analysis of variance (ANOVA)
was used. The dependent variable was cognitive impairment,
the time factor with 4 values (T0 [Q3 2019], T1 [Q2 2020], T2
[Q3 2020], and T3 [Q4 2020]) functioned as an inner-subject
factor, and group membership functioned as a between-subject
factor (2 factor levels).

Ethics Approval
This study was approved by the Ethics Committee of Charite
Berlin (Ethikausschuss am Campus Benjamin Franklin; review
number: EA4/035/19).

Results

Overview
We outline the results and separate the intervention group into
the original intervention group and the second intervention
group (ie, those seniors who completed the training for a year
according to the plan).

Baseline Comparison/Descriptive Statistics
There were no noteworthy differences between the demographic
and main variables in the overall sample. Moreover, in the newly
created classification, the groups at time T0 (baseline) did not
differ significantly in demographic and main variables (Tables
1 and 2).

Table 1. Baseline measurement of variables and their differences between the intervention group and control group.

95% CIP valuet (df)Control group (N=55),
mean (SD)

Intervention group (N=56),
mean (SD)

Variable

−0.67 to 0.08.13−1.55 (98.58)84.24 (9.33)81.84 (6.78)Age

−0.60 to 0.19>.99−1.02 (99)2.67 (0.83)2.49 (0.89)Care levela

−0.44 to 0.50.900.121 (68)2.00 (1.04)2.03 (0.88)Financial medium scoreb

−0.23 to 0.54.430.79 (103)3.10 (1.27)3.28 (1.07)Health condition scorec

−0.58 to 0.16.27−1.11 (109)2.53 (0.97)2.34 (0.79)Health behavior scored

−0.44 to 0.31.74−0.33 (109)2.89 (0.83)2.84 (0.80)Health assessment scoree

−0.27 to 0.47.590.536 (109)1.29 (0.26)1.32 (0.25)MMSTf mean score

−0.31 to 0.43.740.329 (109)24.47 (4.86)24.77 (4.60)MMST total score

a0 (no need for care) to 5 (most severe impairments).
b0=<€1000; 1=€1000-€1500; 2=€1500-€2000; >€2000.
c0 (healthy) to 5 (chronically ill).
d0 (not taking care of their health) to 5 (taking great care of their health).
e0 (“I rate my health as very bad”) to 5 (“I rate my health as very good”).
fMMST: Mini-Mental Status Test.

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e33169 | p. 5https://games.jmir.org/2022/2/e33169
(page number not for citation purposes)

Kleschnitzki et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Baseline measurement of variables and their differences between the second intervention group (regular players) and control group.

95% CIP valuet (df)Control group (N=55),
mean (SD)

Second intervention group
(N=38), mean (SD)

Variable

−0.49 to 0.34.68−0.412 (88.54)84.24 (9.33)83.61 (5.38)Age

−0.72 to 0.15.20−1.30 (82)2.67 (0.83)2.42 (0.94)Care levela

−0.51 to −0.51>.990.00 (58)2.00 (1.04)2.00 (0.83)Financial medium scoreb

−0.16 to 0.68.231.22 (86)3.10 (1.27)3.41 (1.04)Health condition scorec

−0.59 to 0.24.40−0.84 (91)2.53 (0.97)2.37 (0.75)Health behavior scored

−0.41 to 0.42.980.02 (91)2.89 (0.83)2.89 (0.73)Health assessment scoree

−0.29 to 0.54.550.60 (91)1.29 (0.26)1.32 (0.23)MMSTf mean score

−0.35 to 0.48.770.30 (91)24.47 (4.86)24.76 (4.25)MMST total score

a0 (no need for care) to 5 (most severe impairments).
b0=<€1000; 1=€1000-€1500; 2=€1500-€2000; >€2000.
c0 (healthy) to 5 (chronically ill).
d0 (not taking care of their health) to 5 (taking great care of their health).
e0 (“I rate my health as very bad”) to 5 (“I rate my health as very good”).
fMMST: Mini-Mental Status Test.

Outcome
There was no normal distribution in the sample, which can be
neglected with a sample size of >30 [8]. In addition, the F tests
carried out showed similar results. The sphericity was also not
given (0.04). Owing to the violation of this requirement, a
Greenhouse-Geisser correction of the degrees of freedom was
carried out.

First, we analyzed the whole sample (N=111) to explore if there
was a potential distinction between the intervention group and
the control group. The mixed ANOVA showed no statistically
significant interaction between time and group membership
(F2.710,295.379=1.942; P<.13; partial η²=0.018). There was also
no significant main effect for time, which corresponded to no
significant difference over time (F2.710,295.379=0.383; P=.75;
partial η²=0.04; Figure 3). There was also no significant main
effect for group membership (F1.109=2.405; P=.12; partial
η²=0.022).

The clear tendencies of the MMST estimates of both participant
groups, which are clearly shown in Figure 3 but were not found
to be statistically significant, were another reason for a closer
look at the intervention group and the decision to further divide
participants based on the available MemoreBox data, that is,

creating the second intervention group (n=38) based on the
amount, duration, and regularity of game play.

On performing mixed ANOVA for group differences between
the second intervention group and the control group, no
statistically significant interaction between time and group
membership was found (F3.273=2.574; P<.054; partial η²=0.028;
Figure 4).

However, the level of significance was only just exceeded, and
at a level of significance of 10%, a clear main effect and thus
an interaction of time and group affiliation could be identified.
Hence, we could conclude that there were clear tendencies that
playing with MemoreBox over a year improved the cognitive
abilities of the participants who played regularly, whereas they
deteriorated in the control group both in real numbers and in
statistical comparison. The main effect of time (F3.273=0.337;
P=.78; partial η²=0.004) and group membership (F1.91=2.701;
P=.10; partial η²=0.029) for this ANOVA did not show
statistical significance. The subsequent t tests (Table 3) showed
a statistically significant difference between the groups in terms
of their MMST values after 9 months of the intervention
(t88.1=−2.394; P=.02). This effect was already apparent after 6
months, but was easily canceled out after 12 months.
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Figure 3. Results of the Mini-Mental Status Test (MMST) of the intervention group (all participants) and control group over time.

JMIR Serious Games 2022 | vol. 10 | iss. 2 | e33169 | p. 7https://games.jmir.org/2022/2/e33169
(page number not for citation purposes)

Kleschnitzki et alJMIR SERIOUS GAMES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 4. Results of the Mini-Mental Status Test (MMST) of the second intervention group playing regularly and the control group at all 4 measurement
times.
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Table 3. Results of the t test for the intervention and control groups at 4 different measurement times.

Control group vs second intervention groupSecond intervention groupControl groupTime point comparisona

P valuet (df)Time pointP valuet (df)P valuet (df)

.77−0.298 (91)T0.19−1.341 (37).161.433 (54)T0–T1

.091.725 (89.7)T1.261.156 (37).710.379 (54)T1–T2

.02b2.349 (88.1)T2.181.357 (37).83−0.221 (54)T2–T3

.111.597 (91)T3.38−0.893 (37).101.681 (54)T0–T3

aT0: Q3 2019, T1: Q2 2020, T2: Q3 2020, T3: Q4 2020.
bSignificant at 95% CI; N=93.

Discussion

Principal Findings
The baseline comparison showed that the intervention and
control groups did not differ statistically in any variable at the
beginning of the intervention and were therefore deemed
comparable. The relevant sociodemographic variables roughly
corresponded to the current findings about the need for
long-term care in Germany [39].

The mixed ANOVA showed no significant impact on the
cognitive abilities of those subjects who played regularly over
the course of a year compared with the control group. However,
owing to the size of the sample and the statistical significance,
we hypothesize that the intervention had a potential impact on
cognition.

This impact could not be detected among irregular players. An
independent samples t test between the groups after 9 months
of the intervention showed a statistically significant difference
between the groups, which was not visible at earlier
measurement times.

Furthermore, the figures and graphics indicate development
tendencies in a way that the control group estimates decrease
over the period of the investigation (1 year) from an initial
average MMST value of 24.47 to an average MMST value of
23.25. However, this change was not statistically significant.
Nevertheless, this development was understandable, given that
a decline in cognitive abilities can be expected for this group
of participants (ie, senior citizens) within 1 year [40-42]. In
addition, within a year, the MMST values for the total sample
fell below the frequently set limit value for normal cognitive
function (24 points), which may indicate normal dementia
development. However, by contrast, the values of the second
intervention group showed an opposite trend (from 24.76 to
25.42).

Overall, despite the described limitations, the results clearly
showed a tendency that supports the effectiveness of the
intervention and suggests a positive impact on the cognitive
abilities of seniors in nursing homes. Thus, the results of this
study contribute considerably to our knowledge base in this
novel and still underresearched area by providing insights into
the challenges and complexities, as well as potential
developments and implementations of serious games that can
be further explored in future research. Moreover, the results

indicate that serious games (ie, here MemoreBox) can have a
positive impact on the cognitive abilities of seniors and should
therefore be increasingly recognized and implemented to provide
opportunities for engaging health promotion.

Limitations
The quasiexperimental design, the innovative character of the
project, and the interruption by the global pandemic caused
limitations. The study design involved nonrandomized
assignment, no given double-blind procedure, and a small
sample size.

To conduct a survey study over the long period of 12 months
and avoid excessive drop-out rates, it is particularly helpful for
research projects in the geriatric field to keep the motivation to
participate as high as possible by means of voluntary instead
of randomized allocation. The baseline comparison should
represent the greatest possible compensation for this limitation.

Another major limitation is the small size of the sample that
was analyzed at the end. The attrition from the initial 1000
participants to 111 usable data sets (approximately 10%) was
very large. Due to the special circumstances of the participants
(age, illnesses, care, and morbidity) and the high effort for the
intervention group (1 year, 3 times a week commitment), the
target group had a high drop-out rate from the start, which can
be expected [43]. The sample size may also be a reason for the
lack of statistically significant differences between the groups.
A corresponding post-hoc power analysis with an alpha level
of 5% and a target power of 80% (90%) showed a minimum
number of 179 (231) cases to show a significant interaction
effect with moderate effect sizes (ηÇ=0.25) with a mixed
ANOVA in 2 groups and 4 measurements.

Comparison With Prior Work
Regarding the cognitive ability of the study participants, the
results showed that the condition in the control group
deteriorated slightly within 1 year, a finding that is in line with
previous research [40-42]. However, it can be assumed that
regular players at least maintained their cognitive abilities on
average and that the progression of cognitive impairments can
be slowed down by training. These effects and tendencies
confirmed the findings from a previous pilot study by Trauzettel
[35], who also tested the influence of MemoreBox on cognitive
abilities in 2 nursing homes and found a significant improvement
in the MMST values over a 6-month survey period, as well as
a significant difference between the intervention group and
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control group at the last measurement time. The fact that
therapeutic computer-based training had a positive effect on
cognitive performance shows consistency with other research
findings [44]. This is particularly important regarding the
age-related decline in cognitive abilities [40]. Additionally, it
means that success can lie not only in growth, but also in
maintaining cognitive abilities [45]. Moreover, the results of
this study coincide with other studies in which comparable
interventions with therapeutic game consoles brought about
multidimensional improvements in older people [46-49]. In
addition, reviews reflect the high potential of serious games as
an efficient and motivating component in prevention and health
promotion [28,29,50-52].

Apart from the already reported contribution of the study to
advancing the knowledge base in this new research area and
the clear influence of the intervention in older people, it is also
important to highlight the “nursing home” as a novel space and
focus in research. Given that nursing homes require a
considerable amount of social, financial, and health resources,
this study focused on the implementation of serious games as
a means of potentially aiding with constrains in these resources.
It focused on the efficacies and points to positive effects relative
to the 3 resources. Thus, our study clearly highlights the
importance of this type of research as well as the attention this
area of research should receive in the future.

In the following text, it will also be critically discussed why the
results presented here do not show statistical significance, as
the literature suggests. The initial values of all participants were
in a high range of approximately 24 points, which is not
considered to be dangerous. These high baseline values may be
a reason for the ambiguous significance in the sense of an
improvement, since older people with very low cognitive
baseline values tend to benefit more from cognitive interventions
than people who already show higher values before training
[53]. It remains to be seen whether the second intervention group
can maintain the generally stable MMST values and whether
this would be reflected in a comparison with the control group
over a significantly longer intervention period.

Another reason can be personal influences and associated other
everyday activities. As previous research shows, cognitive
activity throughout the life of a person is seen as an important
factor influencing cognitive performance in old age [54,55].
This could mean that the influence of the intervention is less
than assumed, since the level of activity in the previous life of
the individual played a more important role. Since improvements
in cognitive performance are associated, among other things,
with increased health-related quality of life [56] and, on the
contrary, a cognitive decline is associated with a lower
health-related quality of life [57], there might have been other
factors that impacted the results. The Hawthorne effect [58]
could be one factor, that is, positive effects on the examined
variables solely through conscious participation in the study
can (unconsciously) motivate the control group to change their
behavior. This could have resulted in stabilizing, compensatory,
or diffusing effects that do not correctly reflect the
characteristics in the constructs. Possible consequences are a
lack of reliability of the implemented intervention and a limited
construct validity, which could have resulted in an

approximation of the measured values for the second
intervention group and control group [59].

At the same time, the game concept of MemoreBox is based on
stimulating interactivity and communication with other
participants. Epidemiological studies have shown that social
relationships are highly relevant to cognitive health and can
even reduce the risk of death [60]. Being with other people
involves cognitive stimulation through verbal and nonverbal
communication. A lack of social relationships, on the other
hand, can favor dementia [61]. The changing group size from
5 persons initially to, in some cases, only 1 person at the end
of the 1-year intervention could therefore also have had an
impact on the results.

Future Perspective
Follow-up studies are much needed to evaluate the continued
effects of the changes and investigate the effectiveness beyond
the current influence of the game. Future studies should take
into account a new group, which receives a different multimodal
offer (as similar as possible, but, for example, guided by
therapists), in order to differentiate more precisely the specific
areas of impact of the given serious game. Additionally,
analyzing the exact impact on preventive and health-promoting
changes could also be the focus of future research, which would
contribute further to the literature that has outlined the relatively
high benefits of serious games.

Establishing a high scientific standard requires not only a second
intervention group, but also various more specialized
instruments to document motor movements, which, in turn, can
potentially provide insights into the effectiveness of serious
games for different motor skill sets.

Furthermore, it is essential to carry out studies that have a larger
sample size. Owing to the already mentioned challenges of
recruitment and stability of the target group, there is a global
lack of studies with a high number of participants. Future
studies, like the present one, could obtain a larger sample size
by establishing interventions directly in nursing homes.

In addition to focusing on a higher number of participants, future
studies should also concentrate on follow-up examinations to
document long-term effects and, in general, collect data over a
fundamentally longer period of time. The potential
reactivation/preventive effects relative to certain motor skills
seem to take a long time, especially for the target group, as
shown by the results reported in this paper, as well as in other
relevant literature. Therefore, the duration of the studies must
be adjusted in order to better assess the actual long-term benefits
of serious games for the motor skills of seniors.

Conclusions
While confirming the current state of the research field, the
results of this study showed that the intervention had an impact
on the cognitive abilities of seniors, provided that they regularly
played the serious game of MemoreBox. A particularly novel
aspect of this study is that it was carried out in the actual care
sector. The authors see the study as a continuation of a pilot I
study [35]. Both studies have made it their task to consider the
behaviors and circumstances of senior citizens in a
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resource-oriented and setting-related manner and thus to make
a scientific contribution to the limited research in this area [35].
The contribution of the paper is that it shows the positive
influence of serious games on the cognitive abilities of older
people and can thus be seen as an important building block
toward better understanding of preventive effects.

Implementing an easy-to-use serious game as an effective
(prevention) tool and making it part of the standard care in
nursing homes might contribute considerably to the weak health
care system, in which there tends to be a lack of activating offers
for senior citizens in partially inpatient care facilities [62].
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