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Abstract

Purpose: This study investigated the effects of an interactive multitouch game-based cognitive intervention (ICI) on cognitive
function in community-dwelling older adults.

Methods: Thirty-two older adults (19 women) between 65 and 84 years of age (mean age, 74.47± 4.30 years) without a his-
tory of neurological disease participated. They were randomized into two groups: intervention and control. The intervention
group took part in ICI sessions using HAPPYTABLE® (Spring Soft Co. Ltd, Seoul, Korea) (ICI group), and the control group
underwent a traditional paper-and-pencil-based cognitive intervention (TCI group). Both groups completed 10 intervention
sessions over four consecutive weeks. Cognitive function was assessed before (pre-intervention) and after (post-intervention)
intervention. Executive function was evaluated through the Color-Word Stroop Test (CWST) and Controlled Oral Word
Association Test (COWAT). Memory was assessed through the Verbal Learning Test (VLT) and Rey Complex Figure Test (RCFT).

Results: The ICI and TCI groups showed significant improvements in some cognitive functions after the intervention. Both
groups showed substantial improvements in VLT and RCFT (P < 0.05), reflecting memory function. Regarding the executive
role, the ICI group showed significant post-intervention improvements in the conditions of the CWST incongruent (ICI 76.31±
23.82; P= 0.004) compared to the pre-intervention scores. ANCOVA with pre-intervention scores and gender as covariates
revealed improved results in the ICI group compared with the VLT delayed (ICI 9.18± 1.68, TCI 7.56± 2.13; P= 0.015) and VLT
recognition task (ICI 22.81± 1.22, TCI 21.38± 1.09; P= 0.035).

Conclusions: These findings revealed that both ICI and TCI helped increase cognitive performance in community-dwelling
older persons; nevertheless, ICI showed better improvement in memory function than TCI. Thus, the ICI can be used to
improve cognitive performance among older adults living in the community.
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Introduction
An increasing older adult population from extended life
expectancy is a global phenomenon.1 The average percent-
age of the world’s population aged 65 years or older is
expected to be 11.7% by 2030, surpassing 16% by 2050.1

With age, degenerative changes in the brain reduce
memory and other cognitive functions. Therefore, as the
older adult population grows, so does the number of older
adults with cognitive impairment. A previous study found
that the older the population, the higher the rate of decrease
in cognitive function.2 Cognitive functions can be divided
into four basic categories: memory, including retention,
storage, and recall of information, is highly associated
with dementia in the case of older people.3 Executive
function is a multi-faceted construct including attention,
organizing, abstract thinking and problem-solving, self-
regulation, and motor control and relates to a range of
higher-level cognitive processes.4 Executive function is
the essential cognitive ability to adapt to novel situations
and solve problems by combining knowledge. Attention,
a fundamental building block of cognition and crucial to
many mental tasks, refers to the ability to process informa-
tion rapidly, which becomes increasingly limited with
age.5,6 Visuospatial function is the ability to perceive
visual and spatial connections among things in daily tasks
such as driving, using a map, and playing sports.7,8

There is a range of cognitive decline between healthy
cognition and dementia. Mild cognitive impairment
(MCI) is the most common condition on this spectrum
and is defined as cognitive decline greater than predicted
for an individual’s age and education level but does not sig-
nificantly interfere with everyday activities.9 At this stage,
impaired memory and executive function deficiencies are
common, including those of working memory and cogni-
tive flexibility.9 Older persons with pre-MCI might perceive
minor cognitive changes that cannot be detected clinically,
resulting in a subjective sense of cognitive decline, which
may be one of the first indications of MCI.10

Consequently, the social burden of supporting the older
adult population continues to increase as the capacity of
older adults to manage the physical, mental, and daily
aspects of life deteriorates.11 Early recognition of cognitive
decline and early management to prevent dementia are crit-
ical social issues for the well-being of older adults and the
minimization of social costs. Alzheimer’s disease affects
over 50 million people globally, with roughly 10 million
new cases diagnosed each year. It is the most prevalent
dementia, accounting for 60–70% of all such cases.12 A
previous meta-analysis8 looked at the impact of cognitive-
based training on healthy-aged people. It indicated that cog-
nitive training could modulate the general cognitive func-
tion and executive function while having little effect on
memory, attention, or visuospatial skills in older indivi-
duals. Therefore, cognitive intervention is a form of

rehabilitation that combines personalized life skill interven-
tions with drills and practice to strengthen the cognitive
skills required to perform various daily tasks.13–15

Computerized cognitive training (CCT) is commonly
used for cognitive interventions and is adjunct to other pro-
tocols designed to improve everyday functioning.16

Traditional paper-and-pencil tasks require face-to-face
contact, which involves setting a meeting location, coordin-
ating schedules, and travel time.6 Compared with traditional
cognitive training, computerized cognitive interventions
positively affect cognitive function through attractive and
repeated exercises that can be accessed anywhere without
time constraints or the need for a skilled instructor.17

Moreover, CCTs with domain-specific gamified tasks can
produce a sense of immersion through visual and auditory
effects.6 Participants can enjoy various games according
to their skill level, and their performance can be monitored
in real time. Participants receive instant feedback and audi-
tory rewards, and their skills can be recorded and repre-
sented with graphical charts to increase participation and
immersion.6,18

Previous research has demonstrated that training older
individuals in certain working memory tasks for a short
period of time (e.g., 10 days, 5 weeks, or 3 months) can sig-
nificantly enhance behavioral performance in trained or
untrained working memory tasks.19,20 Recent research has
found that multi-domain cognitive training such as an
aging education program or lecture or watching a DVD
can improve memory function relative to no intervention
and executive functions relative to healthy older adults.21,22

Although emerging data suggest that digital game
playing can improve cognitive function in older
adults,23,24 the results are inconclusive. Whether computer-
ized cognitive intervention is more effective than traditional
paper-and-pencil tasks is controversial. A Cochran review25

did not determine whether CCT with gamified tasks affects
global cognitive function, episodic memory, processing
speed, executive function, or working memory more than
the active control of watching educational videos or
playing computer games without a training component.
The author of that review suggests that the short 3-month
intervention may be a limitation of previous studies. A sys-
tematic review study that evaluates the effectiveness of ran-
domized controlled trials of CCT on cognitive outcomes
suggested that gamified tasks can slightly improve episodic
memory but might have little or no effect on executive func-
tion, working memory, and verbal fluency.6,14 A
meta-analysis showed that gamified CCT tasks improved
motivation and engagement compared to non-gamified
tasks. However, no effects were related to the training
domain.26 Study results have been diverse due to different
design characteristics (group-based training or home-based
training14,27) and types of training (gamified or non-
gamified task,26 CCT or active control6,28), making it diffi-
cult to draw definite conclusions.
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In this study, we examined the impact of an interactive
multitouch game-based cognitive intervention (ICI), a
gamified computerized cognitive intervention, on cognitive
function in older persons living in the community.
Paper-and-pencil tasks were employed to compare the out-
comes of a traditional cognitive intervention (TCI). We
hypothesized that both ICI and TCI would help the partici-
pants but that the ICI group would have more significant
gains in memory and executive function.

Materials and methods

Participants

Thirty-two older adults between 65 and 84 years of age with
no history of neurological diseases participated. The exclu-
sion criteria were (1) fewer than 10 points on the Korean
Mini-Mental State Examination (K-MMSE), (2) severe
mental illness, (3) impairment of vision, and (4) limitations
in upper extremity ranges of motion that could affect task
performance. The Institutional Review Board (IRB) of
Samsung Medical Center, Seoul, Korea, approved this
study procedure (IRB no. 2020-08-147; clinical trial no.
NCT04873843), and all participants provided a signed
informed consent before participating in the study.

Sample size estimation

We calculated the sample size using Lehr’s formula.29

According to a previous study, we set a clinically significant
difference of 4.5 points for the CWST.30 We used a two-
sample, two-sided t-test of mean difference, a power of
80%, and a significance level of 5%. As a result, 32 subjects
(16 experimental and 16 control) were identified as an
appropriate minimum sample size. To allow for a dropout
rate of 20%, a total of 38 participants were included.

Procedure

To assess the effects of the ICI on older adult subjects, we
used a single-blind, randomized, and controlled interven-
tion. Subjects were randomly assigned to the ICI or TCI
group (https://www.randomization.com). The groups
underwent cognitive training for 40 min per day, three
times per week, for four consecutive weeks, for 12 full ses-
sions. Participants were asked to attend two or three ses-
sions a week for each group, each of which involved four
exercises. Each task combination lasted around 40 min,
with 10 min per game. An overview of the structure of
both interventions, with examples of the exercises, is
given in Table 1. To assess the effectiveness of each cogni-
tive intervention, we administered comprehensive neuro-
psychological tests to both the intervention and control

Table 1. Description of interactive multitouch game-based cognitive
intervention (ICI) and traditional paper-and-pencil-based cognitive
intervention (TCI) components.

Group Tasks Cognitive domains

ICI Colored Paper Attention

Number Cards Attention

Catching Fish Attention

Catching Mole Memory, attention, and
visuospatial

Match the Pictures Memory, attention, and
visuospatial

Pairs of Pictures Memory, visuospatial, and
language

Blue & White Flag Memory, executive function,
and language

Color Lotus Executive function

Railroad Track Executive function, attention,
and visuospatial

MinHwaToo Executive function and
visuospatial

Word Ferris Wheel Executive function and
language

Under the Sea Visuospatial

TCI Mosaic Attention and visuospatial

Spot the Difference Attention and visuospatial

Find the Hidden
Pictures

Memory and visuospatial

Coloring Paper Memory, visuospatial, and
attention

Tangram Memory and attention

Maze Executive function

Origami Executive function

Connecting Dots Executive function

Transcribe Visuospatial and language

Abbreviations: ICI, interactive multitouch game-based cognitive intervention;
TCI, traditional paper-and-pencil-based cognitive intervention.
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groups at baseline before the intervention (pre) and after the
intervention (post). Adherence was calculated as the per-
centage of intervention sessions attended.

Interventions

The types of interventions used for the experimental and
control groups were cognitive training. The ICI group
played 12 games during the cognitive intervention sessions.
Each task was designed to train in one or more cognitive
areas (attention, visuospatial skills, memory, language,
and executive function). Tasks were organized from low
to high levels in each intervention session. The ICI used
HAPPYTABLE®, designed by Spring Soft Co. Ltd
(Seoul, Korea), to deliver interactive, computerized, cogni-
tive intervention with gamified tasks to community-
dwelling older adults. This system is operable on a multi-
touch screen over a rectangular table, and four subjects
can play together (shown in Figure 1). The playful exercise
tasks involve basic information processing parameters and
memory and require various types of decision-making.
We chose 12 games that target the major cognitive
domains of attention, visuospatial skills, memory, lan-
guage, and executive function (Table 1). Each game had
different difficulty levels, and all participants in a group
of 4 played at the same difficulty level due to the game’s
characteristics, where several players can be co-located
and collaborative.

The TCI group also performed 12 cognitive intervention
sessions over 4 weeks. Four people participated in each
session and performed paper-and-pencil tasks. Each task
included training in one or more cognitive areas organized
from low to high levels in each intervention session.
However, each individual performed the given tasks inde-
pendently without interaction among participants. The
TCI consisted of cognitive stimulation programs and

leisure activities commonly used in existing facilities for
older adults, such as community welfare centers.31 Nine
cognitive tasks were chosen: mosaic, maze, finding the
hidden picture, origami, spotting the difference, tangram,
connecting the dots, coloring, and transcribing activities tar-
geting the major cognitive domains (Table 1).32–34

Outcome assessments

We performed the following assessments before interven-
tion (pre) and immediately after intervention (post).
During outcome measurements, the examiners were
blinded to the participant group.

Attention and memory function
Digit span test forward and backward (DST). The DST is a

simple neuropsychological test that measures attention and
consists of two parts, forward and backward. In the forward
task, participants repeat numbers in the order that they hear
them. In the backward part, they repeat the numbers in the
reverse order.35,36

Verbal Learning Test (VLT). The VLT evaluates verbal
learning and memory skills. It consists of 12-word lists
with four words each from the three most used semantic cat-
egories. After these words are spoken to the patient, the par-
ticipants must repeat them immediately. This process is
repeated three times. After that, the participants perform
immediate recall twice more, delayed recall after 20 min,
and recognition recall at the end of the assessment.37

Rey Complex Figure Test (RCFT). The participants are
asked to copy a complex and nonsymmetrical geometric
figure as accurately as possible, and after 3 minutes,
without previous warning, the immediate recall task is
implemented. The delayed recall task is performed 20 min

Figure 1. (a) HAPPYTABLE®, an interactive multitouch table with gamified tasks designed by Spring Soft Co. Ltd. (Seoul, Korea) and (b)
interactive multitouch game-based cognitive intervention sessions.
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after the copy trial and is followed by the recognition recall
trial.38

Executive function
Color-Word Stroop Test (CWST). The CWST assesses

executive processing abilities in general. There are two
kinds of tasks: reading color names printed in black ink
and naming the colors of words rather than reading the
words. The CWST protocol was used to determine the
number of correct answers and errors, as well as response
times.39,40

Controlled Oral Word Association Test (COWAT). The
COWAT is an oral fluency test in which participants must
make verbal associations to various letters of the alphabet
(phonemic fluency test) or categories, such as animals and
supermarkets (semantic fluency test), by saying all the appro-
priate words they can remember.41,42 The Korean version of
controlled oral word association test test requires participants
to create as many category-specific words as they can in 1
min. It consists of two parts: phonemic and semantic
fluency (words beginning with “ㄱ,” “ㅇ,” and “ㅅ”).42

Go/No-Go Test. The Go/No-Go test examines set-
shifting ability.43 In this test, when the examiner raises
only the second finger, the patient raises the second and
third fingers, and when the examiner raises the second
and third fingers, the patient makes a fist (don’t raise a
finger).

Trail Making Test (TMT). The TMT is divided into two
parts, A and B. In TMT Part A, participants are given a

piece of paper with randomly numbered circles on it and
are asked to draw lines connecting the numbers in an
ascending order. The circles in TMT Part B contain
numbers and letters (1-A, 2-B, and so on). Each partici-
pant’s time to complete each trial was recorded.44

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences version 22.0 (SPSS Inc.,
Chicago, IL, USA). Results were calculated as the mean
and standard deviation (mean± SD).

A covariance (ANCOVA) analysis with pre-intervention
scores and gender as covariates was used to compare post-
intervention scores between the ICI and TCI groups.

Additionally, a t-test was used to compare post-
intervention scores within the ICI and TCI groups. It was
also used to compare the difference between the immediate
and delayed recall trials of the RCFT and between the
immediate and delayed recall trials of VLT and COWAT
for both groups. P< 0.05 was considered statistically
significant.

Results
Participants were enrolled between 15 September 2021 and
8 December 2021, with the final follow-up completed on 3
January 2022. We screened 36 participants for eligibility, of
which 34 were assessed in screening and randomized into
the ICI and TCI groups. Two refused to participate before
the intervention started (intervention 1, control 1) due to
the difficulty of visiting three times a week. Therefore, 16

Figure 2. Flow diagram of participant inclusion.
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subjects in the ICI group and 16 in the TCI group completed
the intervention (Figure 2). The compliance rate for this
study was 100%.

Demographic characteristics at baseline

Participant demographic characteristics at baseline are pre-
sented in Table 2. Among the 32 community-dwelling older
adults who participated, 19 were women, and their mean
age was 74.5± 4.3 years. Only gender differed between
the ICI and TCI groups at baseline (male; ICI 62.5%, TCI
18.75%; P= 0.011). Because of this gender difference, pre-
intervention and gender were used as covariates to compare
post-intervention scores between the ICI and TCI groups.

Attention

There was no significant difference in DST forward (ICI
6.38± 1.67, TCI 5.25± 1.34; P= 0.690) or backward (ICI
4.63± 1.59, TCI 3.69± 1.01; P= 0.358) in both ICI and
TCI groups (Table 3).

Memory

In the within-group comparisons from pre- to post-
intervention shown in Table 3, both groups showed signifi-
cant improvements in VLT immediate (ICI pre 22.13±
5.20, post 27.94± 4.36; P= 0.000, TCI pre 20.75± 5.32,
post 25.56± 2.78; P= 0.001), VLT delayed recall (ICI
pre 7.44± 2.50, post 9.81± 1.68; P= 0.001, TCI pre 5.50
± 2.68, post 7.56± 2.13; P= 0.005), RCFT immediate
(ICI pre 13.84± 5.72, post 16.59± 6.33; P= 0.013, TCI
pre 7.13± 4.93, post 10.44± 4.83; P= 0.001), and RCFT
delayed recall (ICI pre 13.91± 5.49, post 17.25± 5.87; P
= 0.001, TCI pre 7.31± 4.70, post 11.06± 4.78; P=
0.001) tasks.

The ANCOVA was performed controlling for gender
and pre-intervention scores as covariates to determine the

between-group difference. The ICI group showed signifi-
cant results on memory function in the VLT delayed task
(ICI 9.18± 1.68, TCI post 7.56± 2.13; P= 0.015) and
VLT recognition task (ICI 22.81± 1.22, TCI 21.38±
1.09; P= 0.035). No significant difference was found in
executive function or attention between groups (Table 3).

Executive function

In the within-group comparisons from pre- to post-
intervention shown in Table 3, the ICI group showed
enhanced training benefits on incongruent CWST (ICI
76.31± 23.82, 89.06± 19.81; P= 0.003) and phonemic
words on COWAT (ICI 23.44± 8.91, 28.88± 7.67; P=
0.004). The TCI group showed improvement on the Go/
No-Go (TCI 16.06± 3.51, 17.88± 2.06; P= 0.03) and
TMT Part A tasks (TCI 26.17± 5.98, 22.75± 5.62; P=
0.02). The CWST showed the most promising results
between groups. The ICI group scored significantly
higher in the incongruent (ICI 76.31± 23.82; P= 0.004)
but not congruent trials of the CWST task, with an effect
size of d= 0.44 (Table 3). Although no significant
between-group differences were found in other working
memory and executive function tasks, ANCOVA was per-
formed to adjust for pre-intervention scores of DST,
CWST, and TMT Part A as covariates.

Discussion
In this study, we investigated the effect of ICI on cognitive
function in community-dwelling older adult subjects and
compared the results with those of the TCI group. After
10 training sessions, both groups demonstrated improve-
ments in some cognitive domains, indicating that both inter-
ventions were effective in older adults. Compared to the
TCI group, the ICI group showed better memory function.

Cognitive function, or the ability to conduct mental pro-
cesses related to problem-solving and learning, is a

Table 2. Demographic characteristics of the ICI group and TCI group.

Characteristics Total (n= 32) ICI (n= 16) TCI (n= 16) P-value

Age (years) 74.47 (4.30) 73.94 (4.65) 75.00 (3.98) 0.493

Gender (male/female) 13:19 10:6 3:13 0.011*

Education (years) 9.91 (3.80) 10.75 (4.06) 9.06 (3.43) 0.335

K-MMSE 27.41 (1.86) 27.94 (1.53) 26.88 (2.06) 0.110

Continuous values are presented as mean (standard deviation).
Abbreviations: ICI, interactive multitouch game-based cognitive intervention; TCI, traditional paper-and-pencil-based cognitive intervention; K-MMSE, Korea
Mini-Mental State Examination.
*P < .05, **P < .01.
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Table 3. Effect of the interactive multitouch game-based cognitive intervention and traditional cognitive interventions on cognitive function.

Function Variables

ICI (n= 16)

P-valuea

TCI (n= 16)

P-valuea
Adjusted
P-valuebPre Post Pre Post

Attention DST

Forward (0–9) 6.06 (1.44) 6.38 (1.67) 0.429 5.06 (1.48) 5.25 (1.34) 0.417 0.690

Backward (0–8) 4.56 (1.26) 4.63 (1.59) 0.763 3.50 (0.89) 3.69 (1.01) 0.448 0.358

Memory VLT

Immediate (0–36) 22.13 (5.20) 27.94 (4.36) 0.000*** 20.75 (5.32) 25.56 (2.78) <0.001*** 0.119

Delayed (n) 7.44 (2.50) 9.81 (1.68) 0.001** 5.50 (2.68) 7.56 (2.13) 0.005** 0.015*

Recognition (0–24) 21.88 (1.54) 22.81 (1.22) 0.028* 20.50 (1.86) 21.38 (1.09) 0.111 0.035*

RCFT

Copy (n) 25.35 (4.24) 25.63 (3.81) 0.826 23.09 (4.22) 24.50 (4.25) 0.083 0.630

Immediate (0–36) 13.84 (5.72) 16.59 (6.33) 0.013* 7.13 (4.93) 10.44 (4.83) 0.001** 0.896

Delayed (0–36) 13.91 (5.49) 17.25 (5.87) 0.001** 7.31 (4.70) 11.06 (4.78) <0.001*** 0.876

Recognition (0–24) 19.00 (1.59) 20.25 (1.98) 0.030* 19.56 (1.93) 19.44 (1.26) 0.871 0.650

Executive
function

CWST congruent

Correct (0–112) 111.00 (2.73) 109.00 (6.79) 0.462 110.50 (1.55) 108.94 (8.20) 0.858 0.907

Errors (0–112) 0.69 (1.54) 1.06 (3.73) 0.713 1.13 (1.15) 0.94 (1.29) 0.631 0.942

Time (sec) 80.58 (19.02) 82.18 (21.46) 0.699 85.56 (23.17) 84.20 (23.38) 0.561 0.578

CWST incongruent

Correct (0–112) 76.31 (23.82) 89.06 (19.81) 0.003** 73.50 (22.68) 81.94 (21.35) 0.090 0.830

Errors (0–112) 2.81 (3.33) 2.31 (4.14) 0.594 2.63 (3.50) 2.13 (2.16) 0.549 0.499

Time (0–120) 118.66 (3.73) 117.49 (5.28) 0.068 119.69 (1.24) 118.18 (4.63) 0.273 0.122

Contrasting (20) 19.81 (0.40) 19.88 (0.34) 0.564 18.94 (1.61) 19.50 (0.63) 0.084 0.459

Go/No-Go (20) 17.19 (3.06) 18.19 (1.97) 0.180 16.06 (3.51) 17.88 (2.06) 0.030* 0.305

COWAT

Semantic (n) 29.38 (7.77) 30.00 (5.37) 0.569 30.56 (4.93) 30.88 (3.81) 0.795 0.757

Phonemic (n) 23.44 (8.91) 28.88 (7.67) 0.004** 18.38 (8.75) 21.19 (9.36) 0.097 0.104

TMT A

(continued)
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necessary component of independent living.45 Memory loss
is one of the most prevalent neurological symptoms among
older adults. The results of this study are consistent with
previous research on the impact of CCT with gamified
tasks on the memory capacity of older adults.26,46,47

According to meta-analyses, cognitive training, particularly
memory training, may be an effective intervention method
for maintaining or increasing cognitive abilities in older
persons.26,46,48 The ICI’s more significant impact on
memory function in older individuals appears to be attribut-
able to its capacity to provide multisensory stimulation,
social engagement, and the opportunity to reference the
rules of the game regularly.

Cognitive and multisensory stimulation is a dementia
intervention that offers a variety of activities to provide
general stimulation of thinking, concentration, and
memory and often is performed in a social setting, such
as a small group. Multisensory cognitive interventions
have been implemented in older adults with and without
dementia, and the findings have shown benefits on
anxiety, overall dementia severity, and neuropsychiatric
symptoms.49 These findings highlight the potential of
multimodal treatments for cognitive training, particularly
in older adults, and support for ICI as a strategy.

Previous research has suggested a connection between
social interaction and cognitive function. In a meta-analysis
of memory training in older adults, group-based administra-
tion was revealed to be a moderating effect.50 Frequent social
interactions are also associated with improved memory func-
tion.51,52 As part of group-based training, participants recall
and manage their memories and specify the memories they
want to share with others. They debate against the memory
displayed by other members and agree on the remembered
data.53 Unlike the ICI group, the TCI group completed

activities without interacting with others. Their interest in
the exercise was not stimulated by repeated feedback from
other participants, as in the ICI group.

Executive function drives the capacity to plan and carry
out an action, inhibit an inappropriate activity or thought,
organize thoughts, and encode and retrieve information.4 In
this study, we chose executive function (e.g., CWST) as a
primary outcome to analyze ICI task characteristics, which
encouraged personal interaction and problem-solving. As a
result, the CWST incongruent score changed significantly
in the within-group comparisons but did not differ in the
between-group comparisons. The significant within-group
intervention effect on the CWST in the ICI group reflected
accurate CWST incongruent and COWAT phonemic
scores. Still, the effect size was insufficient to produce a
between-group difference.

Previous research has shown executive function benefits
of multi-domain cognitive training with active controls
(education program or lecture, exercise intervention) for
healthy older adults.21,22 Another study with computerized
cognitive intervention showed stronger effects on executive
function after long-term CCT.54 Because our research com-
pared only the short-term effects of group-based interactive
computerized and traditional cognitive interventions, an
extended intervention period might verify the effect of
ICI on executive function.

High heterogeneity may have influenced several aggre-
gated outcomes, particularly for executive function. The
primary reason was that numerous computerized activities
were used in eligible research. We used 12 games for ICI
and nine paper-and-pencil tasks for TCI during the 12 ses-
sions of 40-min training three times a week for 4 weeks.
The exercises included simple coloring activities and
complex logical thinking requiring multisensory and

Table 3. Continued.

Function Variables

ICI (n= 16)

P-valuea

TCI (n= 16)

P-valuea
Adjusted
P-valuebPre Post Pre Post

Time (0–300) 24.97 (10.43) 22.74 (6.30) 0.194 26.17 (5.98) 22.75 (5.62) 0.020* 0.277

Errors (n) 0.06 (0.25) 0.00 (0.00) 0.317 0.06 (0.25) 0.00 (0.00) 0.317 0

TMT B

Time (0–300) 69.31 (48.47) 53.86 (26.14) 0.301 87.87 (53.47) 96.82 (69.19) 0.605 0.211

Errors (n) 1.00 (1.41) 1.19 (1.60) 0.852 1.57 (1.91) 1.81 (1.91) 0.377 0.720

Abbreviations: ICI, interactive multitouch game-based cognitive intervention; TCI, traditional paper-and-pencil-based cognitive intervention; DST, digit span
test; VLT, Verbal Learning Test; RCFT, Rey Complex Figure Test; CWST, Color-Word Stroop Test; COWAT, Controlled Oral Word Association Test; TMT, Trail
Making Test.
Continuous values are presented as mean (standard deviation). aP-values obtained using the paired sample t-test or Wilcoxon signed rank test. bP-values
obtained using analysis of covariance (ANCOVA).
*P < .05, **P < .01.
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nonverbal reasoning. Thus, providing enough time to gain
experience and become familiar with tasks seems necessary
to experience the benefits of a computerized gamified task.

Recently, a survey indicated that 61% of those 65 and
older own a digital device and 44% of respondents aged
60 and older play games regularly.45,46 However, a previ-
ous study showed that even when games are adapted to
accommodate common age-related changes, players can
experience difficulties engaging with game activities.47

According to the principles of andragogy, older adults
must have a self-concept and experience with the platform
used to experience immersion in a digital game.48 In this
study, the time available for older adults to become familiar
with the game’s rules was relatively short.

This study had several other limitations. First, our partici-
pants had high average MMSE scores (27.4± 1.9); therefore,
the ceiling effect on general cognitive function cannot be ruled
out. Second, although corrections were made, the randomiza-
tion number was small; therefore, the results do not represent
the general older adult population. Third, since the ICI uses
computers to deliver the intervention with more complex
visual and auditory stimulation than TCI, which usually incor-
porates face-to-face contact with paper-and-pencil-based
tasks, assessment indicators related to the characteristics of
each intervention should be added in future studies.

Conclusion
These findings revealed that both ICI and TCI helped
increase cognitive performance in community-dwelling
older persons, although the benefits of ICI on cognitive
and memory function were more significant than those of
TCI. Thus, the ICI can be recommended to improve cogni-
tive performance among older adults living in the commu-
nity. Future studies should examine the differential
effectiveness of the ICI on older adults with lower cognitive
function or those with mild cognitive impairment (MCI).
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