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A study on quantitative evaluation of mental function and autonomic 
nervous function for occupational therapy 

Ken Okutani

In Chapter 1, we described the background of our study, previous studies, and 

objectives. With the current changes in mental health and welfare, we are 

required to verify how a specific intervention in occupational therapy programs 

affects mental and autonomic functions of subject individuals. 

 Previous studies have suggested that occupational therapy intervention is deeply 

associated with the mode of brain activation and autonomic function in 

individuals with psychiatric disorders and also in healthy individuals. However, 

few studies have examined how the differences in specific occupational therapy 

interventions affect the autonomic function through quantitative evaluation of 

mental and autonomic functions. In this study, we aimed to establish a method for 

objectively evaluating how the differences in teaching methods in occupational 

therapy programs affected mental and autonomic functions, mood, and self-

efficacy and to confirm the usefulness of occupational therapy.

 In Chapter 2, we examined the usefulness of occupational therapy by evaluating 

how the differences in teaching methods in occupational therapy programs used 

for healthy individuals affected their mental and autonomic functions. An 

occupational therapy program comprises activities performed during psychiatric 

occupational therapy. We selected work activities that could be performed by 

accumulating multiple processes and using the working memory. The work 

activities were performed face-to-face with a researcher for 20 minutes in the 

same room at a room temperature of 28°C. A total of 30 healthy individuals 

(subjects) who gave their consent for participating in the study were divided into 

two groups: an intervention group (Group I) of 15 subjects and a trial and error 

group (Group II) of 15 subjects. In Group I, occupational therapists intervened to 

support work activities. Researchers shared emotions with the subjects when they 

succeeded in work activities or failed in them. In Group II, the subjects had to 

complete the work activities through trial and error. The following measurement 



 

 

items were obtained before and after the work activities: Utena’s Brief Objective 

Measures (UBOM) (pulse rate difference, ruler catching time, degree of 

randomness, and drawing test), general self-efficacy scale score, profile of mood 

states, and plethysmography. In Group I, the pulse rate difference, degree of 

randomness, and ruler catching time of the UBOM were significantly improved 

after the work activities. In the profile of mood states, tension anxiety was 

reduced and vigor was increased. Self-efficacy was also improved. It was 

suggested that the tension and anxiety toward the activities could be reduced and 

the vigor could be increased because the intervention by the researchers helped 

the subjects in Group I work on the activities with peace of mind. In this group, 

the plethysmographic pulse wave amplitude was higher after rather than before 

the activities. There was no significant change in the pulse wavelength after the 

activities. In the trial and error group, the pulse wave amplitude was lower after 

than that before the activities. There was also no significant change in the pulse 

wavelength after the activities. In Group I, the parasympathetic nervous system 

(PNS) that antagonizes the sympathetic nervous system (SNS) was considered to 

be active because the subjects worked on the activities with peace of mind owing 

to the occupational therapists’ intervention. In Group II, no specific instruction 

was provided; thus, the SNS was considered to have been significantly active 

because the subjects worked on the activities through trial and error.

In Chapter 3, we first evaluated the psychiatric symptoms in individuals with 

psychiatric disorders using the Brief Psychiatric Rating Scale, and then, we 

conducted the evaluation of the items and occupational therapy program, same as 

that in Chapter 2, and examined the usefulness of the occupational therapy 

program. The results of the Brief Psychiatric Rating Scale showed a mean total 

score of 1.78. This result indicated moderate psychiatric symptoms. The study 

included 22 individuals with psychiatric disorders who were divided into two 

groups: an intervention group (Group I) of 11 individuals and a trial and error 

group (Group II) of 11 individuals. Measurement of the same evaluation items and 

occupational therapy program, as in Chapter 3, was performed. It was suggested 

that in Group I, anger, hostility, and confusion related to the activities were 

reduced, and the individuals with psychiatric disorders became vigorous because 



 

 

they could work on the activities with peace of mind owing to the intervention. In 

Group II, tension, anxiety, and fatigue were reduced, which seemed to be because 

of the effect of the researchers pointing out errors. In Group I, it was considered 

that the PNS acted more than the SNS because the occupational therapy 

intervention helped these individuals work on the activities with peace of mind. In 

addition, in Group I, the subjects showed a significant improvement in the degree 

of randomness in UBOM and self-efficacy. They expected and were confident that 

they could achieve appropriate actions in specific situations during the work 

activities, which seemed to have improved the frontal lobe function and self-

efficacy. These results indicate that the occupational therapy intervention can 

control the autonomic PNS. 

In Chapter 4, we aimed to examine the usefulness of occupational therapy by 

comparing the differences in occupational therapy methods and examined how 

they induced changes in the mental and autonomic functions of healthy 

individuals in Chapter 2 and individuals with psychiatric disorders in Chapter 3. 

In the comparison between the healthy individuals and individuals with 

psychiatric disorders, the pulse rate difference in UBOM before and after the 

activities was significantly lower in the healthy individuals in the intervention 

group than in the individuals with psychiatric disorders in the intervention group. 

The individuals with psychiatric disorders (the subjects for this study) had mild 

psychiatric symptoms and seemed to be in the process of adjusting to the society. 

Although the psychiatric symptoms were mild, the individuals seemed slightly 

anxious about the activities when working on them for the first time. Although 

the same occupational therapy intervention was performed for the same activities, 

the pulse rate difference was higher in individuals with psychiatric disorders than 

in healthy individuals. Therefore, individuals with psychiatric disorders are likely 

to experience stress related to interpersonal exchanges and focus on work 

activities and may be highly sensitive. In the degree of randomness, no difference 

was observed between the healthy individuals and individuals with psychiatric 

disorders; however, significant changes toward improvement were observed before 

and after the activities. Based on these results, we considered that the 

intervention group showed an improvement because the subjects could switch or 



 

 

change thought during the activities through the feedback given by researchers 

that encouraged them to have a sense of achievement or confidence. Regarding the 

general self-efficacy, the intervention group of healthy individuals showed 

significantly higher scores after the activities than the intervention group of 

individuals with psychiatric disorders before the activities. According to the 

results of this study, the score of individuals with psychiatric disorders in Group I 

was as low as 2 in the 5-point scale before activities, although it improved after 

the activities. Therefore, significant changes before and after the activities were 

observed only in individuals with psychiatric disorders. In the occupational 

therapy intervention, feedback is provided to individuals with psychiatric 

disorders when their activities are successful, so that they can have a sense of 

achievement and confidence. This seems to be effective for individuals with 

psychiatric disorders with low self-efficacy. The profile of mood states showed no 

significant change between healthy individuals and individuals with psychiatric 

disorders. In comparison between before and after activities, the level of vigor was 

significantly higher after than before the activities in the intervention group of 

individuals with psychiatric disorders. In this group, the items of vigor might 

improve owing to having a sense of security because of the researchers’ guidance 

and owing to receiving feedback that encouraged them to have a sense of 

achievement and confidence. The plethysmographic pulse wave amplitude was 

significantly lower in the intervention group of healthy individuals than in the 

intervention group of individuals with psychiatric disorders after the activities, 

and it was significantly lower in the trial and error group of healthy individuals 

than in the trial and error group of individuals with psychiatric disorders before 

the activities. The pulse wavelength was significantly higher in the intervention 

group of healthy individuals than in the intervention group of individuals with 

psychiatric disorders before the activities. This indicates that before the activities, 

the individuals with psychiatric disorders in Group I had SNS predominance 

compared to healthy individuals. This may be because individuals with 

psychiatric disorders are more sensitive than healthy individuals; thus, their 

anxiety and tension increase before activities and they are likely to be affected by 

various stimuli in the surroundings. However, the pulse wave amplitude and 



 

 

pulse wavelength were significantly higher after the activities in the intervention 

groups of healthy individuals and individuals with psychiatric disorders than 

before the activities. Based on the above results, in Group I, through the 

occupational therapy intervention of this study, the researchers shared emotions 

with both healthy individuals and individuals with psychiatric disorders during 

the work activities, and they provided feedback to encourage the subjects to have 

a sense of achievement and confidence when they succeeded in the activities. 

Therefore, the SNS was considered to be suppressed, and the antagonizing PNS 

showed dominance in the autonomic nervous system in the periphery and heart.

In this study, we established a method to objectively evaluate the occupational 

therapy intervention by evaluating the impact of the intervention on the mental 

function, autonomic response, mood states, and self-efficacy using UBOM, general 

self-efficacy scale, profile of mood states, Brief Psychiatric Rating Scale, and 

plethysmography in healthy individuals and individuals with psychiatric 

disorders. In addition, the usefulness of the occupational therapy intervention was 

confirmed as anxiety was reduced, PNS acted dominantly, and subjects conducted 

the work activities that required the switch of thought or working memory; 

furthermore, the subjects expected and were convinced that they could perform 

appropriate actions in the specific situation during the activities, which indicated 

the possibility of improving the frontal lobe function and self-efficiency.

The findings of this study may be developed in the future as an effective 

psychiatric occupational therapy program that contributes to supporting 

community-dwelling individuals with psychiatric disorders.

This study may be of help for the consideration of an effective psychiatric 

occupational therapy program that will contribute to supporting individuals with 

psychiatric disorder in the society in the future. This doctoral dissertation has 

successfully verified the effects of occupational therapy intervention on the 

autonomic and mental functions, mood state, and self-efficacy in psychiatric 

occupational therapy.
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p < 0.05
 

3-5

 p

PRD 6.0 (4.0–9.0) 6.0 (4.0–13.0) 0.843

RCT 19.0 (10.0–26.3) 19.0 (10.7–30.3) 0.805

DOR 1.30 (0.70–2.20) 1.30 (0.70–1.70) 0.366

n.s

3-1

3-2
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A
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0

B

[cm]
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n.s n.s
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0.0
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3-1

3 1
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A

14

10

8

6

4

0

B

[cm]
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20
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50

30
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0

12

n.s n.s

2.5

2.4

2.2

2.0

0.0

.8

1.6

1.4

1.2

C

n.s

3-2

3 1
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3.3.3. 

F 1, 42 = 5.2409, p = 0.023  

3-6

2

Mann-Whitney 3 Benjamini-

Hochberg BH p 5

5  

 

3-6  

p  p

0.003 1       *0.018
0.466 5 0.559
0.299 2 0.897
0.320 3 0.641
0.425 4 0.638
0.588 6 0.588

p < 0.05  

3-7 5

5

3-8

3-7  

 p

2 (1 – 4) 3 (2 – 5)  0.018
p < 0.05  
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3-8  

p

3 (1 – 5) 3 (1 – 5) 0.588
n.s  

 

3-3 3-4

5 5

5

 

 

6

2

4

0

8

 

3 1

3-3
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5

4

3

2

1

n.s

3 1

3-4

3.3.4. 

 

3-9

2

Mann-Whitney 3 Benjamini-

Hochberg BH p
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3-9

p  p

0.446 4 0.669
0.276 3 0.552
0.894 6 0.894
0.036 2 0.108
0.692 5 0.830
0.011 1 0.063
0.051 1 0.308
0.816 5 0.979
0.686 4 1.029
0.353 3 0.705
0.973 6 0.973
0.092 2 0.276
0.014 1 0.084
0.947 6 0.947
0.485 4 0.728
0.117 2 0.351
0.323 3 0.647
0.540 5 0.648
0.057 1 0.342
0.742 5 0.890
0.429 3 0.858
0.692 4 1.038
0.792 6 0.792
0.411 2 1.233
0.780 6 0.780
0.093 3 0.186
0.531 4 0.797
0.086 2 0.258
0.716 5 0.860
0.032 1 0.192
0.023 1 0.138
0.765 5 0.918
0.431 3 0.862
0.502 4 0.753
0.950 6 0.950
0.157 2 0.472

p < 0.05  

3-10
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3-11

 

 

3-10

 p

TA 0.669

D) 44.0(39.0-63.0 0.308

AH 0.08

V 39.0 0.342

F 0.78

C 0.138
n.s  

 

 

3-11  

 p

TA 0.063

D) 0.276

AH 0.648

V 0.233

F 0.78

C 0.472
n.s

3-5



3

50

 

30
35
40
45
50
55
60
65
70
75
80
85

35
40
45
50
55
60
65
70
75
80
85

n.sn.s

25
30
35
40
45
50
55
60
65
70
75
80
85

n.s

25
30
35
40
45
50
55
60
65
70
75
80
85

n.s

25
30
35
40
45
50
55
60
65
70
75
80
85

n.s

30
35
40
45
50
55
60
65
70
75
80
85

n.s

3-5
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3.3.5. 

F 1, 42 = 0.096,p 

=0.0028 ; F 1, 42 = 4.466, p =0.040

3-12 t

2 Mann-Whitney

3 Benjamini-Hochberg BH

p

3-12

p  p

0.0001 1 0.0062
0.010 2 0.030

0.0750 4 0.113
0.1010 5 0.121
0.0651 3 0.130
0.5771 6 0.577
0.0038 1 0.022
0.0507 2 0.152
0.1472 4 0.221
0.0975 3 0.195
0.3294 5 0.395
0.9783 6 0.978

p < 0.05
3-13

3-14
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3-13

 p

361.783±221.895 851.613±254.272 0.006

0.646±0.208 0.907±0.074 0.022
p < 0.05

 

3-14  

 p

722.996±415.106 563.006±199.263 0.577

0.803±0.176 0.760±0.184 0.978
n.s

3-6
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0.0

200.0

400.0
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I poI prT poT
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0.800
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sec

3-6

3.4 
3.4.1

1.78

3.50

3.41 6 6

[38]
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3.4.2

[11] [12] [13]

12

2

[11] [12]

[13]

Wolf [22]

[7]

[11] [12] [13]
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3.4.3. 
24

[30]

2

3.4.4. 

4
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3.4.5. 

[21] [20] [35]

3.4.6. .

[11] [12] [13]

[2] [37]
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3.4.7

1
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59

 

4.1
2

3

2

4.2
2 3

pre-

Intervention: prI post- Intervention: poI pre-

trial and error: prT post-trial and error: poT

Shapiro-Wilk

3

2 t Mann-Whitney

Benjamini-Hochberg BH FDR False Discovery rate) p

1 50

5
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4.3
4.3.1

4-1

,

F 3,100 = 4.676, p = 0.033 ; F 3, 100 = 4.129 , p = 0.497; F 3, 100 = 

4.567, p = 0.458

 

4-1 2

 

0.0003* 0.033 0.033*

 0.0007 * 0.178   0.049* 

0.056    0.003 * 0.458*

0.012* 0.097 0.049 *

0.139 0.178 0.178

0.409 0.945 0.945

0.572 0.344 0.344

 0.016* 0.094   0.048* 

0.136 0.793 0.207

0.531 0.094 0.363

p<0.0001  0.0194 *  0.0007*

0.203 0.0225* 0.010 *

*p<0.05 



4
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4-2 4-3 4-4

2 Mann-Whitney 3

Benjamini-Hochberg BH p  

4-1 4-

2 4-3 4-4

4-

2

4-3

4-4  
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4-2  

 

p  p

0.0411 11 0.105

0.5285 20 0.740

0.0302 10 0.085

0.1065 16 0.186

0.0236 9 0.073

0.0912 14 0.182

0.0058 7 0.023

0.0031 5 0.017

0.0035 6 0.016

0.0007 3 0.006

0.0004 2 0.005

0.0002 1 0.006

0.0010 4 0.007

0.0446 12 0.104

0.6039 23 0.735

0.0118 8 0.041

0.5868 21 0.782

0.0846 13 0.182

0.7046 24 0.822

0.4365 19 0.643

0.9359 26 1.007

0.8518 25 0.954

0.1399 17 0.230

0.9666 28 0.967

0.5973 22 0.760

0.1045 15 0.195

0.9510 27 0.986

0.4220 18 0.656

p < 0.05   

A B C

D E F

G H

 



4

63

 

4-3  

 

p  p

0.0007 1        *0.02

0.925 26 0.996

0.027 4 0.192

0.564 20 0.790

0.153 12 0.356

0.971 27 1.007

0.697 21 0.929

0.164 13 0.353

0.995 28 0.995

0.026 3 0.240

0.135 11 0.343

0.083 7 0.334

0.277 17 0.456

0.029 5 0.160

0.230 14 0.459

0.124 10 0.346

0.711 22 0.905

0.295 18 0.459

0.022 2 0.314

0.107 9 0.332

0.055 6 0.256

0.253 15 0.472

0.462 19 0.681

0.719 23 0.876

0.104 8 0.363

0.256 16 0.449

0.901 25 1.008

0.805 24 0.940

p < 0.05  

A B C

D E F

G H
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4-4  

 

p  p

0.0015 3        *0.014

0.8691 20 1.216

0.9304 22 1.184

0.8136 18 1.265

0.1173 12 0.274

0.9406 23 1.114

0.4513 16 0.790

0.0022 4        *0.015

0.0754 10 0.211

0.0003 1        *0.009

0.9749 25 1.091

0.0181 6 0.085

0.0163 5 0.091

0.1053 11 0.268

0.9979 26 1.074

0.0215 7 0.086

0.9998 28 0.999

0.9478 24 1.105

0.4869 17 0.802

0.2565 14 0.513

0.2813 15 0.525

0.8446 19 1.244

0.0007 2        *0.009

0.9984 27 1.035

0.9238 21 1.231

0.0309 8 0.108

0.0726 9 0.226

0.2243 13 0.483

p < 0.05

A B C

D E F

G H
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4-1  

 

4-2  
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4-3  

 

 

4.3.2

F 3, 100 =4.634 , p 

=0.049   

4-5

2

Mann-Whitney 3 Benjamini-

Hochberg BH p  

4-4 5

4-

5

4-5  
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4-5  

 

p  p
0.0083 3 0.078
0.9988 28 0.999
0.8291 24 0.967
0.0515 6 0.240
0.3151 16 0.551
0.4827 18 0.751
0.1854 10 0.519
0.2542 11 0.647
0.3123 14 0.625
0.0015 1 *0.042
0.1186 7 0.474
0.0265 4 0.186
0.1248 8 0.437
0.5816 20 0.814
0.1479 9 0.460
0.5524 19 0.814
0.6120 22 0.779
0.3134 15 0.585
0.0304 5 0.170
0.9164 27 0.950
0.6620 23 0.806
0.2746 12 0.641
0.0034 2 *0.046
0.8856 26 0.954
0.2990 13 0.644
0.3204 17 0.528
0.8555 25 0.958
0.5884 21 0.785

p < 0.05  
A B C

D E F

G H
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0.00

1.00

2.00

3.00

4.00

(

*

* n.s

*

 
4-4  

 

4.3.3. 

F 3, 100 = 4.884, p =0.048

 

4-6 4-7 4-8 4-9 4-10 4-11

2 Mann-Whitney 3

Benjamini-Hochberg BH p

 

4-5 4-6 4-7 4-8 4-9 4-10
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4-6  

 

p  p
A,B 0.0019 1 0.054

A,C 0.1037 7 0.415

A,D 0.0087 4 0.061

A,E 0.2883 12 0.673

A,F 0.0074 3 0.069

A,G 0.6766 17 1.114

A,H 0.0054 2 0.076

B,C 0.6774 18 1.053

B,D 0.9680 27 1.003

B,E 0.5322 15 0.993

B,F 0.6601 16 1.115

B,G 0.1751 9 0.545

B,H 0.8253 20 1.554

C,D 0.4896 14 0.979

C,E 0.9542 25 1.068

C,F 0.1519 8 0.532

C,G 0.8508 22 1.082

C,H 0.2213 11 0.563

D,E 0.9231 24 1.077

D,F 0.8394 21 1.119

D,G 0.1932 10 0.541

D,H 0.9544 26 1.028

E,F 0.4461 13 0.961

E,G 0.6959 19 1.025

E,H 0.8950 23 1.089

F,G 0.0362 6 0.169

F,H 0.9789 28 0.979

G,H 0.0105 5 0.059

n.s

C D

E F G

H  
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4-7  

 

p  p
A,B 0.102 5 0.571

A,C 0.53 14 1.060

A,D 0.182 7 0.730

A,E 0.812 21 1.083

A,F 0.044 1 1.251

A,G 0.756 20 1.058

A,H 0.05 2 0.713

B,C 0.677 18 1.054

B,D 0.995 25 1.113

B,E 0.585 15 1.091

B,F 0.385 10 1.078

B,G 0.621 16 1.087

B,H 0.401 11 1.019

C,D 0.963 23 1.172

C,E 0.980 24 1.143

C,F 0.193 8 0.677

C,G 0.999 27 1.036

C,H 0.176 6 0.821

D,E 0.6772 17 1.115

D,F 0.4948 13 1.065

D,G 0.876 22 1.111

D,H 0.479 12 1.117

E,F 0.051 3 0.481

E,G 0.996 26 1.072

E,H 0.686 19 1.010

F,G 0.353 9 1.097

F,H 0.999 28 0.999

G,H 0.092 4 0.647

n.s  

A B C

D E F

G H
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4-8  

 

p  p
A,B 0.2926 12 0.683

A,C 0.9993 27 1.036

A,D 0.1614 8 0.565

A,E 0.9403 24 1.097

A,F 0.0066 1 1.848

A,G 0.8960 23 1.090

A,H 0.1525 7 0.610

B,C 0.1614 9 0.502

B,D 0.9945 26 1.070

B,E 0.4459 14 0.892

B,F 0.2123 11 0.540

B,G 0.7150 18 1.112

B,H 0.8124 21 1.083

C,D 0.0229 4 0.160

C,E 0.9660 25 1.081

C,F 0.0070 2 0.098

C,G 0.7258 19 1.069

C,H 0.0729 5 0.408

D,E 0.3361 13 0.724

D,F 0.1738 10 0.487

D,G 0.8147 22 1.036

D,H 0.6447 17 1.061

E,F 0.0140 3 0.131

E,G 0.9999 28 0.999

E,H 0.4854 15 0.906

F,G 0.1170 6 0.546

F,H 0.7567 20 1.059

G,H 0.5403 16 0.946

n.s  

A B C

D E F

G H
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4-9  

p  p
A,B 0.0300 6 0.140

A,C 0.5430 18 0.845

A,D 0.0276 5 0.154

A,E 0.1424 11 0.363

A,F 0.5823 20 0.815

A,G 0.0727 8 0.254

A,H 0.1069 10 0.299

B,C 0.0216 4 0.151

B,D 0.0678 7 0.271

B,E 0.0050 2 0.070

B,F 0.8636 23 1.051

B,G 0.0042 1 0.118

B,H 0.3571 13 0.769

C,D 0.0862 9 0.268

C,E 0.5801 19 0.855

C,F 0.8966 24 1.046

C,G 0.6451 21 0.860

C,H 0.3365 12 0.785

D,E 0.3924 14 0.785

D,F 0.9996 28 0.999

D,G 0.5150 17 0.848

D,H 0.9243 25 1.035

E,F 0.0047 3 *0.044

E,G 0.9877 26 1.063

E,H 0.4295 16 0.752

F,G 0.6929 22 0.882

F,H 0.9936 27 1.030

G,H 0.4115 15 0.768

p < 0.05  
A B C

D E F

G H
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4-10  

p  p
A,B 0.1322 10 0.370

A,C 0.5831 20 0.816

A,D 0.1170 8 0.410

A,E 0.0491 4 0.343

A,F 0.0093 1 0.260

A,G 0.6447 22 0.821

A,H 0.0220 2 0.308

B,C 0.9835 25 1.105

B,D 0.9895 27 1.026

B,E 0.0647 5 0.362

B,F 0.2399 12 0.560

B,G 0.9585 24 1.118

B,H 0.5291 17 0.872

C,D 0.4285 15 0.800

C,E 0.2409 13 0.519

C,F 0.0650 6 0.303

C,G 0.9955 28 0.995

C,H 0.1188 9 0.370

D,E 0.1933 11 0.492

D,F 0.4312 16 0.755

D,G 0.5672 19 0.836

D,H 0.6272 21 0.836

E,F 0.7874 23 0.959

E,G 0.3349 14 0.670

E,H 0.5315 18 0.827

F,G 0.0864 7 0.346

F,H 0.9836 26 1.059

G,H 0.0321 3 0.299

n.s  

A B C

D E F

G H
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4-11  

p  p
A,B 0.0778 3 0.726

A,C 0.5831 17 0.960

A,D 0.2210 6 1.031

A,E 0.0491 2 0.687

A,F 0.1445 4 1.011

A,G 0.6447 18 1.002

A,H 0.2245 7 0.898

B,C 0.3819 13 0.822

B,D 0.9432 26 1.015

B,E 0.7550 21 1.006

B,F 0.9061 25 1.014

B,G 0.8352 24 0.974

B,H 0.7256 20 1.015

C,D 0.3611 11 0.919

C,E 0.2409 8 0.843

C,F 0.2708 9 0.842

C,G 0.9955 27 1.032

C,H 0.3702 12 0.864

D,E 0.4766 15 0.890

D,F 0.7995 22 1.017

D,G 0.7123 19 1.049

D,H 0.8134 23 0.990

E,F 0.0238 1 0.665

E,G 0.3349 10 0.938

E,H 0.4313 14 0.863

F,G 0.5018 16 0.878

F,H 0.9972 28 0.997

G,H 0.1573 5 0.881

n.s  

A B C

D E F

G H
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4-5  

 

4-6  

 



4
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4-7  

 

4-8  

 



4
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4-9  

 

 

4-10  
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4.3.4. 

F 3,100 = 6.1652 , p = 0.0007  

4-11 4-12

t 2 Mann-

Whitney 3 Benjamini-Hochberg

BH p  

4-11 4-12

 

4-11  

4-12  

F

3,100 = 3.961 , p =0.01

4-

12  
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4-11 P  

p  p
A,B 0.006 12 0.0133
A,C 0.357 24 0.416
A,D 0.134 21 0.178
A,E 0.614 26 0.662
A,F 0.000001 2 0.000008
A,G 0.015 13 0.0324
A,H 0.00065 9 0.002
B,C 0.202 22 0.257
B,D 0.016 15 0.0304
B,E 0.679 27 0.704
B,F 0.016 14 0.0311
B,G 0.109 20 0.152
B,H 0.695 28 0.695
C,D 0.00536 11 0.01365
C,E 0.018 16 0.030
C,F 0.0000026 3 0.00002
C,G 0.00027 8 0.0009
C,H 0.00003 5 0.0001
D,E 0.003 10 0.008
D,F 0.00001 4 0.00007
D,G 0.0000003 1 0.00007
D,H 0.00009 6 0.0003
E,F 0.0001 7 0.0004
E,G 0.24 23 0.293
E,H 0.075 18 0.117
F,G 0.101 19 0.149
F,H 0.049 17 0.081
G,H 0.577 25 0.646

p < 0.05  

A B C

D E F

G H
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4-12 P  

p  p
A,B 0.0318 10 0.089
A,C 0.828 21 1.103
A,D 0.3564 15 0.665
A,E 0.0036 4 0.02
A,F 0.00195 1 0.055
A,G 0.893 22 1.137
A,H 0.945 24 1.102
B,C 0.024 8 0.084
B,D 0.672 18 1.045
B,E 0.003 3 0.02
B,F 0.971 26 1.046
B,G 0.109 13 0.234
B,H 0.695 19 1.024
C,D 0.749 20 1.049
C,E 0.031 9 0.097
C,F 0.002 2 0.027
C,G 0.004 5 0.200
C,H 0.9446 25 1.058
D,E 0.019 7 0.077
D,F 0.456 16 0.798
D,G 0.9219 23 1.122
D,H 0.9999 28 1.000
E,F 0.0038 6 0.017
E,G 0.0422 11 0.107
E,H 0.1472 14 0.294
F,G 0.0975 12 0.227
F,H 0.4882 17 0.804
G,H 0.9783 27 1.015

p < 0.05  

A B C

D E F

G H
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4-11  

 

4-12  
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