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Effective Indices for Diagnosis by Short Human Random Numbers

MASASHI MiSHIMAT and MIEKO TANAKA-YAMAWAKIt

In order to utilize human random numbers for detecting the early symptoms of dementia,
we must catch the sign from short data. The methods using the correlation dimensions or
HMM need long data thus are not suitable for diagnosis. We attempt to identify good indices
using short sequences of length 50. Considering dementia to be caused by deterioration of
memory due aging, we compare various indices computed by using data taken from subjects
of different age groups and select effective ones. In addition, we propose a new index, repeat
pattern (RP). Also, we compare two different methods of taking data.
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Table 1 Magnitude of indices for 3 categories (machine,

normal subjects and schizophrenic patients.)

H CS | NSQ | RP | ADJ | TPI
machine | 0.96 [ 29.9 61.8 38.5 17.9 93.4
normal 0.98 | 17.1 63.0 42.5 | 24.5 | 97.20
sample | 0.95 | 37.0 | 744 | 70.0 | 61.2 57.3
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Table 2 Magnitude of indices for different age groups.

H CS | NSQ | RP | ADJ | TPI
Rand 95.8 | 29.9 | 61.8 | 38.5 | 17.9 93.4
20s 98.1 | 17.1 63.0 | 42.5 | 24.5 97.2
30s 97.3 | 229 | 64.2 | 49.7 | 30.2 80.7
40s 97.4 | 25.2 | 64.9 | 54.7 | 31.2 83.1
50s 96.0 | 26.1 66.7 | 57.9 | 33.2 82.9
sample | 94.5 | 37.0 74.4 | 70.1 | 61.2 57.3
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Fig.1 Magnitude of H, TPI, ADJ, RP for 20 subjects.
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Fig.2 Magnitude of indices for different age groups.
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Table 3 Correlation coefficient () between indices.

RP | NSQ | TPI ADJ cs H
RP 0.97 | —0.25 0.34 0.13 —-0.3
NSQ —0.29 0.39 0.15 —0.33
TPI —0.60 | —0.07 0.1
ADJ 0.02 0.04
cs —0.66
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Fig.3 Twenty subjects are classified into 3 categories, A,
B, C, by means of H, TPI, ADJ, RP in SOM.
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Table 4 Magnitude of 4 indices for under 50, elderly and
three schizophrenic patients.

H TPI ADJ RP
under50 | 0.972 | 85.98 | 29.78 | 51.19

70 0.967 | 78.12 | 28.57 | 32.65

80 0.919 | 68.75 | 42.86 | 59.18
samplel | 0.921 | 43.75 | 85.71 | 85.71
sample2 | 0.957 | 65.62 | 48.98 | 55.10
sample3 | 0.958 | 62.50 | 48.98 | 69.39
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Table 5 Comparison of two different methods of data
taking: oral vs. keyboard operation.

0o oo ooooo
Entropy 0.981 0.984
Coupon Score 16.60 14.39
Null Score Quotient 62.46 63.15
Adjacency 21.48 21.59
Repeat Pattern 42.25 41.08
Turning Point Index | 97.39 96.25
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Table 6 Sample of pattern matrix.

y=0 |12 |3 |4 |5|6|7]|8]|9

=0 3 1 1

1 1 1 1 1

2 21112 |1|1

3 1|11 2 1

4 1 3

5 1]1(1]1]2 1

6 1 1

7 1] 2

8 1 3

9 1 1|11 2 1
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Table 7 Sample of recognition matrix.

z:y | O 1 2 3 4 5 6 7 8 9
35 (10 9 |10]| 7 |12 | 4 4 | 14 | 17
10 |35 | 7 (12| 7 | 15| 14|14 | 7 9
2 124351210 15| 3 3 | 15|11
4 |14 |12 |35 [10| 3 6 6 6 9
11|10 32| 9 [35|16 | 10|10 (20 | 4
12 |11 | 6 | 15|23 |35 | 2 2 |13 13
12 | 6 2 116 |20 (35| 0 4 |12
12| 5 |10 |11 | 18| 6 9 (35| 8 |11

5

1

7 7 4 26| 7 | 15|15 |35 | 13
19 14| 6 |11 |17 [ 17 [ 17| 5 | 35

© 00NN U W N = O
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Table 8 Recognition rate of the method proposed in
Section 8.

oooo0 |10 ) 15 | 20 | 25 | 30 | 35 | 40 | 45
0100 59 | 63 | 65 | 67 | 68 | 69 | 69 | 70
0200 77 | 80 | 82 | 83 | 84 | 84 | 84 | 84

9 9
Point = Z Z Loy Pry (7)
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Fig.4 Recognition rate as a function of the number of
subjects.
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