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Although, ordinarily, upright objects are readily recognized by observers who are tilted, it is 
hypothesized that this is achieved by a process of correction. The first stage of that process is 
held to be a description of the object in relation to the biologically more primitive system of 
retinal coordinates. In order to test this hypothesis, tilted subjects were required to view figures 
under conditions of inattention (Experiment 1) or divided attention (Experiment 2). Under such 
conditions description may not proceed beyond that first stage. The results showed that recog- 
nition was higher for figures that maintained their orientation with respect to the retina (although 
they were then tilted in the environment) than for figures that remained upright in the environ- 
ment (although they were then disoriented with respect to the retina). This outcome is the very 
opposite of what occurs under conditions of attention. 

When a tilted observer views an upright object or figure, 
there is little if  any difficulty in perceiving and recognizing it. 
Only if  the observer's head is inverted or, for lesser head tilts, 
only if  the material to be recognized is in some sense complex, 
such as cursive writing, is there any evidence that the disori- 
ented retinal image leads to difficulty in recognition. Instead, 
what seems to matter  for correct processing and recognition 
is that the directions top, bottom, left, and right are appropri- 
ately assigned to the object. Ordinarily such assignment of  
directions is based on gravity information and the coordinate 
vertical and horizontal axes of  the visual scene. Therefore, 
despite the changing orientation of  the retinal image when 
the observer is tilted, there is no change in the assignment of  
directions to objects and thus no failure of  recognition (Rock, 
1973). 

Nonetheless, there are reasons for believing that the achieve- 
ment  of  appropriate perception and recognition under such 
circumstances is the end result of  a process of  correction in 
which the orientation of  the retinal image plays a role. The 
perceived orientation of  objects in relation to the body of  the 
observer is based on the orientation of  the retinal image (Rock, 
1954). If  an observer views an object or figure that is in a 
horizontal plane, the perceived top of  it can only be given 
egocentrically, and this perception in turn is directly given by 
the orientation of  the object's retinal image. We suggest that 
such perceived egocentric orientation is the direct result of  a 
biologically primitive assignment of  orientation to objects in 
relation to the self on the basis of  the retinal coordinates. 
Thus, the image of  a vertical line is experienced as aligned 
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with the long axis of  one's head, a horizontal line with the 
head axis that is parallel to the two eyes, the downward 
direction on the retina with an upward direction in relation 
to the self, and so forth. 

Notwithstanding this fact, one might maintain that egocen- 
tric orientation does not play a role in the perception of  object 
orientation when, as is almost always the case, information is 
available as to how things are oriented in the environment. 
One might think that ordinarily there is no such r01e of 
egocentric orientation based on retinal orientation. However, 
some clues suggest that there is. We already hinted at two 
reasons for believing so. One is that it does become difficult 
to recognize certain kinds of  material when retinal orientation 
is no longer upright. Recognition of  handwriting is impaired 
if  an upright page is viewed with the head tilted 90°. Recog- 
nition of  such writing and of  facial expression and identity is 
severely impaired when the observer views these objects from 
an inverted position of  the head. In these cases recognition is 
not impaired if the objects are tilted or inverted in the envi- 
ronment so that they are upright on the retina (Krhler  1940; 
Rock, 1973; Thouless, 1947). Moreover, there is a decline in 
the recognition even of  simpler forms when they are viewed 
with the head inverted (Rock, 1956). Finally, it is interesting 
to note that although one easily recognizes simple upright 
figures, such as letters or numbers, from a tilted position of  
the head, or when they are tilted, say, 90 ° and the observer is 
upright, there is a sense in which these figures appear to be 
phenomenologically different from when they and the ob- 
server are both upright. The letters and numbers in Figure 1, 
although easily recognizable, do not look entirely normal. We 
suggest that this effect is the result of  a description based on 
the object's egocentric orientation that goes along with a 
description based on its correct orientation. 

Therefore, we hypothesize that perception of  form always 
begins with a description based on the subtle interplay of  the 
geometry of  the object's image and the assignment of direc- 
tions to it on the basis of egocentric coordinates. However, 
typically when we view upright objects from a tilted position, 
to achieve appropriate perception we must suppress that 
egocentric description because we have good information 
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all four condit ions subjects fixated on a point  where subse- 
quent ly  a figure was presented. The  instructions were to either 
look at the figures or  perform a distractor task. 

Method 

Subjects 

Seventy-two unpaid undergraduates at Rutgers University partici- 
pated in this experiment as partial fulfillment of a course requirement. 
Twenty subjects were assigned to Conditions 1 and 2 (attention 
withdrawn), and 16 subjects to Conditions 3 and 4 (attention allo- 
cated). 

Figure 1. Tilted letters and numbers, although easily recognized, do 
not look the same as when they are upright. 

concerning objects'  orientat ions in the w o r d .  The  egocentric 
description is then superseded by one in which the directions 
of  the object are assigned on the basis o f  such information.  
The  final phenomena l  shape is then based on the subtle 
interplay o f  the object 's  geometry  and its direct ion assigned 
on the basis o f  informat ion  o f  the object 's  orientat ion in the 
world. 

The  experiments  described herein were designed to reveal 
the reality o f  the first stage o f  description based on egocentric 
coordinates. We reasoned that  the final description based on 
envi ronmenta l  coordinates  most  probably requires attention. 
It is based on a process o f  interpreting the retinal image in 
terms of  informat ion  such as that  f rom gravity receptors and 
thus can be thought  o f  as a constancylike menta l  operation. 
The  role o f  at tention in achieving shape and size constancy 
has recently been demonst ra ted  by Epstein and Lovitts (1985) 
and Epstein and Broota (1986). We thus reasoned that  i f  
at tention is withdrawn when one  is viewing an upright object 
f rom a tilted position o f  the head or  entire body, the percep- 
t ion may  remain  at the more  primit ive level o f  description 
based on the egocentric coordinates. 

Although we investigated the effect o f  inat tent ion (or di- 
vided attention), our  research was not  pr imari ly concerned 
with the issue o f  at tention and inattention.  Rather,  our  ma-  
nipulat ion o f  the degree o f  at tent ion was an experimental  tool 
with which to investigate the process o f  correction in form 
perception. However ,  it is true that  the effect o f  inat tent ion 
or  divided at tent ion on perception is itself o f  major  theoretical 
interest, so the findings will undoubtedly  have impor tance  for 
more  general issues of  perception.  

E x p e r i m e n t  1 

There were four condit ions in Exper iment  1, which were 
combinat ions  of  two levels o f  at tent ion and two head orien- 
tations. At tent ion could be either allocated to or withdrawn 
from the figures, and the subject 's head was either upright or  
tilted 90* while the figures were being viewed in a learning 
phase. Thus the four condit ions were at tention withdrawn, 
head tilted; at tention withdrawn, head upright; a t tent ion al- 
located, head tilted; and at tent ion allocated, head upright. In 

Apparatus 

A Scientific Prototype three-channel tachistoscope (model GB) was 
used to present the stimulus cards. All three tachistoscopic fields were 
square in shape and thus did not contribute to any frame-of-reference 
bias. That is to say, either the objective top or the objective side of 
the square frame could serve as the phenomenal top. Since figures 
were tilted only 90* the side of the square could serve as "top" that 
would then be aligned with the subjects' egocentric "up," or the top 
of the square could serve as "top" that would be aligned with the 
environmental "up" direction. Therefore the square frame would not 
bias the result one way or the other. Attached to the front of the 
tachistoscope was a chin rest that allowed the subject's head to remain 
stationary when the stimuli were viewed with head upright. In the 
head-tilted condition, the subject rested his or her head on a horizon- 
tal wooden surface with padding that was also attached to the tach- 
istoscope. 

Figures 

Each stimulus figure was drawn on a 7 x 9.5-in. piece of white 
cardboard with a I-mm black ink pen. The figures subtended a visual 
angle of approximately 2.25*. There were two sets of cards, one for 
the learning phase and one for the test phase. Each learning-set card 
consisted of one central stimulus figure and two clusters of equally 
spaced dots at the upper left and lower right (see Figure 2). Each 
cluster projected a visual angle of approximately 1". There were 12 
such cards in the learning set. 

The figures were abstract line drawings lacking any obvious mean- 
ing. They were drawn according to the following criteria. First, they 
were such that they were expected to undergo a change in phenomenal 
appearance when seen tilted 90*. Toward this end, the figures were 
not to contain distinctive local features that could be recognized. 
Moreover, the effect of change of orientation on phenomenal shape 
was such that the subjects were not likely to detect that a figure has 
been rotated. This requirement obviously ruled out the use of familiar 
figures. All figures were stylistically similar to one another in that 
they were irregular, closed shapes of approximately the same level of 
complexity. On each card, two clusters of black dots (4 mm in 
diameter) were present along an axis 45* off the vertical in the 
counterclockwise direction. This diagonal axis was selected so that 
the dots would not provide a frame of reference favoring the gravi- 
tational coordinates over the retinal coordinates or vice versa for an 
observer tilted clockwise 90*. The separation between the two clusters 
(center to center) was approximately 4.5*. The stimulus figure was 
placed between the dot clusters. Both clusters consisted of 5 to 7 dots. 
Thus the cards consisted of the central novel figure and either the 
same or a different number of dots in the two clusters. 
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Figure 2. One of the figures used in Experiment 1 with the nu- 
merosity task consisting of dots on the upper left and lower right. 

The test cards, 18 in number, did not contain any dots. To the 12 
learning-set figures were added 6 new figures in order to be able to 
assess the level of recognition performance. Six of the learning-set 
figures maintained their orientation between the training and the test, 
and the other 6 were rotated 90* counterclockwise for the test. The 
new figures were stylistically similar to the learning-set figures. 

Procedure 

Seventy-two subjects were divided into four groups corresponding 
to the four conditions. A between-subjects design was used. Each 
condition consisted of two phases, learning and test. 

Learning phase. The same set of 12 cards (with figures and dots) 
were used during the learning phase in all conditions. All the pres- 
entations were viewed monocularly, because both eyes could not be 
accommodated by the size of the tachistoscopic field that was visible 
given the location of the subject's head. The subject sat on a chair 
and positioned him- or herself on the chin rest. Before the first 
practice trial the subject was instructed to view a fixation point (2 
mm in diameter) that was located where the figure would appear 
subsequently. In the attention-withdrawn conditions, the subject was 
told to attend to the dots that would appear and make a decision 
regarding their numerosity. It was explained that the response could 
be either "same" (same number of dots in each group) or "different" 
(different number of dots in each group). The presence of the figure 
in the central region was justified by telling the subject that one 
purpose of the experiment was to study the effect that these figures 
might have on their performance. 

In the attention-allocated conditions, the subject was told to ignore 
the dots, their presence being attributed to requirements of a previous 
experiment. Subjects were instructed simply to look at the figures, 
and no mention of a later test was made. A practice card was then 
shown tachistoscopically. The subject was told that the best strategy 
would be to hold the eyes still because some time would be wasted 
by moving them. 

All the instructions and preliminary practice were given with the 
subject sitting upright. After this, subjects in the head-tilted conditions 
were asked to sit on a different seat with their head tilted 90* clockwise, 
resting on a padded surface. (It was assumed that information con- 
cerning the orientation of the figures in the environment was provided 
by gravity and whatever visible contours in the scene or the display 
served as a visual frame of reference. No attempt to separate or to 
investigate these factors was made in the present experiments.) Sub- 
jects in the head-upright conditions remained seated upright. 

In the attention-withdrawn conditions, each card was presented 
three times for 500 ms because in the pilot testing fewer than three 
presentations resulted in chance level of recognition. Thus, there were 
a total of 36 presentations (12 cards, three repetitions), with the order 
randomized within each set of 12 cards. In the attention-allocated 
conditions, each card was presented once for 500 ms. In pilot testing 
it was clear that one such exposure sufficed for learning, that is, for 
above-change recognition. Thus there were a total of 12 presentations. 
For all conditions the presentations were separated by a time interval 
of 3 s. Following every stimulus presentation, a blank field of the 
same brightness as the stimulus field came on for 200 ms. Each trial 
began with the subject fixating the dot presented in a separate channel 
of the tachistoscope. 

Test phase. After the learning phase, each subject was tested for 
recognition. All subjects sat upright with head stabilized by the chin 
rest. The 12 figures used in learning were divided into two groups, A 
and B. For half the subjects, Group A figures were upright and Group 
B figures were tilted 90* counterclockwise; for the other half Group 
B figures were upright and Group A figures were tilted 90* counter- 
clockwise. 'Because the subjects in the head-tilted conditions were 
tilted clockwise in the learning phase, figures that were tilted coun- 
terclockwise in the test fell in the same orientation on the retina; 
figures that remained upright in the test fell in a different orientation 
on the retina, namely, one that was rotated by 90*. All presentations 
during the test phase for all conditions were also viewed monocularly. 
As a sample, the subject was shown the figure that was accompanied 
by dots in the practice trial preceding the learning phase. The subject's 
task was to say either "yes" (the figure is from the learning set) or 
"no" (the figure is not from the learning set). The subjects were asked 
to guess when they were uncertain. 

Interview. At the end of the test phase subjects were interviewed. 
The subjects from the attention-withdrawn conditions were asked, 
"Do you feel that some of the cards of the training set were shown 
more than once?" An answer in the affirmative led to a further 
question: "Do you say this because of the familiarity of the groups of 
dots or of the figures?" The subjects from both conditions were asked, 
"Did you feel that some of the test figures were rotated versions of 
the training figures?" If a subject said yes to this last question, the 
further question was, "Did you say yes to such figures or no?" 

Results 

Because each condition was run with separate subjects, we 
shall consider the results of  each one separately. 

Condition 1: Attention Withdrawn, Head Tilted 

Since subjects in Condition 1 were tilted clockwise in 
learning and were upright in the test, the test figures that were 
now rotated counterclockwise maintained their orientation 
with respect to the retina. The upright figures, on the other 
hand, kept their orientation constant with respect to gravita- 
tional coordinates  but  changed their  or ientat ion with respect 
to the retina. If  lack o f  a t tent ion did render  a descript ion 
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consistent with retinal orientation, we could expect a predom- 
inance of "yes" responses to the retinally unchanged figures 
that in the test were actually tilted 90*. The mean number 
and percentage of"yes"  responses for 20 subjects for new (N), 
retinally unchanged (R), and environmentally unchanged (E) 
figures are presented in Table 1. A three-group, one-way, 
repeated measures analysis of  variance (ANOVA) was per- 
formed on the data. A significant F ratio was obtained, F(2, 
38) = 27.32, p < .01. An honestly significant difference (HSD) 
test was used to test the significance of  differences between 
pairs of test-figure types, and the analysis is presented in Table 
2. The R and E test-figure types differed significantly from 
the N test-figure type (p  < .01), and the R and E values 
differed significantly from each other (p  < .05). 

On being interviewed, 19 of  the 20 subjects said they were 
not aware of  multiple presentations during the learning phase. 
The one subject who was aware of  it attributed this to the 
dots and not the figures. This result suggests that attention 
was indeed withdrawn from the figures during the learning 
phase. By and large, subjects felt that they were guessing in 
the test. Three of  the 20 subjects were aware that some figures 
were rotated between the learning and test phase and said 
they responded by saying "yes" to those figures. These re- 
sponses in the interview were approximately the same for all 
the conditions of  the experiment, so we do not report them 
for the other conditions. 

Discussion. The maintenance of  retinal orientation led to 
higher recognition than did the maintenance of  environmen- 
tal orientation. Because more R figures were recognized, these 
figures must have been encoded or described according to 
retinal coordinates during the learning phase. Furthermore, 
because the E figures also must have been described in ac- 
cordance with the retinal coordinates, they yielded lower 
recognition as a result of  the change in retinal orientation 
from learning to test. 

These results contrast with an earlier finding (Rock & 
Heimer, 1957) in which novel figures were presented to 
upright observers during the learning phase. Later, in the test 
phase, among other (new) novel figures, the training figures 

were shown in two orientations. For an observer tilted in the 
test, one orientation was constant on the retina and the other 
was constant in the environment. The observer was to say 
whether or not a particular figure appeared familiar. Attention 
in this case was not withdrawn from the figures. This resulted 
in high recognition of environmentally uptight figures and a 
low recognition of retinally upright figures. 

Condition 2: Attention Withdrawn, Head Upright 

Condition 2 was identical to Condition 1 with the exception 
that the subject sat upright during the learning phase. Thus, 
E test figures were both retinally and environmentally upright 
and R test figures were both retinally and environmentally 
rotated. (Note: R stands for rotated figures for this condition.) 
Since the R figures were rotated relative to the retinal and the 
gravitational coordinate systems, their orientation and form 
underwent a change with respect to both coordinate systems. 
Thus, neither coordinate system would be useful in recogni- 
tion of  R figures. The E figures, on the other hand, can have 
conceivably enjoyed the advantage of  being upright in two 
coordinate systems as compared with one. The mean ~ m b e r  
and percentage of  "yes" responses for N, R, and E test-figure 
types are given in Table 1. A one-way, repeated measures 
ANOVA yielded an F(2, 38) of 44.54, p < .01. An HSD test 
was used to test the significance of  differences between pairs 
of  test-figure types (see Table 3). All three types of test figures 
differed significantly from one another (p  < .01). 

Discussion. The results of  Condition 2 indicate what is to 
be expected when subjects are not attending to figures and 
are shown some figures that remain upright and some that 
are tilted 90* in a subsequent test. Recognition parallels the 
results of  many earlier investigations in which subjects were 
attending to figures. There was a sharp decline in recognizing 
figures that had changed their orientation by 90* in Condition 
2. Against these results, taken as a baseline, the results of  
Condition 1 are diametrically different. Figures that remained 
upright in the environment were recognized less often, and 
figures that changed their orientation in the environment 

Table 1 
Mean Number and Percentage of "Yes " Responses in Experiment 1 

Mean number 
State of attention and orientation Figure of 

of subject in learning ~ type "yes" responses b SD % 

Condition 1: attention withdrawn, E 3.05 1.10 50.8 
head tilted (N = 20) R 4.05 1.32 67.5 

N 1.45 0.82 22.5 
Condition 2: attention withdrawn, E 3.60 1.23 60.8 

head upright (N = 20) *R 2.15 1.35 35.8 
N 1.10 0.97 18.3 

Condition 3: attention allocated, E 3.88 0.96 64.6 
head tilted (N = 16) R 2.31 1.19 38.5 

N .5 0.63 8.3 
Condition 4: attention allocated, E 4.0 1.09 66.7 

head upright (N = 16) *R 2.62 1.45 43.8 
N .56 0.81 9.4 

Note. E = environmentally unchanged, *R = rotated, R = retinally unchanged, N = new. 
a All subjects were upright for all figures in the recognition test. 
b Each subject saw six figures in a given orientation in each condition so that the maximum number correct was 6. 
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Table 2 

Differences Between Means of Test-Figure Types in 
Condition I 

Test-figure type 

Test-figure type N R E 

N - -  2.60** 1.60** 
R - -  - -  1.0" 
E - -  - -  - -  

Note. N = new, R = retinally unchanged, E = environmentally 
unchanged. Critical honestly significant difference = 1. l 0, p < .Ol; 
0.86, p < .05. 
* p < . 0 5 .  * * p < . 0 1 .  

were recognized more often. Thus, it would appear that what 
mattered for recognition in Condition 1 was the maintenance 
of  retinal orientation. The R figures remained in the same 
orientation with respect to the retina, and the E figures were 
changed with respect to that orientation. 

Condition 3: Attention Allocated, Head Tilted 

To briefly review the procedure, in the learning phase the 
subjects were instructed to ignore the dots and to look at the 
figure when it appeared. The test phase was identical to the 
those of  Conditions 1 and 2. 

The purpose of  Condition 3 was to provide an attention 
control for Condition 1. The mean number  and percentage 
of  "yes" responses for N, R, and E test-figure types are 
reported in Table 1. The main finding was essentially a 
replication of  the previously observed superiority of  environ- 
mentally based recognition when figures are attended to 
(Rock, 1956, 1973; Rock & Heimer, 1957). A one-way, 
repeated measures ANOVA yielded an F(2, 30) of  62.10, p < 
.01. An HSD test was used to test the significance of  differ- 
ences between pairs of  test-fignre types (see Table 4). All three 
types of  test figures differed significantly from one another (p  
< .01L 

Discussion. The results of  Condit ion 3 were exactly op- 
posite to those of  Condition 1 in that the environmentally 
upright figures were better recognized than the retinally up- 
right ones (see Figure 3). Maintenance of  retinal orientation 
did not provide an advantage for recognition under conditions 
of  attention because correction led to an environmentally 
based description during learning. Thus, the memory based 
on a description of  R figures did not find a match during the 

Table 3 
Differences Between Means of Test-Figure Types in 
Condition 2 

Test-figure type 

Test-figure type N R E 

N - -  1.05 2.50 
R - -  - -  1.45 

Note. N = new, R = rotated, E = environmentally unchanged. Critical 
honestly significant difference = .69, p < .01. All differences are 
significant at p < .0 I. 

test phase. The E figures, on the other hand, were described 
in accordance with the environmental coordinates and were 
thus recognized to a higher degree. 

Condition 4: Attention Allocated, Head Upright 

Condition 4 was identical to Condition 3 with the exception 
that the subjects sat upright during the learning phase. This 
served as a control for both attention and head tilt. Thus, the 
R figures of  the test set were rotated with respect to both 
retinal and environmental coordinates. (Note: R stands for 
rotated figures in this condition). On the other hand, E figures 
maintained their orientation with respect to both the retinal 
and environmental coordinates. The mean number and per- 
centage of  "yes" responses for N, R, and E test-figure types 
are reported in Table I. A one-way, repeated measures ANOVA 
yielded an F(2, 30) of  42.01, p < .01. An HSD test for 
differences between pairs of  means for test-figure types was 
used (see Table 5). All three test-fignre types differed signifi- 
cantly from one another (p  < .01). 

Discussion. Environmentally unchanged figures in Con- 
dition 4 were described in accordance with environmental 
coordinates during learning, and they were recognized in the 
test because this description found a match in memory. On 
the other hand, R figures were less recognizable because their 
rotation led to an altered description that did not find a match 
in memory. 

Di scuss ion  o f  E x p e r i m e n t  1 

The main question investigated in Experiment 1 was the 
effect of  inattention on form description. The lack of  attention 
led to a significant increase in descriptions consistent with 
projective orientation relative to the retinal coordinates. In 
both of  the two head-tilted conditions (Conditions l and 3), 
the mean number correct for the E and R test-figure types 
differed significantly from one another, but the differences 
were in opposite directions. That is, the distributions for R 
and E figures were reversed, showing a predominance of  
responses based on retinal orientation in Condition 1 (atten- 
tion withdrawn) and on environmental orientation in Con- 
dition 3 (attention allocated). The only difference between 
these two conditions was the allocation of  attention. 

It is interesting to note the similarity between the pattern 
of  results for Conditions 3 (head tilted) and 4 (head upright), 
which were both attention-allocated conditions. Recognition 
of  R or retinally upright figures in Condition 3 was not 
different from or superior to recognition of  the R or retinally 
rotated figures in Condition 4 under conditions of  attention. 
Similarly, recognition of  E figures in Conditions 3 and 4 was 
about equal. Thus, it can be concluded that uprightness of  
the image on the retina did not facilitate recognition and tilt 
of  the image on the retina did not interfere with recognition 
under conditions of  attention, a finding that has been obtained 
previously (Rock, 1973). 

It is also interesting to note the similarity between the 
pattern of  results for the two head-upright conditions (Con- 
ditions 2 and 4). Thus, whether subjects were attending or 
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Table  4 
Differences Between Means of Test-Figure Types in 
Condition 3 

Test-figure type 

Test-figure type N R E 

N - -  1.81 3.38 
R - -  - -  1.57 
E - -  - -  - -  

Note. N -- new, R -- retinally unchanged, E = environmentally 
unchanged. Critical honestly significant difference = .95, p < .01. All 
differences are significant at p < .0 I. 

f indings o n  ret inal ly based descr ip t ion u n d e r  cond i t ions  o f  
i na t t en t ion  could  be replicated. 

E x p e r i m e n t  2 

Exper imen t  2 consis ted o f  two cond i t ions  o f  a t ten t ion:  
d ivided and  full. U n d e r  such a t t en t ion  cond i t ions  subjects 
a s sumed  three  head  or ienta t ions:  upright ,  t i l ted 90", a n d  ti l ted 
180". 

Method 

not,  figures tha t  r e m a i n e d  in the  same  o r i en ta t ion  in the  
e n v i r o n m e n t  t ended  to be  recognized a n d  those  t ha t  changed  
t ha t  o r i en ta t ion  in the  e n v i r o n m e n t  t e n d e d  no t  to  be  recog- 
nized. 

There  were a few features  o f  E x p e r i m e n t  1 tha t  were no t  
comple te ly  ideal. O n e  was the  na tu re  o f  the  n u m e r o s i t y  
d is t rac t ion task. A n o t h e r  was the  fact t ha t  the  new figures 
in t roduced  in the  recogni t ion  test  were no t  used in learn ing  
in a coun t e rba l anced  design. Thus ,  the  a r g u m e n t  can  be  m a d e  
t ha t  they were no t  o f  equal  difficulty to  the  o the r  figures t ha t  
were seen in learn ing  a n d  test. A th i rd  was the  fact t ha t  on ly  
a tilt  o f  90* was invest igated.  E x p e r i m e n t  2 was des igned to 
deal wi th  these l imi ta t ions  a n d  also to d e t e r m i n e  i f  t he  m a i n  

1OO- 

Subjects 

Thirty-six unpaid undergraduates at Rutgers University partici- 
pated in this experiment. Eighteen students were subjects in the 
attention-divided condition and 18 in the full-attention condition for 
partial fulfillment of a course requirement. 

Apparatus 

The apparatus used in Experiment 2 was the same as that in 
Experiment 1, with the following additions. An inclined plane struc- 
ture was constructed on which subjects could lie supine and view the 
stimuli with head upside down. The plane was inclined with its lower 
end next to the tachistoscope. The tachistoscopic fields were circular 
rather than square. This latter change was not necessary (see comment 
in Apparatus of Experiment 1) but a circular field is obviously one 
that can introduce no bias for coordinate directions in any orienta- 
tion. 
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Figure 3. Results of Conditions 1 and 3 of Experiment 1 showing 
the reversal in percentage of recognition of retinally unchanged (R) 
and environmentally unchanged (E) test-figure types as a function of 
attention (AW = attention withdrawn; AA = attention allocated). 

Figures 

The figures were prepared in the same way as in Experiment 1. 
There were three learning phases and three test phases in this exper- 
iment. The set of figures used during the learning phases shall be 
described first. 

Learning set. Each card consisted of a central figure (visual angle 
approximately 2.25*) and a peripheral distractor array. For this ex- 
periment a new distractor task was used that we considered to be an 
improvement over the one previously used in that attention was now 
distracted uniformly in all directions and thus was directionally 
neutral. 

Two of the figures used in Experiment 1 were retained for Exper- 
iment 2, and 22 additional figures were prepared. The criteria for 
selection were that the figures should undergo a change in phenom- 
enal appearance due to tilts of both 90* and 180*. For example, figures 
symmetrical about a vertical axis would not be likely to undergo 
phenomenal change as a result of a 180" tilt because they would then 
remain symmetrical about a vertical axis. Hence, such figures would 
not be included in the experiment. 

The distractor array consisted of five outline figures (each subtend- 
ing a visual angle of.33") located at the apices of an imaginary regular 
pentagon (see Figure 4). These figures were either all circles or four 
circles and one square. Between these small figures and the central 
figure was a circle that separated the two. The position of the small 
square among the small circles was varied randomly from one test 
card to the next. As is apparent from Figure 3, the small figures did 
not contribute to selective processing in any given direction, unlike 
the dot clusters used in Experiment 1 that might have created an 
oblique frame of reference. It is possible, however, that for cards on 
which a square was present instead of all circles, attention was 
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Table  5 

Differences Between Means of  Test-Figure Types in 
Condition 4 

Test-figure type 

Test-figure type N R E 

N - -  2.06 3.44 
R - -  - -  1 . 3 8  

E - -  - -  - -  

Note. N = new, R = rotated, E = environmentally unchanged. Critical 
honestly significant difference = 1.19, p < .01. All differences are 
significant at p < .01. 

selectively diverted. This potentially unwanted selective processing 
was offset by presenting each figure twice, once with all circles and 
once with four circles and one square in the periphery. 

Test set. Test-set cards contained only the central figure and the 
surrounding circle. The distractor army was not included. 

Procedure 

The experiment consisted of three learning phases and three test 
phases. Each subject went through a learning phase in three different 
orientations, namely, 0", 90*, and 180*. Immediately following each 
learning phase the subject sat upright and was given a recognition 
test. Before beginning the first learning phase the subject was made 
familiar with the task and two practice trials were given. During the 
practice session the subject always sat upright. The subjects were 
divided into two groups: an attention-divided group and a full- 
attention group. The subjects in the attention-divided group were 
instructed to perform two tasks. They were asked to discriminate 
between the two kinds of distractor arrays by saying "same" to the 
all-circles array or "different" to the array comprising four circles and 
one square. They were also told to memorize the central figures and 

© 

© 

(3 
Figure.4. One of the figures used in Experiment 2 with the same- 
different task consisting of circles in the periphery. 

that their memory would later be tested. The subjects in the full- 
attention group were instructed to ignore the distractor array and to 
memorize the central figures. 

Learning phase. After the practice session the subject was asked 
to assume the first of the three head orientations. The order of these 
orientations was randomized across subjects. The head-upright ori- 
entation required the subjects to sit upright with their chin resting on 
a chin rest. The head-90* orientation required the subjects to tilt their 
head and rest it on the horizontal padded surface. For the head- 180* 
orientation, the subject lay supine on an inclined surface and bent 
his or her head backwards until it was inverted, which thus allowed 
the retinal coordinates to be altered 180* with respect to gravitational 
coordinates. 

In each orientation and in both conditions the subject was pre- 
sented with six cards. Each card was presented twice, once with an 
all-circles distractor array and once with the four circles-one square 
array. The order of cards was randomized. The presentation time was 
300 ms. As in Experiment 1, subjects were required to look at a 
fixation point (2 mm in diameter) located where the central figure 
would appear. 

Test phase. Immediately following the learning phase for each 
orientation of the subject, the subject was shown the central figures 
used in the practice session. The subject always sat upright during the 
test phase. The subject was asked to say "yes" to this figure and other 
figures that would be shown if they were from the learning set and 
otherwise to say "no." The subjects were told to guess if they were 
uncertain. During each test phase subjects were presented with eight 
cards, each of which was presented once for 300 ms. 

The figures used during the test phase varied depending on the 
orientation of the subject during the preceding learning phase. When 
the subject was upright during learning, the test set consisted of figures 
that were not rotated at all (0"), rotated 90*, rotated 180*, or new. 
Thus two figures were upright, four figures were rotated (two 90* and 
two 180"), and two figures were new. For subjects who were tilted 90* 
during learning, the test set consisted of three upright figures, three 
90* figures, and two new figures. For subjects who were tilted 180" 
during learning, the figures used during the test phase were three 
upright, three rotated 180*, and two new ones. Thus, for subjects who 
were tilted in learning, aside from the new figures, the test figures 
remained either retinally upright (R) or environmentally uptight (E). 
As in Experiment l, figures seen in the test phase by subjects who 
were tilted 90* degrees clockwise in the learning phase were tilted 90* 
counterclockwise. Thus these figures remained in the same orienta- 
tion on the retina. When the subject was upright in learning, the test 
figures either remained both retinally and environmentally un- 
changed or were tilted with respect to both the retina and the 
environment. Unlike Experiment l, the new figures were used equally 
often as learning-set figures. In other words, the use of R, E, and N 
figures in the test was counterbalanced. 

Results 

The  m e a n  n u m b e r  a n d  percentage  o f  "yes" responses  are 
given in Table  6 for  bo th  groups.  Cons ider ing  the  ful l-at ten-  
t ion  cond i t i on  first, it can  be seen t ha t  the  results  co r respond  
to those  o f  Expe r imen t  I. W h e n  the  subject  was always upr ight  
there  was a decl ine in recogni t ion  f rom a m e a n  o f  1.67 (83%) 
to a m e a n  o f  .72 (33%) for figures tha t  were t i l ted 90* in the  
test, a n d  a decl ine to a m e a n  o f  .94 (47%) w h e n  the  figures 
were inver ted  in the  test. (The  m a x i m u m  possible n u m b e r  o f  
yes responses  was 2.) For  the  subjec t -upr ight  cond i t ion  a one-  
way, repeated measures  ANOVA yielded an  F(3,  5 l )  o f  17.8, p 
< .01. A n  H S D  test was carr ied ou t  to c o m p a r e  pairs  o f  m e a n s  
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Table 6 
Mean Number and Percentage of"Yes" Responses in Experiment 2 

Full attention (N = 18) Divided attention (N -- 18) 

Orientation of 
Orientation of subjects Orientation of figures figures 

in learning in test M b SD % in test M b SD % 

Upright E 0* 1.67 .48 83 E 0 ° 1.72 .46 86 
*R 90* 0.72 .57 36 *R 90* 0.83 .62 42 

*R 180" 0.94 .72 47 *R 180" 0.89 .90 44 
N 0.22 .43 11 N 0.39 .50 19 

Tilted 90* E 0* 2.22 .65 74 E 0* 1.39 .60 46 
R 90* 1.17 .92 39 R90* 1.89 .90 63 

N 0.33 .48 17 N 0.33 .48 17 
Upside down (180") E 0* 1.94 .72 65 E 0* 1.39 .78 46 

R 180" 2.00 .84 67 R180* 1.94 .80 65 
N 0.22 .43 11 N 0.33 .48 17 

Note. E = environmentally unchanged; *R = rotated, but unlike in head-tilt conditions, not retinally upright; R = retinally unchanged; N = 
new. 
a All subjects were upright for all figures in the recognition test. 
b The total number of figures seen by each subject in a given orientation in each condition was as follows: two for each of the four test-figure 
types when the subject was upright in learning; two for the N test figures when the subject was tilted 90* or 180" in learning; and three for the 
E and R test figures when the subject was tilted 90* or 180* in learning. Thus the maximum number correct was either two or three. 

between test-figure types (see Table 7). As would be expected, 
upright test figures (E) were significantly better recognized 
than either 90*- or 180*-tilted figures. The higher recognition 
for the inverted figures (47%) was not significantly better than 
recognition of the 90* tilted figures (36%), but the trend was 
in the direction of previous findings (Rock, 1973). 

When the subject was tilted 90* in learning, recognition 
declined from a mean of 2.22 (74%) for E figures to a mean 
of 1.17 (39%) for R figures. (The maximum possible number 
of yes responses was 3, see Table 6.) A repeated measures 
ANOVA yielded an F(1, 17) of 18.0, p < .01. This pattern of 
results was quite similar to those in which the subject re- 
mained upright, again corresponding to the results of Exper- 
iment 1 and previous results (Rock, 1973). As can be seen in 
Table 6, there was little gain for R (39% vs. 36%) and little 
loss for E test figures (74% vs. 83%), compared with the 
results when the subject remained upright. When the subject 
was tilted 180" recognition was equal for the E and R test 
figures. Moreover, the results do suggest a decline in recogni- 
tion for E test figures compared with when the subject was 
upright (65% vs. 83%) and an increase in recognition for R 
test figures compared with when the subject was upright (67% 
vs. 47%). 

Table 7 
Differences Between Means of Test-Figure Types: Full- 
Attention Subject Upright in Learning 

Test-figure type 

Test-figure type N R 90* R 180* E 

N - -  .50 .72* 1.45" 
R 90* - -  - -  .22 .95* 
R 180" - -  - -  - -  .73* 
E . . . .  

Note. N = new, R = rotated, E = environmentally unchanged. Critical 
honestly significant difference = .66, p < .01; .53, p < .05. 
*p < .01. 

For the attention-divided group only the results for the 
subject-upright condition corresponded to those of the full- 
attention group, in that recognition of upright figures was 
good (mean number of yes responses was 1.72--86%) and 
recognition of tilted and inverted figures was poor (means of 
0.83 [42%] and 0.89 [44%], respectively). A one-way, repeated 
measures ANOVA yielded an F(3, 51) of 12.11, p < .01. An 
HSD test was carried out to compare the means for different 
pairs of test-figure types (see Table 8). As might be expected, 
upright (E) figures were recognized significantly better than 
either 90*- or 180*-tilted figures. When the subject was tilted 
90* the results were essentially a replication of the finding in 
Experiment 1 that when allocation of attention to a novel 
figure was restricted, the resulting description was more con- 
sistent with that figure's retinal orientation than with its 
environment orientation. The independent measures ANOVA 
yielded a significant difference between the full-attention and 
attention-divided groups for 90* head-tilted subjects, F(1, 34) 
= 5.65, p < .05, with respect to R "yes" responses. The 
attention-divided subjects recognized a larger number of ret- 
inally upright figures than did the full-attention subjects. For 
the subject-inverted condition, subjects did better with in- 
verted or R than upright or E test figures (means of 1.94 
[65%] and 1.39 [46%], respectively), although the difference 
was of borderline significance, F(1, 17) = 3.43, p = .087. 

Discussion of  Experiment 2 

The results of Experiment 2, insofar as the 0* and 90* 
conditions are concerned, correspond quite closely with the 
results of Experiment 1. In both cases, the effect of lessened 
attention to the figures resulted in better recognition for tilted 
figures that remained retinally unchanged than for figures that 
remained environmentally unchanged. 

However, there was no comparable condition in Experi- 
ment 1 for the 180* orientation condition of Experiment 2. 
The fact is that, even under conditions of attention, figures 
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Table 8 
Differences Between Means of Test-Figure Types: Divided- 
Attention Subject Upright in Learning 

Test-figure type 

Te~-figuretype N R 90* R 180" E 

N - -  .44 .50 1.33" 
R 90* __ w .06 .89* 
R 180" - -  - -  - -  .83* 
E . . . .  

Note. N = new, R = rotated, E = environmentally unchanged. Critical 
honestly significant difference = .74, p < .01; .60, p < .05. 
*p < .01. 

that remained upright (E) were not recognized as well when 
subjects viewed them from an inverted position of  the head 
(65% correct) as when the subjects were upright throughout 
(83% correct); figures that were inverted (R) were recognized 
quite well when the subjects viewed them from an inverted 
head position (67% correct) in comparison with recognition 
of  inverted figures when subjects were upright throughout 
(47% correct). Thus, regression to retinal orientation was 
evidenced even under conditions of  attention. For  that reason, 
the attention-divided condition only revealed a small addi- 
tional decline in recognition of  upright (E) figures (46% 
correct) and no additional improvement in recognition of  
inverted (R) figures (65% correct) in comparison with the 
full-attention condition when subjects were inverted in learn- 
ing. 

G e n e r a l  D i scuss ion  

Considering first the results of  conditions in which subjects 
were paying attention, we see that they were consistent across 
the two experiments and with earlier findings as well. Table 
9 presents the results of  recognition under conditions of  
attention in Experiment l,  Experiment 2, and an experiment 
conducted by Rock and Heimer (1957). The data in the first 
row reflect the change in appearance of  figures when they 
were not in the same orientation with respect to the environ- 
ment  in the learning and test sets. In these conditions the 
subject was upright throughout. There was always a decline 
in recognition, but the absolute magnitude of  recognition 
varied from experiment to experiment, as might be expected. 
It is worth noting again that in Experiment 2 the trend for 

complete inversion of  a figure was in the direction of  some- 
what better recognition (47%) than that for a 90* tilt (33%). 

The important  point revealed in Table 9, by comparison of  
the second row with the first row, is the fact that when the 
subject was tilted 90* in learning there was little change in 
recognition. That is to say, despite the change in retinal 
orientation, figures that remained upright in the environment 
were recognized about as well as when the subject remained 
upright; figures that were tilted, so as to remain in the same 
retinal orientation, were not recognized any better. Thus, 
under these conditions there was no loss from retinal change 
and no gain from retinal identity, a finding also seen in the 
earlier experiment by Rock and Heimer (1957). 

The effect of  inversion of  the subject's head, however, was 
somewhat different. If  we compare the first- and third-row 
(Experiment 2) recognition scores in Table 9, we see that 
there was a drop in recognition of  upright figures and a gain 
in recognition of  inverted figures. So, for 180* change, there 
was a loss from retinal change and a gain from retinal identity. 
The same kind of  effect was obtained in earlier research (Rock, 
1956, 1973). We have already pointed out that this fact itself 
is evidence for the reality of  a level of  figural description based 
on the retinal-egocentric coordinates. Because the correction 
for retinal inversion is difficult to achieve under these condi- 
tions, there is a regression to the retinally determined descrip- 
tion. 

We can now compare the results of  attending to the figures 
with those of  inattention or divided attention. For this purpose 
Table 10 is organized in the same way as Table 9, but there 
is no earlier comparable experiment of  inattention or divided 
attention to include here. The top row shows the effect on 
recognition of  changing the orientation of  a figure in the 
environment when viewed throughout by upright subjects. 
Interestingly enough, the pattern of  results was similar to that 
obtained when subjects were attending to the figures. There 
was a sharp drop in recognition from upright to 90*-tilted 
figure but no further decline for inverted figures. Once again 
we see that inversion did not produce less recognition than a 
tilt o f  90*. 

However, when the subjects were tilted 90", the pattern of  
results was the very opposite of  that obtained under conditions 
of attention. Compare the second row in Table 10 with the 
top and second rows of Table 9. Figures that remained upright 
in the environment were recognized less often than when 
viewed by an upright subject. The decline in Experiment 2 

Table 9 
Percentage of Recognition of Upright and D&oriented Figures Under Conditions of Attention 

Experiment 1 Experiment 2 Rock and Heimer (1957) 

Test 
figure 

Orientation Test disoriented Test 
of subjects Test figure disoriented Test Test figure disoriented 
in learning figure upright 90* figure upright 90* 180* figure upright 90* 

Subject upright 67 44 83 33 47 72 32 
Subject tilted 90* 65 39 74 39 69 42 
Subject upside down - -  - -  65 67 - -  - -  

Note. Subjects were either upright for both learning and test (first row) or tilted in learning and upright in test (second and third rows). In the 
Rock and Heimer (1957) experiment, subjects were upright in learning and tilted in the test. 
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Table 10 
Percentage of Recognition of Upright and Disoriented 
Figures Under Conditions of Inattention or 
Divided Attention 

Experiment l Experiment 2 

Figure 
Orientation Figure disoriented 
of subjects Figure disoriented Figure 
in learning upright 90* upright 90* 180* 

Subject upright 61 36 86 42 44 
Subject tilted 90* 51 68 46 63 - -  
Subject upside down - -  - -  46 - -  65 

Note. Subjects were either upright for both learning and test (first 
row) or tilted in learning and upright in the test (second and third 
rows). 

was particularly large. Figures that were tilted 90*, so that they 
were retinally and egocentrically upright, showed an increase 
in recognition. The increase was particularly striking in Ex- 
periment 1. See also the graphs in Figures 3 and 5. This 
pattern of  results was different from any earlier findings on 
the effect of  observer disorientation on figure recognition. The 
effect of  inversion of  the subject's head was to lower recogni- 
tion of upright figures and to raise recognition of  inverted 
figures, an effect obtained under conditions of  attention, but 
it was greater under conditions of divided attention. 
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Results of Experiment 2 for the 90 ° head-tilted conditions 
showing the reversal in percentage of recognition of retinally un- 
changed (R) and environmentally unchanged (E) test-figure types as 
a function of attention (DA = divided attention; FA = full attention). 

We interpret these findings as support for the existence of  
a stage in processing of  a description of  an object based on its 
orientation in relation to the observer. In both experiments, 
it was during the learning stage that inattention to or diverted 
attention from the central figure was brought about. Conse- 
quently, it was at that time that the process of  correction was 
arrested by virtue of insufficient attention. The subject 
achieved a perception based on the interplay of the geometry 
of  the figure and the assignment of directions to it based on 
the more primitive retinal-egocentric coordinates. Hence, 
that description was the one encoded in memory and the one 
available for recognition at the time of the test. 

The results point in the direction one would predict on the 
basis of this interpretation but are not entirely in accord with 
it. In each experiment one particular result deviated somewhat 
from it. In Experiment 1, when the subjects in the inattention 
condition were tilted 90 ° in learning, were they to achieve 
only a retinally based percept, they would be expected to do 
as well with a tilted figure in the test when they were uptight 
(because the figure was then unchanged retinally) as subjects 
did with upright figures when they were upright throughout. 
They did so, recognition being 68% and 61%, respectively. 
When these subjects, tilted in learning, viewed an upright 
figure in the test, they would be expected to do as poorly as 
did subjects upright throughout who viewed a tilted figure in 
the test. The reason for this is they presumably would not 
encode it in terms of  its environmental coordinates. However, 
they did better, recognition being 51% and 36%, respectively. 
This finding suggests that either attention was not completely 
withdrawn from the figure in the learning stage or, if it were, 
some processing beyond the retinally based description oc- 
curred. 

In Experiment 2 the opposite was the case for the inatten- 
tion condition. Subjects tilted 90 ° in learning did as poorly 
with figures upright in the test (46%) as subjects who remained 
upright throughout did with figures tilted in the test (42%). 
But those subjects tilted in learning also did more poorly with 
figures disoriented in the test (63%) than did subjects who 
remained upright throughout with upright test figures (86%). 
The latter finding suggests that the retinally based encoding 
per se was not as good or as durable as encoding when an 
upright subject saw an upright figure. Another way of  looking 
at this result is to say that when a subject who was upright in 
both learning and test viewed a figure that was upright in the 
test, the maintenance of  the figure's orientation was with 
respect to both environmental and egocentric coordinates, 
whereas when a subject who was tilted in learning viewed a 
figure that was tilted in the test the maintenance of  orientation 
was only with respect to egocentric coordinates. Description 
on the basis of  both coordinate systems may have resulted in 
a more enduring representation than description on the basis 
of only one coordinate system; at least this may have been 
true under conditions of lessened attention. 

One might ask why it is that subjects in the inattention 
conditions of  Experiment 1 perceived and acquired memories 
of the figures presented in the learning session. The instruc- 
tions were such that the subjects had no reason at all to devote 
any attention to the figures in the center of the cards. Previous 
research has demonstrated that there is no significant recog- 
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nition of  figures that have been viewed under conditions of 
inattention (Butler & McKelvie, 1985; Rock & Gutman,  
1981; Rock, Schauer, & Halper, 1976). (This problem did not 
arise in Experiment 2 because subjects were told to divide 
their attention). We cannot fully resolve this question, but the 
fact is that in Experiment 1 each figure was seen three times 
for 500 ms. The conditions differ from those of the previous 
research. We arrived at them by intuition and trial and error 
rather than on the basis of  theory. However, one might 
speculate that, given the repetitions of  the figures, subjects, 
having become somewhat proficient at the "same" or "differ- 
ent" task concerning the dots, could afford to divert some 
attention to the perception of  the central figure. Against this 
speculation is the fact that in the interview afterward subjects 
seemed to be unaware of  the repetitions and, in the recogni- 
tion test, claimed that they were guessing. Yet they clearly did 
recognize the figures if  one goes by performance rather than 
phenomenal experience. In fact, their performance was 
roughly equivalent to that of  the subjects in the attention 
conditions, as can be seen by comparing the entries in Table 
4 with those in Table 3 for Experiment 1. The only difference 
is that there were more false-positive responses in the inatten- 
tion conditions than in the attention conditions. 

Because the focus of  the present research was on the effect 
that withdrawal of  attention might have on form perception 
rather than on attention per se, we did not pursue further the 
interesting question of  why form perception did occur in 
Experiment 1. In other words, the manipulat ion of  attention 
was for us a method or tool to allow investigation of  its effects 
on level of  processing, so that we were content to find a 
procedure in which, despite diverted attention, we were able 
to achieve the learning necessary to conduct the experiment. 

Can the conditions of  inattention in these experiments have 
the effects they had for reasons having little, if anything, to 
do with inattention per se and the regression to egocentric 
from environmental coordinates, as we were predicting? An 
affirmative answer to this question would put these experi- 
ments in an extremely different light. For example, suppose 
what the subjects did, given the instructions about attending 
to the numerosity of  same-different task pertaining to the 
peripheral stimuli, was to move their eyes differently than 
when they attended to the central figure, or to process periph- 
eral rather than central regions of  the central figures, or to 
process details rather than the whole configuration. As to eye 
movement,  the use of  a fixation mark and the limited duration 
of  exposure would severely limit it. For  example, in Experi- 
ment 2 the exposure period was only 300 ms, and it is 
generally agreed that no eye movement  can be executed within 
200 ms, so if  any eye movement  did occur it could not have 
been more than one saccade. We believe that the data rule 
out such alternative explanations. If  it were factors of  this 
kind that mattered, then one would expect a similar decline 
in recognition when the subject was uptight. Yet in both 
Experiments 1 and 2, the level of  recognition under conditions 
of lessened attention when the subject was upright during the 
learning phase was not significantly different from that in full- 
attention conditions: In Experiment 1 the level of  recognition 
for figures upright was 61% versus 67% and for figures tilted 
was 36% versus 44%, respectively, for conditions of  inatten- 

tion and attention. In Experiment 2 the level of  recognition 
for figures upright was 86% versus 83%, for figures tilted 90* 
was 42% versus 36%, and for figures tilted 180" was 44% 
versus 47%, respectively, for conditions of  inattention and 
attention. Thus, it seems entirely justified to conclude that 
lessened attention resulted in the effect we were predicting, 
namely, processing the figures on the basis of  egocentric rather 
than environmental coordinates. This difference in processing 
would not be evident when the subject remained upright 
because the egocentric and environmental coordinates were 
aligned. 

The requirements of  the experiment imposed certain re- 
strictions on the selection of  the figures to be used. First, it 
was obviously important  that the figures had to be such that 
they would often fail to be recognized when their orientation 
was changed in the test. Otherwise we could hardly investigate 
whether inattention resulted in failure to recognize figures 
whose orientation in the environment remained unchanged, 
because of  a change in their egocentric orientation. Now not 
all figures become unrecognizable as a result of altered ori- 
entation. Certainly familiar ones such as alphanumeric char- 
acters do not. Nor do figures with a strong intrinsic axis of  
their own (Rock, 1973; Wiser, 1981). Nor is it likely that 
figures with distinctive local features, or parts or landmarks, 
would become unrecognizable, because such parts are likely 
to make the figure "orientation free." 

These considerations would seem to require the use of  
figures that are novel or unfamiliar and that have a holistic 
shape without distinctive parts that are likely to be recogniz- 
able regardless of  orientation. A great many kinds of figures 
can be generated that would meet these criteria, for example, 
whether curvilinear or rectilinear, open or closed, simple or 
complex. The kind of  figure we used is illustrated in Figures 
2 and 4. The figures are stylistically similar to those that have 
been used successfully in the past to study the effect of  change 
of  orientation on form (Rock, 1973). A shape meeting these 
criteria is perceived on the basis of  how its orientation is 
woven into a structural description that includes its geometry. 
However, it is important  to point out that the generality of  
any results obtained with the figures we used to other kinds 
of  figures is not the main point of  this research. We are 
seeking not to make general claims about all types of  figures, 
but to test a theoretical issue, specifically, a hypothesis about 
the role of  attention in the process of correcting for retinal 
disorientation. What is required are figures that will allow for 
a test of  that hypothesis. We believe the kind we selected do 
allow for such a test. 

It can be argued that ordinarily there is no prior stage of 
description based on retinal orientation that then requires 
correction. In daily life or in experiments on recognition, 
when the observer is tilted, 

there is little time for correction to occur... [and] it is more 
likely that the perceptual system is pretuned to a particular 
subjective reference frame, and that retinal information is incor- 
porated directly into that frame. Such a system would maintain 
the smooth flux of perception in everyday life despite a regular 
occurrence of head and body tilts. (Corballis, Anuze, & Blake, 
1978, p. 283) 



270 IRVIN ROCK AND ROMI NIJHAWAN 

At the same time those making this argument can acknowl- 
edge that form description on the basis of  retinal coordinates 
does occur under certain conditions, such as in viewing a 
figure in a horizontal plane or, as was found here, under 
conditions of  inattention. The argument would be that we 
can impose a retinally based reference frame and do so under 
certain conditions but do not do so ordinarily, as when we 
are tilted in viewing an upright scene. 

However, there are reasons for believing that description 
based on retinal orientation does occur even when informa- 
tion is available to a tilted observer from gravity and visual 
cues as to the directional coordinates in the environment. We 
mentioned earlier that despite correction, even simple figures 
such as letters or numbers look different when they are not 
retinally upright (see Figure 1), and this remains true if we 
observe such figures when they are upright and we are tilted. 
We then have a dual awareness of  their shape based on the 
correct assignment of  direction and on retinal directional 
coordinates. It is the presence of  the latter description that 
makes these figures look odd. Therefore the prctuning does 
not eliminate the retinally determined description. 

In experiments performed by Corballis, Nagourney, 
Shetzer, and Stefanatos (1978), the reaction time of  tilted 
observers was measured for the identification of  simple pat- 
terns in various orientations. Latency was governed primarily 
by how the patterns were oriented in the environment rather 
than how they were oriented in relation to the observer. The 
plot relating latency to degrees of  disorientation with respect 
to the vertical was essentially the same when the observer's 
head was upright and when it was tilted (60°). The investiga- 
tors concluded that these results argue against the primary of  
a "retinal factor" in the perception of  orientation. 

There are two points we could make about Corballis, Na- 
gourney, et al.'s (1978) study. The first is that from the plot 
of  the results it seems that, in two of  the experiments, reaction 
time was shorter when upright subjects viewed upright figures 
than when tilted subjects viewed upright figures. This suggests 
that a correction process was required for the tilted subjects 
and it took time. The second point concerns the method. For 
tilted subjects, the region uppermost in the scene governs the 
assignment of  directions to the patterns presented, and for 
this reason in virtually all our earlier research and in the 
attention conditions of  the experiments reported here, recog- 
nition remained high for environmentally upright figures and 
low for environmentally tilted figures, even when these tilted 
figures were egocentrically upright. Therefore, in the experi- 
ment by Corballis, Nagourney, et al. (1978), when the tilted 
subject was shown a figure tilted to the same degree, even 
though it was first described in terms of  its retinal coordinates, 
in respect to which it was upright, that description would 
nonetheless be superseded by one based on the environmental 
coordinates. Consequently, there would be no reduction in 
latency by virtue of  uprightness of the retinal image. We 
would suggest a modification of  the procedure in which the 
correct orientation of each figure as it is about to be displayed 
be given by an arrow. In other words, the arrow should point 
to the real top of  the environmentally tilted figure, that is, the 
region that in fact is not now uppermost in the scene. We 
believe that latency would then be a direct function of  retinal 
orientation. 

Still another reason for believing in the occurrence of a 
retinally based description, despite the simultaneous presence 
of  information as to an object's orientation in the environ- 
ment, is one also alluded to earlier. When conditions are such 
that the achievement of  the environmentally based descrip- 
tion is difficult, we either fail to recognize objects or regress 
to an egocentrically based description. But if the perceptual 
system is pretuned to a particular reference frame, why is 
recognition so adversely affected by departures from upright 
retinal orientation under such conditions, and why is recog- 
nition then governed primarily by retinal orientation? 

What are the theoretical implications of our findings? With 
respect to the problem of orientation and form, the results 
support our view that the seemingly unchanged perception 
and undiminished recognition that typically occurs in viewing 
objects that are upright in the environment from a tilted 
position of  one's body (Rock, 1973) do indeed require a 
process of  correction. That process occurs in two stages, the 
first of  which is a description based on an interplay of the 
figure's geometry and its egocentric orientation and the sec- 
ond of  which is a description based on the interplay of  the 
figure's geometry and its environmental orientation. The 
withdrawal of  attention from such processing arrests the pro- 
cess at the first stage and thus leads to what we are calling a 
regression to an egocentrically based description. 

Regarding our borrowing of  the term regression from Thou- 
less (1947), it should be noted that he meant to say that the 
percept regresses from the real object (what would be complete 
veridicality) to a compromise in the direction of  a perept that 
would be based simply on the proximal stimulus. Constancy 
is usually not fully achieved either in daily life or in experi- 
ment. What we mean by regression is that without attention 
the correction process fails to occur so that the percept is 
more or less totally based on retinal orientation. It is not a 
matter of  compromise. 

The broader theoretical implication of  our research is that 
once again the evidence supports the view that inattention 
can arrest processing at an earlier stage. Thus, shape or size 
constancy can be said to require an earlier stage of  processing 
in which shape or size based on the retinal image is first 
extracted (Epstein & Broota, 1986; Epstein & Lovitts, 1985). 
Only with attention can the processing continue to the stage 
at which information concerning surface slant or distance can 
be brought to bear on the proximal stimulus, thus resulting 
in shape or size perception that takes account of such infor- 
mation. If  this reasoning is correct, then our findings and 
those of  others such as Epstein and his co-workers support a 
theory of  perception, or at least of perceptual constancy, that 
is more in line with the notion of  unconscious inference (von 
Helmholtz, 1867/1962), perceptual coupling (Epstein, 1982; 
Hochberg, 1974), or an algorithmic processing approach 
(Ebenholtz, 1977; Epstein, 1977) than with the notion of the 
extraction of invariant stimulus information (Gibson, 1950, 
1966). 

However, an alternative explanation of  the Epstein & 
Broota (1986) and Epstein & Lovitts (1985) experiments, as 
the authors acknowledge, is that constancy fails under con- 
ditions of inattention, not because information about slant or 
distance is not taken into account by the perceptual system, 
but because that information is not extracted. Thus, if the 
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slanted ellipse appears to be in the frontoparallel plane or the 
distant square appears to lie in the plane of  the viewing 
aperture, then neither shape nor size constancy could be 
expected to occur. Our finding is less subject to this kind of  
interpretation. It seems unlikely that a tilted subject would 
no longer perceive veridically which orientation in the envi- 
ronment  is vertical simply because of inattention. Thus our 
interpretation that perception of  form regresses to egocentric 
orientation when attention is distracted is, to repeat, that the 
description of  a form is then based on its egocentric coordinate 
direction rather than that there is any misperception of  its 
environmental coordinate direction. 

Our findings supporting the reality of  retinally based ego- 
centric coordinates bear on the problem first investigated by 
George Stratton (1896, 1897) on adaption to a reinverted 
retinal image. Although the results of  Stratton's famous ex- 
periment remain controversial, there is a less well-known 
theoretical question that the experiment raised that also re- 
mains unresolved. The question is this: With respect to what 
can the entire visible scene that Stratton viewed through his 
lens system be said to be inverted? Stratton himself came to 
the conclusion that one cannot speak of  the uprightness or 
invertedness of an entire modality in any absolute sense and 
that it was with respect to preestablished connections between 
vision and touch that the optically inverted scene can be said 
to be upside down. Consistent with this belief, he claimed 
that the adaptation he did achieve was based on the reestab- 
lishment of  harmony between these modalities. Some years 
later Harris (1965) made a similar argument, buttressing it 
with data that revealed visual capture whenever vision and 
tactual (or proprioceptive) perceptions were thrown into con- 
flict and the ultimate adaptive shift in such nonvisual percep- 
tion. 

Although it is undoubtedly true that some of  Stratton's 
adaptations concerned the reinterpretation of proprioceptive 
information by virtue of  visual dominance, we do not believe 
that the way to understand the Stratton experiment is in terms 
of  initially created sensory disharmony with the eventual shift 
toward harmony. We suggest instead that the question, "With 
respect to what can the entire optically inverted scene be said 
to be inverted?" can be answered, "with respect to the biolog- 
ically primitive egocentric coordinates that are rooted in the 
retinal coordinates." In other words, the phenomenal inver- 
sion one experiences on first looking through an inverting 
optical device is directly visual; it is not merely intersensory. 
Therefore, although the lens scene displays appropriate rela- 
tions such as that the visible head is nearest the visible sky, 
the visible feet on the visible ground, as Bishop Berkeley 
(1709/1910) noted with respect to the normally inverted 
retinal image, the fact is that the sky in the lens scene looks 
"down" and the ground looks "up" at the outset and, in our 
opinion, continues to do so throughout the experiment. That 
genuine visual adaptation did not occur in Stratton's experi- 
m e n t - w i t n e s s  the absence of a negative after-effect on re- 
moving the lenses--or,  in our opinion, in subsequent repeti- 
tions of it for even longer durations (Ewert, 1930; Krhler,  
1964; Kottenhoff, 1957; Snyder & Pronko, 1952), supports 
the view that the retinally based egocentric coordinate system 
is indeed primitive and innate. Were the problem simply one 
of  intersensory disharmony, given what we now know about 

the plasticity of  the haptic-proprioceptive system and the 
dominance of  vision, one ought to expect rapid and enduring 
adaptation to optical inversion. 

The issue under investigation here is not directly related to 
the phenomenon of  mental rotation (Shepard & Metzler, 
1971). The kind of  phenomenon studied here concerns the 
effect of orientation on spontaneous form perception. In 
mental rotation, which one might regard not so much a 
perceptual process as an imagined one, the phenomenon is 
one of  the effect of deliberate intention to rotate an object to 
some other orientation. However, it is true that a process 
similar to mental rotation may occur in the correction of an 
object, the image of which is not upright on the retina (see 
Rock, 1973). It is likely that the limitations of  this kind of  
process explain why correction for figural rotations of  180 ° 
(or of  observer rotations of  180* when viewing an upright 
object) and correction for figures such as inverted faces are so 
difficult to achieve. It is not yet entirely clear whether "cor- 
rection" as defined here is simply one application of mental 
rotation. There are obvious similarities but also certain differ- 
ences, and we are now investigating this very question. 
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