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Abstract

This research adopted a quasi-experimental design in which purposive sampling was used. The research 
site was the National Cheng Kung University Hospital Dou-Liou Branch dementia daycare center, from 
which 30 patients with dementia who were ≥ 65 years old were recruited. During the research, participants 
were randomly assigned to either the experimental or control groups. During the research, eight partici-
pants withdrew due to personal reasons; 22 participants completed the research. The research spanned 
12 weeks, from 21 September to 31 December 2017.
The experimental group included four male dementia patients (76.25 ± 6.61 years), of which three had 
mild dementia and one had moderate dementia; and seven female dementia patients (80.14 ± 6.38 years), 
of which four had mild dementia and three had moderate dementia. In the control group, there were five 
seniors male dementia patients (80.8 ± 1.6 years), of which three had mild dementia and two had moder-
ate dementia; and six female dementia patients (82.83 ± 8.93 years), of which three had mild dementia 
and three had moderate dementia.
The present research employed an interactive drum-beating somatosensory game, “Taiko no Tatsujin”. 
Results showed that differences in the experimental group across the 12-week program reached statistical 
significance (p =.046*). The Jamar dynamometer was used to measure the grip strength of both hands of 
the participants; the experimental group showed significant improvement across the 12 weeks (p≦.001***). 
The Minnesota manual dexterity test was used to measure bilateral hand coordination of the participants. 
Though there were significant differences in the performance between the experimental and control groups 
(p≦.001***), both groups improved the time taken to complete the test across the 12 weeks. 
Keywords: hand-grip strength, hand coordination, somatosensory games, dementia. 
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Introduction

The demographic structure of Taiwan is aging; from passing the benchmark for an aging 
society in 1993, the proportion of senior people (≥ 65 years of age) reached 14.7% in 2014. The 
phenomenon and effects of an aging population will become even more evident as the baby-boomer 
population ages, increasing the population of senior people to 4 million people (17.14%) by 2021. 
Extrapolating this trend further, senior people will comprise one-fifth of Taiwan’s population by 
2025: a proportion similar to that of countries such as the UK, France, and the USA (Council for 
Economic Planning and Development, Executive Yuan, 2010). Unlike Taiwan, however, Western 
countries benefit from close to a century of experience in coping with aging populations. On the 
other hand, the senior population in Taiwan is estimated to increase from 7% to 14.0% in a 24-
year period (1993-2017). According to the February 2017 statistics by the Ministry of the Interior, 
R.O.C. (Taiwan), the proportion of senior people aged 65 years and above was 13.33%. This shows 
that the senior population in Taiwan has a rapidly growing trend.

According to the February 2017 statistics by the Ministry of the Interior, R.O.C. (Taiwan), the 
proportion of senior people aged 65 years and above was 13.33% and Taiwan has already become 
an aging society. As age increases, living functions, memory, cognition, and other cognitive abilities 
may decrease. However, many studies found that games can greatly aid in the training of cognitive 
functions. As age increases, memory, spatial abilities, and other cognitive abilities may decrease. 
Many studies have found that games can greatly aid in the training of cognitive functions (Anguera 
et al., 2013; Jesse van Muijden et al., 2012)

Therefore, this research intended to use the intervention and stimulation from a somatosensory 
game machine to increase the attention, manipulation ability, bilateral hand-grip strength, bilateral 
hand coordination, memory, and cognitive functions in the seniors. In this research, a drum-beating 
somatosensory game in which senior people can interact with the machine was used. Moreover, 
training the participants to beat the drum was used to enhance the interactions and emotional 
exchanges between senior people and improve their self-satisfaction and enjoyment. 

The hypotheses for the implementation of this strategy were as follows: 
Hypothesis 1:	 The MMSE results have significant effects on the experimental and control 

groups.
Hypothesis 2:	 The somatosensory game machine has significant effects on bilateral hand 

coordination in senior population.
Hypothesis 3:	 The somatosensory game machine has significant effects on bilateral 

hand-grip strength in senior population.

Literature Review

Cognitive Abilities

The research performed by Anguera et al., (2013) found that a 3-D game, NeuroRacer, can 
affect brain function: Video game training increases the midline frontal θ power, which is associ-
ated with control of cognitive functions; the stronger the waves, the better the cognitive function. 
Playing for 1 h thrice a week induced significant improvements by 4 weeks. These improvements 
persisted for 6 months.

Jesse van Muijden, Guido P. H. Band, and Bernhard Hommel (2012) conducted cognitive 
training for five types of online games. The training group underwent training for 30 minutes 
every day over the course of 7 weeks. The research found that the fluid intelligence and response 
inhibition showed improvements relative to the control group. The investigation also found that 
game-based training affects cognition in senior people.

In addition to other several other researchers, Basak et al., (2008) posited that games can 
improve the response of inhibition (Torkel et al., 2005; Jaeggi et al., 2008; Karbach & Kray, 2009; 
Lövdén et al., 2010). Cognitive training studies also showed that playing action games can increase 
various cognitive and perception abilities, including attention to visual space (Green & Bavelier, 
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2003; Chisholm & Kingstone, 2015). Walter Boot et al., (2013) found that training using both action 
games and non-action games resulted in improvements in senior people; of the two types of games, 
non-action games were found to be more suitable for senior people (Tori et al., 2014).

Bilateral Hand Coordination

Bilateral hand coordination, also known as inter-limb coordination, entails three types of 
motor coordination: between both hands, the upper limbs, and the upper and lower limbs. The 
time taken for both hands to initiate and stop an action are almost identical; however, the end of 
synchronized hand movements is more evident than their initiation. This phenomenon is referred 
to as goal invariance (Perrig et al., 1999). Spatial and temporal factors, exercise physiology, and 
dynamic mode theory can all affect bilateral hand coordination (Xing & Zhang, 2011). Bilateral 
hand coordination in normal people under any circumstances will conform to the principle of 
goal invariance.

Hand-Grip Strength

Recent studies have gradually defined hand-grip strength as an important physical-fitness 
indicator and proved that increased hand-grip strength has multiple benefits to the individual, in-
cluding better hand endurance, forearm muscularity, physical flexibility, stronger palm strength, and 
a louder and clearer voice (Bohannon, 1997; Atkinson et al., 2012; Bohannon, 2013; Poitras, 2015).

“Hand-grip strength” is an important comprehensive test indicator of vitality. As hand-grip 
strength tests are simple, easy to perform, and feature high reliability, Bohannon recommended 
that hand-grip strength can be used as a predictive standard when screening or observing the 
health status of middle-aged to senior participants (Bohannon, 1997; Bohannon & Schaubert, 
2005; Massy-Westropp et al., 2012).

Many physiatrists all recommended that hand-grip strength training should be increased in 
cancer patients or stroke patients who are undergoing rehabilitation (Bohannon & Schaubert, 2005; 
Bohannon, 2010; Massy-Westropp et al., 2012; Wehren et al., 2012).

Hand Dexterity Test

Dexterity (hand function) is defined as a hand skill that usually requires learning, training, and 
experience accumulation for rapid limb coordination during movement. The Minnesota manual 
dexterity test was introduced in 1991 by the Lafayette Instrument Company. This test requires 
speed, precision, hand-eye coordination, and bilateral hand-dexterity control during individual 
movements to quickly and skillfully move one or two hands to grab, turn, place, and perform other 
movements (Backman et al., 1992; Desrosiers et al., 1997; Beebe & Lang, 2009; Mehmet, 2014). 

Research Methodology

Physical Activity Readiness Questionnaire (PAR-Q)

PAR-Q is a simple and pre-evaluation assessment instrument for the moderate intensity physi-
cal activity programs. PAR-Q is also used to assess each participant’s medical risk (Thomas et al., 
1992). PAR-Q involves seven questions regarding heart trouble, chest pain, high blood pressure, 
dizzy spells, joint problems, and other problems that may prevent participants from participating 
in physical activities. Participants, who answered “yes” to any of the questions on the PAR–Q, or 
those in need of rehabilitation, should be referred to the exercise physiologists and rehabilitation 
specialists for further evaluation. A research has reported that PAR-Q might be a useful instrument 
to identify older adults for whom low to moderate physical activity participation is safe (Thomas 
et al., 1992; Cardinal et al., 1997).
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Research Participants

This research was a purposive sampling, and during the research, participants were randomly 
assigned to either the experimental or control groups. The present research enrolled 30 patients with 
dementia for participation in the 12-week experimental research, spanning from 21 September to 
31 December 2017. The research site was the National Cheng Kung University Hospital Dou-Liou 
Branch dementia daycare center. 

During the research, 8 participants withdrew due to personal; both groups thus included 11 
patients. The experimental group was composed of four senior male dementia patients (76.25 ± 
6.61 years of age), of which three had mild dementia and one had moderate dementia; and seven 
female dementia patients (80.14 ± 6.38 years of age), of which four had mild dementia and three 
had moderate dementia. The control group included five senior male dementia patients (80.8 ± 1.6 
years of age), of which three had mild dementia and two had moderate dementia; and six female 
dementia patients (82.83 ± 8.93 years), of which three had mild dementia and three had moderate 
dementia.

Somatosensory Game Machines

Taiko drums are divided into four areas (the left and right drumheads and the left and right 
sides). The player should follow the game instructions to strike these four regions to achieve the 
goals of the game. The player must coordinate with the music and strike the body of the traditional 
Japanese musical instrument, the Taiko drums, to play the correct beat. 

In this research, the Taiko drums used for Weeks 1-6 were small drums (Figure 1 and 2), and 
those used for Weeks 7-12 were large drums (Figure 3).The accessories and controllers used in the 
somatosensory game device assist these populations in carrying out physical activity and team 
competitions. In addition to increasing physical fitness, this game also increases the conversations 
and interactions among elderly people in the same unit.

Figure 1. 	 Small Taiko no Tatsujin somatosensory game machine used in weeks 
1-6.

Figure 2. 	 Small Taiko no Tatsujin somatosensory game machine used in weeks 
1-6. 
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Figure 3. 	 Large Taiko no Tatsujin somatosensory game machine used in weeks 
7-12.

Collection of Research Data

Besides the distribution status of demographic and statistical variables of the participating 
participants, the data collected in this research also included the Mini-Mental State Examination 
(MMSE) test scores, Jamar dynamometer scores, and Minnesota manual dexterity test scores. The 
data were manually inspected, classified, organized, and analyzed.

Research Design

Tables 1 and 2 outline the research design. The experiment was divided into two phases: the 
first six weeks were dedicated to training with a small drum, weeks 7-12 consisted of large- drum 
training. The tempo of the music played included fast and slow types (BPM, beats per minute): 
Larghetto (60-66 bpm), Lento (40-60 bpm), Larghissimo (≤ 40 bpm).

Table 1. 	 Experiment design.

Factor Rhythm Type

Weeks 1-6
(small drum)

Fast, 60-66bpm
Slow, ≤ 40bpm ---

Weeks 7-12
(large drum)

Fast, 60-66bpm
Slow, ≤ 40bpm

Single player
Double players

Table 2. 	 Experiment design.

Group Pre-testing Weeks
1-6 Mid-testing Weeks

7-12 Post-testing

Experimental group X1 Intervention 
experiment X2 Intervention 

experiment X3

Control
group X4 --- X5 --- X6

Main Test Items and Tools

(1) Individual general data characteristics questionnaire
This research used a self-generated individual general data characteristics questionnaire to 

observe the daily lifestyle habits of senior participants. The question items included: gender, age, 
education level, health status, sleep habits, and exercise habits.
(2) Mini-Mental State Examination (MMSE)
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The scale scores were used to measure whether there are any significant differences in the 
scores between the senior people from the experimental and control groups during the 12 weeks 
of testing. The Mini–Mental State Examination (MMSE) or Folstein test is a 30-point question-
naire that is used extensively in clinical and research settings to measure cognitive impairment. It 
is commonly used in medicine and allied health to screen for dementia. (Marshal F. Folstein et al., 
1983). Administration of the test took between 5 and 10 minutes to examine the functions includ-
ing registration (repeating named prompts), attention and calculation, recall, language, ability to 
follow simple commands and orientation.
(3) Bilateral hand-grip strength tests

A Jamar dynamometer (model serial no. 10020806) (Figure 4) was held by the participants. 
The participants sat upright against the back of a chair with both feet on the ground, extended his 
or her elbow forward, and finally turned his or her wrist 90 degrees. The wrist was lightly extended 
before the participants engaged in a gripping action in order to measure the user’s grip strength: 
the participants exerted force to squeeze the dynamometer for a few seconds before releasing it.

Figure 4. 	 A Jamar dynamometer (model serial no. 10020806).

 (4) Bilateral-hand-coordination scale (Minnesota manual dexterity test)
The Minnesota manual dexterity test (model no. 32023) (Figure 5) and stopwatch (model no. 

ZSD-013) were used to measure bilateral hand coordination. The participants adopted a standing 
position and placed a blank test board on the table in front of him or herself. The building blocks 
for the test were arranged neatly in sequence in front of the blank test board. The participants used 
his or her dominant hand to move the blocks to the grooves on the blank test board. The sequence 
of placement began at the side of the dominant hand and with the block nearest to the blank test 
board is placed at the farthest groove. and this is followed in sequence downwards until all the 
blocks have been placed, wherein the test is completed.

Figure 5. 	 The Minnesota manual dexterity test (model no. 32023).
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Research Results

For descriptive statistics, mean and standard deviation, quantity, and percentages were used 
to describe the gender and age distribution of the participants, as well as the distribution of physi-
ological indicators and health status (Table 3).

Table 3.	 Self-generated individual data characteristics.

Experimental group Control group

Item N % N %

Sex
Male 4 36.4 5 45.5
Female 7 63.6 6 54.5

Age

65-69 years 1 9.1 1 9.1
70-74 years 2 18.2 0 0.0
75-79 years 4 36.4 3 27.3
>80 years 4 36.4 7 63.6

Education 
level

Literate but did not undergo 
formal education 2 18.2 1 9.1

Elementary school 6 54.5 5 45.5
Secondary  (junior high) 3 27.3 1 9.1

School  (vocational school) 0 0.0 4 36.4

Health status

Diabetes 0 0.0 1 9.1

Hypertension 4 36.4 3 27.3

Heart disease 1 9.1 1 9.1

comorbidities 5 45.5 2 18.2

Others 1 9.1 4 36.4

Sleep habits
8 hours of sleep
 every day 10 90.9 10 90.9

Less than 8 hours 1 9.1 1 9.1

Exercise 
habits

Regular 
weekly exercise 0 0.0 2 18.2

No regular 
weekly exercise 11 100.0 9 81.8

Bilateral Hand Coordination Tests

In this research, the SPSS 22.0 statistics software was used for analysis. The mean time taken 
for the experimental group to complete the Minnesota manual dexterity test pre-, mid-, and post-
intervention were all shorter than the mean time taken by the control group. These results indicated 
that regular and fixed somatosensory activities resulted in significant improvements in bilateral 
coordination (Table 4) 

When repeated measures ANOVA (Analysis of Variance) was used to analyze the results of 
the Minnesota manual dexterity test in the two groups at Week 12 of the research, we found the 
participants in the experimental group showed significant improvement in their performance on 
the Minnesota manual dexterity test (F(2,20) = 23.797 (p ≦.001***), partial correlation, eta squared 
= 0.704). The participants in the control group also showed significant improvement in their 
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performance (F(2,20) = 29.123 (p≦.001***), partial correlation = 0.744) (Table 5). These results 
indicated that repeated operation of and practice on the Minnesota manual dexterity test will be 
yield improved performance, regardless of external training.

Table 4. 	 Descriptive statistics (time taken to complete the test in seconds) 
of the performance of the experimental and control groups on the 
Minnesota manual dexterity test).

Hand dexterity test
pre-testing

Hand dexterity test mid-
testing

Hand dexterity test post-
testing

Group Experimental 
group

Control 
group

Experimental 
group

Control 
group

Experimental 
group

Control 
group

Mean 141.4182 142.7109 128.6282 137.4427 121.2291 134.9000
Standard 
deviation 41.8397 34.7920 36.9353 34.1421 32.8168 34.9014

Table 5. 	 ANOVA analysis of the performance of the experimental and control 
groups on the Minnesota manual dexterity test.

Group Source of 
variation

Type III sum 
of squares, 

SS

Degrees of 
freedom,  

df

Mean 
square, 

MS

F-test 
test p

Partial 
correlation 
Eta squared

Experimental 
group

Hand 
dexterity 2295.077 2 1147.538 23.797 p<.0001 0.704

Error 964.454 20 48.223

Control 
group

Hand 
dexterity 349.175 2 174.587 29.123 p<.0001 0.744

Error 119.896 20 5.995

Bilateral Hand-Grip Strength Tests

The means for the grip strength of the experimental group at pre-, mid-, and post-testing were 
all better than the grip strength of the control group. Performing regular and fixed somatosensory 
activities may account for the significant improvements in bilateral hand-grip strength.

When repeated measures ANOVA was used to analyze the results of the bilateral hand-grip 
strength tests in the two groups at Week 12 of the research, we found that the participants in the 
experimental group showed significant improvement in their performance on the bilateral hand-
grip strength test: left hand, F(2,20) = 37.691 (p≦.001***), partial correlation, eta squared=0.790; 
right hand, F(2,20) = 56.208 ( p≦.001***), partial correlation, eta squared = 0.849 . In the control 
group did feature show any significant changes in their performance on the bilateral hand-grip 
strength tests: left hand, F (2,20) = 0.212, p = 0.551 correlation, eta squared = 0.058; right hand, F 
(2,20) = 1.303, p =.061 correlation, eta squared = 0.244 (Table 6).The research data showed that 12 
weeks of training with the Taiko no Tatsujin game machine improves bilateral hand-grip strength.
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Table 6. 	 ANOVA analysis of the performance of the experimental group and 
control group on bilateral hand-grip strength tests-left and right hands.

Group Source of 
variation

Type III 
sum of 

squares, 
SS

Degrees of 
freedom,  

df

Mean 
square, 

MS

F-test 
test p

Partial 
correlation

Eta 
squared

Experimental 
group

Left 
hand

hand-grip 
strength 137.515 2 68.758 37.691 p<.0001 0.790

Error 36.485 20 1.824

Right 
hand

hand-grip 
strength 180.545 2 90.273 56.208 p<.0001 0.849

Error 32.121 20 1.606

Control group

Left 
hand

hand-grip 
strength 0.424 2 0.212 0.614 0.551 0.058

Error 6.909 20 0.345

Right 
hand

hand-grip 
strength 2.606 2 1.303 3.233 0.061 0.244

Error 8.061 20 0.403

Taiko No Tatsujin Somatosensory Game Machine Tests

When repeated measures ANOVA was used to analyze the results at Week 12 of the research, 
we found that participants in the experimental group significantly improved their performance on 
the small Taiko no Tatsujin somatosensory game machine (F(5,50) = 272.374 (p≦.001***), partial 
correlation, eta squared = 0.755). Though there were no significant differences when hitting the 
large drum alone across weeks 7-12 (F(5,50) = 39.631, p = .446, partial correlation, eta squared = 
0.888), improvement was observed over the same period when the game was played in pairs (F(5,50) 
= 161.464, p =.027*, partial correlation, eta squared = 0.217) (Table 7). 

Table 7. 	 ANOVA analysis of the performance of the experimental and control 
groups in Taiko no Tatsujin game machine.

Group Source of 
variation

Type III 
sum of 

squares, 
SS

Degrees of 
freedom

df

Mean 
square, 

MS

F-test 
test p

Partial 
correlation, 
Eta squared

Beating small drum 
at Weeks 1-6
Single player

Hand-grip 
strength 1361.868 5 272.374 30.785 p<.0001 .755

Error 442.383 50 8.848

Beating large drum 
at Weeks 7-12
Single player

Hand-grip 
strength 198.153 5 39.631 .969 .446 .088

Error 2044.895 50 40.898

Beating large drum 
at Weeks 7-12
Double layers

Hand-grip 
strength 807.318 5 161.464 2.778 .027* .217

Error 2906.308 50 58.126
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MMSE Tests

When repeated measures ANOVA was used to analyze the MMSE results of the two groups at 
Week 12 of the research, we found that all participants  in the experimental group showed significant 
improvement in their MMSE performance (F(2, 20) = 3.619, p =.046, partial correlation, eta squared 
= 0.266).The 11 seniors participants  in the control group did not show significant changes in their 
MMSE performance (F(2, 20) = 2.155, p =.142, partial correlation = 0.177) (Table 8). These results 
indicated that the regular and fixed somatosensory activities can improve MMSE scores. (Figure 6) 

Table 8. 	 ANOVA analysis of the MMSE performance of the experimental and 
control groups.

Group Source of 
variation

Type III sum 
of squares,

SS

Degrees of 
freedom

df

Mean 
square, 

MS

F-test 
test p

Partial 
correlation, 
Eta squared

Experimental 
group

MMSE 4.606 2 2.303 3.619 0.046* 0.266
Error 12.727 20 .636

Control
group

MMSE 2.364 2 1.182 2.155 .142 .177
Error 10.970 20 .548

Figure 6. 	 MMSE mean scores for drum playing on the somatosensory game 
machine during weeks 1-12. 

Discussion

Research team recruited senior participants with dementia who were ≥ 65 years of age. Fu-
ture studies should enroll dementia patients < 65 years of age to focus on preventive training and 
thereby help achieve national policies and goals for healthy aging. As a short-term intervention, 
this research did not consider long-term outcomes. Future interventions can lengthen the experi-
ment duration to determine whether the progress of the participants is continuous. In addition, a 
greater variety of somatosensory game machines can be used for training or rehabilitation courses. 
This would facilitate multi-faceted measurements and evaluation, thereby helping to prevent or 
delay the onset of dementia.
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Conclusions

In this research, research team performed a preliminary examination of the effectiveness of 
somatosensory game machines in improving the activities of daily living, memory, and cogni-
tion of senior dementia patients by performing 12 weeks of interventional experiments. These 
interventions were conducted for 15 minutes, once a week. The data were analyzed by using the 
SPSS 22.0 software and an α = 0.05 for analysis of the training time and number of completions. 
The following findings were obtained:

1.	 The MMSE results were significantly different between the experimental and control 
groups. 

2.	 The experimental and control groups did not show any significant differences in the 
time taken to complete the Minnesota manual dexterity test. 

3.	 The experimental and control groups showed significant differences in their respec-
tive right and left hand grip strengths as assessed by the bilateral hand-grip strength 
test.

The MMSE results indicate that 12 weeks of somatosensory game training resulted in sig-
nificant changes in the cognitive abilities of the seniors. In addition, an analysis of the completion 
time results for the Minnesota manual dexterity test showed that 12 weeks of regular training 
resulted in significant improvements in the completion time for the Minnesota manual dexterity 
test by senior participants. 

With regards to bilateral hand-grip strength, during the 12 weeks of Taiko no Tatsujin 
game, it was found that bilateral hand-grip strength in the experimental and control groups 
showed significant differences (Gabel et al., 2009; Pérez-Mármol et al., 2017; Padala et al., 2017; 
Stanmore et al., 2017). 

In Weeks 7-12 of the experiment, we observed that the scores achieved by the senior par-
ticipants when playing the Taiko no Tatsujin in pairs were higher than when hitting the drums 
alone. Moreover, we found that senior participants in the experimental group demonstrated better 
interpersonal relationships, face-to-face conversations, and less emotional fluctuations relative to 
the control group after the completion of the experiment. Indeed, during the 12 weeks of activ-
ity, we found through qualitative interviews that senior participants in the experimental group 
had warmer and more frequent interactions with residents, nursing staff, and relative caregivers 
before the intervention; there were no significant improvements in the control group during the 
experiment (Schwab & Memmert, 2012; Narme, 2016; Li & Li, 2017; Zheng et al., 2017).

Prior research has found that senior or older adults have difficulties in the recognition of 
anger, sadness, fear, surprise, happiness, etc. However, oxytocin can improve the ability to read 
various emotions from faces, such as joy, anger, sadness, and happiness (Shahrestani et al., 2013). 
Along with our observations of the aforementioned changes in the experimental participants’ 
behavior, such research informs our speculation that both the increase in activity itself and playing 
the Taiko no Tatsujin game in pairs helped to increase the secretion of oxytocin (Ruffman et al., 
2008; Lee et al., 2009); the participants’ ability to read emotions, an essential skill to successful 
relationships, was thus improved.
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