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View Specificity in Object Processing: Evidence From Picture Matching 

Rebecca  Lawso n  and Glyn  W. H u m p h r e y s  
University of Birmingham 

Four experiments investigated the types of representations mediating sequential visual 
matching of objects depicted at different depth rotations. Matching performance was affected 
by the similarity between depicted views of the objects. Effects of view similarity were not 
influenced by the presence of a meaningless mask in the interstimulus interval (ISI), but they 
were reduced by long ISis and by familiarity with the stimuli. It is suggested that with longer 
ISis or increased stimulus familiarity, a number of object representations are activated that, 
although abstracted from some image characteristics, remain view specific. Under these 
conditions, matching is less reliant on representations closely tied to the view of the initial 
stimulus presented. The results are consistent with both the derivation and the long-term 
representation of view-specific rather than view-invariant descriptions of objects. 

Models of human visual object recognition must account 
for the generally rapid and accurate achievement of object 
constancy: that is, the relative immunity of object recogni- 
tion to changes in the retinal image projected by an object, 
dependent on the position of the object with respect to the 
viewer. Transformations of position, scale, and distance and 
rotations in plane and in depth can profoundly alter the 
retinal image projected by the same object from one view- 
ing occasion to another. Despite this, human visual object 
recognition generally proceeds efficiently and shows re- 
markably little sensitivity to changes in the viewpoint of the 
observer. 

The precise procedures by which object constancy is 
achieved remain poorly understood. Several accounts as- 
sume that a series of different representations are computed 
en route to a relatively abstract, view-invariant representa- 
tion. The derivation of a single, abstract, view-invariant 
representation is held to be necessary to minimize long-term 
storage requirements and to allow semantic and associative 
information specific to a given object to be retrieved from a 
range of retinal projections (e.g., Hinton, 1981; Lowe, 1987; 
Marr, 1982). Contrasting approaches suggest the existence 
of a small number of view-specific representations of each 
object, perhaps invariant over certain properties such as 
retinal position and scale but not invariant over rotation in 
depth (Edelman & Weinshall, 1991; Perrett, Benson, Oram, 
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& Hietanen, 1994; Tarr & Pinker, 1989) or even the exis- 
tence of numerous highly view-specific templates for each 
object that necessitate only a minimal degree of abstraction 
to match an image to a stored representation. 

In the current studies, we examined the effects of depth 
rotation on object recognition. The manipulation of rotation 
in depth is likely to provide the most stringent test of the 
ability of the human recognition system to achieve object 
constancy. Two depth-rotated images of the same object 
will often reveal different features and parts and will fre- 
quently have very different global shapes, whereas position, 
scaling, or plane rotation transformations generally have 
less catastrophic effects on the image subtended by an 
object. The task of sequential picture-picture matching was 
used to investigate the effects of depth rotation. This task 
provides good control over the depth relationship between 
two to-be-compared views without requiring a complex, 
difficult, or highly variable response (cf. picture naming; 
see also Tarr & Biilthoff, 1995), and thus the task is suited 
to detecting small effects resulting from depth rotation 
transformations. 

Empirical evidence from studies of matching relates to 
the issue of the types of representation constructed during 
object processing. Initial matching studies by Posner and 
colleagues (Posner, 1969; Posner & Keele, 1967) used 
letters with either the same or different names, presented 
either simultaneously or sequentially. These authors re- 
ported an advantage for the matching of identical letters in 
comparison with the matching of letters with the same name 
but differing case. Furthermore, this "identity benefit" (the 
advantage for matching identical relative to nonidentical 
stimuli) occurred only with a short interstimulus interval 
(ISI) between the to-be-matched stimuli. Posner suggested 
that two types of representation were necessary to account 
for the results: a visual representation mediating the rapid 
matching of identical stimuli and a name representation 
enabling matches to be made between letters differing in 
case. 

Shepard and Metzler (1971) considered the simultaneous 
matching of novel, three-dimensional objects made up of 
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blocks joined at right angles. On a given trial, the views 
were depth or plane rotations of the same object (match 
trials) or of two different objects that were mirror-images of 
each other (mismatch trials). For match trials, Shepard and 
Metzler found a linear relation between the speed of re- 
sponse and the angle of rotation necessary to align the two 
views. This relationship held irrespective of whether the 
transformation necessary to align the two views was a plane 
or a depth rotation. Shepard and Metzler suggested that 
matching involved the rotation of a mental representation of 
an object and that the time taken for rotation was directly 
proportional to the angle through which the representation 
had to be rotated. 

However, experiments using simple alphanumeric stimuli 
or novel objects may not provide valid ecological conditions 
under which to examine the processes involved in human 
visual recognition of familiar objects. For example, alpha- 
numeric stimuli are two-dimensional, and therefore only 
plane rotations (not rotations in depth) can be examined; 
also, processing may differ for familiar relative to unfamil- 
iar stimuli (e.g., stored representations are available only to 
mediate the matching of familiar stimuli). 

Later researchers have alleviated these problems by ex- 
amining the matching of more naturalistic, familiar objects 
(Bartram, 1976; Ellis & Allport, 1986; Ellis, Allport, Hum- 
phreys, & Collis, 1989; Humphrey & Lupker, 1993; Kelter 
et al., 1984; Klatzky & Stoy, 1974). Bartram (1976) con- 
ducted sequential matching experiments, presenting line 
drawings and photographs of familiar objects. He compared 
the matching of (a) identical views of the same object 
(identical view matches), (b) different views of the same 
object (different view matches), and (c) different exemplars 
of the same object category that had the same name (same 
name matches). On mismatch trials, objects from two dif- 
ferent object categories were presented. Bartram found that 
identical view matches were more rapid than different view 
matches, which were, in turn, more rapid than same name 
matches. From these results, Bartram argued that three 
different levels of representation were involved: (a) a two- 
dimensional, view-specific, perceptual representation medi- 
ating identical view matches; (b) a visual but more abstract 
representation mediating different view matches; and (c) an 
abstract representation mediating same name matches. 

Ellis and colleagues (Ellis & Allport, 1986; Ellis et al., 
1989) argued that Bartram's (1976) results could be ac- 
counted for simply by assuming that a visual similarity 
measure is computed and a "same" response is made when 
a criterion level of similarity is reached. Because, in general, 
views were increasingly dissimilar across identical view, 
different view, and same name matches, the pattern of 
results reported by Bartram would follow. Ellis and col- 
leagues conducted further sequential matching experiments 
with photographs of familiar objects to try to evaluate the 
three representations proposed by Bartram. They examined 
matching across a range of blank ISis between stimuli and 
when an intervening, meaningless pattern mask was pre- 
sented in the ISI. Participants responded "same" to objects 
with the same name, irrespective of differences in view. 
Ellis and colleagues found an advantage for identical view 
matches over different view matches that was present at 

short ISis (100 ms and 500 ms) but not at a long ISI (2,000 
ms). This advantage was also lost if the ISI was filled with 
a visual mask. Furthermore, there was an advantage for 
different view matches over matches between objects with 
the same name that was maintained at the long ISI and with 
an intervening visual mask. 

From this pattern of results, Ellis and colleagues (Ellis & 
Allport, 1986; Ellis et al., 1989) argued in support of Bar- 
tram's (1976) distinction between three types of represen- 
tation in object processing. The first type is a view-specific 
code that can mediate identical view matches. It is rapidly 
derived but dissipates quickly and is disrupted by a visual 
mask. The second is a more abstract code that can mediate 
different view matches. It is derived more slowly but is 
robust to the effects of masking. The third type is a semantic 
or name representation involved in matching different ob- 
jects with the same name (cf. Posner & Keele, 1967; War- 
rington & Taylor, 1978). Neither Bartram (1976) nor Ellis 
and colleagues (Ellis & AUport, 1986; Ellis et al., 1989) 
attempted to determine whether the abstract representation 
apparently involved in different view matches was object- 
centered and view-invariant or whether it was view-sensi- 
tive, although perhaps less precisely tied to image features 
and more robust to masking than the representation medi- 
ating identical view matches. We term this latter type of 
representation an abstract, view-specific representation to 
highlight the fact that the depicted view of the object may be 
encoded, although the representation may not be tied to 
image-based properties such as the exact spatial locations of 
edges in the image (e.g., it may be robust across lateral 
shifts of images). 

Humphrey and Lupker (1993) conducted a study similar 
to those of Ellis and colleagues, but they presented line 
drawings rather than photographs and manipulated within- 
plane rotation rather than depth rotation. They too found an 
identity benefit for matching objects shown in the same 
rather than different views; in contrast to prior research, 
however, they reported that this benefit was maintained at 
long ISis. Their results suggest that durable object repre- 
sentations are view-sensitive, and there was no evidence for 
a distinct and transient representation that mediated only 
short ISI identical view matches. 

Even for a theory proposing that object recognition is 
based on single, stored, object-centered representations of 
familiar objects, to which all views of an object are matched 
with equal efficiency, there are at least two reasons why 
effects of view might occur in matching. First, the matching 
of identical views, for which image descriptions are the 
same at every level of representation, might be mediated by 
a transient, image-based, view-specific representation that 
would be available after very little processing. This form of 
low-level matching would probably be more rapid than that 
mediated by an abstract representation, resulting in a spe- 
cific benefit for identical view matches (e.g., Bartram, 1976; 
Ellis & Allport, 1986; Ellis et al., 1989; Kelter et al., 1984; 
Klatzky & Stoy, 1974). However, matching image descrip- 
tions at such an unabstracted, image-based, low level of 
representation would not be useful for normal recognition, 
in which matching to stored object representations must 
take place. 
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Second, some views of an object might be processed 
more efficiently than other views and, hence, might activate 
a stored, abstract representation faster. For instance, "good" 
views might optimally reveal important, diagnostic features 
of the object, whereas "bad" views might lead to an ambi- 
guity in the three-dimensional interpretation of the image as 
a result of an accident of viewpoint. Palmer, Rosch, and 
Chase (1981) operationally defined the canonicality of a 
view of an object in terms of converging results from ratings 
of the goodness of a view, the judged perspective when 
imagining objects, and the best view from which to photo- 
graph a previously imagined object. Palmer et al. then 
demonstrated that more canonical views of objects were 
named faster. They concluded that canonical views maxi- 
mize the salient information about an object within the 
image. Thus, it is possible that matching to an object- 
centered representation may be influenced by the view at 
which an object is depicted, with privileged, canonical 
views enabling object-centered representations to be ac- 
cessed more efficiently. 

From these arguments, it is clear that mere effects of 
viewpoint change on object matching do not rule out the 
involvement of object-centered, view-invariant representa- 
tions in object matching and recognition. What is needed is 
a more focused attempt to assess whether there are system- 
atic effects of the degree of viewpoint change on matching 
and whether effects occur even with canonical views of 
objects. For example, effects of the degree of viewpoint 
change, even for canonical views, would be consistent with 
the involvement of view-specific representations and would 
be difficult to account for in terms of view-invariant repre- 
sentations. 

The present study assessed whether there are systematic 
effects of viewpoint change on the matching of canonical as 
well as noncanonical views of objects. One problem with 
matching studies is that they may not reflect important 
stages in object recognition; instead, matching efficiency 
may primarily reflect episodic memories of objects or early 
stages of processing before object recognition (e.g., see 
Cooper, Biederman, & Hummel, 1992). In particular, 
matching could be achieved without the use of stored 
knowledge about the specific objects presented and could be 
based solely on image-derived information. Previous re- 
searchers who have presented familiar objects have as- 
sumed that stored representations of the depicted objects 
were involved in matching, but they have not demonstrated 
this. We investigated whether stored knowledge influenced 
matching efficiency by assessing performance as a function 
of the familiarity of the orientation of the stimuli (Experi- 
ment 2). We return to consider the relations between object 
matching and object recognition in the General Discussion 
section. 

We used a sequential picture matching task in a series of 
four experiments that investigated the nature of the repre- 
sentations involved in matching identical and different, 
depth-transformed views of objects and the factors deter- 
mining the effects of view on matching efficiency. The 
representation mediating different view matches could be a 
single object-centered, view-invariant, three-dimensional 
representation (e.g., Lowe, 1987; Marr, 1982) or one of a set 

of view-specific representations (e.g., Tarr & Pinker, 1989). 
If the representation is view-invariant, then the same repre- 
sentation should be accessed by any view of the object 
presented. Hence, matching involving such a representation 
should be independent of viewpoint. However, as discussed 
earlier, view-independence could be compromised by either 
an advantage for identical view matches mediated by low- 
level, image-based representations or variation in the ease of 
encoding image descriptions or of matching them to abstract 
representations, with canonical views activating stored rep- 
resentations more efficiently than noncanonical views. In 
contrast, if only view-specific representations are involved, 
then matching should be more efficient for similar views 
than for different views, and the efficiency of matching 
should increase with increased similarity between the 
views. This should occur with both canonical and non- 
canonical views. 

Line drawings of familiar objects were used, and the view 
in depth of the depicted object was varied systematically 
(see Figure 1). Unlike photographs, line drawings possess 
no surface features that might reduce the effects of depth 
rotation by permitting low-level matching of surface char- 
acteristics (see Bartram, 1976; Humphrey & Lupker, 1993). 
The use of a range of different views allowed the depth 
relation between the to-be-matched views to be manipulated 
quantitatively. In all of the experiments, the first picture was 
presented for 100 ms, followed after a fixed ISI by the 
second picture, which was presented until a response was 
made. Participants decided whether or not the two pictures 
depicted the same object. Throughout this article, the first 
stimulus and the second stimulus presented on a trial are 
referred to as the reference and target, respectively. In 
identical view matches, the reference and target were iden- 
tical views of the same object; in mirror-image view 
matches, the reference and target were mirror-image views 

Figure 1. Examples of different views of an iron, which was one 
of the 36 objects used in all of the experiments reported in this 
article. The depicted angle of view of the iron is labeled beneath 
each line drawing. In Experiments 1 and 2 only, the 30 ° and 60 ° 
views were replaced by mirror-image reflections of the 150 ° and 
120 ° views, respectively, to ensure that the 30 ° and 150 ° views and 
the 60 ° and 120 ° views, respectively, were exact mirror-images. 
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of the same object; and in different view matches, the 
reference and target were different views of the same object. 
On mismatch trials, the reference and target depicted dif- 
ferent objects. Finally, an identity benefit indicates that 
identical view matches were made more rapidly than mir- 
ror-image and different view matches. 

Experiment 1 manipulated both target view and ISI to 
investigate the view specificity and longevity of  the repre- 
sentations involved in identical, mirror-image, and different 
view matches. Experiment 2 investigated whether stored 
knowledge was involved in matching and whether the re- 
suits of  Experiment 1 were due to within-experiment fre- 
quency effects. Experiments 1 and 2 showed that partici- 
pants had a specific difficulty in matching foreshortened 
targets; Experiment 3 considered whether this disadvantage 
could be overcome by presenting foreshortened reference 
views. Finally, Experiment 4 examined the view specificity 
of  the representations mediating different view matches by 
comparing directly the effects of  two different reference 
views. 

E x p e r i m e n t  1 

In Experiment 1, participants had to match a reference 
depicted at a depth rotation of 150 ° to one of five targets at 
different depth rotations: 150 ° , 120 ° , 90 ° , 60 ° , and 30 ° . The 
targets were thus rotated 0 °, 30 °, 60 °, 90 °, and 120 °, re- 

spectively, from the reference. In the 0 ° view, the main axis 
of  the object was depicted as perpendicular to the line of  
sight of  the viewer (see Figures 1 and 2). 

The 150 ° reference was selected as being a good, but not 
the best (most canonical), view of an object. The choice of  
the best view was based on data from a rating study de- 
scribed subsequently. Prior studies suggest that at longer 
ISis, matching is mediated by representations that are less 
view-specific and more robust to masking, whereas more 
transient and highly view-specific representations may be 
involved at shorter ISis (e.g., Ellis et al., 1989). At longer 
ISis, it is possible that participants activate a "best-view," 
canonical representation from the reference. This might 
result in matches of  the 150 ° reference being faster to a 
canonical target than to an identical but noncanonical 150 ° 
target. Such a result could not have been observed in pre- 
vious matching studies because the "goodness" of  the target 
view was not manipulated systematically. 

The views selected here were chosen on the basis of  a 
study in which 20 independent participants rated which was 
the best, most revealing view from a full set of  12 views of 
each object, each differing by a 30 ° rotation. Participants 
consistently preferred the 60 ° and 120 ° views (together 
accounting for 48.1% of choices, 70.7% if the correspond- 
ing 210 ° and 330 ° rear views are also included). The 30 ° 
and 150 ° views were chosen less frequently but still ac- 
counted for a proportion of  preferences (15.6% of choices, 

Figure 2. One view of each of the 36 experimental objects presented. From left to fight, the 
columns show views at 0 °, 30 °, 60 °, 90 °, 120 °, and 150 °. The top two rows of objects are the 
inverting items (see Experiment 2); the remaining 24 objects are the noninverting items. 
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20.5% if the corresponding 240 ° and 300 ° rear views are 
included). Very few participants selected views that were 
not rotated 30 ° or 60 ° from the 0 ° view (only 4.0% chose 
foreshortened views, either 90 ° or 270 ° , in which the main 
axis of  the object pointed directly toward the viewer; 4.7% 
chose 0 ° or 180 ° views, in which the main axis of  the object 
was fully revealed). Converging evidence for the choice of  
views came from picture-naming and word-picture verifi- 
cation tasks conducted with the same set of  stimuli (Law- 
son, 1994). These studies revealed that the 60 ° and 120 ° 
views were named and verified rapidly; responses to the 30 ° 
and 150 ° views tended to be less efficient, and responses to 
90 ° stimuli were much slower and less accurate. Taken 
together, the results indicate that the 60 ° and 120 ° views of  
the object are more canonical than the 30 ° and 150 ° views 
and that the 0 ° and 90 ° views are particularly disadvan- 
taged, both in preference judgments and in recognition 
performance. 

Experiment 1 examined three different strategies that 
participants may use to perform different view matches. The 
first strategy is mental rotation: Participants may rotate in 
depth the image descriptions of  the target and reference to 
align the main axes of  the descriptions. A comparison of  the 
two descriptions could then be made. This hypothesis pre- 
dicts that reaction times (RTs) should increase with increas- 
ing disparity between the views of  the reference and the 
target. The 150 ° reference would be matched fastest to the 
150 ° target, followed in turn by the 120 ° , 90 ° , and 60 ° 
targets, with the 30 ° target's being matched slowest. A 
strong version of  this hypothesis would take the rate of  
mental rotation to be constant and, hence, would predict a 
linear relation between RT and the view disparity between 
the reference and target (Jolicoeur, 1985; Shepard & Met- 
zler, 1971). 

The second strategy is rotation and reflection: Partici- 
pants both rotate and reflect image descriptions to achieve 
matching. This hypothesis extends the first and posits that, 
when beneficial, participants perform rapid mirror-image 
reflections of  image descriptions in addition to mentally 
rotating descriptions. This account would explain the results 
of  Klatzky and Stoy (1974, Experiment 1). They conducted 
a picture-matching experiment and found that identical view 
and mirror-image view matches were equally rapid and 
faster than same name matches. According to this second 
hypothesis, RTs should increase as a function of  the dispar- 
ity in the views of  the reference and the target, where the 
disparity is calculated from either the target view or its 
mirror image, whichever value is smaller. In Experiment 1, 
the 30 ° and 150 ° views and the 60 ° and 120 ° views, respec- 
tively, were mirror-images of  each other. Accordingly, with 
a 150 ° reference, matches to 30 ° and 150 ° targets should be 
faster than matches to 60 ° and 120 ° targets, and matches to 
90 ° targets should be the slowest. I f  reflection takes some 
time to achieve, then 30 ° mirror-image targets may be 
matched more slowly than 150 ° targets (which are identical 
to the reference); also, 60 ° targets may be matched slower 
than 120 ° targets, because a reflection transformation would 
be required for 60 ° but not 120 ° targets. 

The final strategy is matching to abstract, durable rep- 

resentations: Matching is contingent on both the reference 
and target's accessing a common, relatively abstract repre- 
sentation. Different predictions can be made here, depend- 
ing on the type of  representation posited. If  the representa- 
tion is object-centered and view-invariant, matches to all 
target views should be equally efficient (with the proviso 
that all views are encoded equally rapidly and do not differ 
in canonicality; see earlier discussion). In contrast, if the 
representation remains tuned to the view of  the reference, 
although perhaps in a more abstract and durable form than 
low-level, image-based descriptions, targets similar in view 
to the reference may be matched more efficiently than 
targets dissimilar in view. 

Following from the results of  Bartram (1976) and Ellis 
and colleagues (Ellis & Allport, 1986; Ellis et al., 1989), 
identical view matches are predicted to be faster than 
matches between different views, at least at the short ISI. 
This could be because identical view matches require only 
a temporary, image-based representation to achieve match- 
ing, as discussed earlier. This representation might be the 
usual precursor to a more durable and abstract representa- 
tion used in normal object recognition. The predicted iden- 
tity benefit is outside the scope of  the three accounts of  
matching between different views of  objects just described. 

To provide conditions that tapped both transient and 
durable representations, we manipulated the ISI between the 
reference and target. Ellis and Allport (1986) found that, at 
a long ISI, the benefit for identical view relative to different 
view matches found at short ISis was lost. By manipulating 
the ISI, we attempted to replicate this interaction and to 
motivate the distinction between the representations medi- 
ating identical view and different view matches proposed by 
Bartram (1976) and by Ellis and colleagues (Ellis & Allport, 
1986; Ellis et al., 1989). 

M e ~ o d  

Participants. There were 16 participants (8 men and 8 wom- 
en). In this and all of the following experiments reported here, 
participants were from the University of Birmingham and were 
paid to take part. Participants were between 18 and 35 years of age 
and had normal or corrected-to-normal vision. 

Materials. A set of 12 views of each of 36 familiar objects was 
produced (see Figure 2; the objects are listed in Appendix A). Each 
view was separated by a 30 ° horizontal rotation in depth. The 12 
views ranged over a full 360 ° horizontal depth rotation, although 
only a subset of views was used in each experiment. All of the 
objects possessed an unambiguous main axis of elongation, and the 
objects were rotated about the vertical axis running through their 
center point. The angle of view was defined with respect to the line 
of sight of the viewer relative to the main axis of the object. The 
0 ° view revealed the main axis perpendicular to the line of sight of 
the viewer. In the 90 ° foreshortened view, the main axis of elon- 
gation pointed directly toward the viewer and revealed either the 
most familiar view (the front of the object) or the view with the 
most important feature to the fore (e.g., the 90 ° view of a camel 
was depicted facing head on rather than tail on, and the fork was 
depicted with the prongs closest to the viewer and the handle 
farthest away). In Experiments 1 and 2 only, the 30 ° and 60 ° views 
were replaced by mirror-image reflections of the 150 ° and 120 ° 
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views, respectively, to ensure that the 30 ° and 150 ° views and the 
60 ° and 120 ° views were mirror-images of each other. 

All stimuli were line drawings produced by tracing photographs 
of either the objects or scale models of the objects. Photographs 
were taken from a slightly elevated angle of between 15 ° and 30 ° 
above the horizontal plane on which the object rested. This angle 
was maintained as a constant during the depth rotation of each 
object. An elevated angle was used to ensure that the effects of 
foreshortening the main axis of the object were not too severe and 
that all views were recognizable. Each picture was scaled to 
occupy a square of 6 X 6 cm. In Experiment 1, the reference on 
each trial was a 150 ° view, and the targets were 30 °, 60 °, 90 °, 
120 ° , and 150 ° views. 

Design. Each trial began with the presentation of a 150 ° ref- 
erence of one of the 36 objects. This was followed with equal 
probability by a target view of that object at 30 °, 60 °, 90 °, 120 °, or 
150 ° (a match trial) or by a view of a different object at 30 °, 60 °, 
90 °, 120 °, or 150 ° (a mismatch trial). For mismatch trials, 5 
different target objects, each at a different view, were paired with 
each reference. Two sets of 360 referenc'e and target picture pairs 
were produced. Different object pairings were used for the mis- 
match trials in the second set; otherwise, the two picture pair sets 
were identical. In each of the two picture pair sets, all five target 
views of all 36 objects were shown twice, once on a match trial and 
once on a mismatch trial. There were 720 trials in total, with each 
target view being shown four times in all. Each set of 360 picture 
pairs was divided into two blocks of 180 pairs. This reduced the 
time taken to complete the long ISI blocks to approximately 20 
min. Each block of 180 trials contained two or three match and two 
or three mismatch trials for each reference object. The order of 
presentation of trials within a block was random and different for 
each participant. The two blocks derived from the same picture 
pair set were always shown consecutively. The order of presenta- 
tion of blocks within a picture pair set was balanced across 
participants, as was the order of presentation of the two picture pair 
sets. For each participant, one picture pair set was presented with 
a short ISI of 585 ms between the reference and the target; the 
other picture pair set had a long ISI of 2,510 ms. The assignment 
of picture pair sets to ISI condition and the order of presentation of 
ISI were balanced across participants. 

Apparatus and procedure. A Macintosh Ilci computer with the 
Psychlab Version 8.5 presentation package was used to display the 
stimuli. The experiment lasted about 1 hr. The procedure for each 
trial was as follows: A fixation cross appeared on the screen for 
200 ms, immediately followed by the 150 ° reference, which was 
presented for 100 ms. There was then a blank ISI of either 585 ms 
or 2,510 ms, followed by the target, which was displayed until the 
participant responded. Participants responded with their preferred 
hand to "same" match trials, and responded with their nonpreferred 
hand to "different" mismatch trials, by hitting either the M or Z key 
of the keyboard. Before the first block of trials, participants were 
given practice trials randomly selected from the first block of 
trials. Participants decided whether the target and reference both 
represented the same object. Participants were instructed that, if 
the same object was depicted at different views, it was still a same 
match trial. Participants were encouraged to respond as rapidly and 
as accurately as possible. 

Resul t s  

In this experiment, and in all of  the following experiments 
reported, RTs of  less than 300 ms or exceeding 1,200 ms 
were discarded as errors. Al l  participants scoring an average 
of  more than 10% errors in the experiment were replaced. 

Three participants were replaced in Experiment 1 as a result 
of  these criteria. Mean correct same RTs across participants 
are shown in Figure 3; errors are given in Table 1. 

An analysis of  variance (ANOVA) was carded  out on the 
mean correct RTs for same responses. In this and in all of  
the following experiments, the results across participants 
(F1) and across items (F2) are reported. For  across-partici- 
pants analyses, the data for each participant were pooled 
over the 36 reference objects presented in each View X ISI 
x ISI Order condition. For  across-items analyses, the data 
for each object  were pooled over the 8 participants in each 
View × ISI × ISI Order condition. There were two within- 
subject variables, view of  the target (30 °, 60 °, 90 °, 120 °, or 
150 °) and ISI (short [585 ms] or long [2,510 ms]), and one 
between-subjects variable, ISI order (order of  presentation 
of  ISI blocks [short ISI first or long ISI first]). 

The main effect of  view was significant, F1(4, 56) = 
13.450,p < .001, MSE = 12,238, F2(4, 140) = 20.227,p  < 
.001, MSE = 52,285, as was that of  ISI, F~(1, 14) = 68.961, 
p < .001, MSE = 288,758, F2(1, 35) = 650.941, p < .001, 
MSE = 1,297,528. Short ISI matches were faster than long 
ISI matches. The main effect of  ISI order was significant 
across items only, F~(1, 14) = 0.101, p > .7, MSE = 5,221, 
F2(1, 35) = 7.765, p < .009, MSE = 15,233. Matches 
tended to be faster for participants who had the long ISI 
block first. 

There were three significant interactions: ISI X View, 
Fl(4,  56) = 3.894, p < .008, MSE = 1,472, F2(4, 140) = 
3 .126,p < .02, MSE = 7,735; ISI X ISI Order (across items 
only), F~(1, 14) = 2.895, p > .1, MSE = 12,120, F2(1, 
35) = 21.625, p < .001, MSE = 56,903; and ISI × View X 
ISI Order (across participants only), Fl(4,  56) = 3.386, p < 
.02, MSE = 1,280, /72(4, 140) = 1.799, p < .1, MSE = 
4,331. 

The three-way interaction was decomposed by separate 
two-way analyses for each ISI order. Data for participants 
who had the short ISI block first and for participants who 
had the long ISI block first are shown separately in Figure 
3. For  participants who had the short ISI block first, there 
were main effects of  view, F1(4, 28) = 7.129, p < .001, 
MSE = 5,911, F2(4, 140) = 11.915, p < .001, MSE = 
27,293, and ISI, FI(1,  7) = 27.068, p < .002, MSE = 
91,280, F2(1, 35) = 234.632, p < .001, MSE = 405,493. 
Short ISI matches were faster than long ISI matches. The 
View X ISI interaction was also significant, F1(4, 28) = 
6.627, p < .001, MSE = 2,519,/72(4, 140) = 5.956, p < 
.001, MSE = 10,916. At  the short ISI, 90 ° targets were 
matched slower than all other targets (p < .01; N e w m a n -  
Keuls analysis), and 150 ° targets were matched faster than 
all other targets (p < .05). At  the long ISI, there were no 
differences between any target view matches. 

For  participants who had the long ISI block first, there 
were main effects of  view, F1(4, 28) = 6.ddd, p < .001, 
MSE = 6,383, F2(4, 140) = 8.442, p < .001, MSE = 
25,712, and ISI, F~(1, 7) = 41.901, p < .001, MSE = 
209,599, F2(1, 35) = 327.626, p < .001, MSE = 948,938. 
Short ISI matches were faster than long ISI matches. The 
90 ° targets were matched slower than all other targets (p < 
.01; Newman-Keuls  analysis). The ISI x View interaction 
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Figure 3. Mean correct response times for match trials at short and long ISis, for participants 
presented with the short ISI first or the long ISI first, as a function of target view: Experiment 1. 
ISI = interstimulus interval. 

was not significant, F1(4, 28) = 0.621, p > .6, MSE = 233, 
F2(4, 140) = 0.377, p > .8, MSE = 1,150. 

In all of  the experiments reported here, a log-linear trans- 
formation was performed on the mean error scores for each 
cell, fol lowed by A N O V A s  across participants and across 
items, for both same and different trials. There was no 
evidence of  a speed-accuracy trade-off in the error analyses, 
and the results were similar to those provided by the RT 
analyses. Thus, error analyses are not reported in the re- 
mainder  of  the article. 

The mean RTs for correct different trials were 597 ms at 
the short ISI (4.0% errors) and 676 ms at the long ISI (6.1% 
errors). The main effect of  view was marginally significant, 
F1(4, 56) = 2.178, p > .08, MSE = 1,482, F2(4, 140) = 
2.243, p > .06, MSE = 6,668 (see Table 2), whereas ISI 
was significant, F~(1, 14) = 38.820, p < .001, MSE = 
251,895,/72(1, 35) = 439.171,p  < .001, MSE = 1,114,473. 
Short ISI matches were faster than long ISI matches. The 
main effect of  ISI order was significant across items only, 
FI(1,  14) = 0.351, p > .5, MSE = 18,085, F2(1, 35) = 
28.436, p < .001, MSE = 75,750. Matches tended to be 
faster for participants who had the long ISI block first. The 
ISI × ISI Order interaction was significant across items 
only, FI(1,  14) = 2 .385,p  > .1, MSE = 15,474, F2(I ,  35) = 
33.230, p < .001, MSE = 69,984. This interaction took the 
same form as that found for same trials; short ISI trials for 
participants who had the long ISI block first were faster than 
short ISI trials for participants who had the short ISI block 
first (p < .01; Newman-Keu l s  analysis for items only). 

These were, in turn, faster than long ISI trials for both 
participants who had the short ISI block first and those who 
had the long ISI block fLrst. There was no difference be- 
tween the last two conditions. No other interactions were 
significant. 

Discussion 

A number of  separate effects are apparent from these 
results. First, matches to foreshortened targets were much 
slower than matches to targets depicting other views; we 
term this the foreshortened view disadvantage. This result 
was consistent over both ISI orders and concurs with pre- 
vious studies revealing a similar disadvantage. For instance, 

Table 1 
Mean Error Rates (%) for Match Trials as a Function of 
Target View: Experiment I 

Block order Target view 
and ISI 30 ° 60 ° 90 ° 120 ° 150 ° 

Short ISI first 
Short 5.6 3.8 4.9 4.5 3.5 
Long 7.3 6.3 5.9 5.6 8.0 

Long ISI first 
Short 4.2 2.4 9.7 4.5 5.6 
Long 5.9 9.4 12.5 8.3 4.5 

Note. ISI = interstimulus interval. 
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Table 2 
Mean Correct Response Times (ms)for Mismatch Trials 
at Short and Long ISis as a Function of Target View: 
Experiment I 

Target view 

ISI 30 ° 60 ° 90 ° 120 ° 150 ° 

Sho~ 597 596 607 595 589 
Long 678 682 685 668 669 

Note. ISI = intersfimulus interval. 

Humphrey and Jolicoeur (1993) reported that partly fore- 
shortened views were named less efficiently than nonfore- 
shortened views, despite the same major parts and features 
of the object being visible in both views. Furthermore, a 
number of studies have found that patients with right hemi- 
sphere lesions have specific difficulties in matching fore- 
shortened views of objects to more prototypical views 
(Humphreys & Riddoch, 1984; Warrington & Taylor, 1973, 
1978; see also Marr, 1982). Second, for participants who 
had the short ISI block first, there was an identity benefit, 
with 150°-150 ° matches of identical views being faster than 
different view matches. This replicates the identity benefit 
found by Bartram (1976) and by Ellis and colleagues (Ellis 
& Allport, 1986; Ellis et al., 1989). The identity benefit did 
not extend to 30 ° targets, although the 30 ° view was an 
exact mirror-image of the 150 ° reference. Third, all matches 
were slower at the long ISI. 

These effects of viewpoint on matching provide clear 
evidence against two of the possible matching strategies 
discussed earlier. First, the mental rotation hypothesis pre- 
dicts that participants should be increasingly slow to match 
targets rotated away from the 150 ° reference. This was 
refuted by the results. Foreshortened targets were matched 
slower than 30 ° and 60 ° targets, although the 30 ° and 60 ° 
views were rotated further in depth from the 150 ° reference. 

As mentioned in the Method section, in Experiments 1 
and 2 only, the 30 ° and 60 ° views of objects were replaced 
by mirror-image reflections of the 150 ° and 120 ° views, 
respectively. Half of the objects used were symmetrical 
about their main axis of elongation, and so this manipulation 
had no effect on the views presented for these objects 
because their 30 ° and 150 ° views and their 60 ° and 120 ° 
views were identical anyway (barring a mirror-image re- 
flection). However, for the remaining asymmetrical objects, 
the manipulation did alter the view of the object presented. 
The manipulation was used to ensure that the second reflec- 
tion plus rotation strategy could be optimal, because reflec- 
tions of either 120 ° or 150 ° views always mapped exactly 
onto 60 ° and 30 ° views, respectively. Because this strategy 
would always be successful in Experiments 1 and 2, a 
failure to find consistent evidence for the strategy makes it 
highly unlikely that the strategy is used under normal view- 
ing circumstances, when it would be much less likely to be 
successful. Nevertheless, the manipulation may have dis- 
couraged participants from using the rotation strategy in 
Experiments 1 and 2 because, for some trials, mental rota- 
tion would not map the image descriptions of the target and 

reference onto each other exactly (because the manipulation 
involved a reflection rather than a rotation transformation). 
However, in Experiment 4, the rotation strategy would have 
invariably been successful because the true 30 ° and 60 ° 
views of objects were always presented. The results from 
Experiment 4 indicated that participants still did not use a 
rotation strategy to achieve matching. Indeed, the pattern of 
results was identical across Experiments 1 and 4; with a 
150 ° reference, 60 ° targets were matched faster than 90 ° 
targets, whereas the rotation strategy would predict the 
opposite. 

Second, the reflection plus rotation hypothesis predicts 
equal differences in RTs for matching 30 ° compared to 60 ° 
targets, 90 ° to 120 ° targets, and 120 ° to 150 ° targets because 
the difference between each pair involves a 30 ° depth rota- 
tion. However, 90 ° targets were consistently slower to be 
matched than all other target views, which did not differ 
from each other apart from a weak identity benefit for 150 ° 
targets. Thus, at least for familiar objects depicted at differ- 
ent views in depth, mental rotation does not appear to play 
a major role in matching. 

The results further suggest that the two effects of view 
observed (the strong foreshortening disadvantage and the 
relatively weak identity benefit) are modulated by two fac- 
tors. First, there is an effect of ISI, with stronger effects of 
view at the shorter ISI. Second, there is an effect of block 
order; familiarity with the stimuli in the first block reduces 
the view effects for the same stimuli when they are pre- 
sented in the second block. This result is consistent with 
previous findings of Jolicoeur (1985) on the effects of plane 
disorientation on picture naming. He found that plane dis- 
orientation initially strongly disrupts picture naming but that 
the effects of disorientation rapidly reduce with repeated 
presentation of the same pictures. The result of the combi- 
nation of the ISI and familiarity effects here is that the 
strongest effects of view occurred in the short ISI block, 
when it was presented first, and the weakest effects occurred 
in the long ISI block, when it was presented second. 

These viewpoint effects can be accommodated by the 
third hypothesis outlined in the introduction: namely, that 
for different view matches, image descriptions are matched 
to abstract, durable representations. The results from Exper- 
iment 1 suggest that the representations are accessed rela- 
tively slowly, both after the reference is presented (hence 
the reduced view effects with a long ISI) and over the 
course of the experiment (hence the reduced view effects 
when stimuli are familiar, in the second block of trials). It is 
not clear whether the representations involved are con- 
structed solely from image-based information or whether 
the reference may activate a stored representation that is 
then used to match to the target. These two alternatives were 
examined in Experiment 2. In addition, either (a) a number 
of different representations might be available for a given 
object, each tuned to a different view (with foreshortened 
views not being represented), ensuring that all nonforeshort- 
ened views can be recognized equally rapidly if all of the 
representations can be activated equally efficiently, or (b) a 
single, abstract, relatively view-insensitive representation 
may be available, such that matching is not reliant on 
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specific image-based properties. These two possibilities 
were tested in Experiment 4. 

The low error rates indicate that almost all pairs of views 
could be matched accurately, although both RTs and errors 
indicate that matches to foreshortened targets were less 
efficient than matches to other targets. The foreshortened 
view disadvantage could be due to various factors. One 
possible factor is that it is harder to derive three-dimen- 
sional structure from a foreshortened view, slowing encod- 
ing of the image description. A second is that foreshortened 
views reveal fewer discriminating features than other views, 
and hence the image description is a poor match to a stored 
object representation. This could be the case if the stored 
representation is either view-invariant or view-specific and 
(here) activated by a 150 ° reference. 

The identity benefit at the short ISI was probably due to 
matching based on rapidly available image-based and 
highly view-specific representations of the stimuli. Rela- 
tively low-level matching of identical stimuli can, at most, 
be only one part of the full process necessary for normal 
object recognition because such matching does not require 
access to stored knowledge about object structure and can- 
not overcome the problem of object constancy. It is inter- 
esting to note that matches to 30 ° targets were not as rapid 
as 150°-150 ° identical view matches, although the 30 ° and 
150 ° views were mirror-images of each other. In contrast, in 
a picture matching experiment with ISis ranging between 
300 ms and 4,000 ms, Klatzky and Stoy (1974) found that 
identical view and mirror-image view matches were equally 
rapid, even at the shortest ISI. However, in Klatzky and 
Stoy's experiment there were only 12 objects, all of the 
experimental pictures were presented for participants to 
name before the experiment began, pictures were presented 
for a relatively long time (500 ms), and the data were 
collapsed across the three experimental blocks before anal- 
ysis. These four points ensured that for all or most trials, 
participants were familiar with the stimuli. In Experiment 1, 
we showed that the identity benefit can be overridden, even 
at the short ISI, when participants are familiar with stimuli 
(e.g., for participants who received the long ISI block first), 
perhaps because a canonical representation can then be 
derived rapidly. Hence, Klatzky and Stoy may not have 
found any benefit for identical relative to mirror-image view 
matches because of the high within-experiment familiarity 
of stimuli in their study. In contrast, Experiment 1 here 
shows that, at short ISis, there was no reflectional invari- 
ance for the matching of unfamiliar pictures of familiar 
objects. 

Exper iment  2 

Experiment 1 showed that matches between different 
views of familiar objects could not be accounted for by 
strategies relying on mental rotation or rotation plus reflec- 
tion. We have suggested instead that matching was based on 
accessing relatively abstract, durable representations from 
the reference and target. However, Experiment 1 does not 
allow us to specify whether matching involved access to 

stored knowledge about objects or whether it was based 
solely on information derived from the image, without re- 
course to stored knowledge. Experiment 2 was conducted to 
distinguish between these possibilities. 

In one block of trials, participants matched upright pic- 
tures of objects, as in Experiment 1. In the other block, 
participants matched the same pictures, but both reference 
and target were inverted and, hence, were in an unfamiliar 
orientation. This manipulation allowed a controlled com- 
parison of two conditions, one in which stored knowledge 
could readily be accessed (with upright stimuli) and one in 
which stored knowledge could be used but was more diffi- 
cult to access (with inverted stimuli; see, e.g., Boucart & 
Humphreys, 1992; Jolicoeur, 1985). Image-based matching 
should be equal for upright and for inverted stimuli; if 
matches are faster for upright stimuli than for inverted 
stimuli, this would suggest that stored knowledge influences 
matching. 

Experiment 2 used the same 36 objects as Experiment 1. 
Of these, 12 had a normal, familiar orientation and no 
horizontal axis of symmetry. These stimuli appeared unfa- 
miliar and disoriented when inverted and were termed the 
inverting items (Appendix B lists the 12 inverting items; see 
also Figure 2). The remaining 24 noninverting items either 
had a horizontal axis of symmetry or did not have a familiar, 
upright orientation. If stored knowledge is involved i n  
matching, the inverting items should show larger effects of 
inversion than the noninverting items (which should show 
little or no effect). The noninverting items were included as 
controls, because any increase in RTs in the inverted block 
may have been due to image-based matching being disad- 
vantaged for inverted stimuli. For instance, when inverted, 
all stimuli appeared to be suspended on a surface angled like 
a ceiling (see Figure 2), whereas upright stimuli appeared to 
lie on a surface angled like a floor, which is more ecolog- 
ically familiar. This could have resulted in slower matching 
of all inverted stimuli, irrespective of whether they were 
familiar or unfamiliar when inverted (for noninverting and 
inverting items, respectively). 

Experiment 2 also investigated a possible confound in 
Experiment 1. It might be argued that the 90 ° target was at 
a disadvantage in Experiment 1 because, if participants do 
rapidly reflect image descriptions as part of their matching 
strategy, then target images of the 60 ° and 120 ° and the 30 ° 
and 150 ° mirror-image views would have been activated 
twice as often as image descriptions of the 90 ° target view 
because all five targets were shown equally often. Differ- 
ential effects of familiarity within Experiment 1 could thus 
have disadvantaged the foreshortened view. It is unlikely 
that within-experiment familiarity can explain all of the 
results of Experiment 1; for example, the 150 ° view was 
seen six times more often than the other views because it 
was always the reference, but the mirror image of the 150 ° 
reference, the 30 ° target, was not matched any faster than 
the 60 ° target. Nevertheless, to equate within-experiment 
familiarity in Experiment 2, a 150 ° reference was presented 
as in Experiment 1, and 30 °, 60 °, and 90 ° targets were 
shown equally often. The mirror image of the 60 ° view, the 
120 ° view, was never shown. 



404 LAWSON AND HUMPHREYS 

Only the short ISI condition was used in Experiment 2 
because this had produced the strongest effects of view in 
Experiment 1. Also, any effects of image-based matching 
should be most pronounced at a short ISI because represen- 
tations need not then be coded in a durable form. 

Method  

Participants. There were 16 participants (7 men and 9 
women). 

Materials. The stimuli were a subset of those used in Experi- 
ment 1, and all stimuli were presented inverted as well as uptight. 
The references were 150 ° views; the targets were 30 ° , 60 ° , and 90 ° 
views. As in Experiment 1, the 30 ° and 60 ° views were mirror- 
image reflections of the 120 ° and 150 ° views, respectively. 

Design. Every trial began with the presentation of a 150 ° 
reference of one of the 36 objects. This was followed with equal 
probability by a target view of that object at 30 °, 60 °, or 90 ° (a 
match trial) or by a view of a different object at 30 °, 60 °, or 90 ° 
(a mismatch trial). For mismatch trials, 3 different objects, at 
different views, were paired with each reference. Two sets of 216 
picture pairs were produced; they were identical, apart from having 
different object pairings in the mismatch trials. All of the picture 
pairs in each set were shown in a single block. Participants 
received two blocks of trials. In one, both the reference and the 
target were upright; in the other, all stimuli were inverted. In each 
block, all three target views of all 36 objects were shown twice, 
once on a match trial and once on a mismatch trial. There were 432 
trials in total, with each target being shown four times in all. The 
order of presentation of trials within a block was random and 
different for each participant. The assignment of sets to the upright 
or the inverted block and the order of presentation of the upright 

and the inverted blocks were counterbalanced across participants. 
The ISI was 585 ms on all trials. 

Apparatus and procedure. The apparatus and procedure were 
identical to those of Experiment 1, except that participants com- 
pleted just two blocks of trials, and the experiment lasted about 30 
min. Before the block of inverted pictures, participants were 
warned that all of the pictures in the block would be upside down. 
However, it was emphasized that it was not necessary to recognize 
an object to match the two views on a trial and that simple visual 
cues were sufficient to allow accurate and rapid matching. 

Results 

Two participants were replaced because they each had an 
overall error rate greater than the maximum of 10%. Mean 
correct same RTs over participants, for both inverting and 
noninverting items, are shown in Figure 4; errors are given 
in Table 3. 

Two ANOVAs were carded out on mean correct RTs for 
same responses. The inverting and noninverting items were 
analyzed separately because there were different numbers of 
items in each group. For each set of stimuli, there were two 
within-subject variables, view of the target (30 °, 60 °, or 
90 ° ) and inversion of the target and reference (upright or 
inverted), and one between-subjects variable, inversion or- 
der (order of presentation of blocks [upright first or inverted 
first]). 

For the 12 inverting items, there was a significant main 
effect of view, F1(2, 28) = 22.060, p < .001, MSE = 
16,331, F2(2, 22) = 11.907, p < .001, MSE = 36,589. The 
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Figure 4. Mean correct response times for match trials, for the upright and inverted presentation 
of inverting and noninverting stimuli, as a function of target view: Experiment 2. 
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Table 3 
Mean Error Rates (%) for  Match Trials as a Function o f  
Target View: Experiment 2 

Block order Target view 
and 

orientation Item set 30 ° 60 ° 90 ° 

Upright fzrst 
Upright 

Inverted 

Inverted first 
Upright 

Inverted 

Inverting 1.0 4.2 11.5 
Noninverting 2.6 6.3 6.8 
Inverting 2.1 4.2 10.4 
Noninverting 3.1 2.1 5.7 

Inverting 4.2 6.3 13.5 
Noninverting 3.6 4.2 5.2 
Inverting 2.1 11.5 17.7 
Noninverting 5.7 3.6 8.9 

Note. See Appendix B for a list of the 12 inverting items; the 
noninverting items are the remaining 24 items listed in Appendix 
A. 

90 ° targets were matched slower than the 30 ° and 60 ° 
targets, which did not differ (p < .01; Newman-Keuls  
analysis). The effect of  inversion was also significant, FI(1, 
14) = 5.309, p < .04, MSE = 10,091, F2(1, 11) = 8.677, 
p < .02, MSE = 15,147. Upright matches were faster than 
inverted matches. Inversion order was not significant, F~(1, 
14) = 0 .035,p > .8, MSE = 2,140, F2(1, 11) = 2.049,p > 
.1, MSE = 2,879. Only the Inversion × Inversion Order 
interaction was significant, Fl(1, 14) = 25.061, p < .001, 
MSE = 47,632, F2(1, 11) = 21.491, p < .001, MSE = 
80,830. Inverted stimuli were matched slower than uptight 
stimuli for the participants who had the inverted block first 
(p < .01; Newman-Keuls  analysis), but there was no sig- 
nificant difference between upright and inverted matches 
for the participants who had the upright block first. 

For the 24 noninverting items, the main effect of  view 
was significant, F1(2, 28) = 39.196, p < .001, MSE = 
18,969, F2(2, 46) = 22.341, p < .001, MSE = 60.980. 
Inversion was not significant, FI(1, 14) = 0.018, p > .8, 
MSE = 42, F2(1, 23) = 0.017,p > .8, MSE = 31. Inversion 
order was significant across items only, F~(1, 14) = 0.055, 
p > .8, MSE = 2,880, F2(1, 23) = 7.429, p < .02, MSE = 
7,986. Matches tended to be faster for participants who had 
the upright block first. There were two significant interac- 
tions: Inversion × Inversion order, FI(1, 14) = 6.085, p < 
.03, MSE = 14,106, F2(1, 23) = 35.250,p < .001, MSE = 
45,998, and Inversion × Inversion Order × View, F1(2, 
28) = 6.043, p < .007, MSE = 2,388, F2(2, 46) = 4.755, 
p < .02, MSE = 5,673. 

The three-way interaction for the noninverting items only 
was decomposed by separate two-way analyses for each ISI 
order. For participants presented with the uptight block first, 
the main effect of  view was significant, Fl(2, 14) = 14.636, 
p < .001, MSE = 7,009, F2(2, 46) = 13.551, p < .001, 
MSE = 24,291. The 90 ° targets were matched slower than 
the 30 ° and 60 ° targets, which did not differ (p < .01 for 
items; Newman-Keuls  analysis). Inversion was significant 
across items only, FI(1, 7) = 2.455, p > .1, MSE = 7,841, 
Fz(1, 23) = 12.468, p < .002, MSE = 24,211. Inverted 

matches tended to be faster than uptight matches. The View 
× Inversion interaction was significant across participants 
only, F1(2, 14) = 6.783, p < .009, MSE = 1,702, F2(2, 
46) = 2.445, p > .09, MSE = 4,091, with uptight 90 ° 
targets being matched slower than all other targets (p < .01 
for participants; Newman-Keuls  analysis). 

For participants presented with the inverted block first, 
the main effect of  view was significant, F1(2, 14) = 25.813, 
p < .001, MSE = 12,623, F2(2, 46) = 18.460, p < .001, 
MSE = 37,717. The 90 ° targets were matched slower than 
30 ° and 60 ° targets, which did not differ (p < .01; 
Newman-Keuls  analysis). Inversion was significant across 
items only, FI(1, 7) = 4.373, p > .07, MSE = 6,307, F2(1, 
23) = 19.032, p < .001, MSE = 21,818. Upright matches 
tended to be faster than inverted matches. The View × 
Inversion interaction was not significant, F1(2, 14) = 1.439, 
p > .2, MSE = 776, F2(2, 46) = 1.216, p > .3, MSE = 
1,827. There was no evidence of  a speed-accuracy trade- 
off. 

The mean RTs for correct different responses for the 12 
inverting items were 559 ms (4.3% errors) for uptight 
stimuli and 577 ms (5.4% errors) for inverted stimuli. The 
main effect of  view was not significant, Fl(2, 28) = 0.579, 
p > .5, MSE = 528, F2(2, 22) = 0.213, p > .8, MSE = 531, 
but inversion was significant across participants and mar- 
ginally significant across items, Fx(1, 14) = 6.513, p < .03, 
MSE = 8,574, F2(1, 11) = 4.291, p < .07, MSE = 10,219. 
Uptight matches tended to be faster than inverted matches. 
Inversion order was significant across items only, FI(1, 
14) = 0.243, p > .6, MSE = 14,549, F2(1, 11) = 12.761, 
p < .001, MSE = 27,333. Matches tended to be faster for 
participants who had the uptight block first. Only the In- 
version × Inversion order interaction was significant, FI(1, 
14) = 19.883, p < .001, MSE = 26,176, F2(1, 11) = 
24.551, p < .001, MSE = 41,230. This interaction took the 
same form as that found for same trials; that is, inverted 
stimuli were matched slower than uptight stimuli by the 
participants who had the inverted block first (p < .01; 
Newman-Keuls  analysis), but there was no significant dif- 
ference between upright and inverted matches for the par- 
ticipants who had the uptight block first. 

The mean RTs for correct different responses for the 24 
noninverting items were 574 ms (4.4% errors) for uptight 
stimuli and 568 ms (4.4% errors) for inverted stimuli. The 
main effect of  view was significant across participants only, 
F~(2, 28) = 5.027, p < .02, MSE = 1,459, F2(2, 46) = 
1,808,p > .1, MSE = 5,264, with 30 ° targets being matched 
faster than 90 ° targets (p < .05 for participants only; 
Newman-Keuls  analysis). Inversion was not significant, 
FI(1, 14) = 0.706, p > .4, MSE = 794, F2(1, 23) = 0.293, 
p > .5, MSE = 555, and neither was inversion order, FI(1, 
14) = 0.002, p > .9, MSE = 137, F2(1, 23) = 0.737, p > 
.3, MSE = 1,997. The only significant interaction was that 
between inversion and inversion order, FI(1, 14) = 12.388, 
p < .004, MSE = 13,929, F2(1, 23) = 22.175, p < .001, 
MSE = 31,085. This interaction took the same form as that 
found for same trials and occurred because matches were 
generally faster on the second block of  trials. Inverted 
matches for participants who had the inverted stimuli first 
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and upright matches for participants who had the upright 
stimuli first were slower than both inverted matches for 
participants who had the upright stimuli first (p < .05 for 
participants, p < .01 for items) and upright matches 
for participants who had the inverted stimuli first (not 
significant for participants, p < .05 for items). 

Discussion 

First, there was an effect of inversion that was specific to 
the set of inverting items, which had a familiar, upright 
orientation. This suggests that matching was not achieved 
solely on the basis of image-based representations but that 
stored knowledge was also important. The noninverting 
(control) items were matched equally rapidly when inverted 
as when upright (531 ms and 532 ms, respectively), whereas 
the inverting items were matched, on average, a reliable 20 
ms slower when inverted than when upright (540 ms and 
520 ms, respectively). It follows that the effect of inversion 
on the inverting items was not a consequence of partici- 
pants' having to match inverted pictures per se; rather, the 
data implicate the involvement of stored knowledge in 
matching. 

It might be argued that the effects observed were due to 
structural differences between the inverting and noninvert- 
ing items; for instance, the inverting items may have pos- 
sessed more symmetry or may have been more complex 
than the noninverting items. However, it seems highly un- 
likely that such geometric differences would result in dif- 
ferential effects on matching dependent on the depicted 
orientation of the object, as was observed in Experiment 2, 
rather than simply influencing the overall efficiency of 
matching. 

Second, the overall effect of view was similar to that 
found in Experiment 1. There was a substantial foreshort- 
ened view disadvantage for both inverting and noninverting 
stimuli in both the upright and the inverted blocks. This 
counters the proposal that the foreshortened view disadvan- 
tage in Experiment 1 was due to relative intraexperimental 
familiarity with the different views, because this variable 
was controlled in Experiment 2. The view effect cannot be 
accounted for in terms of a simple depth rotation of the 
image description because, given a 150 ° reference, 90 ° 
targets require less rotation in depth to match than do 60 ° 
targets. Neither can the effect be explained in terms of 
participants both reflecting and rotating image descriptions. 
Matches of the 30 ° target could be achieved after a simple 
reflection of the 150 ° reference; matching the 60 ° view 
would require a 90 ° depth rotation, yet performance was not 
reliably different for the 30 ° and 60 ° targets. In addition, the 
150 ° reference was seen three times more often than the 
target views, yet its mirror-reflected image, the 30 ° target, 
was not matched significantly faster than the 60 ° target. 

Third, there was an additive relationship between the 
target's orientation in depth and the effect of inversion on 
inverting stimuli (Figure 4). If inverted stimuli were 
matched without recourse to stored knowledge, one might 
conclude that the disadvantage for foreshortened views was 

independent of stored knowledge. However, given the in- 
volvement of stored knowledge, inverted stimuli may be 
disadvantaged by taking longer to access stored knowledge. 
Inverted stimuli were not necessarily matched on image 
features alone. 

Exper iment  3 

The results from Experiments 1 and 2 disconfirm ac- 
counts of viewpoint effects in the matching of different 
views that propose (a) mental rotation, (b) reflection plus 
rotation, and (c) relative within-experiment familiarity. 
Matches were particularly slow to foreshortened targets. 
The reason may have been that foreshortened views are 
difficult to match to stored representations of objects, for 
instance, because such views obscure components present 
in stored object representations (e.g., see Biederman & 
Gerhardstein, 1993). Alternatively, the reason may have 
been that foreshortened views are difficult to encode: for 
instance, because the main axis of the image description is 
difficult to derive for foreshortened views, as Marr (1982) 
proposed, or because there are fewer orthogonal angles in 
foreshortened views, making it more difficult to construct 
an image-based description. Many objects, especially arti- 
facts, have right-angled junctions that may constitute im- 
portant distinguishing features. In good views of objects, 
there is normally sufficient information to derive these 
angles. In foreshortened views, angles are often distorted, so 
the information available to derive a junction can be mis- 
leading or inadequate, which may make such views difficult 
to match, irrespective of the nature of the stored represen- 
tation to which the views are matched (e.g., whether it is 
object-centered or view-specific). 

Experiment 3 investigated whether foreshortened views 
would always be matched more slowly than other views by 
using 90 ° references. If matching remained slow for 90 ° 
targets, this would indicate that foreshortened views are 
difficult to encode, irrespective of the view of the reference. 
Three targets were used: 60 ° (rated the best, preferred 
view), 150 ° (the good view used as the reference in Exper- 
iments 1 and 2), and 90 °. Performance was examined at two 
ISis. There may be a foreshortened view identity benefit at 
the short ISI mediated by a highly view-specific, image- 
based representation. However, this representation appears 
to be transient (e.g., the identity benefit dissipated at the 
long ISI in Experiment 1). At a long ISI, matches may 
necessarily involve stored representations (accessed by the 
reference) that, if optimally activated by canonical views, 
may penalize 90 ° targets while benefiting 60 ° targets. 

M e ~ o d  

Participants. There were 16 participants (8 men and 8 
women). 

Materials. The stimuli were a subset of those used in Experi- 
ment 1. The references were 90 ° views; the targets were 60 °, 90 °, 
and 150 ° views. 

Design. Every trial began with the presentation of a 90 ° refer- 
ence of one of the 36 objects. This was followed with equal 
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probability by a target view of that object at 60 °, 90 °, or 150 ° (a 
match trial) or by a view of a different object at 60 °, 90 °, or 150 ° 
(a mismatch trial). For mismatch trials, 3 different target objects, 
at different views, were paired with each reference. Two sets of 
216 pairings of stimuli were produced. Different object pairings 
were used for the mismatch trials for the second picture pair set; 
otherwise, the two sets were identical. In each of the two picture 
pair sets, all three target views of all 36 objects were shown twice, 
once on a match trial and once on a mismatch trial. There were 432 
trials in total, with each target being shown four times in all. The 
order of presentation of picture pairs within each set was random 
and different for each participant. The order of presentation of the 
two picture pair sets was balanced across participants. For each 
participant, one picture pair set was presented with a short ISI of 
585 ms, and the other set was presented with a long ISI of 2,510 
ms. The assignment of picture pair sets to ISI condition and the 
order of presentation of ISI were balanced across participants. 

Apparatus and procedure. The apparatus and procedure were 
identical to those of Experiment 2. 

Resul t s  

Six participants were replaced because they had an over- 
all error rate greater than 10%. An A N O V A  was carded  out 
on mean correct RTs to same responses. There were two 
within-subject variables, view of  the target (60 ° , 90 ° , or 
150 °) and ISI (short [585 ms] or long [2,510 ms]), and one 
between-subjects variable, ISI order (order of  presentation 
of  ISI blocks [short ISI first or long ISI first]). Mean correct 
same RTs across participants are shown in Figure 5; errors 
are given in Table 4. 

The main effect of  view was significant, F~(2, 28) = 
20 .556,p  < .O01, M S E  = 18,232, F2(2, 70) = 33 .881,p  < 
.001, MSE = 99,458; ISI, F~(1, 14) = 1.418, p < .2, 
MSE = 8,092, F2(1, 35) = 9 .719,p  < .004, MSE = 22,685, 
and ISI order, FI(1,  14) = 0.763, p < .3, M S E  = 41,435, 
F2(1, 35) = 94.173, p < .001, M S E  = 182,245, were 
significant across items only. Short ISI matches tended to be 
faster than long ISI matches, and matches tended to be faster 
for participants who had the long ISI block first. 

The View X ISI interaction was significant, F1(2, 28) = 
12.522, p < .001, MSE = 6,873, F2(2, 70) = 16.877, p < 
.001, MSE = 32,902, whereas the ISI x ISI Order interac- 
tion was significant across items only, F1(1, 14) = 1.410, 
p > .2, MSE = 8,049, F2(1, 35) = 13.823, p < .001, 
MSE = 30,065. These interactions were qualified by a 
reliable three-way View x ISI x ISI Order interaction, 
F1(2, 28) = 4.896, p < .02, MSE = 2,687, F2(2, 70) = 
5.043, p < .01, MSE = 10,859. 

The three-way interaction was decomposed by separate 
two-way analyses for each ISI order. Data for participants 
who had the short ISI block first and for participants who 
had the long ISI block first are shown separately in Figure 
5. For  participants who had the short ISI block first, the 
main effect of  view was significant, Fl (2 ,  14) = 6.448, p < 
.02, MSE = 7,617, F2(2, 70) = 15.533, p < .001, MSE = 
45,216, whereas the main effect of  ISI was not, FI(1,  7) = 
0.000, p > .9, MSE = 0.0, Fz(1, 35) = 0.097, p > .7, 
MSE = 259. The View × ISI interaction was significant, 
F~(2, 14) = 10,480, p < .002, MSE = 8,018, F2(2, 70) = 
19.641, p < .001, MSE = 37,832. At  the short ISI, 90 ° 
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Table 4 
Mean Error Rates (%) f o r  Match Trials as a Function o f  
Target View: Experiment 3 

Target view 
Block order 

and ISI 60 ° 90 ° 150 ° 

Short ISI first 
Short 3.8 1.0 9.4 
Long 7.3 6.9 8.7 

Long ISI first 
Short 6.9 4.5 11.1 
Long 10.1 6.3 11.8 

Note. ISI = interstimulus interval. 

targets were matched faster than 60 ° targets (p < .05 for 
participants, p < .01 for items; Newman-Keuls  analysis), 
which were, in turn, matched faster than 150 ° targets (not 
significant for participants, p < .01 for items). At the long 
ISI, there were no significant differences between 60 °, 90 °, 
and 150 ° target matches. 

For participants who had the long ISI block first, the main 
effect of  view was significant, F~(2, 14) = 18.253, p < 
.001, MSE = 10,816, F2(2, 70) = 23.089,p < .001, MSE = 
54,544. For items only, 90 ° targets were matched faster than 
60 ° targets (p < .01; Newman-Keuls  analysis), which were, 
in turn, matched faster than 150 ° targets (p < .01). ISI was 
significant across items only, FI(1, 7) = 2.490, p > .1, 
MSE = 16,141, F2(1, 35) = 28.745, p < .001, MSE = 
52,491. Short ISI matches tended to be faster than long ISI 
matches. The View x ISI interaction was significant across 
participants only, F~(2, 14) = 4.636,p < .03, MSE = 1,542, 
F2(2, 70) = 2.724, p > .07, MSE = 5,929. For participants 
only, at the short ISI, 90 ° targets were matched faster than 
60 ° targets (p < .05; Newman-Keuls  analysis), which were, 
in turn, matched faster than 150 ° targets (p < .01). At the 
long ISI, 90 ° targets were matched faster than 60 ° targets 
(p < .05) and 150 ° targets (p < .01). There were no sig- 
nificant differences between 60 ° and 150 ° target matches. 
There was no evidence of a speed-accuracy trade-off. 

The mean RTs for correct different results were 618 ms 
(4.9% errors) at the short ISI and 636 ms (6.1% errors) at 
the long ISI. The main effect of  view was not significant, 
F~(2, 28) = 0 .531,p  > .5, MSE = 362,/72(2, 70) = 1.172, 
p > .3, MSE = 2,773; ISI, FI(1, 14) = 1.295, p > .2, 
MSE = 7,390, F2(1, 35) = 16,171, p < .001, MSE = 
34,330, and ISI order, F~(1, 14) = 0.384, p > .5, MSE = 
20,194, F2(1, 35) = 39,961,p < .001, MSE = 87,926, were 
significant across items only. Short ISI matches tended to be 
faster than long ISI matches, and matches tended to be faster 
for participants who had the long ISI block first. The ISI × 
ISI Order interaction was significant across items only, 
F~(1, 14) = 1.143,p > .3, MSE = 6,523, F2(1, 35) = 9.590, 
p < .004, MSE = 27,779. This interaction took the same 
form as that found for same trials. Short ISI matches for 
participants who had the long ISI block first were faster than 
all other types of  match (p < .01; Newman-Keuls  analysis 
for items only). No other interactions were significant. 

D isc us s ion  

There were three main findings. First, the results clearly 
demonstrate the identity benefit, which was also found in 
Experiment 1. However, in Experiment 3, the facilitation 
due to matching identical views was associated with the 90 ° 
view. Thus, foreshortened targets can be matched reliably 
faster than other targets under certain conditions (identical 
view matches at a short ISI in this case). Second, partici- 
pants matched 150 ° targets slower than 60 ° targets at the 
short ISI. In comparison with the 150 ° view, the 60 ° view 
was both more similar in view to the 90 ° reference and rated 
as more canonical; either or both factors could have caused 
the 60 ° target advantage relative to the 150 ° target. Third, as 
in both Experiment 1 and Ellis and Allport (1986), matches 
at a short ISI were generally faster than those at a long ISI. 

The identity benefit in Experiment 3 actually appeared to 
be stronger than that found in Experiment 1; it was signif- 
icant at the short ISI block for both ISI orders and at the 
long ISI for participants receiving the long ISI first. At the 
short ISI, we suggest that a view-specific, image-based 
representation allows rapid matches to take place between 
identical stimuli, resulting in an identity benefit for fore- 
shortened views here. As in-Experiment 1, the effects of  
view were attenuated at a long ISI and on the second block 
of trials. 

These results present difficulties for an encoding account 
of  the foreshortened view disadvantage found in Experi- 
ments 1 and 2. Such an account would predict that matches 
to 90 ° targets should be slower than all other matches, 
irrespective of  the view of the reference. Clearly, rapid 
identical view matches can be made with foreshortened 
stimuli. However,  transient, image-based representations 
may mediate efficient identical view matching, and this may 
mask difficulties in accessing a more abstract, durable rep- 
resentation from foreshortened views. It may remain the 
case that this more abstract representation is harder to 
encode from foreshortened views. Against this is the present 
finding of an advantage for foreshortened views at the long 
ISI for participants who had the long ISI first. The data from 
Experiment 1 suggested that any transient, image-based 
representation of the reference would have dissipated at the 
long ISI, so the present advantage for foreshortened targets 
cannot be linked to such a representation. Instead, durable, 
abstract, view-specific representations are implicated in 
both the present advantage for foreshortened targets and 
their disadvantage in Experiment 1 at long ISis. Such view- 
specific representations may be less precisely tied to image 
features than are the transient, image-based representations 
involved at short ISis. One remaining problem is that fore- 
shortened views were seen four times more frequently than 
other views in Experiment 3. An effect due to the frequency 
of presentation could have helped participants encode fore- 
shortened views. Experiment 4 controlled for this by di- 
rectly comparing performance with 90 ° and 150 ° refer- 
ences, which were balanced for frequency of presentation. 

In Experiment 3, 60 ° targets were matched more effi- 
ciently than 150 ° targets. Experiments 1 and 2 eliminated 
simple reflection and rotation accounts of  the matching 
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process, so the advantage of  60 ° over 150 ° targets must 
have a different cause. It could be due to either of  two 
factors. First, the 60 ° view was independently rated the most 
preferred view and hence is probably more canonical than 
the 150 ° view. Canonical  (60 ° ) views of  objects may match 
abstract, stored representations more efficiently than non- 
canonical (150 ° ) views, for instance, because canonical 
views contain more diagnostic image features. Second, as 
suggested earlier, different view matches may be mediated 
by an abstract representation that remains view-specific. In 
this latter case, 90 ° references would match 60 ° targets 
better than 150 ° targets because 90 ° and 60 ° stimuli are 
more similar in view than 90 ° and 150 ° views. Because the 
150 ° view is neither canonical nor similar in view to the 90 ° 
reference, the two factors of  canonicality and view similar- 
ity were confounded in Experiment 3. However,  canonical- 
ity seems less l ikely to be important than the similarity in 
view between the reference and target in Experiment 3. 
First, there was a benefit  for noncanonical foreshortened 
targets, even at the long ISI, for participants presented with 
the long ISI block first. Second, the 60 ° benefit  over 150 ° 
targets disappeared at the long ISI. If  60 ° targets benefit 
because the 60 ° view is canonical, then 60 ° targets should 
enjoy an advantage at the long ISI over both the less 
canonical 150 ° view and the noncanonical 90 ° view (be- 
cause transient, image-based representations would no 
longer be available to mediate identical view matches for 
foreshortened targets). Neither of  these effects occurred. In 
contrast, view similarity effects between the reference and 
target can explain the results from Experiment 3 if  view 
similarity effects are assumed to be present but to weaken 
across the ISI. 

Although the present evidence suggests that temporary, 
highly view-specific,  image-based representations are de- 
rived fastest (given the identity benefit  at the short ISI), the 
more durable, abstract, view-specific representations must 
also be accessed rapidly to mediate different view matches 
at short ISis. At  the long ISI, the transient, image-based 
representation appears to exert little or no influence, and 
view effects are qualified by the effects of  ISI order. At the 
long ISI, foreshortened targets were matched slower than all 
other targets in Experiment 1 and faster than all other targets 
in Experiment 3 for participants shown the long ISI block 
first. In contrast, there were no differences between long ISI 
matches for the different target views for participants shown 
the short ISI block first in both Experiments 1 and 3. This 
ISI order effect suggests that experience with the stimuli 
was an important factor in both experiments.  View effects 
occur at the long ISI only if  participants are unfamiliar with 
the stimuli. This suggests that with practice, there is rapid 
access to a number of  different abstract, view-specific rep- 
resentations of  an object during the long ISI, enabling all 
targets to be matched about equally efficiently. We  return to 
this in the General Discussion section. 

E x p e r i m e n t  4 

Experiment 4 investigated whether different view 
matches were sensitive to the view of  the reference by 

comparing 90 ° and 150 ° references in a single study. Tar- 
gets could be seen at 60 ° , 90 ° , 150 ° , or 180 ° views. This 
al lowed view similarity effects between the reference and 
target to be systematically examined. View similarity ef- 
fects should favor 180 ° targets following 150 ° references 
but 60 ° targets following 90 ° references (each being 30 ° 
rotations in depth). This would indicate that the representa- 
tions mediating different view matches are view sensitive. 
Matching based on a single, stored representation should 
favor the canonical 60 ° target, irrespective of  the view of  
the reference. 

In addition to incorporating two references into the study, 
Experiment 4 also varied the nature of  the ISI. Ellis and 
Allport  (1986) showed that the transient, highly view-spe- 
cific representation mediating identical view matches was 
disrupted by a meaningless mask presented in the ISI, but 
the abstract, durable representation mediating different view 
matches was unaffected by a mask (the advantage at the 
short ISI for identical view matches over different view 
matches, but not the advantage for different view matches 
over same name matches, was eliminated by a pattern 
mask). We  compared matching with and without an irrele- 
vant pattern mask. The identity benefit  was predicted to be 
disrupted by the mask. Only the short 585 ms ISI was used. 

M e ~ o d  

Participants. There were 16 participants (8 men and 8 
women). 

Materials. The stimuli were a subset of those used in Experi- 
ment 1. The references were 90 ° and 150 ° views; the targets were 
60 ° , 90 ° , 150 ° , and 180 ° views. The pattern mask used was 
designed to maximize disruption to low-level, image-based repre- 
sentations without providing any meaningful part or object-level 
information that might disrupt high-level, abstract representations. 
The mask was composed of small, meaningless, overlapping line 
fragments taken from pictures of the objects presented in Experi- 
ment 4 but derived from different views to those shown (see Figure 
6). The mask occupied a square of 8 × 8 cm, which was greater 
than the 6 x 6 cm area occupied by the pictures. 

Design. Each trial began with the presentation of either a 90 ° 
or a 150 ° reference of one of the 36 objects. The reference was 
followed with equal probability by a target view of that object at 
60 °, 90 °, 150 °, or 180 ° (a match trial) or a view of a different 
object at 60 °, 90 °, 150 °, or 180 ° (a mismatch trial). For mismatch 
trials, 8 different target objects, 2 at each of the four target views, 
were paired with the 90 ° and 150 ° references of each object. Two 
sets of 576 pairings of pictures were produced. Different object 
pairings were used for the mismatch trials for each picture pair set; 
otherwise, the two sets were identical. In each of the sets, all four 
targets of all 36 objects were shown four times as the target on a 
trial, on two trials (one match and one mismatch trial), they were 
preceded by a 90 ° reference, and, on two other trials, they were 
preceded by a 150 ° reference. There were 1,152 trials in total, with 
each target being shown eight times in all. 

Each set of 576 picture pairs was divided into two blocks of 288 
pairs, so that each block took approximately 10 rain to complete. 
Each block of 288 trials contained four match and four mismatch 
trials for each object. The 90 ° and 150 ° references each occurred 
on half of the trials within each block. The order of presentation of 
trials within a block was random and different for each participant. 
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Figure 6. Pattern mask presented in Experiment 4. 

The two blocks derived from the same picture pair set were always 
shown consecutively. The order of presentation of blocks within a 
picture pair set was balanced across participants, as was the order 
of presentation of the two sets. For each participant, one picture 
pair set was presented with a short blank ISI of 585 ms between the 
reference and target, and the other was presented with a short 
masked ISI of 585 ms. The pattern mask was the same on every 
trial. The mask was presented immediately after the reference and 
was immediately followed by the target. The assignment of picture 

pair sets to ISI type (blank or masked ISI) and the order of 
presentation of ISI type were balanced across participants. 

The 90 ° and 150 ° views and the 60 ° and 180 ° views were thus 
presented equally often. This permitted a direct comparison be- 
tween these pairs of views and avoided the frequency of presen- 
tation confound of Experiments 1 and 3. 

Apparatus and procedure. The apparatus and procedure were 
identical to those of Experiment 1. The experiment lasted about 40 
min. 

Results 

All  participants had an overall error rate of  less than 10%. 
An A N O V A  was carded  out on mean correct RTs to same 
responses. There were three within-subject variables: target 
(60 °, 90 °, 150 °, or 180°), reference (90 ° or 150°), and ISI 
type (blank or masked ISI). There was one between-subjects 
variable: ISI order (order of  presentation of  blocks [blank 
ISI first or masked ISI first]). Mean correct same RTs across 
participants are shown in Figure 7; errors are given in 
Table 5. 

The main effects of  both target, Fl (3 ,  42) = 8.294, p < 
.001, M S E  = 2,033, F2(3, 105) = 5.477, p < .002, M S E  = 
10,608, and reference, FI(1,  14) = 21.871, p < .001, 
M S E  = 7,188, F2(1, 35) = 17.926, p < .001, M S E  = 
35,794, were significant. Matches were faster for 150 ° ref- 
erences than for 90 ° references. The main effect of  ISI type 
was significant across items only, FI(1,  14) = 0 .990,p > .3, 
M S E  = 5,498, F2(1, 35) = 18.566, p < .001, M S E  = 
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VIEW SPECIFICITY IN OBJECT PROCESSING 411 

Table 5 
Mean Error Rates (%) for Match Trials as a Function of 
Target View: Experiment 4 

Target view 
Reference view 

and ISI type 60 ° 90 ° 150 ° 180 ° 

90 ° 
Blank 4.2 2.8 8.7 13.5 
Mask 5.7 3.3 8.2 10.0 

150 ° 
Blank 4.0 8.2 3.8 4.2 
Mask 5.7 8.2 4.3 4.9 

Note. ISI = interstimulus interval. 

23,484. Matches with a blank ISI tended to be faster than 
those with a masked ISI. The main effect of  ISI order was 
not significant, FI(1, 14) = 0.017, p > .8, MSE = 1,460, 
F2(1, 35) = 2.688, p > .1, MSE = 5,162. There were two 
significant two-way interactions: Target × Reference, F~(3, 
42) = 77.052, p < .001, MSE = 46,437, F2(3, 105) = 
112.883, p < .001, MSE = 225,119, and ISI Type × ISI 
order, FI(1, 14) = 11.095, p < .005, MSE = 61,594, F2(1, 
35) = 168.919, p < .001, MSE = 285,448. The ISI Type × 
ISI Order interaction occurred because matches were faster 
on the second block of  trials. If  the masked ISI block was 
presented first, matches were faster for blank ISis than for 
masked ISis (p < .05 for participants, p < .01 for items; 
Newman-Keuls  analysis). Conversely, if the blank ISI 
block was presented first, matches tended to be faster for 
masked ISis than for blank ISis (not significant for partic- 
ipants, p < .01 for items). 

For 90 ° references, 90 ° targets were matched faster than 
60 ° targets (p < .01; Newman-Keuls  analysis), which were, 
in turn, matched faster than 150 ° targets (p < .01), and 150 ° 
targets were matched faster than 180 ° targets (p < .05 for 
participants, p < .01 for items). For 150 ° references, there 
were no significant differences between 150 ° and 180 ° 
targets, but both were matched faster than 60 ° targets (p < 
.05), which were, in turn, matched faster than 90 ° targets 
(p < .01). Thus, with 90 ° references, 90 ° and 60 ° targets 
were matched faster than 150 ° and 180 ° targets; with 150 ° 
references, the opposite results held. With respect to target 
view, the following occurred: For the 60 ° target, there was 
no difference between matches with 90 ° and 150 ° refer- 
ences; for the 90 ° target, 90 ° references were matched faster 
than 150 ° references (p < .01); and for the 150 ° and 180 ° 
targets, 90 ° references were matched slower than 150 ° 
references (p < .01). There was no evidence of  a speed- 
accuracy trade-off. 

The mean RTs for correct different results were 566 ms 
(4.1% errors) with a blank ISI and 561 ms (4.3% errors) 
with a masked ISI; the mean RTs were 558 ms (3.8% errors) 
for 90 ° references and 569 ms (4.6% errors) for 150 ° 
references. The main effect of  reference was significant, 
FI(1, 14) = 27.155, p < .001, MSE = 7,890, F2(1, 35) = 
31.941, p < .001, MSE = 39,987, but the main effect of  
target was not significant, Fl(3, 42) = 0.176, p > .9, 
MSE = 61.555, F2(3, 105) = 0.245, p > .8, MSE = 555. 

Matches were faster for 150 ° references than for 90 ° refer- 
ences. The main effect of  ISI type was not significant, F~(1, 
14) = 0.145,p > .7, MSE = 1,300, F2(1, 35) = 3.361,p > 
0.7, MSE = 3,840, and ISI order was significant across 
items only, FI(1, 14) = 0.370,p > .5, MSE = 31,551, F2(1, 
35) = 81.208, p < .001, MSE = 126,247. Matches tended 
to be faster for participants who had the masked ISI block 
first. The only significant interaction was that between ISI 
type and ISI order, FI(1, 14) = 6.822, p < .03, MSE = 
61,068, F2(1, 35) = 147.011, p < .001, MSE = 262,389. 
This interaction took the same form as that found for same 
trials and occurred because matches tended to be faster on 
the second block of  trials. If  the masked ISI block was 
presented first, matches tended to be faster for blank ISis 
than for masked ISis (not significant for participants, p < 
.01 for items; Newman-Keuls  analysis). Conversely, if the 
blank ISI block was presented first, matches tended to be 
faster for masked than for blank ISis (not significant for 
participants, p < .01 for items). 

Discussion 

These results have important implications for understand- 
ing object encoding and matching. In particular, RTs were 
dependent not only on the view of  the target but also on the 
similarity in view of  the reference and target. There was a 
crossover interaction reflecting effects of  both reference and 
target viewpoint: 150 ° and 180 ° targets were slow to be 
matched to 90 ° references and fast to be matched to 150 ° 
references, whereas the reverse held for 60 ° and 90 ° targets 
(see Figure 7). This indicates that effects of  target view are 
not simply a result of  the time taken to encode targets or the 
canonicality of  targets. This crossover would not occur if 
different view matches were mediated by a single, object- 
centered, view-invariant representation derived from the 
reference. Such a representation should not favor any view 
(or it should favor only canonical views, such as the 60 ° 
view), and any effects of  view on matching should reflect 
the target view only and should be independent of  the view 
of  the reference. However, the reference view was clearly 
important for both identical view matches and different 
view matches. Such effects of  the similarity of  reference and 
target views suggest that a number of  different abstract, 
view-specific representations of  each object mediate differ- 
ent view matches. 

These effects of  the similarity in view of  the reference and 
target for different view matches are unlikely to be due to 
the involvement of  transient, image-based representations, 
even though only short ISis were used here. In Experiment 
4, the 30 ° depth rotations that separated different views of  
the same object were close to the rotations shown in other 
studies to require abstract, durable representations to medi- 
ate different view matches, rather than the transient image- 
based representations assumed to mediate identical view 
matches (Ellis & Allport, 1986; Ellis et al., 1989). Also, 
matches between references and targets rotated 30 ° in depth 
were found to be slower than identical view matches in 
Experiments 1 and 3. Thus, 30 ° depth rotations are suffi- 
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cient to disrupt matches mediated by transient image-based 
representations. Finally, in Experiment 4 we found no effect 
of an intervening mask, which ought to disrupt any transient 
image-based representations (Ellis & Allport, 1986). We 
conclude that abstract, durable representations mediated 
performance for different view matches and that these rep- 
resentations are view-specific. 

This argument is supported by comparisons between the 
results of Experiments 1 and 3, at the long ISI, for partici- 
pants who had the long ISI block first. Relative to 150 ° 
targets, there was a strong disadvantage for 90 ° targets in 
Experiment 1 (in which 150 ° references were used) but an 
advantage in Experiment 3 (in which 90 ° references were 
used). Because the same 90 ° targets were encoded in Ex- 
periments 1 and 3, this implies that the efficiency of match- 
ing is crucially determined by the relationship between the 
reference and target and not just the efficiency of encoding 
targets. The 90 ° view was seen more frequently in Experi- 
ment 3 than in Experiment 1, but frequency of presentation 
cannot account for performance with 90 ° targets in Exper- 
iment 3. In Experiment 1, the 150 ° view was seen many 
more times than any other view, yet there was only a weak 
identity benefit for 150 ° targets relative to other targets at 
the short ISI and none at the long ISI. This implies that in 
Experiment 3, at the long ISI, there should have been no 
identity benefit for 90 ° targets, and any encoding difficulty 
for 90 ° views should have been revealed. This was not the 
case. 

Finally, although there was a trend for the mask to slow 
RTs relative to a blank ISI, we failed to find any interaction 
between the mask and the view of either the target or the 
reference (see Figure 7). This result runs counter to the 
results of Ellis and Allport (1986), who found that a pattern 
mask during a 100 ms ISI eliminated the identity benefit. 
Ellis and Allport used photographs of objects, which were 
more complex than the line drawings used in the current 
experiments. They also used a shorter ISI (100 ms, in 
comparison with the 585-ms ISI used in our Experiment 4). 
It is possible either that masking effects are more pro- 
nounced at shorter ISis (although Ellis et al., 1989, found 
that the size of the identity benefit was not greatly affected 
by ISI, being 16 ms with a 100 ms ISI and 19 ms with a 600 
ms ISI) or that the image description formed from line 
drawings is less prone to disruption by a pattern mask than 
the image description of photographs (e.g., because coding 
is simpler and perhaps more rapid for line drawings). 

General  Discussion 

A series of four experiments investigated the representa- 
tions mediating the matching of objects depicted from dif- 
ferent views. First, Experiments 1 and 2 indicated that 
participants were not using simple mental rotation or mir- 
ror-image reflection plus rotation strategies to mediate 
matches between different views of an object. Instead, the 
data suggest that abstract, durable representations mediate 
the matching of different views. 

Second, Experiments 1, 3, and 4 each demonstrated a 

benefit for matching identical views of objects; this effect 
was shortlived, however, only being reliable at the short ISI 
(Experiments 1 and 3). This implicates the involvement of 
a transient image-based, view-specific representation of the 
reference in mediating identical view matches. In Experi- 
ment 1 we found that, contrary to previous results (Klatzky 
& Stoy, 1974), mirror-image view matches were not as 
rapid as identical view matches. This suggests that the 
transient image-based representations assumed to underlie 
the identity benefit are not reflectionally invariant, and 
therefore their use is strictly limited to mediating identical 
view matches at short ISis. 

Third, different view matches were strongly influenced 
by the similarity in view of the reference and the target. 
Following a 90 ° reference, 60 ° targets were matched faster 
than 150 ° and 180 ° targets (Experiments 3 and 4). Con- 
versely, following a 150 ° reference, 180 ° targets were 
matched faster than 60 ° and 90 ° targets (Experiment 4). 
Matching was more efficient if the reference and target were 
similar in view, independent of the canonicality of the views 
presented. Such "view similarity" effects suggest that the 
abstract representations mediating different view matches 
are view specific; the representations are not object centered 
because they cannot be matched to all views of an object 
equally efficiently (cf. Marr, 1982). 

Throughout this article, we have measured visual simi- 
larity between target and reference views of an object in 
terms of the degree of rotation between the depicted view- 
points. It should be noted that the physical difference in 
view between the reference and target is unlikely to be the 
best psychological measure of the perceived visual similar- 
ity of the two views. Nevertheless, view similarity is im- 
portant because it is likely to correlate strongly with factors 
that are important in determining perceived visual similarity 
but that are difficult to measure either objectively or quan- 
titatively, such as the number of common features and parts 
across two views. Also, even if the factors determining 
perceived visual similarity could be measured, their nature, 
number, and relative importance would still be unspecified. 
Here we have shown that at least factors correlated with 
the angle of rotation between depicted views influence 
matching. 

Finally, we reported evidence that matching was affected 
by stored knowledge derived from the reference. In Exper- 
iment 2, the reference and target were inverted. Items that 
were unfamiliar and disoriented when inverted were 
matched more slowly when inverted than when upright. 
Effects of stored knowledge were also apparent in Experi- 
ments 1 and 3, in which effects of view were eliminated at 
the long ISI for participants given the short ISI block fu'st 
(Figures 3 and 5) so view effects disappeared once partic- 
ipants were familiar with the stimuli (see also Jolicoeur, 
1985). One reason why prior experience with the stimuli 
might reduce view effects is that stored representations are 
established for objects in previously seen views. When a 
target is then represented at that view, matches can be made 
directly to the stored view rather than being mediated by a 
representation tied to the view of the reference. This pro- 
posal for the involvement of view-specific stored represen- 
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tations is similar to that of Tarr and Pinker (1989). Accord- 
ing to such a view, object constancy is achieved by storing 
a number of different representations of each object, each 
tuned to a different view. 

Following Ellis and Allport (1986) and Ellis et al. (1989), 
we could interpret our evidence in terms of the involvement 
of at least two types of representation in object matching: 
(a) transient, image-based, highly view-specific representa- 
tions, which can mediate only identical view matches at 
short ISis, and (b) abstract, durable representations, which 
mediate all different view matches. However, some of the 
distinctions made by Ellis and colleagues between these two 
types of representation were not supported by our data. 
First, Ellis and colleagues assumed that the latter represen- 
tation was view invariant and object centered, but this was 
disconfirmed by our results, which suggest that it is view 
specific. Second, in Experiment 4, the presence of an inter- 
vening mask did not eliminate the identity benefit, which is 
assumed to be mediated by the first type of representation 
(cf. Ellis & Allport, 1986); in fact, the mask did not interact 
with view effects whatsoever. Third, the identity benefit 
was not always present at short ISis and was not always 
absent at long ISls. In Experiment 1, for participants shown 
the long ISI block first, there was no identity benefit at the 
short ISI, and, in Experiment 4, following a 150 ° reference, 
matches to 150 ° identical targets and 180 ° nonidentical 
targets were equally rapid. In Experiment 3, for participants 
shown the long ISI block first, the identity benefit was still 
present at the long ISI (see also Humphrey & Lupker, 
1993). In Ellis and Allport (1986), ISI was a between- 
subjects variable, so ISI order effects could not be exam- 
ined; in Ellis et al. (1989), ISI order effects were not 
reported. 

As Humphrey and Lupker (1993) have argued, it is pos- 
sible that some or all of the identity benefit reported by Ellis 
and colleagues (Ellis & AUport, 1986; Ellis et al., 1989) was 
due to the presentation of photographs rather than line 
drawings in their studies. Unlike line drawings, photographs 
possess surface characteristics such as texture that might 
permit the use of matching strategies based on low-level 
features. Such strategies could mediate only identical view 
matches, because surface characteristics are highly depen- 
dent on viewing conditions and would usually change sig- 
nificantly across different depth-rotated views of an object. 
If information about surface characteristics decays rapidly 
and is disrupted by masking and by changes in stimulus 
size, then the results reported by Ellis and colleagues can be 
accounted for. 

A more parsimonious account of our results than that just 
provided can be postulated. If a number of different, view- 
specific representations of each object are stored (cf. Tarr & 
Pinker, 1989), then the target would be matched most effi- 
ciently if it accessed the same view-specific representation 
as the reference (i.e., an identity benefit would be observed). 
However, over time, stored representations of different 
views of the object may also be activated. The time course 
of activating these representations may be dependent on the 
view of the reference. In particular, stored representations 
similar in view to the reference may be activated before 

those of views rotated farther from the reference view. 
Thus, over time, the initial highly view-specific identity 
benefit would weaken, and eventually all views of the object 
that could access a stored representation would be matched 
efficiently because all stored representations would be ac- 
tivated. Such an account postulates only one type of repre- 
sentation rather than specifying distinct transient, image- 
based and abstract, durable representations. However, 
because the different view-specific representations of a 
given object are not all assumed to be activated simulta- 
neously, view-specific effects on matching may still be 
observed, with initially more efficient matching of more 
similar views because such stimuli are more likely to acti- 
vate either the same stored representation or two stored 
representations similar in view. 

Other workers, notably Biederman and colleagues, have 
come to rather different conclusions concerning the repre- 
sentations mediating object processing based on studies of 
long-term priming in object naming tasks (Biederman & 
Cooper, 1991a, 1991b, 1991c, 1992; Biederman & Gerhard- 
stein, 1993). Biederman and colleagues used a long-term 
priming task to investigate the limits of object constancy. 
Typically, participants named a set of prime pictures of 
objects in one block of trials and then named the same set of 
objects as targets in a second block. Some target pictures 
were transformed from their initial presentation. In general, 
naming latencies in the second block were facilitated rela- 
tive to those in the first block, and the magnitude of any 
facilitatory priming effects was equally large when the 
pictures were identical and when they were transformed in 
size, lateral position, mirror-image reflection, and orienta- 
tion in depth. Facilitatory priming was also as large when 
the pictures were complementary contour-deleted versions 
of each other as when they were identical. Moreover, this 
facilitation for transformed depictions of the same object 
was greater than that produced when two different exem- 
plars from the same object class were named. From these 
results, Biederman and colleagues inferred that the addi- 
tional facilitation in the identical view and different view 
conditions, in comparison with the different exemplar con- 
dition, is visual rather than conceptual in nature because the 
prime view picture, the different view targets, and the 
different exemplar targets all belong to the same object 
category. The results suggest that the same visual represen- 
tation of an object is accessed, despite changes in image 
size, position, and orientation in depth, for different views 
of an object. Access to this common representation enables 
object recognition to be robust to changes in view, thus 
achieving object constancy. 

There are several reasons why the results reported by 
Biederman and colleagues (Biederman & Cooper, 1991a, 
1991b, 1991c; Biederman & Gerhardstein, 1993) might 
differ from ours; for instance, the time intervals separating 
the first and second presentations of the stimuli were much 
shorter here, and we used a matching rather than a naming 
task. It might be argued that the representations mediating 
matching and those mediating naming are different, and 
hence contrasting results would be expected from studies 
using the different tasks. Specifically, matching might in- 
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volve episodic memories, because the task requires the 
target to be recognized as depicting the same object as the 
previously presented reference. Biederman and colleagues 
(Biederman & Cooper, 1992; Cooper et al., 1992) have 
argued that object identification tasks that tap episodic 
recognition memory involve a separate object processing 
system in addition to the system mediating object identifi- 
cation. They have suggested that object naming is mediated 
solely by the object identification system, probably repre- 
sented in occipitotemporal pathways in the brain, whereas 
object matching, for instance, may also tap a motor-action 
system, probably represented in occipitoparietal pathways 
(Ungedeider & Mishkin, 1982). Viewpoint is important for 
the object action system (because the view of the object will 
determine the precise action required) but not for the object 
identification system. It is possible that both sets of results, 
those from long-term priming of picture naming and those 
from picture matching, reflect different aspects of object 
processing. We provided evidence that matching did tap 
stored representations of objects, because the matching of 
inverted stimuli was affected by whether the objects were 
normally seen in an upright orientation. Such stored repre- 
sentations are normally associated with the object identifi- 
cation system rather than with the episodic system involved 
in the on-line generation of actions to objects, and therefore 
it appears that the object identification system is involved in 
matching. Nevertheless, the view-sensitive effects reported 
here may reflect the involvement of view-sensitive repre- 
sentations that are used only in explicit recognition memory 
tasks and are not implicated in pure object identification 
tasks such as naming. 

However, we suggest that although it is a possibility that 
all of the view effects we have reported are the result of 
processing mediated via the motor interaction system and 
that this system is not involved in object recognition, it 
seems most likely that there is a systematic effect of depth 
rotation on object recognition. Object naming studies using 
the same set of stimuli presented in our experiments pro- 
duced effects of viewpoint on priming very similar to those 
reported here (Lawson, 1994; see also Tarr, Hayward, Gau- 
thier, & Williams, 1994). Furthermore, at present, there is 
no consensus as to what is the most appropriate task with 
which to study object recognition (Tarr & Biilthoff, 1995), 
and Biederman and Gerhardstein (1993) themselves used a 
sequential picture matching task to examine the effects of 
depth rotation on object recognition. 

The effects of depth rotation on performance might have 
emerged because different parts were visible across differ- 
ent views of an object. Biederman and Gerhardstein (1993) 
claimed that even in object naming tasks, priming is pre- 
dicted to be viewpoint invariant only if the same parts are 
visible in the same spatial relations across different views of 
an object. When different object parts are visible, contrast- 
ing object representations are constructed, because these 
representations explicitly code the parts present in the im- 
age. The difficulty with this proposal, however, is in spec- 
ifying the nature and scale of the visible parts. If object parts 
are defined sufficiently small, the proposal is unfalsifiable. 
Biederman and Gerhardstein (1993) claimed that small parts 

are important, but they put no lower limits on the size of 
parts that are coded in object representations, and they 
provided no other criteria for determining the importance of 
a part. Also, when visible parts change and priming reduces, 
one cannot assume that it is the change in the visible parts 
that is important relative to the correlated change in some 
other stimulus property (e.g., the global shape of the object). 
In the present study, effects of viewpoint change occurred 
even when there were relatively small (30 °) rotations be- 
tween images, when it was unlikely that there were changes 
in the main visible parts. Also, in object identification 
studies involving the same set of stimuli presented in the 
current studies, we found systematic effects of depth rota- 
tion on performance, which did not differ between objects 
rated to have major changes in their visible parts across 
different views and objects rated to have minimal changes 
(Lawson, Humphreys, & Watson, 1994). Furthermore, re- 
suits from both sequential picture matching and naming 
tasks using novel objects in which quantitative changes 
were compared with qualitative changes in the visibility of 
parts across different views (Tarr et al., 1994) provided no 
support for the claim that the occlusion of parts across 
different views is a major factor determining whether view- 
invariant recognition is observed. The lack of an effect of 
major part changes, coupled with the sensitivity to view- 
point, suggests that familiarity and overall change in view 
are primary determinants of both identification and match- 
ing performance. 
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Appendix A 

The 36 Items Presented in Experiments 1-4 

Banana Paper clip 
Bone Pen 
Camel Pencil 
Can opener Tennis racquet 
Car Razor 
Clothes peg Ruler 
Coat hanger Saw 
Comb Scissors 
Corkscrew Screwdriver 
Fork Shoe 
Glasses Spanner 
Hammer Spoon 
Iron Stapler 
Kangaroo Telephone 
Key Toothbrush 
Knife Torch 
l.e.ek Train 
Loaf Whisk 

Appendix B 

The 12 Inverting Items Presented in Experiment 2 

Camel 
Can opener 
Car 
Glasses 
Iron 
Kangaroo 
Loaf 
Ruler 
Shoe 
Stapler 
Telephone 
Train 
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