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Intrinsic orientation and study viewpoint in
recognizing spatial structure of a shape
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Two experiments dissociated the roles of intrinsic orientation of a shape and participants’ study viewpoint
in shape recognition. In Experiment 1, participants learned shapes with a rectangular background that was
oriented differently from their viewpoint, and then recognized target shapes, which were created by splitting
study shapes along different intrinsic axes, at different views. Results showed that recognition was quicker when
the study shapes were split along the axis parallel to the orientation of the rectangular background than when
they were split along the axis parallel to participants’ viewpoint. In Experiment 2, participants learned shapes
without the rectangular background. The results showed that recognition was quicker when the study shape was
split along the axis parallel to participants’ viewpoint. In both experiments, recognition was quicker at the study
view than at a novel view. An intrinsic model of object representation and recognition was proposed to explain

these findings.

People experience an object visually from a single view-
point at any given time. In most situations, the viewpoint
from which an object is first experienced is different from
the viewpoint from which it is later recognized. Recogni-
tion must therefore rely on a representation and a process
that can accommodate the change of the viewpoints from
study to recognition. The models proposed to conceptual-
ize the nature of such mental representation and process
can be divided into two categories: structural description
models and view-based models (Hayward, 2003).

Structural description models claim that an object is rep-
resented as a set of parts with a specific structural descrip-
tion of the spatial relations among the parts, and recogni-
tion relies on matching the structure descriptions between
the test object and the objects in memory (e.g., Biederman,
1987; Marr & Nishihara, 1978). For example, a hand can
be represented as five fingers and one palm, with specific
spatial relations among the parts. The view-based mod-
els claim that snapshots of an object are represented at
all learning viewpoints and that recognition relies on the
normalization between the recognition view and the clos-
est snapshot in memory (e.g., Tarr & Pinker, 1989, 1990;
Ullman, 1989).

The view-based models have found support in findings
that object recognition performance is better at a familiar

view than at a novel view, and that performance at a novel
view decreases as the angular distance between the novel
view and the closest study view increases (e.g., Cooper,
1975; Jolicceur, 1988; Tarr & Pinker, 1989, 1990). In con-
trast, the structural description models have found sup-
port in findings that object recognition can be viewpoint
independent when it relies on distinctive features that are
also viewpoint independent (e.g., the number of parts; see
Biederman & Gerhardstein, 1993). Recent studies have
shown that object recognition can rely on both structure
and view information (e.g., Foster & Gilson, 2002).

In this project, we proposed and tested an intrinsic model
of object representation and recognition derived from the
intrinsic model of spatial memory (Mou, Fan, McNamara,
& Owen, 2008; see also Mou & McNamara, 2002; Mou,
McNamara, Valiquette, & Rump, 2004), which claims that
interobject spatial relations in a layout of objects are rep-
resented with respect to the intrinsic orientation! (intrinsic
reference direction) of the layout. The study location of the
observer is also represented with respect to the intrinsic
orientation of the layout. Recognizing a previously learned
configuration requires the observer to (1) identify the in-
trinsic orientation of the test scene, (2) align the intrinsic
orientation of the test scene with the represented intrinsic
orientation of the layout, and (3) compare the spatial rela-
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tions in the test scene with the represented spatial relations
of the layout.

Mou et al. (2008) demonstrated that scene recognition
was dependent on both intrinsic orientation and viewpoint.
Participants were instructed to learn a layout of objects
along an intrinsic axis that was different from their view-
ing direction, and were then given a scene recognition task
in which they had to distinguish triplets of objects from
the layout at different views from mirror images of those
test scenes. The results showed that recognition latency
increased with the distance between the test view and the
study view. More importantly, participants were able to
recognize intrinsic triplets of objects, which contained two
objects parallel to the intrinsic axis that participants were
instructed to use when they remembered the layout, faster
than they did nonintrinsic triplets of objects, which did
not contain two objects parallel to the instructed intrinsic
axis. This pattern occurred for all test views. The intrinsic-
orientation effect can be explained because participants
were quicker in identifying the intrinsic orientation for
the intrinsic triplets than for the nonintrinsic triplets. The
view effect can be explained because participants had to
align the intrinsic orientation in the test triplet with the
represented intrinsic orientation of the layout in memory,
when the test view was different from the study view, but
did not need such alignment when the test view was the
same as the study view.

We generalized the intrinsic model from scene recogni-
tion to object recognition because two observations sug-
gested that these two visual processes share very similar
mechanisms. First, it has been shown that both object and
scene recognition rely on the identification of intrinsic
orientation. As described previously, identifying intrinsic
orientation is important in scene recognition (e.g., Mou
et al., 2008). Similarly, it has been reported that identify-
ing intrinsic orientation is important for shape (object)
perception and recognition (e.g., Hinton, 1979; Hinton &
Parsons, 1988; Palmer, 1989; Rock, 1973). For example,
a square tilted 45° can be seen as either a tilted square or
an upright diamond, depending on whether an edge or a
vertex is identified as the top. Second, it has been shown
that both object and scene recognition are viewpoint de-
pendent. As reviewed previously, performance in object
recognition is better at the familiar views and decreases as
the angular distance between the novel view and the clos-
est familiar view increases (e.g., Cooper, 1975; Jolicceur,
1988; Tarr & Pinker, 1989, 1990). Similarly, it has been
reported that performance in scene recognition is better
at the familiar views and decreases as the angular dispar-
ity between the novel view and the closest study view in-
creases (e.g., Burgess, Spiers, & Paleologou, 2004; Chris-
tou & Biilthoff, 1999; Diwadkar & McNamara, 1997).

In sum, the intrinsic model of object recognition claims
that people represent the spatial structure of an object and
their own study viewpoint with respect to the intrinsic
orientation of the object. When they recognize an object,
they first need to identify the intrinsic reference direction
of the object, then align the intrinsic reference direction
of the test object with the represented intrinsic reference
direction established from the learned viewpoint (e.g.,

240°

Figure 1. One sample of the study shapes.

Ullman, 1989). According to this model, both intrinsic-
orientation-dependent and viewpoint-dependent object
recognition are expected. However, to the best of our
knowledge, previous investigations of object and shape
recognition have not dissociated viewpoint dependence
from intrinsic-orientation dependence. Two experiments
in this project were conducted to seek such dissociation in
shape recognition.

EXPERIMENT 1

In Experiment 1, participants learned shapes of irregu-
lar hexagons surrounded by a rectangular background on
around table (Figure 1). The longer axis of the rectangular
background was 60° different from the study viewpoint.
The study viewpoint was arbitrarily labeled as 0°, and all
other directions were labeled counterclockwise from the
study viewpoint. Target test shapes were created by split-
ting study shapes along a 0°-180° axis or along a 60°—240°
axis and presenting them at the study view (view of 0°)
or at a novel view (view of 30°) by rotating shapes 30°
clockwise (Figure 2). The purpose of this experiment was
to examine both the intrinsic-orientation effect (split along
0°—180° vs. 60°-240°) and the view effect (familiar view
vs. novel view) on participants’ recognition of the target
test shapes. We assumed that the intrinsic orientation of a
shape was determined by the external rectangular back-
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Figure 2. Sample of the target test shapes in the combination of splitting axis (0°—

180°, 60°-240°) and test view (0°, 30°).

ground (e.g., Palmer, 1989; Pani & Dupree, 1994). Hence,
we expected that shape recognition should be better when
the shape was split along the axis of 60°~240° than along
the axis of 0°-180°.

Method

Participants. Twelve university students (6 women, 6 men) par-
ticipated in return for monetary compensation.

Materials and Design. The experiment was conducted in a room
(6.0 X 6.0 m) with walls covered in black curtains. The virtual en-
vironment with shapes, rectangular backgrounds, and round tables
was displayed on the room floor in stereo with an I-glasses PC/
SVGA Pro 3D head-mounted display (HMD, I-O Display Systems,
Inc., Sacramento, CA). Participants sat in chairs 51 cm high, 180 cm
from the table center. Their head movements were tracked with an
InterSense 900 motion tracking system (InterSense Inc., Bedford,
MA). As illustrated in Figure 1, the study hexagon was presented
with a rectangular background (60.6 cm X 100 cm) that fit inside the
round table (diameter of 117 cm), and tilted 60° from participants’
viewpoint.

Twelve study hexagons were created with the following con-
straints: The six vertices of the hexagons were located in the direc-
tions of 0°, 60°, 180°, 120°, 240°, and 300° from the center of the
table; the distances between the vertices and the center of the table
were randomized within the range from 15 cm to 35 cm and different
from each other, such that the hexagons were not symmetric along
any axis. As shown in Figure 2, four target test shapes were created
from each study hexagon by splitting the study hexagon into two
quadrilaterals 4 cm apart from each other along the axis of 0°—180°,
or the axis of 60°-240°, and presenting the quadrilaterals from the
view of 0° or from the view of 30° by rotating the quadrilaterals 30°
clockwise. Four distractor test shapes were created for each study
hexagon by mirror-reflecting the target test shapes about the viewing
axis at test. The test shapes were presented only on the round table
with the removal of the rectangular background.

Each study hexagon was followed by eight test shapes (four
targets and four distractors). Participants were required to judge
whether each test shape was the same as the study shape, regardless
of the view change. Participants were told to imagine that there was

no gap between the quadrilaterals. Accordingly, there were 12 blocks
of trials corresponding to 12 study hexagons; for each block there
were eight recognition trials. The 12 study hexagons and the eight
test shapes for each study hexagon were presented in random order.

The two independent variables were splitting axis (0°-180° vs.
60°-240°) and test view (0° vs. 30°). The dependent variables were
response accuracy and latency. Response latency was measured as
the time from the presentation of the test shapes to the response of
the participant.

Procedure. Before entering the experiment room, each partici-
pant was first instructed to get to know the experiment procedure
and requirements, then blindfolded and seated in the chair at the
viewing position. All the lights in the room were turned off. The
blindfold was removed and the participant, holding a mouse in the
right hand, wore the head-mounted display.

Each study hexagon was displayed with the rectangular back-
ground on the round table for 60 sec. Participants were required to
remember the shape. Then, eight test shapes were presented sequen-
tially. Prior to the presentation of each test shape, only a red cross
was presented at the center of the table for 4 sec and participants
were required to fixate the cross. Each test shape was displayed on
the round table until participants pressed the mouse buttons (left but-
ton for targets and right button for distractors). Participants were re-
quired to respond as quickly and accurately as possible. There were
four extra shapes for practice.

Results and Discussion

Mean response latency for correct responses to targets
is plotted in Figure 3 as a function of splitting axis and
test view. As shown in Figure 3, participants recognized
shapes quicker when the shapes were split along the axis
of 60°-240° than when the shapes were split along the
axis of 0°-180°. Participants recognized shapes quicker
at the study view than at the view of 30°. Mean response
latencies per participant per condition were analyzed in
repeated measures ANOVAs with terms for splitting axes
and test view. The main effect of splitting axis was sig-
nificant [F(1,11) = 4.92, p < .05, MS, = 4.43]. The main
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Figure 3. Mean response latency in correctly recognizing tar-
get shapes as a function of splitting axis and test view in Experi-
ment 1. Error bars are confidence intervals corresponding to
+1 standard error, as estimated from the ANOVA.

effect of test view was significant [F(1,11) = 9.46, p <
.05, MS, = 2.44]. The interaction between splitting axis
and test view was not significant [F(1,11) = 0.29, p >
.05, MS, = 4.12].

Mean accuracy for targets is listed in Table 1 as a func-
tion of splitting axis and test view. Mean response ac-
curacies per participant per condition were analyzed in
repeated measures ANOVAs with terms for splitting axis
and test view. The test view was the only significant effect
[F(1,11) = 12.0, p <. 01, MS, = .028]. Participants rec-
ognized shapes more accurately at the study view than at
the view of 30°. Mean accuracy of responses to distractors
is listed in Table 2 as a function of splitting axis and test
view. The ANOVA revealed no significant effects, indicat-
ing that effects in accuracy for targets were not caused by
response biases.?

This experiment successfully dissociated the intrinsic-
orientation effect and the view effect. Participants deter-
mined the intrinsic orientation of the shape using the lon-
ger axis of the rectangular background.

EXPERIMENT 2

The purpose of Experiment 2 was to investigate whether
the intrinsic-orientation effect could be dissociated from
the view effect when no rectangular background was pre-
sented with the study shapes. We hypothesized that under
such conditions the intrinsic orientation of the study shape
would be determined by participants’ study viewpoint
(e.g., Rock, 1973; Shelton & McNamara, 1997). Hence,
we predicted that shape recognition should be better when
the shape was split along the axis of 0°~180° than along
the axis of 60°-240°.

Method

Participants. Twelve university students (6 women, 6 men) par-
ticipated in return for monetary compensation.

Materials, Design, and Procedure. The materials, design, and
procedure were identical to those of Experiment 1, except that no
rectangular background was presented during learning.

Results and Discussion

As shown in Figure 4, participants were quicker in rec-
ognizing target test shapes when the study hexagons were
split along the axis of 0°~180° than along the axis of 0°—
240° [F(1,11) = 5.01, p < .05, MS, = 5.03]. Participants
were quicker in recognition at the view of 0° than at the
view of 30° [F(1,11) = 15.02, p < .01, MS, = 1.81]. The
interaction between splitting axis and test view was not sig-
nificant [F(1,11) = 0.18, p > .05, MS, = 3.71]. As shown
in Table 1, participants were more accurate in recognizing
the target shapes at the view of 0° than at the view of 30°
[F(1,11) = 8.006, p < .05, MS, = 0.04]. No other effects
were significant. As shown in Table 2, no effects were sig-
nificant in recognizing the distractor shapes. Hence, with-
out the influence of the rectangular background, we still

Table 1
Mean Accuracy and Standard Deviation (in Percentage) in
Recognizing Target Shapes As a Function of Splitting Axis
and Test View in the Experiments

0°-180° 60°-240°
View 0° View 30° View 0° View 30°
Experiment M SD M SD M SD M SD
1 064 021 050 013 072 013 053 025
2 075 017 055 023 072 021 059 021
Table 2
Mean Accuracy and Standard Deviation (in Percentage) in
Recognizing Distractor Shapes As a Function of Splitting Axis
and Test View in the Experiments
0°-180° 60°-240°
View 0° View 30° View 0° View 30°
Experiment M SD M SD M SD M SD
1 057 021 059 021 048 019 056 023
2 053 019 057 0.17 047 022 051 024
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Figure 4. Mean response latency in correctly recognizing tar-
get shapes as a function of splitting axis and test view in Experi-
ment 2. Error bars are confidence intervals corresponding to
+1 standard error, as estimated from the ANOVA.

dissociated the intrinsic-orientation effect and the view
effect, and the intrinsic orientation of the hexagons was
determined by the study viewpoint of the participants.

GENERAL DISCUSSION

This project successfully dissociated the intrinsic-
orientation effect from the view effect in shape recognition.
In Experiment 1, the hexagons were presented with one
intrinsic axis parallel to the study viewpoint and another
intrinsic axis parallel to the orientation of an external rect-
angular background. The results showed that participants
were quicker in recognizing the target shapes when the
study hexagons were split along the intrinsic axis parallel to
the orientation of the rectangular background than when the
study hexagon was split along the intrinsic axis parallel to
the study viewpoint, and were quicker at the same view than
at the novel view. The intrinsic-orientation effect and the
view effect were independent. In Experiment 2, the exter-
nal rectangular background was removed during learning.
The results showed that participants were quicker to recog-
nize the target shapes when the study hexagons were split
along the intrinsic axis parallel to the study viewpoint than
when the study hexagons were split along the intrinsic axis
not parallel to the study viewpoint, and were quicker at the
same view than at the novel view. The intrinsic-orientation
effect and the view effect were independent.

Although view-based models of object recognition (e.g.,
Tarr & Pinker, 1989, 1990; Ullman, 1989) can readily ex-
plain the view effect, they have difficulty explaining the
intrinsic-orientation effect. The view-based models predict
that the shapes presented from the same test view (both the
study view and the novel view) should be equivalent, regard-
less of the intrinsic axis along which the shape was split.

These findings, however, can be explained by the in-
trinsic model proposed above. According to the model,
participants needed to identify the intrinsic orientation of

the test shape in shape recognition. We assume that the
intrinsic orientation of a test shape was more salient when
the study shape was split along the intrinsic orientation
than when the shape was split along another intrinsic axis.
Hence, identifying the intrinsic orientation was easier in
the former condition than in the latter condition, leading
to the intrinsic-orientation effect. Because participants
represented their study viewpoint with respect to the in-
trinsic orientation of the shape, when they were tested at
the study position and the test view was different from the
study view, the test shape was oriented differently from
the mental representation of the study shape. Participants
needed to align these two intrinsic orientations leading to
the view effect. We acknowledge that the intrinsic model
is similar to the structural description models (e.g., Bie-
derman, 1987; Marr & Nishihara, 1978), in that it claims
that object representation is object-centered but different
from structure description models that can also explain
the view effect.

The dissociation of the intrinsic-orientation effect and
the view effect in object recognition in this project echoes
the dissociation of the intrinsic-orientation effect and the
view effect in scene recognition reported by Mou et al.
(2008; see also Schmidt & Lee, 2006). We acknowledge
that in both studies, participants’ recognition decisions
were primarily based on spatial structure rather than on
unique features (e.g., number of parts), because the dis-
tractors were the mirror images of the shape or the scene;
hence, at least recognition of spatial structures of shapes
and that of scenes seem to share similar mechanisms.
Such similarity implies that a unified model of visual rep-
resentation and recognition may be possible to accommo-
date both object and scene recognition (e.g., Christou &
Biilthoff, 1999; Diwadkar & McNamara, 1997).
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NOTES

1. Intrinsic orientation is used here to indicate an orientation perceived
or identified by a viewer for a specific scene, rather than to imply an ori-
entation determined by the intrinsic property of the scene; for example,
symmetric axis. An intrinsic orientation can be identified with different
kinds of cues, including viewpoints, intrinsic properties of the scene,
local or global contexts, and so on.

2. The results when d-prime is used as a dependent variable are the
same as those when accuracy of the response to the target shapes is used
as a dependent variable in both Experiments 1 and 2.
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