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Abstract

:

The main purpose of this research is to evaluate the differences in the reaction time and accuracy rate of three categories of subjects using our serious games. Thirty-seven subjects were divided into three groups: normal (n1 = 16), MCI (Mild Cognitive Impairment) (n2 = 10), and dementia—moderate-to-severe (n3 = 11) groups based on the MMSE (Mini Mental State Examination). Two serious games were designed: (1) whack-a-mole and (2) hit-the-ball. Two dependent variables, reaction time and accuracy rate, were statistically analyzed to compare elders’ performances in the games among the three groups for three levels of speed: slow, medium, and fast. There were significance differences between the normal group, the MCI group, and the moderate-to-severe dementia group in both the reaction-time and accuracy-rate analyses. We determined that the reaction times of the MCI and dementia groups were shorter compared to those of the normal group, with poorer results also observed in accuracy rate. Therefore, we conclude that our serious games have the feasibility to evaluate reaction performance and could be used in the daily lives of elders followed by clinical treatment in the future.
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1. Introduction


The World Health Organization (WHO) estimates that around 50 million people have dementia, with nearly 10 million new cases every year [1]. Dementia refers to deterioration of cognitive function in the elderly. This syndrome affects memory, thinking, orientation, comprehension, calculations, learning capacity, language, and judgment. It also affects individual quality of life and is a financial burden for families due to expensive costs for healthcare [2]. According to the Alzheimer’s association (2019), 36% of people aged 85 or older have Alzheimer’s Disease (AD) [3]. Dementia and other cognitive impairment diseases have become an important global issue, as the number of elderly people is increasing. In 2025, it is predicted that Taiwan will become a super-aged society (National Development Council in Taiwan, 2016). As age increases, problems in cognitive abilities, such as divided attention, memory decline, etc., also increase [4].



Simple reaction times are valid for measuring cognitive function in both patients and normal subjects [5]. Furthermore, the authors in [6] also noted that accuracy rate can correlate significantly with episodic memory performance and other cognitive functions. Reaction time and accuracy rate are thus related to cognitive functions [5,6,7]. Most previous research used neuropsychological tests, such as the Flanker test, the Cambridge Neuropsychological Test Automated Battery, and Repeatable Battery for the Assessment of Neuropsychological Status [6,7]. Therefore, in this study, our main objective is to determine the difference in the reaction time and accuracy rate between the aforementioned three categories of subjects (normal subjects, Mild Cognitive Impairment (MCI), and dementia) using our own designed serious games. We intended to determine whether the response performance (also mentioned in [7]) can differentiate between these three categories. A study by Phillips et al. [8] found that patients with MCI and Alzheimer’s disease had significantly longer reaction times than normal aging control groups, with reaction times that did not eliminate individual differences. When the factors related to the different reaction times of individuals are excluded, patients with MCI actually behaved similarly to the normal aging control group, but the responses of patients with Alzheimer’s disease, after excluding the effects of individual differences, were still not as good as those of the other two groups.



Numerous methods have been developed to examine Alzheimer’s disease and MCI. Invasive methods are used to collect data from inside the human body and are not considered safe and comfortable for subjects [9]. Valladares-Rodriguez et al. [10] found that using noninvasive methods like serious games can detect the onset of MCI or Alzheimer’s disease. In our study, we applied the same method noninvasively by designing PC-based serious games to evaluate the reaction times and accuracy rates related to the cognitive abilities among normal subjects, MCI subjects, and dementia subjects. Our approach was to compare the results of the performance of an elder individual when playing the game using neuropsychological tests of cognitive function based on the MMSE (Mini Mental State Examination).



There are many neuropsychological tests and clinical questionnaires used to assess dementia levels among the elderly. Clinical questionnaires, such as the Mini Mental State Examination (MMSE) [11] and the Montreal Cognitive Assessment (MoCA) [12], are a popular way to evaluate cognitive abilities via clinical measurements. Costaz et al. [13] used an Augmented Reality (AR) serious game called Smartkuber to perform cognitive screening among the elderly. To validate the relationship between game results and MoCa results, the authors used the Pearson correlation statistical method [13,14,15]. In our research, we use the MMSE to evaluate the level of dementia among the elderly due to the heterogeneity of the age-group. A study was conducted by the authors of [16] in Greece to validate the performance of the MMSE, and the result proved that an MMSE score of 23/24 is a credible test for diagnosis of dementia.



Several well-designed serious video games have been proposed and should be helpful for evaluating cognitive abilities [10,11,17,18,19]. Fontana, E et al. [19] developed a serious game called TrainBrain, designed to improve concentration and to minimize the effects of the cognitive decline in attention for the elderly and children with ADHD (Attention Deficit Hyperactivity Disorder). In recent years, the products currently on the mainstream market for video and mobile games were designed for young people to experience exciting sight and sound stimulation, which may not be adaptable for the elderly. The development of a serious game is very challenging, especially when addressing dementia patients. Many factors must be considered, such as the needs of the subjects, human–computer interactions, emotions, comfortability, etc., which make development more complicated. A well-designed GUI (Graphical User Interface) is one of the most important aspects to help subjects focus on the game [20]. In [21], the authors built a whack-a-mole game for tablets (Android-based). The game was divided into different speeds, and the time was used to record the subject’s score and response time. The authors proved that this game can be used to assess some executive functions, especially those related to inhibition, in their recent study [22]. They also suggested that this game can be developed for the elderly to assess other executive functions [22,23].



In this present study, two serious games were designed to meet the standards of play for the elderly. The purpose of our PC-based games was to measure response performance (reaction time and accuracy rate). Psychologists and clinicians were continuously consulted during system development to obtain a better understanding about the complexity of the external appearance of cognitive functions and the reactions of the elderly. Based on [22], first, we built a similar whack-a-mole game without distractors (the objects in addition to the mole) to focus only on reaction time and accuracy rate when playing the game, as the game’s target is to collect information on the reaction time and accuracy rate of the subjects. Then, we designed the second game, hit-the-ball (with a distractor), also to assess judgment ability and to observe how the subjects distinguish between objects. Another issue, as explained in [24], is that elderly people may think that computers are not friendly for them, making these games uncomfortable to play. Therefore, our games were designed to be as simple as possible and easy to play, considering that the subjects are old and that most of them have never experienced playing PC-based games before. It was found that the traditional whack-a-mole machine game was a famous game in the past for Taiwanese people. We designed a special board-button to allow the subjects to be more familiar and comfortable with the game. In our discussion, we analyze and explain the response time and the accuracy rate as the dependent variables. We used the MMSE score (normal group, MCI group, and moderate-to-severe dementia group) and game level (slow, medium, and fast) as the independent variables. We also analyzed judgment ability for the hit-the-ball game. All results were calculated using statistical methods (Kruskal–Wallis Test and Friedman Test) for accuracy rate and one-way ANOVA for reaction time. We found that there are significant differences between these three categories of subjects.




2. Methods and Experimental Design


2.1. Game Design


2.1.1. Whack-a-Mole


The typical whack-a-mole machine was historically very popular at playgrounds in Taiwan. The PC-based whack-a-mole game was designed to simulate the gameplay of a real whack-a-mole game machine. Based on the work in [22], we built the game with only three holes and hidden moles that pop up randomly. The players need to hit the correct button on the button array immediately next to the hole when the mole pops up randomly. Unlike the authors in [22], we did not use another object as a distractor, such as a similar mole with a hat or another object to assess inhibition ability, as our main concern here was the differences in reaction times and accuracy rates between our subjects. We designed the game with 3 holes, as shown in Figure 1, and Table 1 shows the three levels of speed: (1) slow, (2) medium, and (3) fast.




2.1.2. Hit-the-Ball


Based on the whack-a-mole game, we built a second game called hit-the-ball. This game has almost the same purpose as that of the whack-a-mole game but with differences to assess judgment ability. We also designed it in a 3D environment. We designed this game considering the participant’s mood since they played the games in sequence, which we assumed would be a relatively long time for an elder. This game has three fairways. Every fairway has three segments for evaluating reaction time. Balls are launched far from the end of the fairway and roll toward the player. In this case, the subject has time to think about and anticipate the right ball. The player needs to hit the balls that roll into the red zone of the fairway, while some metal meteors that should not be hit are used to distract the player’s judgement. We used a judgment analysis to determine if the subjects had any difficulty in differentiating between the objects. The number of balls and metal meteors are the same and appear randomly. Figure 2 shows the design of the hit-the-ball game, and Table 2 shows the three levels of speed for the hit-the-ball game. Three modes with different rolling speeds (from slow to fast) were designed to test reactive ability. A screen demonstration is shown in Figure 3. For further investigations, we included a time-unlimited mode, where we recorded the time when the subject pressed the button even after the ball disappeared.





2.2. Experimental Design


These games were designed using Unity 2018 and the C# platform with Microsoft Visual Studio 2016. Statistical analyses were performed using the SPSS 25 software package (IBM Corporation, Armonk, NY, USA). The designed board-button was made with an Arduino UNO R3 with FSR sensor as the input. We designed the board-buttons for both of the games since we were concerned about the comfort of the patients (some of them have never played PC-based games with a keyboard or mouse). We considered also the size and distance between the button, which should be as large as when they played the game in an amusement park. The width for each button was 7 cm, with the distance between the centers being 10 cm. For detailed information, Figure 3 shows the specification of the designed board-button. Figure 4 shows the subject playing in front of the screen using the designed board-button.



This study was approved by the ethics committee of Taichung Veterans General Hospital in Taiwan and conducted in accordance with good clinical practice procedures and the current revision of the Declaration of Helsinki. There were a total of 37 subjects enrolled in this study, including 16 males and 24 females between the ages of 70 and 90 years, with a mean of 75.38 ± 11.41 SD (16 normal subjects, 10 mild cognitive impairment subjects, and 11 moderate-to-severe dementia subjects). Table 3 shows the demographics of the subjects with the clinical questionnaire MMSE scores.



2.2.1. Clinical Evaluation: MMSE (Mini Mental State Examination)


We used the clinical questionnaire MMSE (Mini Mental State Examination) to categorize our subjects into three different groups: the normal group, the MCI group, and the dementia (moderate-to-severe) group. The MMSE questionnaires were examined by a psychologist along with a doctor specialized in healthcare for the elderly.




2.2.2. Procedure and Consent


The participants signed their consent to ensure they knew all the regulations and the consequences related to the experiments. All participants were instructed before playing to familiarize them with the PC-based games. They also had practice time. In the practice mode, they played in the slow-speed mode for each game and were assisted by the instructor to ensure that they knew how to play the games. They only played both games once, and all data were recorded for analysis. Recorded data during practice were not included.




2.2.3. Modes


In these two games, we separated the measurements into the time-limited mode and time-unlimited mode. The time-limited mode features a limited time to respond when the ball/mole appears, while the time-unlimited mode gives the patients more time to react after the ball/mole disappears. We divided the games this way because we assumed that some of the subjects would be slow to respond to the correct ball and the mole even if they recognized the ball/mole. We believe that the subjects had awareness, even though they reacted slowly. This was proven when they hit the button after the ball had passed the fairway.




2.2.4. Parameters


	
Independent Variable



To easily observe performance in the hit-the-ball game, the subjects were divided into three groups for observation according to the total score of the subject’s MMSE scale: the normal group (MMSE ≥ 24), MCI group (18 ≤ MMSE ≤ 23), and moderate-to-severe group (MMSE ≤ 17).



	
Dependent Variable



	
The hit-the-ball game



	
Accuracy rate of the ball



In the hit-the-ball game, the accuracy rate considered only correct balls hit by our subjects. Every speed level has 5 balls, and the accuracy rate was calculated for the time-limited and time-unlimited modes in each group of subjects. Time-limited here means the time when the subjects pressed the button while the ball was within the red zone. Time-unlimited is considered the time when the ball appeared until the time the next ball appeared.



	
Response time



This variable includes all response times when the subject presses the button for the three different speed levels. Here, we consider the time-limited and time-unlimited modes to observe the differences between the three different groups.



	
Accuracy rate of the ball and metal meteor (Judgement)



In this variable, we consider the balls and the metal meteors to observe the judgement of the subjects. There are 5 balls and 5 meteors balls for every speed level. Every subject has to hit the correct ball and not hit the metal meteors to obtain a point. If the subject presses the metal meteors, he or she misses one point.



	
The Whack-A-Mole game



	
Accuracy rate of the mole



In the whack-a-mole game, the accuracy rate was calculated by all the correct answers when the subjects responded to the mole. There are ten moles for every speed level in this game.



	
Response Time



The response time for the time-limited mode is the time when the subjects press the button when the mole appears, and for the time unlimited mode, the response time is when the mole appears and disappears before the next mole is launched.








2.3. Statistical Methods


A normality test of the data was performed to determine the use of parametric or nonparametric statistical methods. In the hit-the-ball and whack-a-mole games, the Kruskal–Wallis test was used to compare the accuracy rates among the normal (n1 = 16), MCI (n2 = 10), and moderate-to-severe dementia (n3 = 11) groups. A comparison of the two groups using a Mann–Whitney test was performed after the null hypothesis in the Kruskal–Wallis test was rejected. The median difference among the repeated measures of the 3 speed levels in the game for each group was compared using a Friedman test. A Wilcoxon signed-rank test was used to test the null hypothesis that the median difference between two speed levels is equal to 0. The average response time of the 3 groups was compared by a one-way ANOVA. A post hoc analysis for comparison of the two groups was performed after the null hypothesis in the one-way ANOVA was rejected. The significance level for the statistical analysis was 0.05.





3. Results and Discussion


3.1. Whack-a-Mole


3.1.1. Accuracy Rate Analysis


Table 4 shows the accuracy rate and the results of the Kruskal–Wallis test for comparisons of the three groups at different speed levels for accuracy-rate analysis. In the time-limited mode, the Kruskal–Wallis test was used to observe whether the performance of the three groups was different for the three game speed modes. The results show that the three groups had significant differences at medium speed ( X 2 = 17.147, p < 0.05) and fast speed ( X 2 = 10.187, p < 0.05). The results of the posterior comparison with a Mann–Whitney U test indicated that there was a significant difference between the moderate-to-severe and normal groups (p < 0.05) as well as a significant difference between the MCI and moderate-to-severe groups (p < 0.05) at medium speed. Further, when the speed was fast, the normal and moderate-to-severe groups showed significant differences (p < 0.05), and there was also a significant difference between the MCI group and the moderate-to-severe group (p < 0.05).



In the time-unlimited mode, the Kruskal–Wallis test was used to observe whether the three groups were different at the three game speed levels. The results showed that the three groups were significantly different in the fast speed mode (p < 0.05). The Mann–Whitney U test was then used to perform posterior comparisons, and the results showed that, when the speed was fast, there was a significant difference between the moderate-to-severe group and the normal group (p < 0.05). This means that the time-unlimited mode was relatively easy for the normal group but difficult for the moderate-to-severe group. Some subjects in the MCI group performed well, while others performed poorly.



Table 5 presents posterior comparisons of the impacts of the different game speeds on test scores using a Friedman Test for the time-limited mode to observe whether game speed was different for the three groups. The results show that the differences of all three groups are significant (p < 0.05). A Wilcoxon signed-rank test was used to perform the posterior comparison, and the results showed that the performance in the moderate-to-severe group was significantly different between the medium to fast, slow to fast, and medium to slow speeds (p < 0.05). The normal group, on the other hand, showed a significant difference (p < 0.05) in performance under the medium to fast and slow to fast speeds but no significant difference in slow to medium speeds; the MCI group also had a similar performance. This means that, for the subjects in the moderate-to-severe group, the three speeds provide three different levels of difficulty. For the normal group, there was no difference in performance between the slow and medium speeds. The MCI group presented a similar performance.



In the case of the time-unlimited group, a Friedman test was performed to check if the game speeds of every group of MMSE were significantly different. The results showed that, among the three groups, the normal group and the moderate-to-severe groups had significant speed performance differences (p < 0.05). A Wilcoxon signed-rank test was used to perform the posterior comparison, and the results showed that the performance under slow-to-fast and medium-to-fast speeds in the moderate-to-severe group was significantly different (p < 0.05). This result indicates that, for the subjects in the moderate-to-severe group, each speed is significantly different from the other two speeds.




3.1.2. Reaction-Time Analysis


Table 6 shows the response time(s) of each group of MMSE in the time-limited mode at different game speeds. The table shows that the reaction time decreases as the game speed increases. For the fast speed level, the time taken by the MCI and dementia groups is shorter than that of the normal group. We assume that this occurred because the subjects did not pay attention to which hole the mole appeared in instead of simply pressing the button randomly (which can be observed by the accuracy rate explained in Table 4). For the time-limited mode, after the null hypothesis of the one-way ANOVA was rejected, a post hoc analysis for comparison of two groups was performed and showed differences between the normal group and the moderate-to-severe group, with a T-score = −0.24238 for the slow speed and −0.24998 for medium speed. For the normal group and the MCI group, the T-score was −0.18751 for medium speed. Significance levels were 0.05 for all analyses.



Table 7 shows the response time(s) of different MMSE groups at different game speeds in the time-unlimited mode. In the case of the time-unlimited mode, the response time of the normal group was usually shorter than that of the MCI group and the response time of the MCI group was also shorter than that of the moderate-to-severe group at all three speed levels.



For the time unlimited mode, after rejecting the null hypothesis in one-way ANOVA, a post hoc analysis for a comparison of the two groups was performed and showed differences between the normal group and the moderate-to-severe group only, with a T-score = −0.20988 for slow speed, −0.29224 for medium speed, and −0.9224 for fast speed. The results for the normal group with the MCI group presented a T-score = −0.20037 for medium speed and −0.18090 for fast speed. The significance level was 0.05 for all analyses.





3.2. Hit-the-Ball


3.2.1. Accuracy-Rate Analysis


Table 8 shows the accuracy rate and the results of the Kruskal–Wallis test for comparisons of the three groups at different speed levels for accuracy-rate analysis. In the three groups grouped by MMSE in the time-limited case, the Kruskal–Wallis test was used to observe whether the three groups were different at the three speed levels of the hit-the-ball game. After the posterior test with the Mann–Whitney U test, the results showed that, when the speed is fast, there is a significant difference between the moderate-to-severe group and the normal group (p < 0.05) but there is no significant difference between the moderate-to-severe group and the MCI group (p > 0.05) as well as no significant difference between the normal group and MCI group (p > 0.05). In the time-limited mode, when the game speed is fast, the normal group and the moderate-to-severe group can be distinguished but the normal and MCI groups cannot be distinguished. In Table 8, we can observe that, when the game speed is fast, the performance of those in the normal group and the MCI group is much better than that of those in the moderate-to-severe group.



In the time-unlimited mode, the Kruskal–Wallis test was used to observe whether the three groups were different under the three game speed modes. The results showed that the performance of the three groups under the three game speeds was significantly different (p < 0.05). After a posterior comparison with the Mann–Whitney U test, the results show that, when the speed is slow and fast, there is a significant difference between the moderate-to-severe group and the normal group (p < 0.05) as well as a significant difference between the MCI and moderate-to-severe group (p < 0.05); when the speed is medium, there is a significant difference between the normal group and the moderate-to-severe group (p < 0.05). This means that time-unlimited play is relatively simple for the normal group and the MCI group while the moderate-to-severe group will have some difficulties.



To determine the judgment abilities of the three groups divided by MMSE, by using the Kruskal–Wallis test to observe whether the three groups are different under the three game speeds, the results showed that there were significant differences in performance (p < 0.05) between the three groups. After posterior comparison with the Mann–Whitney U test, the results showed a significant difference between the moderate-to-severe group and the normal group (p < 0.05) in all three speed modes. There were also significant differences between the MCI and moderate-to-severe groups (p < 0.05). This means that it is relatively easy to judge the ball type for the normal and MCI groups, while this same task will be difficult for the moderate-to-severe group.



In the case of the time-limited mode, the performance of the three groups at the three game speeds was analyzed based on Friedman’s two-factor level variation. The results show that the groups have significant performance differences at different speeds (p < 0.05). In addition, a Wilcoxon signed-rank test was used to perform a posterior comparison and the results showed that the speed score was significant (p < 0.05) for the medium vs. fast modes in every group as well as the slow vs. fast modes (p < 0.05). This might indicate that the speed was too fast for all subjects, which is why they performed poorly.



For the three game speeds under the time-unlimited mode, the Friedman test was used to observe whether the game speeds produced significant differences between the three groups. The results showed that only the moderate-to-severe groups had significant differences (p < 0.05). In addition, the Wilcoxon signed-rank test was used to perform the posterior comparison, and the results showed that there were significant differences (p < 0.05) between the speeds of the medium vs. fast and slow vs. fast modes in the moderate-to-severe group. Therefore, for the subjects in the moderate-to-severe group, there will be a large difference in the accuracy rates under high speed compared to other speeds.



For the three groups, judgment ability was discriminated by the different speeds. The analysis was based on the Friedman test, and the MCI group presented significant (p < 0.05) results at the different speeds. However, the results showed no significant difference (p > 0.05) using the comparison with the Wilcoxon signed-rank test. Therefore, for the subjects in the moderate-to-severe group, there is a slight difference in judging the ball compared to the other two groups, but there is no large difference. The time-limited mode can, therefore, better classify the performance of the three groups than the time-unlimited mode. Table 9 shows the posterior comparisons of the results of different game speeds by test scores using the Friedman Test.




3.2.2. Reaction-Time Analysis


The response time here is the time from the ball appearing at the start point to the subject pressing the button. Every group uses the response time of each person as an individual datum for analysis. Without considering individual differences, some people may have responded slightly slower and were only able to react when the ball entered the red zone. Reaction time is used to indicate reaction ability in this evaluation. As the game speed increases, the response time gradually decreased in all groups. The response times under different game speeds are shown in Table 10.



Like in the whack-a-mole game, at medium and fast speed levels, the MCI group has a shorter reaction time than the normal group, but the accuracy rate is very low (see Table 8). Because the three groups of data were used for the normality analysis and found to be normal, a one-way ANOVA was used to test whether the groups were different, and then a post hoc analysis was performed to compare the differences between the groups.



For the time-limited mode, after the null hypothesis was rejected in the one-way ANOVA, a post hoc analysis for comparison of the two groups was performed, and the results showed differences between the normal group and the MCI group, with a T-score = −0.27715 for medium speed; between the normal group and the MCI group, with a T-score = −0.12272 for fast speed; and between the normal group and the moderate-to-severe group, with a T-score = −0.14359 for fast speed. All significance levels were 0.05 for the analyses.



However, when individual differences are considered, the reaction time in the time-unlimited mode did not increase with an increase in the game speed. However, in the three groups, we found that moderate-to-severe subjects needed a longer response time than the normal and MCI groups (as shown in Table 11), which may also indirectly lead to a lower accuracy rate when game speed is faster.






4. Conclusions


In this study, we found that the response performance of subjects with mild cognitive impairment and dementia were poor compared to normal subjects comprehensively evaluated by reaction time and accuracy rate. Although in the reaction-time analysis, the performance times of the MCI and dementia groups seemed to be shorter than those of the normal group for the same speed level, the accuracy-rate analysis showed poor performance for both the MCI and dementia groups. We observed that these groups reacted randomly by pressing the button when the speed was increased, without considering the accuracy of the object in both the whack-a-mole and hit-the-ball games. Our results, along with those in [6,7], show that those subjects had significantly poorer performance when measured by simple reaction time and accuracy rate. Moreover, we successfully differentiated these three categories of subjects using our serious games. For the reaction-time analysis, we established that the time-unlimited mode in our experiment is a better method to explain the results.



We also found that, even though the two games were designed together to evaluate the reaction performance of the subjects, there were some observable differences in the results of each game. Most subjects had better results with the whack-a-mole game than with the hit-the-ball game. The first reason for this result may be because the hit-the-ball game provides some time for the subject to wait before the ball is on the fairway, which might be related to other cognitive abilities. Further related investigations could be explored in the future. The second reason is because the subjects had to choose between the ball or the meteor ball, which might be related to inhibition ability mentioned by [23], which affect reaction time. This result could also be because the subjects played a similar game (like a whack-a-mole machine at an amusement park (especially in Taiwan)) in the past. This result could, thus, indicate muscle memory that was trained several years ago.



Finally, we concluded that the reaction time and accuracy rates can be evaluated using our two serious games while distinguishing between the three different subjects. However, participation of more subjects will be an important factor for future research. We also believe that these research results could be developed to investigate cognitive function for healthy subjects and patients because such results are associated with neural functioning [5,7]. Therefore, we will also observe potential neural cognitive dysfunction using noninvasive methods such as EEG, MRI, and FMRI with our PC-based serious game. We will also conduct intraindividual variability analysis in future studies to observe the behavior of these subjects. Our hope is that these serious games will be used in the daily life lives of elders to evaluate their performance, followed by and to be followed-up by clinical treatment in the future.
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Figure 1. Screenshot demonstration of the whack-a-mole game. 
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Figure 2. Screen shots of the first stage of the hit-the-ball game: (a) the scene, (b) the ball, and (c) the metal meteor. 
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Figure 3. A designed board-button. 






Figure 3. A designed board-button.
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Figure 4. A subject playing a PC serious game in our experimental room using a designed board-button. 
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Table 1. Time difference based on the speed level of the whack-a-mole game (in seconds).






Table 1. Time difference based on the speed level of the whack-a-mole game (in seconds).





	Speed-Level
	Time Duration
	Time Interval between the Mole Appearing





	Slow
	3
	1



	Medium
	2
	1



	Fast
	1
	1
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Table 2. Time difference based on the speed of the hit-the-ball game (in seconds).






Table 2. Time difference based on the speed of the hit-the-ball game (in seconds).





	Speed-Level
	Time Duration
	Time Interval between the Balls
	Time on the Redzone





	Slow
	3.7
	5
	1.6



	Medium
	2.8
	4
	1



	Fast
	1.8
	4
	0.5
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Table 3. Demographic of the subjects with the clinical questionnaire MMSE (Mini Mental State Examination) scores.






Table 3. Demographic of the subjects with the clinical questionnaire MMSE (Mini Mental State Examination) scores.





	
Subjects

	
People (Percentage)

	
Mean and Standard Deviations






	
Age

	

	
37

	
75.38 ± 11.41




	
Sex

	

	

	




	

	
Male

	
13 (35%)

	




	

	
Female

	
24 (65%)

	




	
MMSE

	

	

	




	

	
Normal

	
16 (43%)

	
27.81 ± 1.97




	

	
MCI (Mild Cognitive Impairment)

	
10 (27%)

	
20.50 ± 1.51




	

	
Moderate

	
10 (27%)

	
14.30 ± 1.49




	

	
Severe

	
1 (3%)

	
6 ± 0
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Table 4. Posterior comparisons of the different groups by test scores using Kruskal–Wallis.
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Game Level

	
MMSE

	
Kruskal–Wallis




	
Normal (1)

	
MCI (2)

	
Moderate-to-Severe (3)

	
     X 2     

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
Time-limited

	
Slow

	
0.98 ± 0.05

	
0.98 ± 0.04

	
0.97 ± 0.06

	
0.229

	
0.892




	
Medium

	
0.99 ± 0.03

	
0.99 ± 0.03

	
0.88 ± 0.10

	
17.147

	
0.000 *




	
Fast

	
0.41 ± 0.33

	
0.11 ± 0.16

	
0.06 ± 0.09

	
10.187

	
0.006 *




	
Time

unlimited

	
Slow

	
0.99 ± 0.03

	
0.99 ± 0.03

	
0.97 ± 0.06

	
1.057

	
0.590




	
Medium

	
1.00 ± 0.00

	
1.00 ± 0.00

	
0.95 ± 0.10

	
4.859

	
0.088




	
Fast

	
0.97 ± 0.06

	
0.86 ± 0.19

	
0.80 ± 0.20

	
6.247

	
0.044 *








a SD indicates standard deviation. * p < 0.05. The null hypothesis that the medians of the three populations are equal is rejected.
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Table 5. Posterior comparisons of different speeds based on test scores using a Friedman Test.
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MMSE

	
Game Level

	
Friedman




	
Slow(A)

	
Medium(B)

	
Fast(C)

	
     X 2     

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
Time-limited

	
Normal

	
0.98 ± 0.05

	
0.99 ± 0.03

	
0.41 ± 0.33

	
28.167

	
0.000 *




	
MCI

	
0.98 ± 0.04

	
0.99 ± 0.03

	
0.11 ± 0.16

	
19.419

	
0.000 *




	
Moderate-to-Severe

	
0.97 ± 0.06

	
0.88 ± 0.10

	
0.06 ± 0.09

	
20.600

	
0.000 *




	
Time-unlimited

	
Normal

	
0.99 ± 0.03

	
1.00 ± 0.00

	
0.97 ± 0.06

	
6.500

	
0.039 *




	
MCI

	
0.99 ± 0.00

	
1.00 ± 0.00

	
0.86 ± 0.19

	
7.000

	
0.030*




	
Moderate-to-Severe

	
0.97 ± 0.06

	
0.95 ± 0.10

	
0.80 ± 0.20

	
11.217

	
0.004 *








a SD indicates standard deviation. * p < 0.05. The null hypothesis that the medians of the three populations are equal is rejected.
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Table 6. Time-limited mode: the response time(s) of each group of MMSE at different game speeds.
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Game Level

	
MMSE

	
One-Way ANOVA




	
Normal (1)

	
MCI (2)

	
Moderate-to-Severe (3)

	
F

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
slow

	
1.10 ± 0.18

	
1.27 ± 0.19

	
1.34 ± 0.21

	
5.675

	
0.007 *




	
medium

	
1.07 ± 0.19

	
1.26 ± 0.12

	
1.32 ± 0.18

	
7.865

	
0.002 *




	
fast

	
0.71 ± 0.36

	
0.40 ± 0.46

	
0.68 ± 0.41

	
3.581

	
0.039 *








a SD indicates standard deviation. * p < 0.05.













[image: Table] 





Table 7. Time-unlimited mode: posterior comparison of each group of MMSE at different game speeds.
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Game Level

	
MMSE

	
One-Way ANOVA




	
Normal (1)

	
MCI (2)

	
Moderate-to-Severe (3)

	
F

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
slow

	
1.13 ± 0.19

	
1.29 ± 0.24

	
1.34 ± 0.21

	
3.637

	
0.037 *




	
medium

	
1.08 ± 0.20

	
1.28 ± 0.15

	
1.38 ± 0.19

	
8.792

	
0.001 *




	
fast

	
1.05 ± 0.17

	
1.23 ± 0.16

	
1.31 ± 0.16

	
9.114

	
0.001 *








a SD indicates standard deviation. * p < 0.05.
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Table 8. The accuracy rate and the results of the Kruskal–Wallis test for comparisons of the three groups under different speed levels.
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Speed Levels of Game

	
Groups

	
Kruskal–Wallis Test




	
Normal

Mean ± SD a

	
MCI

Mean ± SD a

	
Moderate-to-Severe

Mean ± SD a

	
     X 2     

	
p-Value






	
Time-limited

	
Slow

	
0.86 ± 0.17

	
0.68 ± 0.38

	
0.58 ± 0.29

	
6.587

	
0.037 *




	
Medium

	
0.83 ± 0.24

	
0.68 ± 0.40

	
0.60 ± 0.37

	
3.096

	
0.213




	
Fast

	
0.50 ± 0.43

	
0.16 ± 0.26

	
0.02 ± 0.06

	
9.972

	
0.007 *




	
Time-unlimited

	
Slow

	
1.00 ± 0.00

	
0.96 ± 0.13

	
0.78 ± 0.28

	
12.675

	
0.002 *




	
Medium

	
1.00 ± 0.00

	
0.98 ± 0.06

	
0.78 ± 0.34

	
7.637

	
0.022 *




	
Fast

	
0.98 ± 0.07

	
0.88 ± 0.21

	
0.56 ± 0.25

	
19.073

	
0.000 *




	
Judgment

	
Slow

	
0.98 ± 0.05

	
0.95 ± 0.16

	
0.76 ± 0.16

	
16.826

	
0.000 *




	
Medium

	
0.99 ± 0.05

	
0.96 ± 0.10

	
0.80 ± 0.20

	
9.778

	
0.008 *




	
Fast

	
0.96 ± 0.10

	
0.89 ± 0.12

	
0.71 ± 0.19

	
17.175

	
0.000 *








a SD indicates standard deviation. * p < 0.05. The null hypothesis that the medians of the three populations are equal is rejected.
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Table 9. Posterior comparisons of the results of different game speeds by test scores using the Friedman Test.
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MMSE

	
Game Level

	
Friedman




	
Slow(A)

	
Medium(B)

	
Fast(C)

	
     X 2     

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
Time-limited

	
Normal

	
0.86 ± 0.17

	
0.83 ± 0.24

	
0.50 ± 0.43

	
13.378

	
0.001 *




	
MCI

	
0.68 ± 0.38

	
0.68 ± 0.40

	
0.16 ± 0.26

	
12.000

	
0.002 *




	
Moderate-to-Severe

	
0.58 ± 0.29

	
0.60 ± 0.37

	
0.02 ± 0.06

	
13.650

	
0.001 *




	
Time-unlimited

	
Normal

	
1.00 ± 0.00

	
1.00 ± 0.00

	
0.98 ± 0.07

	
4.000

	
0.135




	
MCI

	
0.96 ± 0.13

	
0.98 ± 0.06

	
0.88 ± 0.21

	
2.923

	
0.232




	
Moderate-to-Severe

	
0.78 ± 0.28

	
0.78 ± 0.34

	
0.56 ± 0.25

	
7.032

	
0.030 *




	
Judgement

	
Normal

	
0.98 ± 0.05

	
0.99 ± 0.05

	
0.96 ± 0.10

	
6.500

	
0.039 *




	
MCI

	
0.95 ± 0.16

	
0.96 ± 0.10

	
0.89 ± 0.12

	
6.421

	
0.040 *




	
Moderate-to-Severe

	
0.76 ± 0.16

	
0.80 ± 0.20

	
0.71 ± 0.19

	
4.171

	
0.124








a SD indicates standard deviation. * p < 0.05. The null hypothesis that the medians of the three populations are equal is rejected.
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Table 10. Response times of subjects at different game level(s) (time-limited).






Table 10. Response times of subjects at different game level(s) (time-limited).





	
Game Level

	
MMSE

	
One-Way Anova




	
Normal (1)

	
MCI (2)

	
Moderate-to-Severe (3)

	
F

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
slow

	
0.29 ± 0.21

	
0.32 ± 0.26

	
0.37 ± 0.27

	
0.950

	
0.391




	
medium

	
0.22 ± 0.13

	
0.25 ± 0.15

	
0.25 ± 0.13

	
0.587

	
0.558




	
fast

	
0.14 ± 0.07

	
0.12 ± 0.07

	
0.15 ± 0.00

	
0.163

	
0.850








a SD indicates standard deviation. p < 0.05.
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Table 11. Response times of subjects at different game level(s) (time-unlimited).






Table 11. Response times of subjects at different game level(s) (time-unlimited).





	
Game Level

	
MMSE

	
One-Way ANOVA




	
Normal (1)

	
MCI (2)

	
Moderate-to-Severe (3)

	
F

	
p-Value




	
Mean ± SD a

	
Mean ± SD a

	
Mean ± SD a






	
slow

	
0.17 ± 0.38

	
0.11 ± 0.55

	
0.28 0.51

	
1.213

	
0.301




	
medium

	
0.22 ± 0.47

	
0.49 ± 0.47

	
0.34 ± 0.22

	
9.342

	
0.000 *




	
fast

	
0.34 ± 0.23

	
0.46 ± 0.27

	
0.48 ± 0.16

	
6.261

	
0.002 *








a SD indicates standard deviation. * p < 0.05.
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