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Spatial perspective taking is the ability to represent 
aspects of the spatial environment as if from an alterna-
tive viewpoint. Perspective taking is useful in a variety 
of situations, including reasoning about others’ goals and 
intentions (Decety & Grèzes, 2006; Piaget & Inhelder, 
1956; Vogeley et al., 2004), understanding others’ actions 
(Tversky, Lee, & Mainwaring, 1999), judging the visibil-
ity and relative location of objects (Michelon & Zacks, 
2006), navigation (Kozhevnikov, Motes, Rasch, & Blajen-
kova, 2006), and using language (Traxler & Gernsbacher, 
1993). For example, when asked to describe the layout of 
an apartment, speakers naturally adopt the viewpoint of 
a hypothetical visitor (Linde & Labov, 1975). Users of 
spoken and sign languages ubiquitously perform perspec-
tive taking, so that a speaker or signer presents informa-
tion from the point of view of their conversational partner 
(Emmorey, Tversky, & Taylor, 2000; Schober, 1993). Hu-
mans sometimes engage in social interactions with other 
species, such as pets and farm animals (Hare & Toma-
sello, 2005), and, in such cases, they may use perspective 
taking as a means to understand an animal’s behavior.

One way in which people may adopt novel perspectives 
is by imagining that their own body is in a different loca-
tion, which can be considered to be an imagined spatial 
transformation. For example, if you wished to tell a friend 
that they have a smudge on the left side of their face, you 
could imagine yourself standing in their position and then 
determine whether the smudge would be on the left or 
the right side of their face as if it were your own. We will 
refer to imagining that you are in a different location or 

orientation as a perspective transformation. Perspective 
transformations can be distinguished from object-based 
transformations, in which one imagines that an object is 
in a different location or orientation. Returning to the ex-
ample of the friend with a smudge on their left cheek, an 
object-based transformation strategy for this perspective-
taking task would be to imagine rotating the friend’s body 
into alignment with one’s own body. For judgments about 
others’ bodies, this is less intuitive than is the perspective 
transformation strategy for a majority of observers (Zacks 
& Tversky, 2005), but the situation might be different if 
one were making judgments about a statuette on a desk 
rather than about a life-sized animate person.

Slightly more formally, both perspective and object-
based transformations are transformations in which the 
correspondence between spatial reference frames is up-
dated. A spatial reference frame locates things in space. 
Reference frames differ in the referent with respect to 
which the target thing is located. Egocentric reference 
frames locate things relative to one’s self. Object-centered 
reference frames locate things relative to the intrinsic 
structure of an object. Environmental reference frames lo-
cate things relative to the encompassing spatial environ-
ment. For example, a viewer looking at the webcam on a 
laptop computer could describe it as being in front of the 
viewer (egocentric), at the top of the computer (object cen-
tered), or in the corner of the room (environmental). (For 
a more detailed discussion of spatial reference frames, 
see McCloskey, 2001.) In a perspective transformation, 
one’s egocentric reference frame is updated relative to the 
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such selective impairments have not yet been reported for 
perspective transformations.

In short, a body of evidence dissociates two spatial 
transformations that can play roles in spatial perspec-
tive taking. Some of this research has used a pair of tasks 
that allow one to compare geometrically equivalent spa-
tial reasoning problems while manipulating the nature of 
the spatial information to be reported. We describe these 
tasks in some detail, because they are used in the present 
experiments.

In the same/different task, participants view pairs of 
pictures and are asked whether the two pictures depict the 
same thing. Same pairs are constructed by rotating one 
of the depicted things relative to the other. Different pairs 
additionally differ in that the two depicted things differ in 
some regard; often, they are mirror images of one another 
(i.e., enantiomorphs). Shepard and Metzler (1971) first 
described such a task using abstract block figures, finding 
that greater orientation differences were associated with 
longer RTs. A large literature has emerged using para-
digms derived from the Shepard–Metzler task (Kosslyn, 
1980; Shepard & Cooper, 1982; Zacks, 2008). Often, RTs 
are found to increase with increasing rotation, and this 
has been interpreted as evidence that participants are per-
forming an object-based transformation in order to align 
the reference frame of one object with that of the other 
(but see Pylyshyn, 2002). In the version of the task used 
in the present experiments, the pictures are presented one 
above the other, and the top picture is always presented in 
an upright orientation, so that the disparity in orientation 
between the pictures is equivalent to the absolute orienta-
tion of the bottom figure (see the right side of Figure 1). 
In the experiments reported here, all pictures were rotated 
in the plane of the computer screen.

In the left/right task, participants are asked to deter-
mine whether a marker is located on the left or on the right 
side of a single rotated figure. In the experiments reported 
here, the stimuli were constructed exactly as the bottom of 

environmental reference frame and the object-centered 
reference frames of particular things in that environment. 
In an object-based transformation, an object’s reference 
frame is updated relative to the environmental and ego-
centric reference frames (Zacks & Michelon, 2005; Zacks 
& Tversky, 2005).

In considering spatial problem-solving behavior, it 
is important to distinguish processes, such as perspec-
tive transformations and object-based transformations, 
from particular tasks. Many tasks that are referred to as 
 perspective-taking tasks can be performed either by per-
forming a perspective transformation or by some alter-
native transformation (Flavell, Flavell, Green, & Wilcox, 
1981; Michelon & Zacks, 2006). The term perspective 
transformation refers to the process, whereas perspective 
taking refers to the ability to perform a set of tasks. In 
the literature, the term mental rotation has been used to 
refer both to particular tasks and to an object-based trans-
formation in which an object-centered reference frame 
is updated by a rotation. This can lead to confusion, be-
cause tasks described as “mental rotation tasks” may not 
involve mental rotation (although evidence often suggests 
that they do).

Previous research has indicated that both perspective 
transformations and object-based transformations are im-
portant for spatial reasoning (Zacks, Mires, Tversky, & 
Hazeltine, 2000). When instructed to do so, participants 
can selectively adopt strategies based either on perspec-
tive transformations or on object-based transformations 
(Huttenlocher & Presson, 1973; Presson, 1982; Wraga, 
Creem, & Proffitt, 2000). The two classes of transforma-
tion lead to reliably different patterns of response time 
(RT; Zacks & Tversky, 2005) and evoked brain activity 
(Zacks, Ollinger, Sheridan, & Tversky, 2002; Zacks, Vet-
tel, & Michelon, 2003). Object-based transformations 
can be impaired selectively by brain stimulation (Ganis, 
Keenan, Kosslyn, & Pascual-Leone, 2000; Harris & Min-
iussi, 2003; Zacks, Gilliam, & Ojemann, 2003), although 

A    Human Body B    Animal C    Inanimate Object

Figure 1. Example stimuli from each of the three item types. Each item was marked on either its left or right side with a multicolored 
circle.
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Rypma, Gabrieli, Tversky, & Glover, 1999). Left/right judg-
ments about objects showed increases in RT with increas-
ing orientation, whereas left/right judgments about bodies 
did not. Second, self-report data collected under conditions 
designed to minimize reactivity showed that participants 
subjectively experienced perspective transformations more 
often when making left/right judgments about bodies than 
when making them about objects.

Within the class of living things, there may be further 
specialization for the processing of human bodies. Func-
tional MRI and transcranial magnetic stimulation experi-
ments have identified brain regions that are selectively 
activated when viewing images of bodies (Downing, 
Jiang, Shuman, & Kanwisher, 2001; Urgesi, Berlucchi, 
& Aglioti, 2004). A small body of previous research sug-
gests that reasoning about human figures differs from 
reasoning about inanimate objects. Amorim, Isableu, 
and Jarraya (2006) manipulated the animacy of stimulus 
figures in a same/different task by adding or subtracting 
human-like features such as a head, or by constructing 
the figures so that they represented poses that were ei-
ther imitable or nonimitable by humans. They found that, 
with increasingly anthropomorphic figures, RTs became 
increasingly fast. They interpreted this to reflect a type of 
spatial perspective taking in which one’s own body serves 
as an analogy for reasoning about the egocentric spaces 
of other figures.

To date, there has been no evidence of whether non-
human animals are treated as being similar to humans for 
spatial perspective taking. Animals share many structural 
features with humans, including the arrangement of a 
head and limbs as projections from the body. This struc-
tural correspondence may allow for observers to adopt 
the spatial perspective of animals. In addition, reasoners 
may be more likely to employ perspective transformations 
when reasoning about animate agents, because animate 
agents share conceptual similarities such as intentions and 
the ability to engage in social behaviors. In this study, we 
examined participants’ tendencies to adopt the spatial per-
spective when reasoning about human and nonhuman ani-
mate figures and about inanimate objects. This extended 
previous findings in the literature to include nonhuman 
animals and further allowed us to determine whether 
perspective taking is a strategy uniquely specialized for 
making judgments about human figures. We predicted 
that observers would be unlikely to use perspective trans-
formations to reason about inanimate objects in the left/
right task, but would be more likely to do so when viewing 
animal figures, as well as humans.

In summary, a variety of studies have shown that living 
and nonliving things produce distinct behavioral profiles. 
We proposed that living and nonliving things are treated 
differently due both to their visual characteristics and 
to category-level information related to animacy. More 
specifically, we aimed to determine whether images of 
nonhuman animals would elicit responses similar to those 
elicited by images of humans. To the extent that animals 
are viewed as being similar to humans, we expected to 
obtain evidence for perspective transformations in the left/
right task.

the two pictures in the same/different task. Parsons (1987) 
found that, when viewers performed the left/right task with 
pictures of human bodies, RTs did not always increase 
with increasing rotation. Instead, RT functions varied with 
the plane of rotation and often were nonmonotonic. RT 
functions for the left/right task closely tracked RT func-
tions for a task in which participants were explicitly in-
structed to perform a perspective transformation to bring 
their imagined perspective in line with that of a pictured 
body. This suggests that, in order to perform the left/right 
task, participants carried out a perspective transformation. 
For pictures of bodies that were specifically rotated in the 
plane of the computer screen and showed bodies facing 
toward the viewer, RTs were essentially independent of 
orientation. This provides a useful diagnostic measure of 
the use of spatial transformation in these task configu-
rations: Object-based transformations should produce 
increasing RTs with increasing rotation, and perspective 
transformations should not. This relationship has been 
verified by several converging approaches in a previous 
study (Zacks & Tversky, 2005), which reported that flat 
RT profiles were observed following explicit instructions 
to perform perspective transformations, and also in the 
responses of uninstructed participants who reported using 
such transformations in postexperiment strategy reports. 
We wish to emphasize that this dissociation in RT pat-
terns depends on the particular plane in which the stimuli 
are rotated; for example, for rotations of bodies that faced 
away from rather than toward the viewer, RTs for imag-
ined perspective transformations and left/right judgments 
depends strongly on orientation (Parsons, 1987).

Animacy and Spatial Reasoning
In some circumstances, people perceive images of living 

things quite differently than they perceive images of nonliv-
ing things, such as when viewing rapidly alternating pic-
tures that produce apparent motion (Heptulla- Chatterjee, 
Freyd, & Shiffrar, 1996). However, animacy may not con-
sistently affect all spatial judgments. Bryant, Tversky, and 
Franklin (1992) failed to observe an effect of animacy when 
participants were asked to judge the relative direction of 
objects surrounding an upright human actor or an inanimate 
figure in a memorized scene. It must be noted, however, 
that the scenes were not presented pictorially, but in the 
form of narrative texts. This suggests that it may be neces-
sary to distinguish between active viewing and memory-
based judgments when it comes to examining the effects 
of animacy on spatial judgments. An experiment by Zacks 
and Tversky (2005) compared left/right and same/ different 
judgments using pictorial stimuli representing human bod-
ies and small inanimate objects, such as water pitchers and 
telephones. By two measures, participants were found to 
be more likely to use perspective transformations to make 
left/right judgments about human bodies. First, relations 
between orientation and RT were affected by stimulus type. 
The researchers selected a stimulus configuration, based 
on previously reported findings in the literature, such that 
object-based transformations would be expected to produce 
steep increases in RT with increasing orientation, but per-
spective transformations would not (Parsons, 1987; Zacks, 



ROLE OF ANIMACY IN SPATIAL TRANSFORMATIONS     985

sent stimuli on a 19-in. CRT monitor at a distance of approximately 
60 cm. The resolution of the monitor was 1,280  1,024 pixels. 
Participant responses were recorded on a USB button box (ioLab 
Systems).

Stimuli. Photographs were selected from commercial stock art 
libraries and the World-Wide Web and depicted a broad assortment 
of human bodies, nonhuman animals, and inanimate objects. Pic-
tures were cropped from their background if necessary and were 
arranged so that the centroid of their silhouette was centered on a 
white background. We used 24 images of each type (human body, 
nonhuman animal, inanimate object; see Figure 2 for examples of 
each). Natural images from these categories differ on low-level vi-
sual characteristics, including symmetry and skinniness (ratio of 
vertical to horizontal extent). We selected images to provide over-
lapping distributions on these characteristics, but not to eliminate 
differences between categories entirely. The supplemental material 
contains a more in-depth discussion of these two visual characteris-
tics and their effects on task performance.

In order to unambiguously mark the left or right side, an image of 
a small multicolored circle was placed on a prominent side of each 
depicted body, animal, or object. Images were scaled to fit within 
an 11-cm square and occluded approximately 9º of visual angle. 
For each original image, a mirror-image version was created by re-
flecting it about its vertical axis. Rotated images were obtained by 
rotating each image through successive multiples of 30º (ranging 
from 30º to 330º).

Tasks. Participants performed the left/right and same/different 
tasks on the computer (see Figure 1). A fixation cross was presented 
for 1,000 msec at the start of each trial. In the left/right task, a single 
stimulus was then presented at the center of the screen at a randomly 
chosen orientation, and participants were asked to identify whether 
the colored circle was on the left or right side of the body, animal, 
or object. In the same/different task, two images were presented si-

EXPERIMENT 1

In this experiment, we asked participants to perform the 
left/right and same/different tasks with pictures of bodies, 
animals, and objects. We hypothesized that participants 
would be more likely to perform perspective transforma-
tions when making left/right judgments about human bod-
ies than when making them about objects, and that they 
would be more likely to perform object-based transforma-
tions when making judgments about objects than when 
making them about bodies. Following Zacks and Tversky 
(2005), we designed our experiment so that perspective 
and object-based transformations should produce differ-
ent relations between stimulus orientation and RT in the 
left/right task, allowing us to diagnose which transfor-
mation was being performed. As was noted previously, 
when stimuli are rotated in the picture plane, object-based 
transformations tend to produce increases in RT with in-
creasing orientation, whereas perspective transformations 
do not.

Method
Participants. Forty-four participants from the Washington Uni-

versity Psychology Department’s participant pool took part in this 
experiment for course credit. Data from 6 participants were dis-
carded due to high error rates (greater than 25% within any block or 
15% overall). Data from the 38 remaining participants (24 females; 
ages 18–22 years) were used for this analysis.

Apparatus. We used PsyScope X (Cohen, MacWhinney, Flatt, 
& Provost, 1993) on an Apple Macintosh G3 tower computer to pre-

1,000 msec

Same/Different TaskLeft/Right Task

response

500 msec

Figure 2. Timeline of (A) the left/right task and (B) the same/different task. In the left/right task, the marker is on the baby’s right 
hand, meaning that, in this example, the participant was to respond by pressing the button marked “Right.” In the same/different task, 
the marker is on the left hand in the top image and on the right hand in the bottom image, meaning that, in this example, the participant 
was to respond by pressing the button marked “Different.” Both trials depict a stimulus with a 30º orientation disparity.
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trials were removed from further analysis. Clockwise and 
counterclockwise rotations were collapsed for analysis. 
This practice is supported by the finding that participants 
tend to compare pairs of images by imagining the rotation 
of one image along the shortest geometric path (Shepard, 
1988) and by the observation that RTs to both clockwise 
and counterclockwise rotations increased symmetrically 
with increasing orientation in both tasks.

RT analysis. For the first section of this analysis, we 
collapsed across stimulus images within each item type 
and calculated the mean RT for each combination of par-
ticipant, task, item type, and orientation. These mean RTs 
were then submitted to a within-participants 2 (task)  
3 (type)  7 (orientation) repeated measures ANOVA. As 
can be seen in Figure 3, mean RTs were lower overall in 
the left/right task when compared with those in the same/
different task [main effect of task, F(1,37)  1,301, p  
.001]. There was an overall increase in RT with increasing 
rotation [main effect of orientation, F(6,222)  42.0, p  
.001]. Collapsing across both tasks, responses to images 
depicting human bodies were fastest, whereas RTs for im-
ages of inanimate objects were slowest; those for images 
of animals were intermediate [main effect of item type, 
F(2,74)  4.0, p  .022]. RTs in the same/ different task 
increased with increasing orientation more than those in 
the left/right task [task  orientation, F(6,222)  17.2, 
p  .001]. The two-way interactions involving item type 
were not significant [task  item type, F(2,74)  0.9, p  
.393; orientation  item type, F(12,444)  0.5, p  .912]. 

multaneously, with the top image upright and the bottom image at a 
randomly chosen orientation. Participants were asked to determine 
whether two figures were identical or mirror-flipped versions of one 
another. In both tasks, participants were asked to respond as quickly 
as possible while remaining accurate. At the beginning of the experi-
ment, participants were given two practice blocks to practice making 
each of these judgments. Each practice block consisted of 12 trials 
of a single task, with items from each of the three groups pseudo-
randomly intermixed. Each of the six blocks consisted of 96 trials 
of a single task in the nonpractice blocks, meaning that the full ex-
periment consisted of 24 practice trials and 576 experimental trials. 
Participants performed a block of one task and then a block of the 
other for a single item type before moving on to the next item type in 
the next two blocks. Both task order and item type order were fully 
counterbalanced across participants. Following the computer tasks, 
participants filled out a questionnaire that asked them to describe the 
strategies that they used during each block of the experiment.

Results
After exclusion of 6 participants with high error rates, 

overall error rates ranged from 0.9% to 12.3%, and per-
block error rates ranged from 0% to 17.7%. RTs were 
trimmed by discarding error trials, values less than 
300 msec, and values greater than 3 SDs above the mean 
for each combination of participant and task. Several 
participants indicated that they did not understand the 
canonical orientation of one particular inanimate object 
(an old-fashioned camera). We discarded this item for two 
reasons: RTs were much greater than the mean for all other 
items (2,465 vs. 1,588 msec), and the error rate was much 
greater (36.9% vs. 4.9%). A combined total of 7.4% of all 
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Figure 3. Mean response times (RTs) from Experiment 1 for both the left/right task and same/different task plotted against orienta-
tion disparity (abscissa). Each panel represents data from one of the item types. Error bars represent the standard error of the mean 
across participants.
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p  .020] and for all item types in the same/different task 
(smallest t  11.0, p  .001). This replicates a finding 
in a similar experiment comparing responses to stimuli 
depicting human bodies and inanimate objects (Zacks & 
Tversky, 2005).

To examine the effects of task and type on the correla-
tion coefficients, the data were submitted to a within-
participants 2 (task)  3 (type) ANOVA. The dependent 
variable was the correlation coefficient between RT and 
orientation, calculated for each combination of par-
ticipant, task, and type. Correlation coefficients were 
greater for the same/different task [main effect of task, 
F(1,37)  29.5, p  .001]. Overall, correlation coeffi-
cients did not differ between item types [main effect of 
item type, F(2,74)  0.006, p  .995]. However, item 
type interacted with task [F(2,74)  7.3, p  .001], 
such that the greatest difference between the two tasks 
was observed for stimuli depicting bodies; the smallest 
difference was observed for those depicting inanimate 
objects.

We followed up the ANOVA with separate planned 
comparisons between each pair of item types within each 
task, correcting for multiple comparisons by using Tukey’s 
HSD. In the left/right task, correlations were significantly 
smaller for pictures of human bodies (M  .02, SD  .29) 
than for pictures of inanimate objects (M  .10, SD  
.26). For the same/different task, correlations were signifi-
cantly greater for pictures of bodies (M  .33, SD  .14) 
than for pictures of objects (M  .02, SD  .29).

Introspective strategy reports. Two experiment-
ers scored each exit questionnaire by assessing the de-
gree to which each response corresponded to one of two 
predefined strategies. The first strategy was “imagining 
a picture moving,” which represented an object-based 

Finally, there was a significant three-way task  type  
orientation interaction [F(12,444)  2.1, p  .017]. The 
nature of this interaction was such that the difference in 
slopes between the left/right and same/different tasks was 
greatest for images depicting human bodies and smallest 
for those depicting inanimate objects.

To better characterize the three-way interaction, we ran 
separate type  orientation ANOVAs for the left/right 
and same/different tasks. For neither task was the type  
orientation interaction statistically significant [left/right 
task, F(12,444)  1.2, p  .249; same/different task, 
F(12,444)  1.3, p  .238]. Thus, although the pattern of 
the three-way interaction was consistent with the hypoth-
esis that item type affects spatial transformation strategy 
in the left/right task, this latter analysis did not provide 
strong statistical support.

Correlations between orientation and RT. To pro-
vide a more focused test of our hypothesis about the effect 
of task and item type on RT patterns, we analyzed the cor-
relations between RT and orientation for each combination 
of item type and task. Increases in RT with increasing ori-
entation produce positive correlations, whereas responses 
that are independent of orientation produce correlations 
near zero. Thus, for this stimulus configuration, positive 
correlations are associated with object-based transforma-
tions, and zero correlations are associated with perspec-
tive transformations. Correlation coefficients were aver-
aged across participants and are plotted in Figure 4. The 
mean correlation coefficients for the left/right task did not 
differ significantly from zero for stimuli depicting bod-
ies [t(37)  0.452, p  .654] or animals [t(37)  1.30, 
p  .203]. However, the mean correlation coefficient was 
significantly different from zero for the stimuli depict-
ing inanimate objects in the left/right task [t(37)  2.44, 
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to images of human bodies were slightly, but significantly, 
more orientation dependent than were responses to im-
ages of objects. In a previous study comparing pictures 
of bodies with pictures depicting abstract forms derived 
from Shepard and Metzler (1971) stimuli, Amorim et al. 
(2006) found the opposite pattern: Bodies produced shal-
lower slopes than did nonbody objects. In future studies, 
it will be important to assess the replicability and general-
ization of the present result.

For both tasks, the pattern of RTs for animals fell nu-
merically between those for bodies and for objects. One 
interpretation of this pattern is that participants adopted 
consistent strategies within each block and that their 
strategy when viewing animals happened to produce in-
termediate RTs. Another possibility is that individual par-
ticipants adopted mixed strategies when viewing stimuli 
depicting animals, at times treating them as human bodies 
and at other times treating them as objects. However, par-
ticipants rarely reported such mixed strategies explicitly 
on the postexperimental questionnaire. The experimental 
design and analyses used here do not allow us to discrimi-
nate between these possibilities.

Unlike the behavioral measures, introspective strategy 
reports did not reflect a more frequent usage of perspec-
tive transformations when participants viewed stimuli 
depicting human bodies or animals. It may have been dif-
ficult for participants to remember differences in strategy 
use across the six experimental blocks, especially since 
the task alternated between each block. In Experiment 2 
we tested each participant on only one of the two spatial 
reasoning tasks, both to replicate the basic findings from 
Experiment 1 and to reduce the possibility that strategy 
reports would be contaminated by carryover effects.

EXPERIMENT 2

Experiment 2 was similar to Experiment 1, except that 
task was manipulated between rather than within partici-
pants. This was done to eliminate carryover effects of task 
and to reduce the possibility of demand characteristics 
influencing the strategy reports. Each participant per-
formed either the left/right task or the same/different task 
with pictures of bodies, animals, and objects. The number 
of participants was increased to counteract the reduced 
statistical power when conducting a between-participants 
manipulation.

transformation strategy. The second strategy was “imag-
ining myself moving or imagining a change in my own 
perspective,” which represented a perspective transfor-
mation strategy. All responses that did not fit into the 
previous two categories were labeled “other.” Responses 
could belong to more than one category. Consensus was 
reached through discussion in each case of rater disagree-
ment, which occurred for 1.8% of the total responses. The 
frequencies of occurrence for each strategy are presented 
in Table 1. Four participants made a total of 8 responses 
(3.5% of all participants’ responses) that were categorized 
as representing both object-based and perspective transfor-
mations. These responses were not used in the subsequent 
analyses. Seventeen (7.5%) of all responses were scored 
only as “other” responses. A majority of participants (25 
out of 38) reported using object-based transformations for 
all three item types during the same/different task. In the 
left/right task, participants reported using object-based 
transformations and perspective transformations with ap-
proximately equal frequency. This latter result was con-
trary to our predictions.

The introspective strategy data along with the behav-
ioral measures of task performance suggest that partici-
pants used object-based transformation strategies when 
they performed the same/different task. There was a larger 
variety of self-reported strategies when participants per-
formed the left/right task.

Discussion
We found evidence for distinct RT patterns for items 

differing in animacy in two spatial tasks. In the left/
right task, RTs to stimuli depicting bodies were largely 
independent of orientation. As indicated by the correla-
tion coefficient analysis, RTs to stimuli depicting objects 
increased significantly with increasing orientation. This 
pattern suggests that participants were more likely to use 
perspective transformations to perform the left/right task 
with bodies than with objects. We note that the difference 
was somewhat smaller than that reported by Zacks and 
Tversky (2005).

Positive correlation coefficients indicated that RTs in 
the same/different task increased with increasing stimulus 
orientation, for both body and object stimuli. This pat-
tern suggests that participants predominantly used object-
based transformations to perform the same/different task, 
for both body and object stimuli. Unexpectedly, responses 

Table 1 
Frequencies of Each Self-Reported Strategy in Experiment 1

Transformation Type

Object- Both or 
Task  Item Type  Based  Perspective  Neither

Same/different Human bodies 30 (78.9%) 3 (7.9%)  5 (13.2%)
Animals 32 (84.2%)  5 (13.2%) 1 (2.6%)
Inanimate objects 29 (76.3%)  6 (15.8%) 3 (7.9%)

Left/right Human bodies 13 (34.2%) 15 (39.5%) 10 (26.3%)
Animals 12 (31.6%) 23 (60.5%) 3 (7.9%)
Inanimate objects 14 (36.8%) 21 (55.3%) 3 (7.9%)

Note—Percentages are given in parentheses. Row totals sum to 100%.
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F(6,276)  20.5, p  .001]. The task  item type interac-
tion was marginally significant [F(2,92)  3.0, p  .057]; 
same/different task RTs appeared to be similar across the 
three item types, whereas left/right task responses to human 
body stimuli appeared to be faster than those for stimuli 
depicting animals or objects. Unlike Experiment 1—and 
contrary to our expectations—the three-way task  type  
orientation interaction was not significant [F(12,552)  
0.997, p  .45]. This may reflect the smaller power to detect 
differences when using a between-participants manipula-
tion of the experimental task, or it may indicate that partici-
pants tended to use the same strategy across all item types 
due to carryover effects (because item type was still manip-
ulated within participants). We ruled out this explanation 
by failing to find interactions between item type order and 
any other factor in a 2 (task)  3 (item type)  7 (orienta-
tion)  6 (item type order) ANOVA on RT.

Correlations between orientation and RT. As in 
Experiment 1, we used each participant’s correlation be-
tween RT and orientation as another dependent measure. 
The mean correlation values across participants for each 
task and item type are presented in Figure 6. As can be 
seen in the figure, left/right task correlation values for 
stimuli depicting human bodies were close to zero, corre-
lations for stimuli depicting inanimate objects were posi-
tive, and correlations for stimuli depicting animals were 
intermediate. In the same/different task, correlations were 
all well above zero, were smallest for inanimate objects, 
and were largest for human bodies.

Method
Participants. Fifty participants from the Washington University 

Psychology Department’s participant pool took part in this experi-
ment for course credit. The data from 2 participants were removed 
from further analysis because they had an error rate greater than 
15% on any individual block. Of the 48 remaining participants, 
29 were female, and their ages ranged from 18 to 22 years.

Apparatus and Stimuli. The experimental apparatus and stimuli 
were identical to those in Experiment 1.

Tasks and Procedure. The tasks were the same as those used for 
Experiment 1, with the exception that participants performed only 
one of the two possible tasks. Each of the three blocks consisted of 
96 trials of a single item type. There were 288 trials in all for each 
participant.

Results
The data were trimmed, as was done in Experiment 1 

(3.1% of all trials were removed). The RTs from Experi-
ment 2 are plotted in Figure 5. The overall pattern of re-
sults was quite comparable to that from Experiment 1.

RT analysis. We performed a 2 (task)  3 (type)  
7 (orientation) ANOVA on RT data collapsing across the 
stimuli of each item type. RTs were greater in the same/ 
different task [main effect of task, F(1,46)  26.6, p  
.001] and were greater for increasingly rotated items [main 
effect of orientation, F(6,276)  20.5, p  .001]. Overall, 
RTs to stimuli depicting bodies were fastest, and those de-
picting objects were slowest [main effect of type, F(2,92)  
31.0, p  .001]. The effect of orientation depended on the 
task being performed, with RTs for the same/different task 
being more orientation dependent [task  orientation, 
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Figure 5. Mean response times (RTs) from Experiment 2 for both the left/right task and same/different task plotted against orienta-
tion disparity (abscissa). Each panel represents data from one of the item types. Error bars represent the standard error of the mean 
across participants.
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fer between images of animals and images of inanimate 
objects. The correlation coefficients for the left/right task 
were more variable across participants than were those in 
the same/different task, which could explain the lack of a 
significant type effect in the separate analysis of the left/
right task data.

Introspective strategy reports. The frequencies of 
occurrence for each self-reported strategy are presented in 
Table 2. Eight participants made a total of nine responses 
(6.1% of all participants’ responses) that were categorized 
as representing both object-based and perspective trans-
formations. These responses were not used in the subse-
quent analyses. Twelve (8.2%) of the total responses were 
scored only as “other” responses and were also removed 
from further analyses. Most participants reported using 
object-based transformations during the same/different 
task. In the left/right task, participants reported using per-
spective transformations with greater frequency than they 
used the other strategies. Of the 24 participants, 19 re-
ported using object-based transformations across all three 
blocks in the same/different task, whereas only 5 reported 
using such transformations across all blocks of the left/

The correlation coefficients were submitted to a 
2 (task)  3 (type) ANOVA, with task as a between-
 participants factor and item type as a within-participants 
factor. Correlation coefficients were greater for the same/
different task [main effect of task, F(1,46)  48.2, p  
.001]. The between-task difference in correlation coeffi-
cients was greatest for stimuli depicting human bodies 
and smallest for those depicting inanimate objects [task  
item type interaction, F(2,92)  4.7, p  .05]. We exam-
ined each of the two tasks in isolation by using separate 
one-way ANOVA models, with item type as the single 
factor. For participants who performed the left/right task, 
correlation coefficients did not differ across item types 
[F(2,46)  1.0, p  .394]. However, for participants who 
performed the same/different task, there was a significant 
main effect of type [F(2,46)  6.0, p  .01]. Post hoc 
comparisons using Tukey’s HSD indicate that the correla-
tion coefficients differed between images of human bod-
ies (M  .39, SD  .13) and images of inanimate objects 
(M  .30, SD  .11) at p  .05. Correlation coefficients 
did not differ between images of human bodies and im-
ages of animals (M  .34, SD  .09), nor did they dif-

Table 2 
Frequencies of Each Self-Reported Strategy in Experiment 2

Transformation Type

Object- Both or
Task  Item Type  Based  Perspective  Neither

Same/different Human bodies 18 (75%)  0 (0%) 6 (25%)
Animals 22 (91.7%)  0 (0%) 2 (8.3%)
Inanimate objects 22 (91.7%)  0 (0%) 2 (8.3%)

Left/right Human bodies  5 (21.7%) 18 (78.3%) 0 (0%)
Animals  9 (26.1%) 14 (60.9%) 3 (13.0%)
Inanimate objects  9 (26.1%)  9 (39.1%) 8 (34.8%)

Note—Percentages are given in parentheses. Row totals sum to 100%.
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and perspective transformations are used to reason about 
animate and inanimate figures.

This study extends previous studies to a new class of 
stimuli: nonhuman animals. Animals are important be-
cause they share some, but not all, of the visuospatial and 
conceptual properties that distinguish human bodies from 
inanimate objects. Both are animate. However, people do 
many things that other animals do not do, and coordinat-
ing one’s behavior with other people is likely more eco-
logically relevant than is coordinating one’s behavior with 
nonhuman animals. The pattern observed here suggests 
that some combination of the shared and differing features 
matters for this type of spatial reasoning. Future research 
should include a systematic attempt to unpack which fea-
tures do matter.

What is it that people are doing differently when rea-
soning about bodies rather than about objects? Zacks and 
Tversky (2005) proposed that pictures of bodies selec-
tively encourage visuospatial reasoning strategies based 
on perspective transformations, whereas pictures of ma-
nipulable inanimate objects selectively encourage strate-
gies based on object-based transformations. The present 
results are consistent with this proposal. According to 
this account, there are at least two potential explanations 
for the fact that nonhuman animal pictures produced re-
sponding intermediate between body pictures and object 
pictures. One possibility is that perspective transforma-
tions are evoked by the potential for interaction with a 
social agent. Human bodies should be strong cues for 
social interaction, and inanimate objects should be rela-
tively poor cues. Animals should be intermediate, because 
people have some degree of social interaction with other 
species, such as pets, farm animals, and zoo animals, but 
are generally much less likely to participate in the sorts 
of interactions for which perspective transformations are 
important, such as coordinated action. Another possibility 
is that perspective transformations are evoked by figures 
that are animate—that is, figures that can move on their 
own. Animals might be less likely than bodies to evoke 
perspective transformations, because they are recognized 
less quickly or easily as being animate.

To tease apart these possibilities, one could indepen-
dently manipulate participants’ construals of stimuli as so-
cial actors or as animate beings. For example, to increase 
perceived animacy, one could use a video of each stimulus 
engaging in self-initiated motion. To reduce the perceived 
potential for social interaction while preserving animacy, 
one could present stimuli in a context that made them ap-
pear to be pictures transmitted from a remote location, such 
as from a security camera. Another way to characterize the 
effects of animacy on spatial reasoning would be to more 
fully explore the continuum of animacy. Inanimate objects 
vary in the degree to which they resemble living things 
in their visual properties and in the way that they move. 
A toy dog may resemble a real dog more or less closely, 
and machines such as robots and construction equipment 
may move in more or less human-like ways. This degree 
of similarity has been shown to influence the way in which 
an observer interacts with computer-generated animations 

right task; a Fisher’s exact test of independence showed 
this difference to be statistically significant ( p  .001). 
To focus on perspective transformations (the strategy of 
interest), we coded each response in the left/right task on 
the basis of whether it described a perspective transfor-
mation. This effectively combined the object-based trans-
formation and “other” categories into a “not perspective 
transformation” category. A Fisher’s exact test of indepen-
dence indicated that the proportion of perspective trans-
formation responses depended on item type ( p  .05), 
confirming that the use of perspective transformations 
was indeed most prevalent for images of human bodies 
and least prevalent for inanimate objects.

Discussion
Experiment 2 was designed to address the possibility 

that there were carryover effects associated with per-
forming both the same/different and left/right tasks in 
succession. The RT results closely resembled those from 
Experiment 1, although the interactions of interest were 
only marginally significant in Experiment 2. However, 
the introspective report data showed stronger patterns in 
Experiment 2. Participants who performed the left/right 
task reported more frequent use of perspective transfor-
mations when making judgments about bodies or animals 
than when making judgments about objects, as predicted. 
This suggests that participants’ self-reports in Experi-
ment 1 may have been constrained by the fact that they 
were collected after six experimental blocks involving two 
tasks and three stimulus sets. The validity and reliability 
of introspective reports have sometimes been called into 
question (Dunlap, 1912; Pylyshyn, 2003). Despite the ex-
istence of such criticism, we believe that self-report data, 
when considered within the context of other behavioral 
measures, can indeed provide useful converging evidence 
about the cognitive operations involved in performing 
spatial judgments.1

GENERAL DISCUSSION

We hypothesized that pictures of human bodies would 
selectively afford perspective transformations, in which 
participants transform their egocentric reference frame 
to bring it into alignment with that of a picture, whereas 
pictures of inanimate objects would selectively afford 
object-based transformations, in which participants trans-
form the reference frame of a pictured object. This pro-
posed dissociation was supported by the relations between 
stimulus orientation and RT, and by self-report measures. 
The RT effects were significant only in Experiment 1, and 
the self-report effects were present only in Experiment 2. 
Experiment 1 had greater sensitivity to detect RT effects, 
because all variables were manipulated within partici-
pants. Experiment 2 likely produced more reliable intro-
spective reports because each participant performed only 
one of the two spatial tasks, eliminating the possibility 
of contamination across the two tasks. It must be noted, 
however, that the observed effects of animacy were small, 
which suggests that, to a certain extent, both object-based 
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and robots (Parise, Kiesler, Sproull, & Waters, 1999). The 
present results replicated those of Zacks and Tversky 
(2005) for bodies and objects. However, in the present 
study, we observed relatively smaller differences in RT 
between these two item types. This may have been due to 
the constraints we imposed on the visual characteristics of 
the stimuli during the selection process. For example, the 
images of human bodies in our sample were uncharacter-
istically squat, whereas most natural pictures of humans 
depict them in an upright position. Had the visual proper-
ties of the images been allowed to vary more freely across 
types, there may well have been greater differences in task 
performance across the three item types.

CONCLUSION

In summary, we found that people performed spatial 
reasoning tasks differently with images of human bodies, 
animals, and inanimate objects, even after controlling for 
differences in visual characteristics of the stimulus im-
ages. These results indicate that category-level informa-
tion about depicted figures can influence transformations 
of visuospatial representations during spatial reasoning. 
One possibility that is consistent with our results is that 
human-like visual stimuli are more likely to evoke trans-
formations of one’s egocentric reference frame, whereas 
manipulable inanimate stimuli are more likely to evoke 
transformations of the reference frame of the stimulus. 
This may have implications for the design of navigational 
interfaces and visualization tools. For example, users of 
GPS devices may find it easier to understand their current 
heading when it is represented by a human figure rather 
than by an automobile or an arrow. Visualization tools, 
such as those used in medical imaging or computer-aided 
design, could be improved by presenting body-relevant 
spatial cues. For example, a stylized human head pointing 
in a particular direction could be a more natural way to 
represent the orientation of a teleoperated surgical imple-
ment. Future work could examine whether life experi-
ences, such as training animals or studying architecture, 
make it easier and more likely for some individuals to 
adopt novel spatial perspectives.
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