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0.1 Description

This file provides supplementary tables to the doctoral thesis written by Piotr

Fratczak and titled: Trust and Fluency in Industrial Human-Robot

Interaction - Virtual Reality Study of Human Behaviour.

0.2 Supplementary data for Chapter 4

The following tables present the motion data for the participants clustered

using the four clustering methods, which were not presented in the thesis:

1. dichotomy (di3) - dividing participants into three equal groups

2. k-means (km2) - dividing participants into two groups with starting con-

ditions at the maximum and minimum of the data

3. k-means (km3-med) - dividing participants into three groups with start-

ing conditions at the maximum, minimum and median of data

4. k-means (km3-mea) - dividing participants into three groups with start-

ing conditions at the maximum, minimum and mean of data

Description of abbreviations:

Part1 - idle robot

Part2 - slow predictable

Part3 - fast predictable

Part4 - slow chaotic

Part5 - fast chaotic

Part6 - all random

R - responders

N-R - non-responders

C - control group

NCS - experiment with no control strategies

CS - experiment with control strategies

1



T
ab

le
1:

M
ot

io
n

fe
at

u
re

s
of

th
e

N
C

S
gr

ou
p

cl
u
st

er
ed

u
si

n
g

d
i3

m
et

h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

1
±

0.
02

-0
.0

7
±

0.
02

-0
.0

8
±

0.
03

-0
.1

0
±

0.
05

-0
.0

9
±

0.
05

N
-R

0.
00

±
0.

00
-0

.0
1
±

0.
01

-0
.0

2
±

0.
01

-0
.0

2
±

0.
03

-0
.0

3
±

0.
03

-0
.0

2
±

0.
03

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

4.
9
±

20
.0

5.
0
±

17
.1

-3
.9

±
10

.5
3.

9
±

17
.7

6.
1
±

20
.0

N
-R

0.
0
±

0.
0

8.
1
±

8.
7

15
.7

±
24

.0
2.

7
±

22
.9

18
.1

±
11

.6
5.

2
±

20
.5

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

11
.4

±
4.

1
15

.3
±

10
.2

12
.2

±
17

.9
15

.4
±

19
.3

16
.7

±
9.

0

N
-R

0.
0
±

0.
0

4.
9
±

8.
5

17
.0

±
11

.2
12

.0
±

16
.1

10
.2

±
12

.4
6.

4
±

10
.8

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

2.
3
±

22
.5

0.
3
±

16
.6

0.
5
±

17
.5

6.
2
±

16
.0

5.
9
±

18
.4

N
-R

0.
0
±

0.
0

-4
.6

±
8.

7
-5

.0
±

14
.1

-5
.1

±
15

.2
0.

1
±

20
.4

11
.7

±
13

.2

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

7.
6
±

36
.0

7.
1
±

25
.9

7.
6
±

20
.5

14
.2

±
23

.3
20

.8
±

34
.0

N
-R

0.
0
±

0.
0

-5
.9

±
9.

0
-5

.1
±

15
.8

-1
.7

±
10

.3
0.

1
±

21
.2

6.
7
±

16
.2

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-1
4.

1
±

15
.4

-2
2.

3
±

12
.0

-1
1.

7
±

13
.4

-9
.6

±
16

.0
-2

0.
4
±

13
.7

N
-R

0.
0
±

0.
0

0.
0
±

15
.4

-1
.8

±
12

.8
0.

6
±

20
.7

4.
4
±

17
.0

-5
.1

±
15

.7

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

3.
0
±

14
.9

3.
7
±

19
.4

3.
8
±

16
.1

5.
6
±

15
.2

11
.6

±
12

.9

N
-R

0.
0
±

0.
0

8.
6
±

13
.9

8.
2
±

6.
5

9.
0
±

15
.1

6.
3
±

14
.1

11
.0

±
11

.1

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

2



T
ab

le
2:

M
ot

io
n

fe
at

u
re

s
of

th
e

C
S

gr
ou

p
cl

u
st

er
ed

u
si

n
g

d
i3

m
et

h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

2
±

0.
02

-0
.0

3
±

0.
01

-0
.0

6
±

0.
03

-0
.0

5
±

0.
04

-0
.0

4
±

0.
03

N
-R

0.
00

±
0.

00
0.

00
±

0.
01

-0
.0

1
±

0.
02

0.
00

±
0.

03
0.

01
±

0.
04

0.
02

±
0.

03

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

6.
6
±

10
.2

3.
3
±

21
.1

-9
.1

±
11

.5
-1

4.
0
±

6.
9

0.
1
±

20
.3

N
-R

0.
0
±

0.
0

3.
4
±

30
.3

-1
1.

6
±

36
.7

-1
5.

2
±

33
.2

-1
2.

2
±

30
.4

-1
4.

0
±

30
.1

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

15
.4

±
8.

2
5.

6
±

8.
3

14
.3

±
9.

9
10

.4
±

12
.8

11
.3

±
14

.4

N
-R

0.
0
±

0.
0

4.
2
±

8.
8

-1
.7

±
8.

0
-0

.9
±

7.
2

-0
.0

±
1.

7
-3

.5
±

1.
1

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

-3
.2

±
7.

3
12

.0
±

14
.3

1.
6
±

9.
9

7.
1
±

9.
5

6.
0
±

12
.1

N
-R

0.
0
±

0.
0

5.
1
±

16
.1

-1
.0

±
25

.4
-5

.6
±

20
.5

3.
9
±

26
.9

-1
.7

±
24

.9

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

-7
.7

±
2.

2
16

.6
±

10
.0

7.
0
±

11
.0

9.
7
±

13
.1

10
.1

±
13

.2

N
-R

0.
0
±

0.
0

2.
4
±

16
.9

3.
9
±

31
.6

-5
.0

±
20

.0
1.

2
±

27
.1

-0
.8

±
23

.3

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-6
.3

±
14

.0
-4

.6
±

14
.0

1.
9
±

8.
8

8.
9
±

7.
7

3.
3
±

6.
9

N
-R

0.
0
±

0.
0

-6
.6

±
8.

1
-6

.7
±

12
.1

-0
.4

±
14

.9
2.

5
±

9.
8

-1
1.

8
±

7.
7

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

-4
.8

±
10

.3
-7

.7
±

3.
9

-1
.2

±
12

.5
-7

.4
±

14
.0

-0
.4

±
11

.4

N
-R

0.
0
±

0.
0

-4
.3

±
19

.4
-5

.3
±

13
.1

3.
7
±

20
.0

2.
6
±

12
.9

0.
7
±

16
.2

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

3



T
ab

le
3:

M
ot

io
n

fe
at

u
re

s
of

th
e

N
C

S
gr

ou
p

cl
u
st

er
ed

u
si

n
g

k
m

2
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

1
±

0.
02

-0
.0

7
±

0.
02

-0
.0

8
±

0.
03

-0
.1

0
±

0.
05

-0
.0

9
±

0.
05

N
-R

0.
00

±
0.

00
-0

.0
1
±

0.
01

-0
.0

2
±

0.
02

-0
.0

3
±

0.
03

-0
.0

4
±

0.
04

-0
.0

3
±

0.
04

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

4.
9
±

20
.0

5.
0
±

17
.1

-3
.9

±
10

.5
3.

9
±

17
.7

6.
1
±

20
.0

N
-R

0.
0
±

0.
0

2.
8
±

14
.7

8.
7
±

24
.2

-2
.8

±
19

.3
5.

9
±

19
.3

4.
6
±

22
.6

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

11
.4

±
4.

1
15

.3
±

10
.2

12
.2

±
17

.9
15

.4
±

19
.3

16
.7

±
9.

0

N
-R

0.
0
±

0.
0

4.
5
±

12
.7

12
.7

±
13

.2
10

.7
±

13
.9

9.
8
±

13
.6

6.
5
±

12
.0

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

2.
3
±

22
.5

0.
3
±

16
.6

0.
5
±

17
.5

6.
2
±

16
.0

5.
9
±

18
.4

N
-R

0.
0
±

0.
0

-1
.1

±
11

.6
2.

0
±

17
.2

1.
0
±

17
.4

8.
1
±

16
.9

9.
8
±

18
.4

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

7.
6
±

36
.0

7.
1
±

25
.9

7.
6
±

20
.5

14
.2

±
23

.3
20

.8
±

34
.0

N
-R

0.
0
±

0.
0

-0
.8

±
11

.7
2.

9
±

18
.6

0.
1
±

17
.5

11
.2

±
18

.9
12

.4
±

19
.4

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-1
4.

1
±

15
.4

-2
2.

3
±

12
.0

-1
1.

7
±

13
.4

-9
.6

±
16

.0
-2

0.
4
±

13
.7

N
-R

0.
0
±

0.
0

-6
.2

±
11

.6
-1

0.
7
±

18
.2

-4
.9

±
19

.3
-3

.5
±

20
.5

-1
1.

5
±

16
.1

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

3.
0
±

14
.9

3.
7
±

19
.4

3.
8
±

16
.1

5.
6
±

15
.2

11
.6

±
12

.9

N
-R

0.
0
±

0.
0

3.
6
±

14
.1

4.
4
±

14
.2

8.
0
±

16
.8

6.
0
±

15
.6

10
.7

±
19

.6

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

4



T
ab

le
4:

M
ot

io
n

fe
at

u
re

s
of

th
e

C
S

gr
ou

p
cl

u
st

er
ed

u
si

n
g

k
m

2
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

2
±

0.
02

-0
.0

3
±

0.
02

-0
.0

6
±

0.
03

-0
.0

6
±

0.
04

-0
.0

5
±

0.
03

N
-R

0.
00

±
0.

00
-0

.0
1
±

0.
01

-0
.0

2
±

0.
02

-0
.0

3
±

0.
04

-0
.0

3
±

0.
06

-0
.0

3
±

0.
06

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

9.
9
±

13
.2

8.
6
±

24
.6

-3
.1

±
20

.0
-1

4.
0
±

6.
9

0.
1
±

20
.3

N
-R

0.
0
±

0.
0

6.
9
±

22
.1

-1
2.

3
±

20
.7

-1
0.

5
±

12
.4

-3
.2

±
24

.4
-7

.1
±

23
.4

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

18
.5

±
11

.5
5.

6
±

8.
3

14
.3

±
9.

9
15

.5
±

18
.5

17
.0

±
20

.9

N
-R

0.
0
±

0.
0

4.
4
±

7.
4

5.
6
±

10
.1

7.
2
±

9.
9

7.
5
±

8.
3

2.
2
±

11
.3

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

-3
.2

±
14

.3
11

.8
±

13
.1

-1
.9

±
13

.4
4.

9
±

10
.7

4.
5
±

12
.0

N
-R

0.
0
±

0.
0

5.
7
±

19
.1

6.
2
±

25
.7

3.
1
±

24
.1

10
.6

±
32

.5
15

.5
±

33
.7

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

-7
.7

±
2.

2
14

.6
±

10
.6

2.
8
±

15
.6

7.
5
±

13
.6

7.
1
±

14
.9

N
-R

0.
0
±

0.
0

0.
9
±

13
.1

5.
9
±

26
.5

2.
2
±

22
.8

1.
3
±

23
.6

7.
9
±

23
.0

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-3
.9

±
14

.5
-1

.7
±

15
.4

4.
2
±

10
.5

9.
3
±

7.
2

2.
7
±

6.
5

N
-R

0.
0
±

0.
0

-1
0.

3
±

5.
4

-5
.7

±
10

.2
0.

1
±

11
.5

1.
2
±

8.
6

-6
.9

±
11

.5

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

0.
3
±

13
.0

-1
3.

1
±

9.
9

-0
.6

±
11

.7
-7

.5
±

13
.0

3.
7
±

6.
9

N
-R

0.
0
±

0.
0

1.
8
±

9.
3

-2
.9

±
9.

9
6.

5
±

14
.7

0.
0
±

12
.5

4.
4
±

12
.7

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

5



T
ab

le
5:

M
ot

io
n

fe
at

u
re

s
of

th
e

N
C

S
gr

ou
p

cl
u
st

er
ed

u
si

n
g

k
m

3-
m

ed
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

1
±

0.
02

-0
.0

7
±

0.
02

-0
.0

8
±

0.
03

-0
.1

0
±

0.
05

-0
.0

9
±

0.
05

N
-R

0.
00

±
0.

00
-0

.0
1
±

0.
01

-0
.0

2
±

0.
01

-0
.0

2
±

0.
03

-0
.0

3
±

0.
03

-0
.0

2
±

0.
03

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

4.
9
±

20
.0

5.
0
±

17
.1

-3
.9

±
10

.5
3.

9
±

17
.7

6.
1
±

20
.0

N
-R

0.
0
±

0.
0

8.
1
±

8.
7

15
.7

±
24

.0
2.

7
±

22
.9

18
.1

±
11

.6
5.

2
±

20
.5

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

11
.4

±
4.

1
15

.3
±

10
.2

12
.2

±
17

.9
15

.4
±

19
.3

16
.7

±
9.

0

N
-R

0.
0
±

0.
0

4.
9
±

8.
5

17
.0

±
11

.2
12

.0
±

16
.1

10
.2

±
12

.4
6.

4
±

10
.8

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

2.
3
±

22
.5

0.
3
±

16
.6

0.
5
±

17
.5

6.
2
±

16
.0

5.
9
±

18
.4

N
-R

0.
0
±

0.
0

-4
.6

±
8.

7
-5

.0
±

14
.1

-5
.1

±
15

.2
0.

1
±

20
.4

11
.7

±
13

.2

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

7.
6
±

36
.0

7.
1
±

25
.9

7.
6
±

20
.5

14
.2

±
23

.3
20

.8
±

34
.0

N
-R

0.
0
±

0.
0

-5
.9

±
9.

0
-5

.1
±

15
.8

-1
.7

±
10

.3
0.

1
±

21
.2

6.
7
±

16
.2

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-1
4.

1
±

15
.4

-2
2.

3
±

12
.0

-1
1.

7
±

13
.4

-9
.6

±
16

.0
-2

0.
4
±

13
.7

N
-R

0.
0
±

0.
0

0.
0
±

15
.4

-1
.8

±
12

.8
0.

6
±

20
.7

4.
4
±

17
.0

-5
.1

±
15

.7

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

3.
0
±

14
.9

3.
7
±

19
.4

3.
8
±

16
.1

5.
6
±

15
.2

11
.6

±
12

.9

N
-R

0.
0
±

0.
0

8.
6
±

13
.9

8.
2
±

6.
5

9.
0
±

15
.1

6.
3
±

14
.1

11
.0

±
11

.1

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

6



T
ab

le
6:

M
ot

io
n

fe
at

u
re

s
of

th
e

C
S

gr
ou

p
cl

u
st

er
ed

u
si

n
g

k
m

3-
m

ed
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

2
±

0.
02

-0
.0

3
±

0.
01

-0
.0

6
±

0.
03

-0
.0

5
±

0.
04

-0
.0

4
±

0.
03

N
-R

0.
00

±
0.

00
0.

00
±

0.
01

-0
.0

1
±

0.
02

0.
01

±
0.

03
0.

01
±

0.
04

0.
02

±
0.

03

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

6.
6
±

10
.2

3.
3
±

21
.1

-9
.1

±
11

.5
-1

4.
0
±

6.
9

0.
1
±

20
.3

N
-R

0.
0
±

0.
0

-0
.2

±
32

.5
-1

1.
4
±

41
.0

-1
4.

0
±

37
.0

-1
1.

0
±

33
.8

-1
2.

6
±

33
.4

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

15
.4

±
8.

2
5.

6
±

8.
3

14
.3

±
9.

9
10

.4
±

12
.8

11
.3

±
14

.4

N
-R

0.
0
±

0.
0

0.
5
±

4.
1

-3
.7

±
7.

6
-1

.1
±

8.
3

0.
6
±

1.
5

-3
.5

±
1.

1

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

-3
.2

±
7.

3
12

.0
±

14
.3

1.
6
±

9.
9

7.
1
±

9.
5

6.
0
±

12
.1

N
-R

0.
0
±

0.
0

1.
7
±

1.
1

-1
.7

±
28

.3
-7

.9
±

22
.0

0.
4
±

28
.5

-1
.5

±
27

.8

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

-7
.7

±
2.

2
16

.6
±

10
.0

7.
0
±

11
.0

9.
7
±

13
.1

10
.1

±
13

.2

N
-R

0.
0
±

0.
0

-1
.9

±
14

.8
-1

.4
±

32
.1

-7
.8

±
21

.0
-0

.4
±

30
.0

-0
.2

±
26

.0

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-6
.3

±
14

.0
-4

.6
±

14
.0

1.
9
±

8.
8

8.
9
±

7.
7

3.
3
±

6.
9

N
-R

0.
0
±

0.
0

-8
.8

±
3.

8
-1

0.
5
±

8.
6

-2
.3

±
15

.8
0.

1
±

1.
4

-9
.9

±
6.

9

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

-4
.8

±
10

.3
-7

.7
±

3.
9

-1
.2

±
12

.5
-7

.4
±

14
.0

-0
.4

±
11

.4

N
-R

0.
0
±

0.
0

1.
1
±

3.
8

-4
.1

±
14

.3
2.

5
±

22
.1

-0
.2

±
12

.3
5.

5
±

12
.4

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

7



T
ab

le
7:

M
ot

io
n

fe
at

u
re

s
of

th
e

N
C

S
gr

ou
p

cl
u
st

er
ed

u
si

n
g

k
m

3-
m

ea
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

1
±

0.
01

-0
.0

2
±

0.
02

-0
.0

4
±

0.
04

-0
.0

7
±

0.
07

-0
.0

4
±

0.
04

N
-R

0.
00

±
0.

00
-0

.0
1
±

0.
01

-0
.0

4
±

0.
03

-0
.0

3
±

0.
02

-0
.0

6
±

0.
06

-0
.0

6
±

0.
05

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

3.
4
±

18
.4

4.
0
±

27
.8

-9
.8

±
20

.8
-5

.1
±

19
.2

0.
3
±

27
.5

N
-R

0.
0
±

0.
0

4.
1
±

14
.6

14
.6

±
15

.9
-3

.8
±

4.
9

3.
0
±

19
.9

1.
2
±

22
.3

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

7.
0
±

11
.7

13
.1

±
15

.1
7.

2
±

14
.4

6.
9
±

15
.5

8.
6
±

13
.0

N
-R

0.
0
±

0.
0

6.
6
±

11
.8

17
.3

±
7.

6
16

.5
±

14
.8

11
.9

±
20

.4
12

.6
±

1.
8

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

-0
.8

±
5.

7
2.

2
±

11
.6

0.
5
±

9.
9

0.
7
±

8.
2

16
.0

±
17

.4

N
-R

0.
0
±

0.
0

0.
3
±

8.
0

5.
4
±

21
.0

4.
7
±

20
.1

4.
3
±

18
.7

4.
0
±

18
.0

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

-3
.2

±
6.

2
4.

3
±

8.
3

0.
1
±

7.
4

2.
5
±

11
.3

15
.9

±
12

.5

N
-R

0.
0
±

0.
0

1.
0
±

13
.6

2.
7
±

26
.6

8.
2
±

28
.4

9.
4
±

28
.5

4.
1
±

20
.3

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-7
.3

±
11

.9
-1

3.
6
±

15
.5

-1
2.

9
±

20
.0

-7
.0

±
22

.2
-1

4.
2
±

19
.7

N
-R

0.
0
±

0.
0

-1
0.

1
±

9.
3

-1
9.

9
±

18
.0

-1
4.

4
±

14
.2

-1
4.

6
±

10
.0

-2
5.

0
±

15
.8

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

10
.9

±
13

.6
10

.4
±

19
.4

13
.7

±
20

.9
12

.7
±

17
.7

19
.0

±
13

.9

N
-R

0.
0
±

0.
0

5.
4
±

5.
8

9.
3
±

5.
7

12
.0

±
12

.0
8.

2
±

11
.2

7.
3
±

13
.2

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

8



T
ab

le
8:

M
ot

io
n

fe
at

u
re

s
of

th
e

C
S

gr
ou

p
cl

u
st

er
ed

u
si

n
g

k
m

3-
m

ea
m

et
h
o
d

F
ea

tu
re

d
es

cr
ip

ti
on

G
ro

u
p

P
ar

t1
P

ar
t2

P
ar

t3
P

ar
t4

P
ar

t5
P

ar
t6

C
h
an

ge
of

p
ro

x
im

it
y

to
th

e
ro

b
ot

[m
]

R
0.

00
±

0.
00

-0
.0

2
±

0.
02

-0
.0

3
±

0.
01

-0
.0

6
±

0.
03

-0
.0

5
±

0.
04

-0
.0

4
±

0.
03

N
-R

0.
00

±
0.

00
0.

00
±

0.
01

-0
.0

1
±

0.
02

0.
01

±
0.

03
0.

01
±

0.
04

0.
02

±
0.

03

C
0.

00
±

0.
00

0.
01

±
0.

01
0.

01
±

0.
02

0.
00

±
0.

02
0.

00
±

0.
02

0.
00

±
0.

03

R
el

at
iv

e
an

gu
la

r

ve
lo

ci
ty

of
th

e

H
ea

d
se

t
[%

]

R
0.

0
±

0.
0

6.
6
±

10
.2

3.
3
±

21
.1

-9
.1

±
11

.5
-1

4.
0
±

6.
9

0.
1
±

20
.3

N
-R

0.
0
±

0.
0

-0
.2

±
32

.5
-1

1.
4
±

41
.0

-1
4.

0
±

37
.0

-1
1.

0
±

33
.8

-1
2.

6
±

33
.4

C
0.

0
±

0.
0

3.
9
±

11
.3

-0
.9

±
14

.6
-2

.6
±

15
.4

-1
.5

±
5.

4
-8

.3
±

13
.8

A
b
so

lu
te

p
er

ce
n
ta

ge

of
th

e
H

ea
d
se

t

m
ov

em
en

t
ra

ti
o

[%
]

R
0.

0
±

0.
0

15
.4

±
8.

2
5.

6
±

8.
3

14
.3

±
9.

9
10

.4
±

12
.8

11
.3

±
14

.4

N
-R

0.
0
±

0.
0

0.
5
±

4.
1

-3
.7

±
7.

6
-1

.1
±

8.
3

0.
6
±

1.
5

-3
.5

±
1.

1

C
0.

0
±

0.
0

-6
.0

±
9.

7
-2

.4
±

8.
8

-1
0.

1
±

12
.5

-1
0.

4
±

18
.1

-1
5.

2
±

20
.6

R
el

at
iv

e
co

n
tr

ol
le

r

ve
lo

ci
ty

[%
]

R
0.

0
±

0.
0

-3
.2

±
7.

3
12

.0
±

14
.3

1.
6
±

9.
9

7.
1
±

9.
5

6.
0
±

12
.1

N
-R

0.
0
±

0.
0

1.
7
±

1.
1

-1
.7

±
28

.3
-7

.9
±

22
.0

0.
4
±

28
.5

-1
.5

±
27

.8

C
0.

0
±

0.
0

3.
8
±

18
.1

5.
4
±

12
.0

12
.2

±
16

.9
15

.2
±

22
.9

20
.2

±
23

.3

R
el

at
iv

e
co

n
tr

ol
le

r

ac
ce

le
ra

ti
on

[%
]

R
0.

0
±

0.
0

-7
.7

±
2.

2
16

.6
±

10
.0

7.
0
±

11
.0

9.
7
±

13
.1

10
.1

±
13

.2

N
-R

0.
0
±

0.
0

-1
.9

±
14

.8
-1

.4
±

32
.1

-7
.8

±
21

.0
-0

.4
±

30
.0

-0
.2

±
26

.0

C
0.

0
±

0.
0

4.
7
±

14
.1

14
.2

±
14

.9
17

.6
±

15
.3

18
.0

±
24

.6
21

.4
±

26
.0

A
b
so

lu
te

p
er

ce
n
ta

ge

m
is

ta
ke

s
ra

ti
o

[%
]

R
0.

0
±

0.
0

-6
.3

±
14

.0
-4

.6
±

14
.0

1.
9
±

8.
8

8.
9
±

7.
7

3.
3
±

6.
9

N
-R

0.
0
±

0.
0

-8
.8

±
3.

8
-1

0.
5
±

8.
6

-2
.3

±
15

.8
0.

1
±

1.
4

-9
.9

±
6.

9

C
0.

0
±

0.
0

-4
.1

±
10

.5
-4

.5
±

11
.6

-1
.7

±
10

.7
-7

.4
±

13
.6

-6
.8

±
11

.1

R
el

at
iv

e
re

sp
on

se

ti
m

e
[%

]

R
0.

0
±

0.
0

-4
.8

±
10

.3
-7

.7
±

3.
9

-1
.2

±
12

.5
-7

.4
±

14
.0

-0
.4

±
11

.4

N
-R

0.
0
±

0.
0

1.
1
±

3.
8

-4
.1

±
14

.3
2.

5
±

22
.1

-0
.2

±
12

.3
5.

5
±

12
.4

C
0.

0
±

0.
0

4.
5
±

12
.7

-0
.6

±
13

.9
3.

9
±

9.
9

4.
1
±

14
.4

1.
6
±

10
.8

9



0.3 Supplementary data for Chapter 5

The following tables present the motion and physiological data for the partic-

ipants clustered using the three clustering methods, which were not presented

in the thesis:

1. dichotomy (di3) - dividing participants into three equal groups

2. k-means (km2) - dividing participants into two groups with starting con-

ditions at the maximum and minimum of the data

3. self organizing maps (som3) - dividing participants into three groups

Description of abbreviations:

Part1 - slow robot

Part2 - fast robot making unexpected movements

Part3 - fast robot

Beg - beginning

End - ending

F - fluent participants

N-F - non-fluent participants
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