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Abstract 

This experiment investigated mental representations of objects. 

Holistic and featural hypotheses' ability to explain results 

in an experiment similar to many real world tasks was exam-

ined. Stimuli were 2-dimensional line drawings representing 

3-dimensional objects. Four different objects were paired 

with 20° rotations of themselves (around the vertical axis) 

or with distractors. Some of the 20° rotations resulted in 

paired figures which shared many similar features while other 

20° rotations resulted in paired figures which shared only 

a few similar features. For each trial, subjects were asked 

- to determine if the two stimuli presented could be different 

views of the same 3-dimensional object. Percent correct and 

reaction times were analyzed. Data provided general support 

for the holistic hypothesis, although an alternate explana-

tion for the results was discussed. 
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Mental Representations of Objects: 

Holistic vs. Featural Hypotheses 

Shepard and Metzler's (1971) study of mental rotation 

has stimulated interest and a great deal of research on the 

mental representation of visual information. In the initial 

study by Shepard and Metzler, subjects were asked to deter-

mine whether two-dimensional drawings depicted the same 

three-dimensional shape from different orientations. Reac-

tion times were found to increase linearly with the angular 

difference between the points of view taken to create the 

drawings. Shepard and Metzler interpreted these results as 

evidence for holistic, analog representation of visual infor-

mation. Subjects were apparently mentally rotating one shape 

into congruency with the other to make the required judgment. 

In contrast to Shepard and Metzler's hypothesis, 

Pylyshyn (1979) has contended that mental representation of 

visual information is featural rather than holistic. 

Pylyshyn maintains that neither complexity nor any other prop-

erty affecting how the stimuli are interpreted should have an 

effect on rotation rate if representation is holistic and 

analog. Complexity should matter if representations are fea-

tural. Since the effects of complexity lead to different 
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predictions by the two models, their role has been analyzed 

by several researchers. 

Support for Shepard's holistic model has been found in 

a number of experiments. Cooper and Podgorney (1976) examined 

the issue of complexity using random polygons differing in 

the number of pOints in the polygon and found no complexity 

effects. Robertson and Palmer (1983), employing complex, 

hierarchical stimuli comprised of local and global levels 

of structure, reported that rotation rate was unaffected by 

the number of levels which need to be rotated for a "normal" 

or "reflection" decision. 

Other research has produced data suggesting that com-

plexity does affect processing. Hochberg and Gellman (1977) 

showed that rotation rate is slower when figures have more 

details. Yuille and Steiger (1982) found complexity effects 

with complex block figures which were created by adding more 

blocks to the standard Shepard-Metzler type figures. In 

addition, Yuille and Steiger demonstrated that altering 

instructions could affect the complexity of the figures and 

thus affect reaction times. Some subjects were informed that 

only a certain section of the block figure needed to be exam-

ined to make the required judgment while other subjects were 

not informed of the figural redundancy. Reaction times of 

the informed group were significantly faster than the unin-

formed group. 
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An alternate approach to the holistic hypothesis is the 

featural position which emphasizes the importance of distinc-

tive features in perception and mental representation of vis-

ual stimuli. Hochberg and Gellman (1977) note that the sali-

ency of landmark features determines the reaction time in 

mental rotation tasks. The landmark features must be unique 

and visible from a distance for optimum performance. Hoch-

berg and Gellman posit that as the angular difference between 

two shapes increase, it becomes increasingly difficult to 

localize and identify these points. In their study, reaction 

time was found to increase as a function of angular disparity 

when landmark features were not unique and salient, but 

remained relatively constant when landmark features were dis-

tinct. 

Hochberg (1970) proposes that salient features are vital 

to caricatures in their successful portrayal of objects. 

These features create the "essence" of the object because 

they are elements by which humans naturally encode and remem-

ber the objects. Hochberg cites a study by Ryan and 

Schwarz (1956) which compared four modes of representation 

(a) photographs; (b) shaded drawings; (c) line drawings 

traced from the photographs; and (d) cartoons of the same 

objects. Cartoons of the object required the shortest expo-

sures for correct identification while the outline drawings 

required the ~ongest exposures. The photographs and shaded 
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drawings were about equal and fell between the other two. 

Hochberg concluded that the cartoons are simplified drawings 

and those features that have been retained require fewer cor-

rections to be applied to our encoded schemas or canonical 

forms of these objects. 

The present experiment attempts to examine the holistic 

and feat ural hypotheses' ability to explain results in an 

experiment similar to many real world perception tasks. Sub-

jects will be required to determine if pairs of 2-dimensional 

drawings are different views of the same 3-dimensional object. 

While Shepard and Metzler required subjects to discriminate 

bet~een different views of the same object and mirror images 

of these objects, the present experiment requires subjects 

to discriminate different views of the same object from draw-

ings of similar 3-dimensional objects. This particular com-

parison was used to make the experimental task similar to 

real world tasks in perception and thus provide more ecolog-

ical validity for the explanations. 

The geometrical shapes will be paired with 20° rotations 

of themselves and also with distractors. Some of the 20° 

rotations result in paired figures which share many similar 

features while other 20° rotations result in paired figures 

which share only a few similar features. If mental repre-

sentation is holistiC, reaction times for both types of pair-

ings (i.e., many vs. few similar features) should result in 
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approximately the same reaction time with relatively few 

errors. If representation is featural, judgments for pairs 

sharing many similar features should result in significantly 

faster reaction times and less errors than those pairs which 

share only a few features. No specific predictions are made 

for pairs comprised of an object and a distractor since they 

are not relevant to the hypotheses being examined. 

Method 

Subjects. The subjects were 23 undergraduate and gradu-

ate students obtained from the Psychology department's volun-

tary subject pool at Ball State University. 

Stimuli. Two sets of computer generated line drawings 

were used in the experiment, 20 experimental stimuli and 2 

pretest stimuli. The experimental stimuli were views of the 

following 3-dimensional objects: a pentapyramid, pentabarn, 

pyramid, and tent (see Figure 1). The a, b, and c views of 

each object differ by 20°. Views d and e were created by 

altering the a and c views. Alterations were made by adding 

or subtracting a line or corner from the drawings (see Figure 

1). Although the distractor figures were featurally similar 

to the drawings of the objects, they could not actually be 

any of the objects in any rotational view. 

The stimuli used in a pretest were the drawings shown 

in Figure 2. 
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Objects in Rotational Views Distractors 

.- a b c d e 

o 
Pentapyramid 

Pentabarn 

Pyramid 

-

-
Tent 

Figure 1. Experimental stimuli. 
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Figure 2. Pretest stimuli. 
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All stimuli were approximately 1i" x 1i" and appeared 

on a screen measuring 5~" x 7". 

Procedure. Subjects were tested individually using an 

Apple 11+ computer with a high resolution B & W CRT. Sub-

jects were informed that they were to participate in two 

short experiments. The first experiment (actually a pretest) 

served to acquaint them with the experimental equipment. 

Pretest figures were paired in combinations of a:a; 

b:b; and a:b (see Figure 2). Pairs were presented in random 

order on a CRT for a total of 50 trials. Subjects were 

asked to press the "slash" key (right, bottom key on keyboard) 

if the two stimuli presented were the same and press the HZ" 

key (left, bottom key on keyboard) if the two stimuli were 

different. 

In the experiment following the pretest, subjects were 

asked to determine if the two stimuli appearing on the 

screen could be different views of the same 3-dimensional 

object. Subjects were to respond by pressing the "slash" 

key (right, bottom key on keyboard). If the two stimuli in 

the pair were judged to be different, subjects were to press 

the HZ" key (left, bottom key on the keyboard). 

Stimuli were presented in the following pairs (see Fig-

ure 1): (1) a:b, (2) b:c, (3) b:d, (4) b:e. Each subject 

was presented the 16 pairs in a different random order. The 
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entire testing session, including the pretest, lasted approx-

imately 20 minutes. 

Results 

Pretest reaction times show that the subjects generally 

understand the experimental procedure. Overall percent cor-

rect is 96. Mean reaction time is 689 milliseconds. 

The percent correct for experimental stimuli (see Figure 

1) provide support for the holistic hypothesis. Data are 

summarized in Table 1. A t-test within subjects showed no 

significant difference in percent correct between pairs a:b 

and b:c for all objects but the pyramid. It is not clear 

why the results are different for the pyramid. 

Analysis of reaction times also supported the holistic 

hypothesis. Data are summarized in Table 2. At-test 

between groups was used to evaluate significance because data 

could be analyzed only for subjects who answered correctly 

for both views a:b and b:c. Degrees of freedom varied across 

objects because the number of subjects who met this require-

ment differed on each object. Also, data for subjects were 

analyzed only if their reaction times for a particular judg-

ment were less than three standard deviations above the mean. 

This was done to insure that subjects were utilizing the same 

general strategy. No significant differences were found in 

reaction times between judgments for pairs a:b and b:c for 

any of the objects. 
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Table 1 

T-test Data for Percent Correct in Experimental 

Object 

Pentapyramid 

a:c 

b:c 

Pentabarn 

a:b 

b:c 

Tent 

a:b 

b:c 

Pyramid 

a:b 

b:c 

Stimuli Pairs a:b and b:c 

Percent 
Correct 

83 

65 

64 

73 

86 

73 

73 

96 

t 

1 .45 

.70 

-1 .06 

2.485 

df 

21 

21 

21 

21 



Object 

Pentapyramid 

a:b 

b:c 

Pentabarn 

a:b 

b:c 

Tent 

a:b 

b:c 

Pyramid 

a:b 

b:c 
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Table 2 

T-test Data for Reaction Time in 

Experimental Stimuli Pairs a:b and b:c 

Reaction 
Time (mlsec) 

2537 

2547 

31 51 

2913 

2256 

2836 

2286 

2487 

t 

.02 

.32 

1 . 31 

.48 

df 

32 

28 

33 

35 
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Percent correct and reaction time data for pairs b:d 

and b:e were not relevant to the predictions made for either 

the holistic or featural hypothesis and were not analyzed 

formally. However, the means for percent correct and reac-

tion times were similar to those obtained in the a:b, b:c 

conditions. 

Discussion 

The findings of this study generally support the holistic 

representation hypothesis advoca~ed by Shepard. Subjects per-

formed equally well with pairs which shared many similar fea-

tures and with pairs which did not. The exception to this 

general rule was demonstrated by the judgments for the pyra-

mid. Subjects made more accurate judgments for pair b:c than 

for pair a:b. The reason for this inconsistent result is 

unclear. 

From the holistic standpoint, equally accurate judgments 

should be obtained for all pairings and across all objects 

on all views. The featural hypothesis does not explain the 

inconsistent results well either. In fact, when pairs a:b 

of all objects are examined, it seems that view a of the 

pyramid shares more similar features with view b than these 

views of any of the other objects. Thus, of all objects, 

subjects would be more likely to perform more similarly on 

pairs a:j and b:c for the pyramid than for other objects . 

-------_ ... -.- .. - ._ .. _ ........... . 
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Although the holistic hypothesis received general sup-

port in the present experiment, the subjects' slow reaction 

times may have masked results which would support the fea-

tural position. Shepard's (1971) subjects appeared to men-

tally rotate objects at the rate of 30 to 45 degrees per 

second while subjects in the present experiment average only 

6.5 to 10 degrees per second. The perception of features 

and the discrimination of objects may be rapid processes 

which occur within a very short time period. If this is the 

case, the very slight difference in judgment times between 

views a:b and b:c would not be apparent due to the general 

inflation of reaction times for all jUdgments. 

--------_._----_ .. _-_._-_ .. _ .. 
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