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Examining disjointedness of dot patterns based on a three-stage
serial processing model of symmetry cognition

Jiro HAMADA 1, Chigusa UCHIUMI !, Yutaka SATO 1,
Steve T. FUKUDA 2, Kohji FUKUSHI 3, Kaname AMANO 4

Abstract

Rotational and reflectional transformations were applied to dot patterns in a square
grid generating cyclic (C») and dihedral (D») groups (n = 1, 2, 4). Judgments of
disjointedness (the inverse of unifiedness) of 8-, 13- and 21-dot patterns were compared
with poorness (the inverse of goodness) and complexity (the inverse of simplicity)
judgments. Results found were (a) disjointedness and complexity of 8-dot D2 linear
patterns decreased by an anisotropic spatial filter, (b) three cognitive judgments for the
patterns other than the linear patterns monotonically decreased as a function of group
order, (c) disjointedness of Cz2, and D, (n = 1, 2) were indistinguishable and were
processed in a former-stage of group theoretical model, and poorness and complexity
were distinguished in Cz2,and D, while being processed in a latter-stage, (d) complexity
increased monotonically as the number of dots increased. While 13- and 21-dot patterns
results were insignificant, disjointedness judgments were lowest in 8-dot patterns, and
influence of poorness was ineffectual. We have proposed a three-stage serial processing
model of symmetry cognition.

Key words: visual symmetry, dot pattern, disjointedness, group theory, anisotropic
spatial filter
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21-dot patterns and group theory

Order of symmetry group
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Fig. 1. Group theory and 21-dot patterns in a 9X9 grid. The solid and open circles have

the same symmetry.
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Original condition

8-dot prototype pattern

Da Da D1 Ca Ca Ci
1 2 3 4 5 6
3.6/39/1.7 25/4.1/1.3 4.0/45/1.9 3.1/43/1.7 4.1/4.4/2.0 5.3/5.9/3.1
2 1-dot compound pattern
Da Da D2 D1 Ca Ca C1
7 13 14 15 16 17 18
2.8/2.8/1.9 2.9/25/25 3.1/3.1/37 42/3.8/4.7 2.8/3.2/38 46/4.8/55 5.2/5.8/5.9
D2 D2 D2 D1 Ce Ce Ci
C
, -
_9 8 19 20 21 22 23 24
"C'D’ 4.3/35/2.3 3.8/3.2/2.7 40/3.1/39 5.0/4.0/4.6 5.9/4.2/5.9 55/4.4/5.0 6.3/6.0/6.6
a D1 D1 D1 D1 C1 C1 C1
(0]
(@}
_a’ 9 25 26 27 28 29 30
8 5.2/4.7/3.2 5.7/4.0/4.9 5.1/4.3/4.9 5.4/4.0/5.0 6.6/6.4/7.3 6.9/6.2/6.7 6.7/6.1/6.9
(@]
E_ Ca Ca Ce C1 Ca Ce Ci
4+
-8 10 31 32 33 34 35 36
(Y') 35/36/24 3.6/34/3.7 3.7/4.6/5.1 55/5.9/6.3 46/4.2/55 4.3/4.7/47 5.8/6.3/6.7
™ Ce Ce Ce Ci Ce Ce Ci
11 37 38 39 40 41 42
5.6/4.7/3.8 47/35/4.5 5.1/4.7/5.3 6.0/6.3/6.1 5.3/5.0/5.9 45/4.4/45 6.0/6.0/6.3
C1 C1 C1 C1 Ci C1 Ci
12 43 44 45 46 47 48
7.7/6.9/5.4 7.3/6.5/7.0 6.9/6.5/6.9 7.1/6.5/6.8 7.4/66/7.7 7.2/6.7/7.1 7.3/6.5/7.5
Left : Disjointedness Middle : Poorness Right : Complexity

X 2. HAERIETO 48 D EHR N — U BI O/ ONTCERGE R, T AT (EM) &
S (PR LS B OFERFEE RShTnD, s (REow) LS

WX HMh (2019) M HERPEL T2,

Fig. 2. Forty-eight patterns and results obtained under the original condition. Shown are
the 8- and 13-dot prototype patterns, and 21-dot compound patterns, and Means of

disjointedness (left), poorness (middle), and complexity (right). The data of poorness

(the inverse of goodness) and complexity are from Hamada et al. (2019) .
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Original condition

9 1 Cn: 8 -dot m Dnr: 8 -dot
<> Cn:13-dot & Dn:13-dot
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I N
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c 4} | t,
E BE
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o 3t | L4
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©
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3 D1 T~ 7o _.-m
“~.D2 .- D4
L 1
1 2 4 8

Order of symmetry group

3. EHESMTO 8 L 13 BHRFR K — & 21 BREK Y — L ORI AT LEX
& AEHE S DR E A,
Fig. 3. Means of disjointedness, poorness, and complexity judgments of 8- and 13-dot

prototype patterns, and 21-dot compound pattern under the original condition.

BEMESTIL 8 EHE <13 HE, 13 EFHE<2l
B3R, 8EFE <21 BHETT T p<.001 D
BEEND -7 (Abstract @ (d) IZFHY),

B
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A three-stage serial processing model
of symmetry cognition

Square grid
Original condition

Mixed 8-,13-, and 2 1-dot patterns

Cognitive judgments

f

Group theory

An anisotropic spatial filter

Disjointedness and complexity
of 8-dot Dz linear pattern

are the lowest

Latter

Former

Complexity of Dn is lower than Czn
Poorness of Dn is lower than Czn

f

Disjointedness of Dn is equal to Can

(n=1,2)

Monotonously decreasing
function of group order

Dot patterns

4. NTATHE B EOW) LHES (REoi) LS (Bl o) HlniIxd

BRI 3 BB EFILFE T L,

Fig. 4. A three-stage serial processing model of symmetry cognition on disjointedness

(the inverse of unifiedness), poorness (the inverse of goodness), and complexity (the

inverse of simplicity) judgments.
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Appendix
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Original condition

Rated regularity
(o))

0 :Cn
& :Cn i
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--------- 8-dot
~~~~~ 13-dot
2 m:Dn o _
*'Dn 21-dot
e:Dn
1
1 4 8

Order of symmetry group

X 5. BEONEUTHT D RAIME, A
LIZBRER S 720,

ISREONI B & BESL (8 & 13 & 21) |

XL T—H

Fig. 5. Group order versus regularity. Regularity does not have a consistent effect on

group order and numerosity (8-, 13-, and 21-dot).
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