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Abstract: The transformational group structure theory successfully explains how the different types of cog-
nitive judgments of patterns such as similarity and goodness are performed by the concept of cognitive
transformation groups and transformational group structures. However, it involves the difficulty that most
pattern pairs or patterns can not be distinguished in similarity or goodness judgments as the number of ele-
ments of binary patterns increases. We here introduce the concept of quasi-transformational group structures
with Hamming’s distance, and show by experiments using linear binary patterns that the human cognitive
system employs the quasi-transformational group structure in goodness judgments as well as in the similarity

judgments.
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Fig. 1 Hasse’s diagram predicting the order of goodness of

linear binary patterns.
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Table 1 Patterns and their transformational group structures with the rated goodness

(Experiment 1, average and standard deviation).

No. Pattern Transz’:j:iz::l group Run Goodness average (SD) S%’;ﬂzgze

1 ¢| 00000000 5 5.7 (1.3) 5.1 (1.7)
MAP 4 59 (1.1)

2 00000000 5 | 6.1(1.1) 6.1 (1.1)

3 £ 00000000 3 | 60012 5.9 (1.4)
MAPR 4 58 (1.1

4 g 00000000 7 5.6 (1.6) a0 49(1.7)

5 a| 00000000 4 | 53012 5.7 (1.5)
PARM 4 5.7 (1.0)
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7 00000000 " 8 5 5.8 (1.3) 5.9 (1.1) 5.4 (2.1)

8 00000000 3 6.0 (1.1) o 6.0 (1.5)
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RM 40017
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17 | 00000000 4 | 28012 3.1(15)
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20 _q| 60000000 7 2604 | 2200 2918)
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= (MAP) 29 (1.1)

22 00000000 ' 5 | 32(1.4) ( 38(1.9)

23 00000000 MAPR) 4 | 2503 [ a 26 (1.6)

24 00000000 | ! oo Lo l27ay | 703209

25 00000000 PARM), 4 2.4 (1.1) 25 (10) o 3.1(1.3)

26 00000000 4 25(1.2) o 3.3(1.9)
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25| 00000000 ‘ 5 | 2100 | 2200 26 (1)
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MAP 5.9 MAP), 29

MAPR 5.8 PARM 5.7 (MAPR);26 (PARM);25

W59 P43 MPARMAPR 5.0 (MPARMAPR) ;2.3
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WP 2.9 RI40 NAP
MAPR
VPR 28 PARN

0
0
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1
1
1
1
a=0
B2 Ny bHEREIOFFEME (FEH1)
Fig. 2 Hasse’s diagram with the rated goodness
(Experiment 1).

&2 POEOFEEOME (F2k 1)
Table 2 Significance test for the difference among averages

(Experiment 1).
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£3 M, PNy — 2 OFFEMESM (FE 1)
Table 3 Distribution of rated goodness for M and P patterns
(Experiment 1).

No. Goodness 1 2 3 4 5 6 1
7_[ 00000000 | |, [58] 0 1 2 3 4 12 14
8 [ 00000000 6.0 Raters 0 0 1 3 6 10 16
9_| 00000000 | , | 3.6 | 3 7 9 9 3 2 3
10 | 00000000 5.0 1.2 2 7 7 12 5
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4 Ny — v LA, RS OFFEM (925 2, T & EUER )
Table 4 Patterns and their transformational group structures with the rated goodness

(Experiment 2, average and standard deviation).

No. Pattern Transformational group structure | Run Goodness average (SD)
1| 000000000000 MAP 10 5 5.9 (1.6)
2 | 000000000000 MAPR 6 3 6.2 (1.4)
3 | 000000000000 PARM 10 4 5.6 (1.5)
4 | 000000000000 M 48 3 5.8 (1.9)
5 | 000006000000 P 56 4 5.3 (1.8)
6 | 000000000000 MPARMAPR 6 6 40(1.9) 46 (2.0)
7 | 000000000000 PRAMP 24 6 3.6 (1.5)
8 | 000000000000 PR 24 6 3.0 (1.5)
9 | 000000000000 RM 48 6 4.7(2.2)
10 | 000000000000 MP 888 3 4.0 (1.6)
11 | 000000000000 MPR 240 7 29(1.4)
12 | 000000000000 MAP). 5 4.4(1.8) 39 (14)
13 | 000000000000 5 | 35(1.6) o
14 | 000000000000 (MAPR): 5 2.8(1.3) 30 (1.1)
15 | 000000000000 5 33(1.4) o
16 | 000000000000 (PARM, 4 | 4131.4) 4202)
17 | 000000000000 4 | 44(13) o
18 | 000000000000 " 4 | 39(1.8) 26 (13)
19 | 000000000000 6 | 3.4(16) T
20 | 000006000000 4 | 35(16)
21| 008000080000 P 6 | aiae | 00| 3409
22 | 600000000000 6 2.7(1.4)
23 | 900000000008 | _ (MPARMAPR) yas |_5_| 3408 8009 20
24 Q“O!OOOOO“ (MPARM): 4 33(1.4) 33(13)
25 | 000000000000 4 3.4 (1.6)
26 | 000000000000 (PRAMP), 5 30(1.2) 28 (1.1)
27 | 600000000000 7 | 2703 T
28 | 000000000000 VP, 5 3.4 (15) 32 (1.1)
29 | 900000000000 4 | 30014 T
30 | 000000000000 MAP): 7 28(1.3) 27 (1.1)
31 | 000000000000 7 2.7(1.4) o
32 | 000000000000 6 2.8 (1.4)
33 | 098000000009 Bl (MAPR: s [ 28012 | 2200 | 2700
34 | 000000000000 7 2.7(1.3)
35 | 800000000000 (MPARMAPR): s | 2702 | 2707
MAP 5.9 (MAP); 39 MAP),27
MAPR62  PARMSS (APR) ;30 (PARM), 42 MAPR),2.8
M58 P53 WPARNAPR 40 M, 3.6 (MPARMAPR) ;2.7
| = | i]iimmommmeeees =
Nmps.a (MPARW) ;3.3 (PRANP), 2.8 =t
WP 40 RM 4.7 PR30 WP, 3.2
d=1
MPR 2.9
MAP 0 —— ] — 2
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PARM 0 — 1
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PRAMP 0 —— 1
WP 0 — 1
3 Ny EXERSOFEMN (%5 2)

Fig. 3 Hasse’s diagram with the rated goodness (Experiment 2).
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R 5 FHHOEOFEMOWE (5 2)
Table 5 Significance test for the difference among averages

(Experiment 2).
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Fig. 4 Hasse’s diagram for basic structures with the rated

goodness (Experiment 2).
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