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Abstract—How do people recognize an object in a novel onentation?
Psychophysical and neurophvsiological studies have suggested that
extensive practice is required before observers can recognize an ob-
ject that has been rotated to a new onentation Because object on-
entanon frequently varies with object movement, we examined wheth-
er observers might more readily recognize a moving object 1n a new
ontentation Results from a pnining study indicate that motion signifi-
cantly and readily enhances the recognition of new object orientations
when those onentations fall within the path of the motion That s

motion promotes view-invariant object recognition without practice

Successful interaction with objects 1n the environment requires the
accurate recognition of objects across changes 1n their onentation
Two general classes of theories attempt to explain how observers
recognize objects in novel onentations View-dependent theones pro-
pose that objects are represented 1n specific onentations relative to the
observer View-dependent representations are suggested by a slowing
of object recognition with increases in the angular difference between
novel and previously seen object onentations (Jolicoeur 1985 1988,
1990, Jolicoeur & Landau, 1984, Rock, DiVita, & Barberto, 1981,
RN Shepard & Cooper 1982, RN Shepard & Metzler, 1971, S
Shepard & Metzler, 1988, Tarr & Pinker, 1989) View-invariant theo-
nes suggest that obyects are represented as structural descriptions that
are independent of orientation (Marr & Nishihara, 1978)

Hummel and Biederman (1992) specified the conditions under
which view mnvanance can be achieved Specifically, the object must
be decomposable into view-invanant parts (geons), it must have a
distinct geon structural descnption, and 1ts geon structure should not
change with any object transformation When these condiuions are
satisfied, view ivanance 1s achieved 1n object-naming and -matching
tasks (Biederman & Gerhardstein, 1993)

One violation of the conditions required for view invanance occurs
when the observer 1s discnminating between objects that are from
the same category and share the same geon structure (Hummel &
Biederman, 1992) Numerous studies suggest that view-invanant dis-
cnmnation of such objects emerges only after extensive exposure to
multiple object onentations (Bulthoff & Edelman, 1992, Logothetss,
Pauls, Bulthoff, & Poggio, 1994, Logothetss, Pauls, & Poggto, 1995,
Tarr & Pinker, 1989) For example, discrimunation between different
faces, cars, or birds presented 1n unfamiliar onentations s a difficuit
task that requires extensive practice if not expertise

New orientauons of objects m the same category may be recog-
mzed by an alignment between the new and old onentations (Koriat &
Norman, 1988, 1989, Palmer, Rosch, & Chase, 1981, RN Shepard &
Cooper, 1982, RN Shepard & Metzler, 1971, Tarr & Pinker, 1989)
or by interpolation between previously stored two-dimensional views
(Bulthoff & Edelman, 1992, Edelman & Weinshall, 1991, Poggio &
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Edelman, 1990) When either of these two processes occurs, recog-
mtion of new object onentations may be limited to a generalization
field extending only up to approximately 45° from known onentations
(Bulthoff & Edelman 1992) For example, monkeys trained with a set
of objects can generalize only to shightly rotated versions of those
objects (Logothetis et al , 1994, 1995) Moreover, many inferotem-
poral neurons show bell-shaped firing pattems that are centered on the
training onentation of an object and fall off with changes in the
object’s onentation Thus, view-1nvanant recogmtion of objects from
the same category can be achieved after extensive exposure to a small
number of object views

In the laboratory, recognition performance across vanations in
object onentation 1s traditionally tested with static objects However,
outside the laboratory, changes 1n object onentation usually result
from movement of the object or the observer The visual system might
take advantage of this association by readily linking different views of
a moving object so that the object’s movement appears as a single,
continuous event Such on the fly” linkage of different onentations
of moving objects should yield one-shot view-invanant recogmtion of
dynamic objects even when those objects belong to the same cat-
egory

The goal of this research was to investigate the contnbution of
motion to object recogmtion (Ungerleider & Mishkin 1982) Specifi-
cally, we tested whether observers might achieve view-invanant ob-
ject recogmtion more readily with moving than with static objects To
measure conservatively whether motion facilitates view-invanant ob-
Ject recognition, we chose conditions favoning view-dependent object
representations Novel asymmetncal objects from the same category,
as shown 1n Figure 1, were used because they are thought to be
represented 1n a view-dependent manner (Tarr & Pinker, 1990) Ro-
tatons 1n the frontal plane were employed because they violate the
conditions necessary for view invanance (Hummel & Biederman,
1992) Specifically, frontal-plane rotations change an object’s struc-
tural description relative to the observer by altenng the top-of, bottom-
of, and side-of relations between the object parts as well as the ver-
tical, honizontal, and oblique values of the individual parts

We used an immediate pnming paradigm (Sckuler & Palmer,
1992) 1 which a briefly presented pnme object 1s followed by a pair
of targets The pnme consisted of a two-frame sequence of different
object onentations in which the second onentation was a rotated ver-
sion of the first The rotation angle vaned between 30° and 150° in
30° steps The two pnime orentations were either linked by motion
(apparent motion condition) or presented as static snapshots (control
condition) Subjects reported whether two subsequent targets maiched
each other Pniming was indicated by faster reaction umes when the
two targets were the same as the pnme object We were interested in
whether priming of new object onentations would differ when those
onentations fall within or outside the path of apparent motion Be-
cause object representations generalize across onientation changes less
than 45° (Bulthoff & Edelman, 1992, Logotheus et al , 1994, 1995),
small changes 1n object onentaton should have been pnmed 1n both
conditons Any differences 1n the pnmung across onentation between
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Fig 1. Example of the asymmetncal objects (Tarr & Pinker, 1990)
used as sumuli The objects were similar configurations of line seg-
ments, with a line width of 3 6 mun of visual angle 1n different spatial
arrangements

moving and static objects would be 1dentifiable for larger orientation
changes

METHOD

Subjects

One hundred undergraduate students, recruited from the Rutgers
subject pool, consented to participate 1n this expenment All subjects
had normal or corrected-to-normal vision and were naive to the hy-
pothesis under investigation

Stimuli

Stimuli were presented on a 21-in color monitor with a 1,024 x
768 pixel resolution and 60-Hz refresh rate controlled by a PowerMac
7100 The momtor was positioned 95 cm from a chin rest, and the
stimuh were drawn within a square area subtending 4 82° x 4 82° of
visual angle on the screen Subjects viewed the stimuh through a
circular aperture to mimmze framing effects from the monitor

The stimuli consisted of 40 objects adapted from the asymmetrical
characters of Tarr and Pinker (1990) The set of pnme objects con-
sisted of 10 asymmetnical objects Two prime views of each object
differed only by a ngid rotation of the object about its base The
primes were sequentially presented 1n the center of the screen, the
targets were simultaneously presented 0 6° of visual angle to the left
and nght of the center of the screen

Procedure

Figure 2 1illustrates the experimental procedure Each tnal began
with a fixation point presented for 1,500 ms, followed by the first
pnme frame shown for a vanable duration, as descnibed 1n the fol-
lowing paragraph Then the second pnme frame followed for the same
duration as the first A blank screen was then displayed for 500 ms,
followed by a pair of targets presented until the subject responded
(with a 3-s maximum) Subjects carefully observed the pnme objects
and then pressed a key if the two subsequent targets matched each
other This *‘go-no go’’ task was used to reduce the vanability often
observed 1n pnming studies that require subjects to select one of two
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different motor responses (Biederman & Gerhardstemn, 1993) Sut
jects were instructed that both reaction time and accuracy were 1,
portant Overall feedback (mean reaction tme and percentage of cor
rect responses) was provided at the end of each block of tnals

The first prime had one of five possible onentations relative to th
observer 0° (upnght), 90°, 180°, ~45°, —135° The second prime wa
a rotated version of the first The two pnmes were separated by on
of five possible rotation angles 30°, 60°, 90°, 120°, or 150° The
second pnme was rotated clockwise from the first pnme in half the
tnials and counterclockwise 1n the rest The duration of the two prime
frames vaned with the rotation angle between them such that the
optimal apparent motion was achieved Pilot studies showed that good
apparent motion was observed when each prime frame was presented
for the duration used by R N Shepard and Judd (1976) for the cor-
responding angle plus a constant of 100 ms This yielded durations of
232, 265, 298, 331, and 364 ms for the five rotation angles, respec-
tively The interstmulus interval (ISI) between the two prime frames
was 0 ms 1n the apparent motion condition and 450 ms 1n the control
condition In the apparent motion condition, the first and second pnime
frames were presented so that the pnime object appeared to rotate
smoothly about its base In the control condition, the second prime
frame was displaced 2 41° of visual angle to the nght of the first This
spatiotemporal separation between the two pnme frames eliminated
the perception of apparent motion 1n the control condition

Before beginning the experimental tnals, each subject completed a
block of 20 practice tnals with objects that differed from those of the
expenmental trals Most subjects obtained reaction umes less than
1,000 ms by the end of the practice block Subjects having longer
reaction times completed a second practice block

The experimental session consisted of five blocks each containing
40 trials The target objects 1n each block were presented 1n one of five
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Fig 2 Experimental design for the apparent motion and control con-
ditions A sequence of two prime views was followed by a blank
screen (500 ms), and then a pair of targets appeared The subjects had
to respond when the targets matched each other No response was
required when the targets differed from each other The targets might
be the same object as the pnme or different from the pnme The
examples 1llustrated here show targets matching the prime, as well as
each other, and targets matching neither the prime nor each other 51
= nterstimulus interval

VOL 8, NO 6, NOVEMBER 1997




8

PSYCHOLOGICAL SCIENCE

Zoe Kourtzi and Maggie Shiffrar

Table 1 Ornentation of the two targeis as a funcnon of the rotation angle of the prime
Target onentations
Rotation angle Same as prime Different from pnime
of pnme Frame 1 Frame 2 Intermediate Extra 1 Extra 2
30° 0 30 15 -15 45
90 120 105 75 135
180 -150 ~165 165 ~135
-45 -15 =30 60 0
-135 -105 ~120 -150 -90
60° 0 60 30 -30 90
90 150 120 60 180
180 -120 ~150 150 -90
-45 15 ~-15 =75 45
-135 =75 ~105 -165 —45
90° 0 90 45 —45 135
90 180 135 45 ~135
180 -90 ~-135 135 —45
~45 45 0 -90 90
-135 —45 -90 ~180 0
120° 0 120 60 —60 180
90 ~150 150 30 -90
180 -60 ~120 120 0
—45 75 15 ~105 135
-135 -15 ~175 165 45
150° 0 150 75 -75 -135
90 ~120 165 15 —45
180 -30 -105 105 45
~45 105 30 ~120 180
-135 15 —60 150 90

orientations the first onentation of the pnme (Frame 1), the second
orientation of the pnme (Frame 2), the onientation halfway between
the two pnme onentations (Intermediate), an onentation before the
first onentation of the pnme (Extra 1), or an onentation beyond the
second onentation of the pnme (Extra 2) The onentation of the
Intermedhate target equaled the first onentation of the pnme plus half
the rotation angle The Extra | orientation equaled the first onentation
of the pnme mnus half of the rotation angle The Extra 2 onentation
equaled the second onentation of the prime plus half of the rotation
angle Thus, the onentation of the Extra 1 target deviated from the
onentation of the first prime by the same amount that the onientation
of the Extra 2 target deviated from the onentation of the second pnme
and by the same amount that the onentation of the Intermediate target
deviated from the orientations of both primes Table 1 shows all of the
target onentations, with 0° refernng to the upnght onentation

Each target onentation was run 1n a separate block Block order
was counterbalanced across subjects Stimulus order was randomuzed
within each block Each block contained 10 tnals in which the targets
matched each other as well as the pnime, 10 tnals in which the targets
matched each other but differed from the pnme, and 20 tnals 1n which
the targets differed from each other and the pnime

In a between-subjects design, five groups of 10 subjects completed
the apparent motion condition, and five groups of 10 subjects com-
pleted the control condiion Each group of subjects observed sumuls
at only one rotation angle so that every subject saw only novel prime
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objects, that 1s, the subjects had not previously seen the pnime objects
n other onentations

RESULTS

Only reaction times for cormect responses are reported because all
subjects exhibited ceiling levels of performance Pnming 1s reported
as a repeated measurement, or as the difference 1n reaction time be-
tween tnals in which the pnime and targets were 1dentical and tnals 1n
which the pnme and targets differed The results are reported on the
basis of subjects and collapsed over items, onentation of the first
prime, and rotation direction (clockwise or counterclockwise) because
no systematic pattern of differences was observed for these vanables

Did Priming Occur?

Repeated analyses of vanance (ANOVAs) with pnming as the
within-measure vanable indicated siguficant pnming for Frame |
(F11, 90} = 1153, p < 001), Frame 2 (F{1,90] = 1128, p < 001),
Intermediate (F[1, 90} = 595, p < 001), and Extra 2 (F{1, 90] =
12 6, p < 001) but not for Extra 1 (F{1, 90] = 0005, p > 94) Table
2 reports priming 1n the apparent motion and control conditions across
rotation angle The reported p values were denved from one-tail
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Table 2 Amount of priming (expressed in nulliseconds) across rotation angles for all possible target orientations 1n the apparent
motion condition and the control condition
Frame 1 Frame 2 Intermediate Extra | Extra 2
Rotation
angle Priming p Pnming p Pnming p Pnmung p Prnming p
Apparent motion condition
30° 917 003 126 5 000 871 022 —614 019 422 049 .
60° 467 001 1142 000 855 017 =241 290 194 127
90° 1130 001 101 8 022 567 025 -122 383 140 182
120° 4?2 013 745 028 680 010 -809 038 52 446
150° 56 6 004 1025 015 629 006 127 302 =764 013
Control condition
30° 163 1 001 126 3 003 160 2 000 548 003 846 000
60° 830 001 832 000 434 043 836 034 711 015
90° 1141 000 1017 000 635 000 840 023 100 4 004
120° 894 005 490 015 08 486 -388 048 176 258
150° 106 0 018 1386 000 46 433 -245 068 70 382

paired ¢ tests used to test the unidirectional hypothesis that faster
reacion times are observed when the targets match the pnme than
when the targets differ from the pnime

Amount of Priming

A repeated ANOVA with pnming as the within-measure vanable
and condition (apparent motion or control), rotation angle (difference
between onentations of the first and second primes), and test frame
(Frame 1, Frame 2, Intermediate, Extra 1, or Extra 2) as the indepen-
dent vanables indicated significant main effects of pnnming (F]1, 450]
= 203 2, p < 001), condition (F11, 450] = 122, p < 001), rotation
angle (F14, 450) = 8 6, p < 001), and test frame (F[4, 450] = 23 1,
p < 001) A sigmificant interaction was shown between condition and
test frame, F(4, 450) = 42,p = 002

Prnimung differences between the apparent motion and control con-
ditions are summanzed 1n Figure 3 A repeated ANOVA with priming
as the within-measure variable and rotation angle and test frame as the
independent vanables showed significant main effects of prniming,
F(1, 225) = 528, p < 001, and test frame, F(4, 225) = 186, p <
001, 1n the apparent motion condition No significant effect of rota-
tion angle was observed, F(4, 225) = 1 3,p = 256 Fisher’s post hoc
comparnisons showed that Frame 1, Frame 2, and Intermediate were
significantly more primed than Extra 1 and Extra 2 (p < 001) The
same analysis 1n the control condition showed sigmficant main effects
of pnming (F{1, 225] = 174 3, p < 001), rotation angle (F[4, 225] =
96, p < 001), and test frame ({4, 225] = 7 8, p< 001) Fisher’s post
hoc compansons showed that Frame 1 and Frame 2 were significantly
more primed than Intermediate, Extra 1, and Extra 2 (p < 01)

For small rotation angles (30°-90°), a one-way ANOVA with
pnmung as the dependent vanable and test frame as the independent
vanable showed a main effect of test frame (F[4, 145] = 119,p <
001) 1n the apparent motion condition but not 1n the control condition
(F14, 145} = 12, p = 269) Fisher’s post hoc comparisons showed
that Frame 1, Frame 2, and Intermediate were significantly more
prnimed than Extra 1 (p < 001) and Extra 2 (p < 01) 1n the apparent
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motion condition Frame 1 was sigmficantly more primed than Extra
1 (p < 05) n the control condition

For large rotation angles (120° and 150°), a main effect of test
frame was found 1n both the apparent motion condition (F[4, 95] =
73, p < 001) and the control condition (F14, 95} = 94, p < 001)
Fisher’s post hoc companisons showed that Frame 1, Frame 2, and
Intermediate were significantly more primed than Extra 1 (p < 01)
and Extra 2 (p < 01) in the apparent motion condition In the control
condition, Frame 1 and Frame 2 were significantly more primed than
Intermediate (p < 01), Extra 1 (p < O1), and Extra 2 (p < 01)

DISCUSSION

Motion appears to play a critical role 1n object representation That
15, observers more readily recognize moving, as compared with static,
objects 1n novel onientations More precisely, the results indicate that
targets having the same orientation as the primes were readily pnmed
in both the apparent motion and the control conditions across all
rotation angles However, when the target onentation differed from
the pnme onentations, response times differed sigmficantly across the
two conditions Novel target onentations falling in between the two
pnme onentations were pnimed across all rotation angles 1n the ap-
parent motion condition In the control condition, these Intermediate
onentations were primed only for small angles Target onentations
falling outside either end of the rotation path were primed at small
rotation angles in the control condition However, 1n the apparent
mouon condition, novel onentations falling outside the rotation path
were pnmed only at the smallest rotation angle and only when the
onentation was 1n the direction of rotation (i e, Extra 2)

It 1s tmportant to note that the apparent motion and control con-
ditions differed 1n two ways perception of apparent motion and ISI
duration In a subsequent control study, we examined whether the
perception of apparent motion, rather than ISI, caused these pnming
differences To that end, path-guided apparent motion (R N Shepard
& Zare, 1983) was employed by presenting a dim, gray band con-
necting the two pnme views dunng the long ISI of the control con-
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Fig 3 Magmtude of pnmng for target orientations 1n the apparent
motion and control conditions collapsed across (a) rotation angles, (b)
small rotation angles only (30°-90°), and (c) large rotation angles
only (120° and 150°) INTER = Intermediate target

dition With this mampulation, subjects reported the perception of
apparent rotation The pattern of pnming found in this new control
condition did not differ significantly from that of the apparent motion
condition reported here This result further supports the hypothesis
that enhanced priming within paths of motion results from the per-
ception of motion and not from the use of short ISIs

Taken together, these results support the hypothesis that object
recogmition 1s based on restricted generalization fields around
“*known’’ object views (Bulthoff & Edelman, 1992) Yet the current
results are sigmficant because they demonstrate that these generaliza-
tion fields can be modified without practice When a static object 1s
presented in a novel onentation, recognition of that object 1s pnmed
only for small onentation differences That 1s, observers can gener-
alize only up to 45° rotations n the frontal plane from known orien-
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tatons However, when two views of an object in different onenta-
uons are linked by apparent motion, generalization fields appear to be
tuned or sharpened such that pnming 1s facihitated within but inhubited
outside the motion path Thus, an object can be recognized more
rapidly 1n novel onentations as long as those onentations fall within
the path of apparent motion Interestingly, an object can also be
readily recognized 1n novel onentations just outside the motion path
as long as the onentations are consistent with momentum (Freyd,
1987)

In summary, observers can readily recognize a moving object 1n a
novel orientation Thus, although view invanance for within-category
object recogmtion requires extensive practice one-shot view invan-
ance can be achieved with moving objects The behavioral tuming of
generalization fields for dynamic objects appears to be precisely re-
stricted to the path and direction of motion It would be particularly
interesting to investigate whether neural generalization fields are simi-
larly tuned for moving objects
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