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Abstract: This study was aimed at investigating the sampling strategies for 2 types of figures: 3-D cubes and human faces.
The research was focused on: (a) from where the sampling process started; (b) in what order the figures’ features were
sampled. The study consisted of 2 experiments: (a) sampling strategies for 3-D cubes; (b) sampling strategies for human
faces. The results showed that: (a), for 3-D cubes, the first sampling was mostly located at the outline parts, rarely at the
center part; while for human faces, the first sampling was mostly located at the hair and outline parts, rarely at the mouth or
cheek parts, in most cases, the first sampling-position had no significant effects on cognitive performance and that (b), the
sampling order, both for 3-D cubes and for human faces, was determined by the degree of difference among the

sampled-features.

Key words: Sampling strategy, Figure cognition, 3-D cubes figures, Human faces

doi:10.1631/jzus.2004.1160

INTRODUCTION

The first step of figures cognition is sampling.
During the process of sampling, what kinds of in-
formation are sampled? And in what order the fig-
ure features are sampled? These 2 problems are the
main issues in the sampling strategy in figures
cognitive process.

Lindsay and Norman (1977) believed that in
people’s memory there were some templates which
could match anything in the world. When people
saw an object, some information from the retina
was compared with the templates in the mind, if
their similarity exceeded a certain threshold, then
the object was recognized. Lindsay called this
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theory “template matching model”. Selfridge and
Neisser (1960) believed that the cognitive process
was like an inverted tree. On every processing level
were some demons responsible for their fea-
ture-concentrated process, so Selfridge called his
theory “Pandemonium”. Marr (1982) proposed a
computational model to explain vision. Marr be-
lieved objects could be represented in 2 ways: ob-
server-center way or object-center way. Marr be-
lieved object-center was better because it was more
stable. Massaro and Cowan (1993), Townsend et
al.(1980), Shibuya and Bundesen (1988) hypothe-
sized sampling behavior existed during the cogni-
tive procedure. Based on this hypothesis, Busy and
Loftus (1994) raised their “Independent sampling
process” theory. The key idea of the theory was that
every sampling behavior was independent of each
other in logic. Guez et al.(1994) proposed the
2-stage process model. At the first stage, the atten-
tion spot-light focused on some gravity centers of
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angle parts; then at the second stage, the fovea
vision concentrated on the gravity center doing
sampling. Vecera and O’Reilly (2000) proposed an
interactive model, which emphasized that both
concept-level cues and stimulus-level cues had the
same importance in pattern activations. Baylis and
Cale (2001) found that the figural priming effect
was due to residual activation of figural shape. The
nonfigural shape was not processed, as it had none
of that residual activation.

Based on the studies mentioned above, we
could sum up: figure was a very special visual
material containing a great deal of information.
Sampling from figures was an exploratory process;
there was a lot of information for observer to dis-
cover, and the relations among information pieces
were unstable and needed to be organized by ob-
servers. The cubes and human face were 2 typical
kinds of figures, so we chose them as the stimuli
materials in this study.

EXPERIMENT 1: COGNITIVE STRATEGIES
FOR SAMPLING 3-D CUBES FIGURES

Experiment 1 was designed to investigate the
sampling strategy for 3-D cubes figures.

Method

Subjects: sixty-four college students, 34 males
and 30 females, participated in this experiment. All
subjects had normal color vision and normal or
corrected normal vision.

Apparatus: The experiment was conducted
using an IBM PII computer with 15-inch monitor.
The stimulus displayed on the center part of the
monitor with size 289x289 pixel (about 10.2x10.2
cm). The distance from the stimulus to the subject’s
eye was 50 cm, approaching to 11.4° vision angle.
The experiment was programmed in DELPHI 5.0
language.

Stimuli: The stimuli of the experiment were 20
3-D cubes (shown in Fig.1).

Design: 2x2x2 mixed factorial design was
used in Experiment 1. The 3 independent variables
were: (1) 2 visual tasks (between-subject design): a)

Fig.1 3-D cubes used in Experiment 1

confirming task, 2 figures were presented on the
monitor screen; then subjects were required to
judge if the 2 figures were the same or not; b)
matching task, a target was presented on the
monitor first, then 4 figures were presented later.
Subjects were required to judge which one was the
target. (2) 2 display conditions (between-subject
design): a) clear display condition, the tar-
get-background contrast was 27.8:1; b) ambiguous
display condition, the target-background contrast
was 0.07:1. (3) 2 display manners (within subjects
design): a) rotated display, targets rotated in dif-
ferent degrees first, then presented on the screen,
whereas the matching figures kept their original
positions. The rotation degrees were 0°, 30°, 60°,
90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°, 330°
respectively; b) not-rotated display, the target kept
0° rotation degree.

The response time (RT) was recorded as the
dependent variable.

Questionnaire: A questionnaire was used to
collect information about the sampling strategy,
and the questionnaire was made by a pilot experi-
ment.

Procedure: The experiment consisted of two
tasks, different tasks with different procedure. (1)
Confirming task: subject pressed the “Begin” but-
ton, with a sound “dong”, a 3-D cube (target) was
displayed at the center of the screen for 100 ms;
then a 2-second-long time interval; after that the
second figure would be displayed (maybe rotated
some degrees). The subject was required to press
the mouse button as soon as he identified the 2
figures were the same or not. With the button was
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pressed, the figure immediately disappeared and a
response window popped out. In the window there
were 2 buttons labeled “Yes” and “No” respectively.
The subject should press one of them as response.
The 20 figures were presented in random order, and
the probability for the same cases was 0.5. In the
end, subjects were required to fill in a questionnaire
on sampling strategy. (2) The matching task: the
procedure was similar to that of the confirming task,
the difference was that the second figure was made
up of 4 3-D cubes and the answer window had 4
buttons with the same configuration. The subject
was asked to press one button in response as to the
position that the target located at.

Results

The first sampling parts: The results from the
questionnaire are shown in Table 1.

It clearly showed that most subjects chose
“outline” (49.2%) as the first sampling parts, then,
“some cube” (13.3%) and “some direction” (11.7%).
Only very few subjects chose center (4.7%) or “no
idea” (3.9%) as the first sampling parts. The result
of »* test indicated that the first sampled parts were
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significantly not uniformly distributed ()(2=133.7,
P<0.01); which indicated that for the 3-D cubes,
subjects sampled information mostly from the out-
line or some cube parts, rarely from the center parts.

Effect of first sampling on visual performance:
The results of ANOVA showed that in most cases
the first sampling had little effect on visual
performance (P>0.05).

Sampling order: The sampling order is shown
in Table 2. Both Friedman and Kendall test indi-
cated that the sampling order was significantly not
random (P<0.01); which suggested that subjects
had order arranged similarly as shown in Table 2.

In a pilot experiment, we scaled the differ-
ences degree of the 12 features in the 20 stimuli
figures. The correlations between the rank of the 12
features (from the pilot experiment) and the ranks
of the sampling order (from this experiment) varied
from 0.815 to 0.871 (depended on different ex-
periment conditions), but all the correlations were
statistically (P<0.01). The results
showed that the sampling order was consistent with

significant

the difference degree of the features, and suggested
that features with higher difference degree be sampled

Table 1 Frequency and percentage of first sampling parts ( 3-D cubes)

Outline  Center Some cube Some direction Some face Random  No idea Va P
Frequency 63 6 17 15 11 11 5 133.7 0.000
Percentage 49.2 4.7 13.3 11.7 8.6 8.6 3.9
Table 2 Sampling order in different condition (3-D cubes)
12 features Z w
= [ z &
S = & =
e & . e 5 € & & 38 g £, £ = =% p
s g & 2 £ §F 3 £ 2 €% § E 3gZ
g E < 8 £ 2 £ 3 g 58 3§ 3§ fg
3 Z = V)
o = N
=4 Confirm 2.94 3.39 4.97 5.30 7.17 6.75 6.89 6.81 7.38 7.64 8.41 1036 23390 0.332 0.00
<
F
Match 3.69 4.11 3.50 5.47 6.39 6.81 6.80 7.34 7.22 8.39 9.22 9.06 21996 0.298 0.00
E E Rotated 3.58 4.20 425 5.45 6.66 6.66 6.63 6.91 7.31 8.30 8.31 9.75 186.77 0.265 0.00
=t
'é E No-rotated 3.05 3.30 4.22 5.31 6.91 6.91 7.06 7.25 7.28 7.73 9.31 9.67 246.71 0.350 0.00
@_E Clear 3.44 3.58 4.20 5.31 6.52 7.30 7.03 7.70 7.03 8.05 8.70 9.14 204.15 0.290 0.00
53
A § Ambiguous  3.19 3.92 4.27 5.45 7.04 6.26 6.66 6.45 7.56 7.98 8.92 10.28 23426 0.333 0.00
Average 3.31 3.75 4.23 5.38 6.28 6.78 6.84 7.08 7.30 8.02 8.81 9.71 42638 0.303 0.00
Z score 1.43 1.34 1.18 0.79 0.71 009 -028 -041 -056 -1.03 -1.12 -1.50
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prior to those with lower difference degree.

EXPERIMENT 2: COGNITIVE STRATEGY FOR
SAMPLING HUMAN FACE FIGURES

The human face is a kind of very specific fig-
ure. Research on face recognition has great practi-
cal value for human beings.

Method

Subjects: sixty-four college students, 31 males
and 33 females, participated in this experiment. All
subjects had normal color vision and normal or
corrected normal vision.

Apparatus and procedure: The apparatus and
procedure in Experiment 2 were the same as those
in Experiment 1.

Stimuli: Stimuli in the experiment were 20
human face figures, 10 males and 10 females, aged
from 18 to 25, selected by a pilot experiment
(shown in Fig.2).

Results
The first sampling parts: The results from 64

Fig.2 Twenty human faces used in the Experiment 2

subjects are shown in Table 3.

Table 3 shows that the highest frequency was
“hair” (29.7%), then “outline” (25.8%) and “ran-
dom” (18%). Only very few subjects chose “mouth”
(0.8%), “cheek” (1.6%) or “no idea”(1.6%) as the
first sampling parts. The result of y* test showing
that the first sampled parts were significantly not
uniformly distributed (’=90.25, P<0.01), which
indicated that for the human face, subjects sampled
information mostly from the hair or outline parts,
rarely from the mouth part.

Effect of first sampling parts on visual per-
formance: The result of ANOVA showed that in
most cases, the first sampling had little effect on
visual performance (P>0.05).

Sampling order: The sampling order for hu-
man faces are shown in Table 4. Both Friedman and
Kendall test indicated that the sampling order was
significantly not random (P<0.01), which suggested
that subjects had sampling order arranged as shown
in Table 4.

As for 3-D cubes, the rank correlations for
human faces were statistically significant (varied
from 0.755 to 0.893, P<0.01). The results showed
that the sampling order was still consistent with the
difference degree of the features, and suggested that
the features with higher difference degree should be
sampled prior to those with lower difference de-
gree.

CONCLUSION

We sum up our results from the 2 experiments
as follows: (a) for recognizing the 3-D cubes, the
first sampling focused mostly on the outline parts,
rarely on the center parts; while for human faces,
the first sampling mostly focused on the hair and
the outline parts, rarely on the the mouth and cheek
parts. But, in most cases, the first sampling-position
had no significant effects on the cognitive perform-

Table 3 Frequency and percentage of first sampling parts ( human face)

Outline  Center  Mouth Eye Cheek Hair Random  No idea Va P
Frequency 33 15 1 14 2 38 23 2 90.25  0.000
Percentage 25.8 11.7 0.8 10.9 1.6 29.7 18.0 1.6




1164 Cao et al. / J Zhejiang Univ SCI 2004 5(9):1160-1164
Table 4 Sampling order in different conditions (human face)
10 features 7 w
S £ : £ S £ FECS T 2 £ &%

- Confirm  2.33 484 380 425 411 623 717 714 720 792 2212 0.384  0.00
& Match 381 277 502 481 527 575 556 7.02 7.08 788 1504 0261 0.00
B § Rotated 292 325 439 473 503 6.19 628 7.19 692 809 1845 0.320  0.00
'Q% é No-rotated  3.22 436 447 433 434 580 645 697 736 770 1518 0.264  0.00
E‘g Clear 3.00 423 458 433 420 544 670 6.84 7.09 858 1887 0328 0.00
g% Ambiguous 3.14 338 428 473 517 655 6.03 731 719 722 1587 0275 0.00
Average 3.07 3.80 443 453 469 599 637 7.08 717 790 32746 0284 0.00

Z score 1.51 1.05 066 0.60 050 -030 -0.54 -098 -1.02 -1.19

ance. (b) the sampling order, both for 3-D cubes and
for human faces, was determined by the degree of
the difference among the sampled-features. The
features with higher degree of this difference
should be sampled prior to those with lower degree
in sampling order.
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