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Objective: The purpose of this study is to select a cognitive training game that can evaluate five cognitive domains and to study
their validity with existing cognitive evaluation tools.

Design:

Methods: Delphi survey was conducted through the 2nd questionnaire for 30 experts to select games suitable for training 5
cognitive domains. Five cognitive training games and Mini Mental State Examination - Korea(MMSE-K), and cognitive
impairment screening test(CIST) were conducted for 82 elderly in the community. Pearson correlation analysis was performed to
find out the correlation of the three tests. The ROC curve was used to calculate the selection criteria for the game results for the
screening evaluation of the presence or absence of mild cognitive impairment.

Results: The coefficient of variation to evaluate the stability of the Delphi survey was less than 0.50 in most game items. The
‘correct answers’ and ‘level’ of the five final selected game items showed a statistically significant positive correlation with the
CIST and MMSE-K scores. CIST score and ‘time’ of all game items except ‘number making time’ showed a statistically
significant negative correlation.

Conclusions: The validity of the cognitive training program using smart devices was evaluated, and the criteria for classifying the
cognitive domain and distinguishing the presence or absence of cognitive impairment were confirmed.
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Table 1. General Characteristics of the Subjects

characteristics division subject(n) percentage(%o)

Gender male 30 36.59
female 52 63.41

Age(years) 50~59 1 1.22
60~69 10 12.20
70~79 30 36.59
80~89 38 46.34
90~99 3 3.66

Education Level uneducated 8 9.76
elementary school 21 25.61
middle school 10.98
high school 22 26.83
University or higher 22 26.83

MMSE-K (score) M=SD (n=282) 21.86+6.53

CIST (score) M=SD (n=43) 13.04+6.86

Abbreviations: MMSE-K, Korean version of mini-mental state examination; CIST, cognitive impairment screening

test; M£SD, mean+standard deviation.
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Table 3. The coefficient of variation of the results of the first Delphi survey: stability (n=29)
Game type Classification opinion Relevance
Mean  Mode (T Saton Mo Mode (R avation

From 1 to 50 4.34 5 1.39 0.32 3.72 4 0.64 0.17
Dazzling color 3.55 4 1.45 0.41 3.72 4 0.75 0.20
Memory fragment 1.68 1 1.33 0.79 3.96 4 0.73 0.18
Path finding 2.48 2 0.82 0.33 3.58 3 0.9 0.25
Moving ball 3.79 5 1.63 0.43 3.86 4 0.83 0.22
Traffic Light 2.62 1 1.93 0.73 3.72 4 0.75 0.20
Breaking numbers 2.51 2 1.12 0.45 3.72 4 0.79 0.21
Follow the order 2 1 1.60 0.80 3.86 4 0.63 0.16
Number making 2.34 2 0.85 0.36 3.34 4 0.89 0.27
Stepping stone 2.93 1 1.73 0.59 3.68 4 0.84 0.23
Chasing cheese 3.03 3 0.68 0.22 3.72 3 0.84 0.23
Word choice 2.93 2 1.25 0.43 3.27 3 1.03 0.31
Collector on the sea 2.27 1 1.81 0.80 3.62 4 1.11 0.31
Easter eggs 2.86 2 1.24 0.43 3.68 4 0.89 0.24
Catching butterfly 3.96 5 1.45 0.37 3.27 4 0.79 0.24
Numbers? Letters! 3.03 2 1.42 0.47 3.51 4 1.02 0.29
Fall speed 2.10 1 1.63 0.78 3.58 4 0.73 0.20
Discount market 3.34 2 1.36 0.41 3.62 4 0.72 0.20
Catch the mole 3.51 5 1.82 0.52 3.55 4 0.82 0.23
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Table 4. The coefficient of variation and content validity ratio of the results of the second Delphi survey (n=18)
Consent rate Explanatory power
Game Final Mean Mode Standard Coeffici content Mean Mode Standard Coeffici content
type classification deviation entof  validity deviation entof  validity
variation variation
From 1 to 50 attention 427 4 0.66 0.15 0.78 377 4 0.80 0.21 0.33
concentration
Dazzling color executive function 3.33 3 1.08 0.32 —-022 335 3 0.85 0.25 —0.11
Memory fragment working memory 4.44 5 0.61 0.14 0.65 388 4 0.90 0.23 0.33
Path finding problem solving  3.83 4 0.78 0.20 —-022 366 4 0.90 0.25 —0.11
Moving ball attention 438 4 0.60 0.14 0.89 405 4 0.72 0.18 0.33
concentration
Traffic Light working memory 4.27 4 0.66 0.15 0.44 405 4 0.87 0.21 0.22
Breaking numbers problem solving  4.05 4 0.93 0.23 0.8 4.05 4 0.72 0.18 0.56
Follow the order working memory 4.11 4 0.90 0.22 0.78 4.00 4 0.84 0.21 0.56
Number making problem solving 433 4 0.68 0.16 0.78 405 4 0.72 0.18 0.56
Stepping stone working memory 3.72 4 0.95 0.26 0.78 372 4 0.95 0.26 0.56
Chasing cheese spatial perception 4.16 4 0.78 0.19 0.78 3.66 3 0.90 0.25 0.56
Word choice problem solving  3.83 4 1.04 0.27 0.22 350 3 0.98 0.28 0.22
Collector on the sea working memory 4.50 5 0.61 0.14 0.56 4.00 4 0.76 0.19 0.00
Easter eggs problem solving  4.16 4 0.61 0.15 0.33 383 4 0.78 0.20 —-0.22
Catching butterfly  attention 416 4 0.70 0.17 0.89 383 4 0.78 0.20 0.44
concentration
Numbers? Letters! problem solving  3.16 4 0.98 0.31 0.78 350 4 0.85 0.24 0.44
Fall speed working memory 4.05 4 0.93 0.23 0.67 383 4 0.70 0.18 0.44
Discount market problem solving  3.66 4 0.97 0.27 0.00 350 3 0.98 0.28 0.11
Catch the mole attention 3.66 4 0.90 0.25 0.67 327 3 0.89 0.27 0.56
concentration
7 2% A= Hk(Figure 20). QR[S |t QX [SH| kA
2AlEEe AT AR St WEZINumber e o gme) wg, Y 45 CIST, MMSEK

making)’ 7} £ A& = cH(Figure 2D).

TR 2L 2 FE T4 R AE ZolA|(Chasing
cheese)’ 7} A5G 7]0 22} @ufo] AL & AFo =
2% A= itk Figure 2E).

Table S. Correlation between cognitive training game and

Aot o] HUUAS
TH(p<0.01). CIST =9} ©
nE AY FEO AR SO HRUAS

wglon EAH0R fols
SARET| A S AT
nglom %

AZ = FofstATHp <0.05)(Table 5).

cognitive ability

From 1 to 50 Correct

Dazzling Correct

Fall speed Correct

Time Time Time
_Level answers color_Level answers _Level answers
CIST Pearson - - - - - x - - ax
. 0.519 0.540 —0.659 0.635 0.643  —0.397 0.694 0.700  —0.468
(score) correlation
N 42 42 42 38 38 38 35 35 35
Pearson * 3k 3k L £ Hek ek 3k ok ok
MMSE-K . 0.398 0.573° —0.783 0.632 0.641 —0.606 0.480 0.531 —0.602
correlation
(score)
N 74 74 74 67 67 67 65 65 65
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Table 5. continue

Number Correct . Chasing Correct .
Time Time
making Level answers cheese Level answers
CIST Pearson . . " o "
. 0.582 0.551 —0.152 0.682 0.677 —0.409
(score) correlation
N 41 41 41 34 34 34
Pearson . - . - - -
MMSE-K . 0.360 0.367 —0.288 0.474 0.534 —0.486
correlation
(score)
N 69 69 69 61 61 61
*p <0.05
**p<0.01

Abbreviations: CIST, cognitive impairment screening test; MMSE-K, korean version of mini-mental state examination.
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Table 6. Cut-off Values for Predicting Mild Cognitive Impairment

=z =

S

. Cut-off AUC sensitivity(%) specificity(%o)
predictor PPV NPV +LR -—-LR
value  (95% CI) (95%Cl)  (95% CI)
From 1 to 50 Level 0.803 70.73 84.35 .
- <28 <0.001° 0.83 1.21 4.67 034
(n=74) (0.695~0.887) (54.5~83.9) (68.1~94.9)
Total score 0.807 70.73 87.88 .
<98 <0.001° 0.80 1.24 584 0.33
(n=74) (0.699~0.890) (54.5~83.9) (71.8~96.6)
Time 0.890 75.61 93.94 .
>39 <0.001" 0.80 1.24 1248 0.26
(n=74) (0.796~0.951) (59.7~87.6) (79.8~99.3)
Dazzling color_Level 0.849 77.78 87.10 .
- <10 <0.001" 0.88 1.35 6.03 0.26
(n=67) (0.741~0.925) (60.8~89.9) (70.2~96.4)
Total score 0.862 75.00 87.10 .
<11 <0.001" 0.86 1.16 581 0.29
(n=67) (0.756~0.934) (57.8~87.9) (70.2~96.4)
Ti . . . "
e s3q 0898 83.33 80.65 <0.001" 1 1 431 021
(n=67) (0.752~0.932) (67.2~93.6) (62.5~92.5)
Fall speed Level 0.779 78.38 71.43 .
<6 <0.001" 1 1 2.74  0.30
(n=65) (0.659~0.872) (61.8~90.2) (51.3~86.8)
Total score 0.802 81.08 78.57 .
<6 <0.001" 098 1.03 378 0.24
(n=65) (0.684~0.890) (64.8~92.0) (59.0~91.7)
Time 0.871 89.19 82.14 .
>55 <0.001" 1.05 092 499 0.13
(n=65) (0.765~0.941) (74.6~97.0) (63.1~93.9)
*p <0.05

Abbreviations: AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio



Jung et al. : Feasibility of Touch-Based Cognitive Training Games

161

Table 6. continue

. Cut-off AUC sensitivity(%o) specificity(%o)
predictor PPV NPV +LR -LR
value  (95% CI) (95% CI) (95% CI)
Number making_Level 0.669 40.00 93.10 .
<3 0.01 045 1.79 5.80 0.64
(n=69) (0.545~0.778) (24.9~56.7) (77.2~99.2)
Total score 0.660 40.00 86.21 .
<5 0.019 0.5 1.69 290 0.70
(n=69) (0.536~0.770) (24.9~56.7) (68.3~96.1)
Time 0.603 47.50 86.21
>96 0.132 0.6 1.55 3.44 0.61
(n=69) (0.478~0.719) (31.5~63.9) (68.3~96.1)
Chasing cheese Level 0.813 93.94 64.29 .
6 <0.001 1.24 0.71 2.63 0.09
(n=61) (0.692~0.901) (79.8~99.3) (44.1~81.4)
Total score 0.808 93.94 71.43 .
<2 <0.001 1.18 0.78 3.29 0.09
(n=61) (0.687~0.898) (79.8~99.3) (51.3~86.8)
Time s40 7Y 7273 9286 <0.001° 079 125 10.18 0.29
(n=61) (0.664~0.882) (54.5~86.7) (76.5~99.1) ' ' ' ' '
*p<0.05

Abbreviations: AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio
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