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Abstract

The visual system rapidly extracts information abalyjects from the cluttered natural
environment. In five experiments we quantified thiguence of orientation and semantics on
the classification speed of objects in natural eseparticularly with regard to object-context
interactions. Natural scene photographs were pteddn an object discrimination task, and
pattern-masked with various scene-to-mask stimutmset asynchronies (SOAs). Full
psychometric functions and reaction times (RTs)ewmeasured. We found that: 1) Rotating
the full scenes increased threshold SOA at interabedotation angles but not for inversion. 2)
Rotating object or context degraded classificatmarformance in a similar manner. 3)
Semantically congruent contexts had negligible litatory effects on object classification
compared to meaningless baseline contexts withtahimg contrast structure, but incongruent
contexts severely degraded performance. 4) Anycblojgntext incongruence (orientation or
semantic) increased RTs at longer SOASs, indicategendent processing of object and
context. 5) Facilitatory effects of context emergedy when the context shortly preceded the
object. We conclude that the effects of naturalneceontext on object classification are

primarily inhibitory and discuss possible reasons.

Keywords: natural scenes, context, orientation,s#ios, psychophysics
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Speed Limits: Orientation and Semantic Contextratgons Constrain Natural Scene

Discrimination Dynamics

Natural scene processing has been shown to bemetyrdast and efficient (Potter,
1975; Rieger, Braun, Bilthoff, & Gegenfurtner, 2088hyns & Oliva, 1994). Pattern masking
has shown that 24 ms undistorted processing afisaf to encode enough information for
better than chance recognition of natural scendogihaphs, and after 90 ms nearly perfect
recognition rates are obtained (Rieger et al., 200be nature and the level of complexity of
the information extracted from scenes during thelsert intervals are currently not well
understood. Many theories of scene processing (B@04; Biederman, Mezzanotte, &
Rabinowitz, 1982; Ullman, 1996) suggest that theeeboth facilitatory and inhibitory effects
of the scene context on object processing. Inlibits assumed to occur due to violations of
learned object-context relations, while for faeildry effects to occur the object and the scene

must be in concordance. But what are the impogtributes?

Effects of orientation in object classification

The category classification of objects in sceneg.(animals, faces or man-made
objects) appears to be immune to massive manipokf relatively “low-level” perceptual
scene attributes such as color (Delorme, Richard;afre-Thorpe, 2000; Gegenfurtner &
Rieger, 2000) and orientation (Rousselet, Mace a&r&-Thorpe, 2003; Vuong, Hof, Bulthoff,
& Thornton, 2006). Rousselet et al. (2003) fountlyaninimal effects of scene inversion on
the classification of the objects embedded in lyighshed natural scenes (faces and animals),
and Vuong et al. (2006) found that inverting scelm&s no effects on the detection of humans

in still images and short movie clips.

These findings are surprising in the light of ddtat indicate that the recognition of

isolated objects requires increasingly more timahay are rotated further away from their
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canonical or learned orientation (Jolicoeur, 1988rr & Pinker, 1989; Yin, 1969). This

orientation dependence has been taken as evidbeatesuccessful recognition requires the
mapping of the bottom up processed object repragentto a memory model that is stored in
a canonical (upright) orientation (Tarr & Bulthoff998; Uliman, 1996). Nevertheless, reports
exist that inverted isolated objects are identiffadter than objects at intermediate picture
plane rotations (Jolicoeur, 1990a, 1990b; LawsonJ@&icoeur, 2003; Murray, 1997). To

account for this, it has been hypothesized thath&ching process requires slow rotation at
intermediate rotation angles, but that 180° invedbjects can be identified using some faster
flipping compensation process (Murray, 1997). Alaively, it has been suggested that
orientation compensation can be achieved in thailptipn code of object specific neurons

tuned to various orientations (Ashbridge, Per@ttam, & Jellema, 2000; Perrett, Oram, &

Ashbridge, 1998). In this theory, the speed at Whiisoriented objects are recognized would
depend on the relative number of neurons that septean object at a given orientation. The
more neurons are involved, the faster evidencemagtation would proceed, and the faster the

object is recognized.

However, orientation-specific object features (¢hg. axis of elongation or the spatial
relation of component features) may not be the amflyrmation that supports the recognition
of disoriented objects. In addition to orientatioompensation rotation-invariant features of
mid-level or low-level complexity might contribut® the recognition of rotated objects
(DeCaro & Reeves, 2000; Jolicoeur, 1990a, 1990byr&du Jolicoeur, McMullen, & Ingleton,
1993; Ullman, 1996; Ullman, Vidal-Naquet, & Salf@2). Fully or partly orientation invariant
features (e.g. an eye, the wheel of a car, or @maould be extracted quicker than it takes to
match the orientation dependent configuration efdbject with stored knowledge (DeCaro &
Reeves, 2000; Rousselet et al., 2003; Ullman, 1988ken processing time is short the rapid
detection of a few informative features in the cobjer the scene context could help or even

suffice to accomplish tasks that require only arsedevel of specificity such as object
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detection and object discrimination (DeCaro & Regve000; Grill-Spector & Kanwisher,
2005). But the usefulness of orientation invarigatures might depend on several variables,
for example the complexity and the informativenesghe stimulus material (Dickerson &
Humphreys, 1999; Hamm & McMullen, 1998) or the céempily of the task. Orientation
effects are typically greater when the experimepgahdigm involves judgments of the spatial
configuration (e.g. the object handedness or aatemt) of a disoriented object (e.g. Corballis,
1988; DeCaro & Reeves, 2000), or sets of highlyilamobjects (e.g. Humphreys, Riddoch, &
Quinlan, 1988; Lawson & Jolicoeur, 1998), or objeatming at a high level of specificity (e.qg.
Dickerson & Humphreys, 1999), suggesting that pgrad involving these factors put more

weight on time consuming orientation compensation.

Due to differences in the stimulus material (refely simple line drawings of objects
vs. photos), and the different levels of task campy it is currently not clear whether
orientation compensation can play a role for theogaition of objects embedded in natural
scenes. These stimuli provide a wealth of infororatbeyond object shape from both the
object and its scene context. This information rhigd sufficient for orientation-independent
classification and detection as suggested by restadtes (Rousselet et al., 2003; Vuong et al.,
2006). Moreover, to our knowledge, nothing is catiseknown about the relative importance

of object and context orientation for object reaaign with natural scenes.

Context influences on object classification
In many mid- and high-level theories of visual mesing, scene context is assumed to
have an influence on object recognition, and tleepgeve fields of object selective cells in
macaque IT shrink drastically, when target objexts presented in a natural context or in
spatial proximity to a distractor object (Rolls, gajopoulos, & Zheng, 2003). Besides features
like position and relative size, semantics of tbatext may play an important role in object

discrimination (Biederman et al., 1982; Boyce, &skk, & Rayner, 1989). However, the
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nature and the level of this object-context inteaacis a matter of dispute. Biederman et al.
(1982) and others (Bar, 2004; Henderson & Hollingl01999; Kosslyn, 1994; Uliman, 1996)
have suggested a facilitatory influence of semallfic congruent contexts on object
recognition at several processing stages: It has Ipgoposed that congruent contexts may
facilitate bottom up processing (Biederman, 198&hyas & Oliva, 1994), or may reduce the
search space for the memory match of the objeenaintermediate processing level (Bar,
2004; Ullman, 1996). In contrast, Henderson andikfphorth (1999) suggested that context

exerts its effect rather late, when semantic kndgdeis accessed after the successful match.

However, for scene-context semantics to influenztoln up object processing or the
matching of perceptual representations, it musvdyg quickly accessible in the processing
stream (Bar, 2004; Biederman et al., 1982; Boycal.et1989). Bar (2004) suggests that the
“gist” of a scene is processed very quickly usiogy kpatial frequencies, and serves to restrict
the search space for possible objects. Hollingwarth Henderson (1998), on the other hand,
found no object-scene congruency advantage whenrépeated the Biederman et al. (1982)
study and controlled for position cues and respobses. They concluded that object
identification is isolated from scene context. hege studies, outline drawings of scenes were

used to investigate context effects.

A newer study by Davenport and Potter (2004) usmagural scene photographs
reported that semantic scene congruency has aat effethe processing of both the target
object and its context. Interestingly, these ingegdbrs found that accuracy for objects
presented on a uniform white background was béltan for objects presented in either a
congruent or an incongruent background. This figdoan be taken to imply that any
contextual information has an inhibitory effect,tbat clutter at the border of objects in scenes
interferes with object processing. As only one Ersgene-mask SOA (80 ms) was used in this

study nothing is known about the dynamics of thiegeractions. Ganis and Kutas (2003)
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provide evidence from EEG that the effects of dbgmntext incongruence occur only after

300 ms, possibly at the level of semantic analygdier bottom-up processing.

Although both studies noted above report an efdésicene context, they provide very
limited information about the dynamics of the acalation of information and the (inhibitory
and/or facilitatory) nature of the object/sceneteahinteraction. Moreover, while "high-level”
cognitive context semantics might be expected tertetheir effect at relatively late object
processing stages, nothing appears to be knownt dbeueffects of context orientation, a

relatively "low-level” physical scene attribute.

The present approach
Here we report investigations of the dynamics & thfluence of both low-level
(orientation) and high-level (semantic) context gaxdies on the discrimination of objects
embedded in photographs of natural scenes. Pattasking was used to vary the duration of
information accessibility. The experiments reportkdermine whether scene orientation can
affect object discrimination when scenes are rdtatedifferent angles (Experiments 1 & 2)
and explore the interaction between object andestirocessing when their orientation is
manipulated independently (Experiments 3 & 4). didiaon, we probed the dynamics of the
influence of high-level semantic context features abject discrimination and tried to
distinguish facilitatory and inhibitory context efits (Experiment 5). Because we
simultaneously acquire both accuracy and reactioe tdata over a range of scene-mask
intervals, we are able to relate these measuressaceveral levels of task difficulty. The
results of our experiments shed new light on theadyics of object context interactions in

natural scenes.

Experiment 1
In the first experiment we tested whether the dsication of objects embedded in a

natural background is immune to rotation, as suggesy results from Rousselet et al. (2003),
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who found no effect of scene inversions on objestrdnination. Because it is known that
isolated objects rotated by 180° can be fastertifikth than objects rotated at intermediate
rotation angles (Murray, 1997), we tested for passirotation effects by presenting
photographs of natural scenes at three orientatiopsght, rotated 90°, and rotated 180°
(inverted). Subjects’ discrimination of objects @ahibed in these scenes was measured in a two

alternative forced choice (2AFC) task.

Methods

Participants.

Fifteen right-handed participants volunteered fer study (seven female). All of them
received payment or course credits for their pigaition. Ages ranged from 19 to 30 years
(average 26.5 years). All had normal or correcteddrmal vision, and were naive as to the

purpose of the experiment.

Simuli and apparatus.

Colored scene photographs were taken from a conmhéiatabase (Corel Stock Photo
Library). The photographs (size 256x256 pixel wathbits per pixels resolution) were chosen
to contain a clearly identifiable object around ttenter. The edges of the images were
vignetted to obtain a smooth transition into thekgaound. The background was set to the
mean pixel value of the full set of images. Taygaitos contained a readily identifiable animal
(mammals, reptiles, birds etc.). Animals that had clear canonical orientation (e.g.
butterflies) were excluded. Distractor photos comd a non-animal object (rocks,
mushrooms, cars etc.). Care was taken to matchpégal structure and the luminance of the

two classes of stimuli. Examples of the stimuli stnewn in Figure 1B.

The photos were displayed in a dark room on a 2dfiySGDM-F520 CRT-screen,
connected to a Matrox Parhelia graphics boardstaadard PC at 1600*1200 pixels resolution

and 100 Hz refresh rate. The stimulus sequencecaaisolled by the Presentation stimulus
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software (National Institute of Neurological Diserd and Stroke, version 0.53) and
synchronized to the vertical refresh of the monifochin rest was used to maintain a constant
viewing distance of 60 cm. The photographs subte®d® deg visual angle with the centers of
the two simultaneously presented photos 5.2 degdato the fixation cross. The RGB-to-
luminance functions of all three channels were mess with a PR650 Spectrascan
spectroradiometer (Chatsworth, CA). This informatiwas used to compare the mean
luminances of the photos in the two groups. Padinis gave responses on a standard

keyboard. Responses were recorded by the presensatitware.

Procedure.
Before the experiment started, participants reckimstructions in written form. After
reading the instructions they received one blockrattice trials to familiarize them with the

paradigm and to allow them to establish their oate

Insert Figure 1 A-G here

Each experimental trial started with a fixation sgo0After 300-850 ms two natural
scenes were presented simultaneously, one to fthané one to the right of a fixation cross
(Figure 1A). The scenes remained on the screemdi@ous durations and were then replaced
by colored pattern masks at the same locations. mheks were created by overlaying
successively smaller rectangles with different adons. This type of pattern mask mimics
contrast distribution in natural scenes and praeelde the most effective in a previous study
on the dynamics of natural scene processing (Riegal., 2005). Eleven different masks were
used. The scene-mask stimulus onset asynchron@as)Svere 10 ms, 30 ms, 50 ms and 70
ms; all were multiples of the refresh rate. Botkrees contained a clearly identifiable object
approximately in the scene center. On each trial @nthe scenes contained an animal. The
participant's task was to indicate by a button prekether the animal was in the left or the

right scene (spatial 2AFC). Scenes containing alsimare presented with equal probability
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on the left and right. Both scenes had the sanemt@tion, and 90° rotated scenes were rotated
at equal probability either clockwise or counteckMise. Participants were instructed to
respond on every trial as quickly and accuratelp@ssible, and to guess when in doubt. The
response time window (1200 ms) was indicated bglarachange of the fixation cross. The
next trial was automatically initiated when thepasse time window ended. Each SOA was
presented 40 times with a different pair of phatoa random sequence. For each participant
new pairs of photos were assembled and randombciaded with different SOAs. Each of the
960 images was presented only once to a participduat 480 trials per participant (40 pairs *

4 SOAs * 3 orientations) were presented in 2 blocks

Analysis.

The proportion of correct responses was calcul&decach SOA. Weibull functions
were fitted with the Psignifit software package ¢Wmnann & Hill, 2001a) to determine the
threshold SOA, the slope of the function at the 7&8frect discrimination level, and the
respective two sided 95% bootstrapped confidentsvials. Significant differences between
conditions for the fitted parameters are indicalbydnon-overlapping confidence intervals.
Differences in the parameters of interest were temdilly tested by pair-wise Monte-Carlo
tests (Wichmann & Hill, 2001b). The Monte-Carlotteseek to determine the probability that
the observed threshold and slope differences amergied by the same underlying process
instead of two different processes. In this testdhta measured in two different conditions are
fitted separately with a psychometric function dhe difference of the slopes and thresholds
are determined. The parameters of the psychonfatration obtained when both data sets are
lumped together are then used in a Monte-Carloga®¢at least 2000 repetitions) to create the
distribution of differences expected when the dattasmre created by the same underlying
binomial process. Threshold and slope differendest texceed 95% of the simulated
differences are considered as significantly diffieren a 5% alpha-level. Details and validity

tests of the method are given by Wichmann and (20D1b). The results from these tests will
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be denoted “Monte-Carlo test” (MCT). Mean reactiomes for the different SOAs and
conditions were also analyzed. Only correct resgonsere included in the reaction time
analysis, since false responses are not informativeut the conditions for successful
processing of the stimulus material. We reportigheta squared valueg? as a measure of
relative treatment effect sizes in the ANOVA-te§Bohen, 1988) together with the mean
squared error (MSE). The eta square measure refileetproportion of the effect-plus-error-

variance that is attributable to the effect.

Results
Image statistics.
The mean luminance did not differ significantly ween the animal and non-animal

photographs (animal: 16.31 cd/m?, non-animal: 18682, {915~ 0.359; p>0.05).

Psychophysical performance.

In Figure 2A we show the proportions of correctpsses and the fitted psychometric
functions for discrimination of upright, 90° rotdteand 180° rotated natural scenes. The exact
threshold SOAs and slopes obtained from the psyeb@enfunctions and their confidence
intervals are given in Table 1. For the upright &mel 180° rotated scenes, the threshold SOAs
required to obtain threshold discrimination areyvehort (31.9 ms and 34.6 ms) and do not
differ (MCT, p>0.05). Rotating the scenes by 9@n#icantly prolonged this threshold SOA

(to 54.9 ms) relative to both these conditions (M&bth comparisons, p<0.01).

Insert Figure 2 A/B here

The slopes of the psychometric functions differwssn the upright and rotated
conditions. The slope is highest for upright scesmad shallower for inverted and 90° rotated

scenes (MCT, p<0.01 in both cases), indicatingnaneased trial-by-trial variability for both
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scene rotations. The slopes in the two rotated itond do not differ significantly (MCT,

p>0.05).

Insert Table 1 here

The reaction times are shown in Figure 2B. We useaslithin subject ANOVA (3
orientations x 4 SOAS) to assess the effects of &@dscene orientation on RTs. Both scene
orientation and SOA produced significant main affdorientation: F»s=8.2, p<0.01n=0.37,
MSE=1674.9; SOA: £4=11.4, p<0.011°=0.44, MSE=1110.8). The fastest reaction times for
correct responses were obtained with the uprighhes A significant interaction between
orientation and SOA @~=2.5, p<0.05,n°=0.15, MSE=930.3) indicates that RT decreases
more quickly with upright scenes than with rotaseénes (Figure 2B). The RTs for the rotated
scenes are slower, do not differ significantly freach other, and do not seem to decrease with
longer SOAs (SOA: £=2.6, p>0.05,n°=0.16, MSE=1153.8; rotation: 1l~1.2, p>0.1,
n?=0.08, MSE=914.9; no interaction). This change df dbes not reflect a speed accuracy
trade-off, since such a trade-off would result inemative correlation between error rate and
RT. For upright and inverted scenes the error rateds RTs are significantly positively
correlated (upright: r=0.6, p<0.01; inverted: r=02<0.05). With the 90° rotated scenes, a

positive correlation is at the margin of significan(r=0.24, p=0.064).

Discussion

Our data replicate and extend previous findingstten influence of rotation on the
classification of objects embedded in natural ssef@oncordant with previous studies of
Rousselet et al. (2003) and Vuong et al. (2006) whly tested upright and inverted scenes,
our threshold SOAs for the discrimination of obgeah the inverted scenes did not differ
significantly from upright scenes. This was the ecadthough we used a fundamentally

different paradigm. However, the threshold SOAs ewsubstantially prolonged when the
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scenes were picture-plane rotated by 90°. Thisrdsawith reports from studies using isolated
objects (Lawson & Jolicoeur, 2003; McMullen, Hamé&nJolicoeur, 1995; Murray, 1997) in
which performance showed the greatest deterioragioimtermediate rotation angles. Our
results therefore demonstrate that the duratiaimdfstorted processing (the scene-mask SOA)
required for successful object discrimination r®stly dependent on scene orientation, at least

for 90° rotated scenes.

An open question is the nature of the informati@edifor the classification of the
scenes (e.g. Grill-Spector & Kanwisher, 2005). Resiilom psychophysical studies (DeCaro
& Reeves, 2000, 2002; Dickerson & Humphreys, 199@)jng isolated objects and
computational (Ullman et al., 2002) studies sugdkat, during object processing, initially
isolated low- or mid-level complexity features tladiow a coarse classification are extracted,
followed by more complex information that dependstloe spatial configuration of the objects
and allows for classification or identification lagher specificity (DeCaro & Reeves, 2000;
Dickerson & Humphreys, 1999). In addition, Jolico€l990a) has already suggested that such
isolated features might also have some intrinsientation specificity, and speculated that
some isolated features or categorical relationséxn features have a vertical symmetry axis

that would lead to the reduced rotation effectitbwith inverted objects.

For configurational information to contribute tocognition, a time consuming
normalization process may be required when the esceare disoriented (Dickerson &
Humphreys, 1999; Jolicoeur, 1990a). This would jteth our experiment that differences
between upright and rotated scenes should evolee tane. In support of these theories, the
RTs are similar over orientations at 10 ms and 3(B5®A and diverge at longer SOAs (50 ms
and 70 ms). The effect is mostly due to the RT-gl@se for upright scenes, since no effect of
SOA on RT was found for the rotated scenes. Thisr&duction with upright scenes is

expected at longer SOAs, because many choice mdugtisncorporate temporal evidence
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accumulation (e.g. Hick, 1952; Perrett et al., 1998her, Olami, & McClelland, 2002) predict
shorter RTs when the decision process has morematoon available. Bacon-Mace, Mace,
Fabre-Thorpe, and Thorpe (2005) found a similaeaftising masked presentations of natural
scenes. The lack of a RT-reduction with the rotatezhes at longer SOAs (50 ms and 70 ms),
despite the increasing accuracy, suggests thattatien compensation prolongs the processing
when information is extracted that allows for cgufiation dependent processing (Dickerson &
Humphreys, 1999; Jolicoeur, 1990a). The slopes®@fpsychometric functions draw a similar
picture as the RTs, with both indicating slowerommation uptake from the rotated
photograph. A more thorough discussion of potenirderpretations of the behavioral

parameters will be presented in the general digmuss

The orientation effects we found in our object diemation task with photos of
natural scenes were consistent with those obtaintdline drawings of isolated objects (e.qg.
McMullen et al., 1995; Murray, 1997). This was upegted in the light of previous studies
that suggested that the classification or iderifan of objects in natural scene photographs
might be immune against orientation effects (Roesst al., 2003; Vuong et al., 2006). In the
next experiment we aimed to investigate the couatidm of the scene context to the
discrimination of objects embedded in natural sseatevarious orientations. The context is an
obvious difference between our stimuli and the linawings of isolated objects used in most
previous studies, and it may provide additionabinfation that is helpful in the classification
task (e.g. Bar, 2004; Biederman et al., 1982).Haunhore, it would be desirable to have more
orientations tested to obtain a better parametscdption of how the scene discrimination

depends on orientation.

Experiment 2
In this experiment we investigated thieentation effects in scene classification using a

wider range of angles, and, most importantly, camegbahe orientation effects obtained with
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isolated objects to those obtained witbbjects embedded in a scene background. We thought
that the increase in the number of investigatedesngnight allow for a better comparison to
the orientation effects obtained in previous inigadions using line drawings of isolated
objects (e.g. Dickerson & Humphreys, 1999; Jolicpel985). Furthermore, we wanted to
explore how thescene-context may contribute to the rapid discrimination of altgein natural
scenes. This context could have negative, as wepositive effects. On one hand, it could
provide additional orientation invariant informatioas well as information about the
orientation of the object, thereby speeding up dhientation compensation process. On the
other hand, a structured context could impede dbgpognition, for example by slowing down

figure-ground segmentation (Geisler, Perry, Sufdsallogly, 2001).

Methods
We used the same paradigm as in the first expetitfégure 1A), and thresholds were

determined in the same manner. Here we reporttbelprocedural changes.

Participants.
Fifteen new participants (7 female) were recruitedthis experiment. The mean age

was 27 years (from 20 to 42 years).

Simuli.

As in the first experiment, we selected colorednecphotographs containing clearly
identifiable animal and non-animal objects with Beac canonical orientation from a
commercial database (Corel Stock Photo Librarypaddition, the same two classes of isolated
objects (animals and man-made objects such asaaarging chairs, baskets, boats etc.) were
selected from a database (Hemera Photo-Objectsextnacted from additional scene
photographs. The size and type of the isolated #ued context-embedded objects were
approximately matched. The stimuli were presentdiya orientations (0°, 45°, 90°, 135°, and

180°), and the rotation direction (clockwise andrerclockwise) was randomized with equal
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probability for both directions. Both scenes inarpwere rotated in the same direction, and
each was presented in a simulated octagonal winddtv vignetted borders. The screen
background (as well as the background of the isdlabjects) was set to the mean color of all
scenes. The image pairs were presented with 204nsps, 70 ms and 120 ms scene-mask
SOA. In total we presented 1200 isolated objects 200 scenes. The scenes were randomly
distributed over the different combinations of ateion and SOA, and every combination was
repeated 30 times with different scene or isolatbgect pairs. In addition, we inserted a
condition in which only the mask was presented ® $DA) to control for possible bias
effects. Examples of the scene-embedded and theadoanimal-stimuli are shown in Figure

1C.

Results
Image statistics.
The mean luminance did not differ significantly ween the animal and non-animal

photographs (animal: 16.31 cd/m2, non-animal: 162, {;9¢= 0.359; p>0.05).

Psychophysical performance.

In Figure 3 we show the discrimination thresholdAS@btained with upright, 45°, 90°,
135° and 180° rotated natural scenes (Figure 38)ismlated objects (Figure 3C). The exact
threshold SOAs and slopes obtained from the psyelrmenfunctions and their confidence
intervals are listed in Table 2. The threshold S@#ghe upright and the 180° rotated scenes
were short (35.6 ms and 41 ms) and did not difféCT, p>0.05). Rotating the scenes by 90°
significantly prolonged this threshold SOA (to 4&83) relative to the upright condition (MCT,
p<0.05). Scene inversion and intermediate rotatogles (45° and 135° rotation) did not
prolong the threshold SOA significantly (all MCT>@05) compared to upright scenes. These
results reproduce and extend the finding from ih& £xperiment, that 90° scene rotation

significantly prolongs the threshold SOA, while seenversion has no significant effect.
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When isolated objects were rotated we found noceffé orientation on the threshold
SOA, as indicated by the overlapping confidencerudls (Table 2) and the non-significant

Monte Carlo simulations (all MCT upright vs. rotate>0.05).

A paired t-test over all orientations revealed tisatated objects required significantly
shorter threshold SOAs than context-embedded ab{ewtan threshold isolated: 33.9 ms, and

mean context embedded: 40.3 ms2t8, p<0.05).

Insert Table 2 here

The slopes of the psychometric functions did néfedbetween the upright and rotated
conditions for the context-embedded objects. Thpesd for the upright isolated objects tended
to be steeper than for the other orientations,cattig an increased trial-by-trial response
variability for rotated objects. Since only onetbé two tests reaches significance (all tests
upright vs. rotated MCT, p<0.05 but confidence rivd#s overlap), we consider this effect as
marginal. The mean slopes did not differ between ifolated and the context embedded
objects (0.011 proportions correct per ms and @Q@8portions correct per ms, respectively).
However, for the isolated upright objects the slogeded to be higher than for upright the

context-embedded objects (MCT, p<0.05 but overlagponfidence intervals).

Insert Figure 3 A-D here

The RTs for objects in scene contexts are showkfigare 3B, and for isolated objects
in Figure 3D. We analyzed the RT data with a thi@etor within-subject ANOVA, with
context/isolated, orientation (5 levels) and SOAld¥els) as the factor3'he RTs from the
mask-only condition were omitted from this analySieke ANOVA revealed a main effect of
orientation (k& 56=5.09, p<0.005n2=0.26, MSE=1124), and no other significant maireet
(context: k14/1.0, p>0.25, r]2=0.07, MSE=4650; SOA: $#5-0.89, p>0.25, nZ:O.OG,

MSE=13296). There was no significant interactiotwleen context/isolation and orientation
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(Fs56=1.9, p>0.1,n%=0.12, MSE=736), indicating that orientation hadualitatively similar
effect on the RTs obtained with isolated and canéembedded objects. In contrast,
context/isolation and rotation both interacted WiBDA (R.=3.2, p<0.05,n*=0.19,
MSE=1001, and £ 1652.9, p<0.005,n%=0.17, MSE=745). Since we found no three way
interaction (fr21650.56, p>0.5,n°=0.04, MSE=642), we analyzed the two significant
interactions separately. The average RT-differenbeveen context-embedded and the
isolated objects provide information about the egtitsolation interaction. These differences
peak at intermediate SOAs with isolated objectslifento faster RTs (mea#&10.4 ms and
A15.6ms at 40 ms and 70 ms SOA, respectively)the longest and shortest SOAs the
differences are small (meaft1.2 ms and\-4.9 ms at 20 ms and 120 ms SOA, respectively).
The interaction of rotation with SOA may be atttddole to a more rapid drop in RTs with
upright than with rotated stimuli as the SOA ingesa (see Figures 3B and D). In accordance
with this hypothesis, we found no significant irietion when the RTs obtained from upright
presentations were removed from the ANOVA {&1.0, p>0.25n2=0.07, MSE=676), but
the interaction persisted when any other orientatias removed (45°, 90°, 135°, 180° all at
least p<0.005). This pattern replicates the RTet$féound in the first experiment. We found
no indications for a speed-accuracy trade offr@ressions p>0.2). Note that the longest RTs
have been found with 135° rotation angles at thgést SOA when accuracy is high.
Discussion

Experiment 2 replicated the most important efféotsxd in Experiment 1. Compared to
upright scenes the threshold SOAs for 90° rotatesheas increased, and RTs decreased faster
at longer SOAs with upright than with rotated ssnghe results of this experiment also
indicate that the metal rotation-like processesy ptanly a minor role for orientation

compensation in natural scene discrimination. Meeeoour results suggest that scene context
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has a detrimental effect on the discrimination lbjeots that is not only due to slowed figure-

ground segmentation.

Only a weak contribution of mental rotation.

Some theories of object recognition assume tha&ntation compensation is required
for the recognition of objects that deviate froneithmost likely, canonical orientation
(Jolicoeur, 1985; Uliman, 1996). The time requifed a compensation process like mental
rotation is a monotonically increasing function thfe extent of the disorientation (e.g.
Jolicoeur, 1985; Shepard & Metzler, 1971). Our datavide several arguments against the
assumption that a simple mental rotation accoustfcient to explain how stimulus rotation
influences the discrimination of natural objectsbenided in natural scenes or presented in
isolation. First, the effects of rotation on objeliscrimination accuracy (threshold SOA)
peaked at the 90° rotation. Second, the effeabtattion on RT peaked at 135° but tended to be
weaker at 180° rotation when the scenes are dis@ted with high accuracy (120 ms, Figure
3B and D). Such effects have been described prslyioand attributed to a change in the
processing strategy at 180° rotation, for examplasa flipping of the image (Murray, 1997),
or the contribution from a second, rotation indej®rt object recognition system (Jolicoeur,
1990a). Third, although the RT increases lineatith wp to 135° rotation (r=0.99, p<0.05), the
rotation speed derived from the regression is 28§j/s at 120 ms SOA which is much higher
than the 1000 deg/s that were suggested as an bpped for mental rotation (Cohen &
Kubovy, 1993; Hamm & McMullen, 1998). While thesesults do not permit rejection of the
assumption that orientation compensation can pdayesrole in the discrimination of natural
objects embedded in natural scenes, orientationpenosation may contribute less in our
experiment than it does with other tasks and othigr other stimulus material (Dickerson &

Humphreys, 1999; Jolicoeur, 1990a).

Effects of context.
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In concordance with this assumption our data irtdidhat the processing speed of
disoriented objects is modulated by the amountehs-context presented with the object. We
found the strongest orientation effect on objestdimination accuracy when scenes were
rotated 90° with the square shaped context initsedxperiment. With the octagonal context
we used in this experiment, we found a somewhakereaffect with the 90° rotations. The
area of the pictures with the octagonal contexpigroximately 20% smaller than the area of
the square context, and this loss of area occumetharily in the context. Finally, virtually no
rotation effects were found when the objects waesgnted in isolation, and accuracy was
higher with isolated than with context-embeddedeots. This result suggests that the
increased saliency of the object borders on théoumibackground could make object shape
more quickly accessible for orientation-independwssject discrimination. However, the effect
of context on object-discrimination accuracy is mldsely not only due to prolonged figure-
ground segmentation. If this was the case, onedvexghect longer RTs for context-embedded
than for isolated objects, even at longer SOAscBytrast, we found that context prolonged
the RTs only at intermediate SOAs, when the diso@tion accuracy was around threshold.
Furthermore, the comparison of the discriminaticousaacy obtained with isolated and with
context-embedded objects implies that possible fizaleeffects of the context are outweighed

by the detrimental effects.

The next experiment was designed to further ingasti the orientation dependent
object scene-context effects. There we wanted vestigate how object and scene context

interact with respect to orientation.

Experiment 3
In the third experiment we explored possibiteractions between object and context
that were implied by the results of Experiment # &1 We investigated whether the slower

discrimination of objects in rotated natural sceisesaused by the rotation of the object, the
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context, or both. We tested the following hypotlses® If object and context are processed
independently with respect to orientation, uprigitijects should be processed fastest,
independent of the context orientation. b) If, ba bther hand, object orientation and context
orientation are processed jointly, then objectrihsination should be degraded even when the
object is upright but the context is rotated. Femthore, c) if context supports object
processing, one might expect better object disaatmn for rotated objects in upright contexts
than in rotated contexts. We tested these hypahdse rotating the objects and the

backgrounds in the scenes independently.

Methods
We used the same paradigm as in the first expeti(fégure 1A). Here we report only

the procedural changes.

Participants.
Fifteen new participants (seven female) were réedufor this experiment. The mean

age was 25.4 years (from 20 to 33 years).

Simuli.

Two classes of isolated objects (animals and madenudbjects such as cars, chairs,
boats etc.) were selected from a database (Hente®-®bjects) or extracted from photos.
Adobe Photoshop was used to insert the objectssitene photographs that served as contexts.
The size of the objects was approximately matcbdtie spatial scale of the backgrounds, and
average object sizes were matched between the doentation conditions. Prior to the
insertion of objects in the scene backgrounds, soaeckgrounds and objects were rotated. We
produced images with the following combinationsjegb upright/context upright (TO CO),
object 90° rotated/context upright (T90 CO0), objegright/context 90° rotated (TO C90),

object 90° rotated/context 90° rotated (T90 C90xarples are shown in Figure 1D.
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Altogether 480 objects (240 in each category) wemdedded into 960 contexts. Thus, each

object was presented twice with a different context

Insert Figure 4 A/B here

The manipulated scenes were randomly distributesd dvdifferent SOAs (10 ms, 30
ms, 60 ms and 120 ms). In addition we inserted raditon in which only the mask was
presented (0 ms SOA) to control for possible bffexcts. Each SOA was presented 30 times in

random order.

Results

Image statistics.

There was no difference in the mean luminance ofgghcontaining animals and man-
made objects (animal: 18.4 cd/m?, non-animal: 1d7r@¢, ts= 0.2; p>0.05), and no difference
in the sizes of the embedded objects (animal: &l§dxels, non-animal: 6384.0 pixels,

t478=0.47; p>005)

Psychophysical performance

Insert Table 3 here

The proportion of correct responses at the difie@DAs and the fitted psychometric
functions are shown in Figure 4A. The threshold SGéad slopes of the psychometric
functions at 75% correct discrimination performarar@ given in Table 3. The shortest
threshold SOA (36.2 ms) was obtained when bottb#oikground and the object were upright.
A MCT confirmed that the threshold in this uprigiindition was significantly different from
the threshold in the rotated conditions (all p<@)0®/hen objects, backgrounds, or both were
rotated, thresholds were prolonged (T90 C0=56.9TAsC90=61 ms; T90 C90=63.7 ms), but

pair wise comparisons failed to reveal any sigaificthreshold difference between the rotated
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conditions (MCT: TO C90 vs. T90 C90: p>0.05; TO G80 T90 CO0: p>0.05; T90 CO vs. T90
C90: p>0.05). The threshold SOAs for both the upr@nd the fully rotated conditions were
similar to the ones obtained in the first experim&his result indicates that the insertion of the

objects into the background scenes produced neesidets.

The slopes of the psychometric functions showedstrae pattern as the thresholds:
The slope was steepest when both object and bagkgjnwere upright, and a MCT confirmed
a significant slope difference between the uprighdl the rotated conditions (-0.0087 prop.
correct/ms, p<0.01). The slopes in the rotated itiomd were shallower, and the pair wise
comparisons of the psychometric functions failedeteeal any significant differences between
them (MCTs: TO C90 vs. T90 C90: p>0.05; TO CO0M&0 CO: p>0.05; T90 CO vs. T90 C90:

p>0.05).

A within subject ANOVA (4 orientations x 4 SOAs) thfe RTs (see Figure 4B) reveals
a significant influence of the orientations(=3.9, p<0.05n°=0.22, MSE=1317), but not of
the SOA (E4=1.16, p>0.11%=0.08, MSE=3881), and a significant interactioniein these
two factors (i 126=2.37, p<0.05n°=0.14, MSE=891). There is an interesting patterh&RT-
data shown in Figure 4B. The RT appears to drophierall-upright scenes with longer SOAs,
but the RTs increase over the first three SOAs wbiely the background is rotated. The
increase of the RTs in the latter condition appéatse the source of the statistical interaction,
since none was found when this condition was exadudom the ANOVA (ks+~=1.69, p>0.1,
n=0.14, MSE=971). When participants accurately dfi@ssthe scenes (120 ms SOA) we
obtained the longest RTs when object and backgrdnaadincongruent orientations (T90 CO,
TO C90). This increase was significant compareth&congruent orientations 1(=9.4; p<
0.01,n?=0.40, MSE=518). Error rate and RT were uncorrelate positively correlated (TO

C0: r=0.41, p<0.01), so there was no indicatiorafgpeed accuracy trade off.

Discussion
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The results of the third experiment reveal that phecessing of objects embedded in
natural scenes depends strongly on the orientatidhe context. The scene-mask SOA (the
interval of undistorted processing) required foccassful object discrimination is prolonged if
the scene background is rotated even when objeetsi@ight. When either the object or
context is rotated the slope of the psychometrioction decreases and the threshold SOA
increases. This argues against independent pragess$iobject and context (Henderson &
Hollingworth, 1999), at least with respect to otaion. The inhibitory effect of the rotated
background on the discrimination of upright objeass incompatible with parts based
recognition approaches (e.g. Biederman, 1987) ard ko explain by template matching
(Ullman, 1996) since the target object is alreadypright orientation. Our finding is better
compatible with theories that assume that objecbgeition is at least partially orientation-
dependent and involves orientation compensatidreeiby rotation or a reference frame. An
orientation conflict between object and contextldalelay object recognition, for example by
invoking a competition for orientation normalizatior a common reference frame (Hinton,
1981; Jolicoeur, 1990a). The prolonged RTs we foahdong SOAs with incongruent
compared to congruent object and scene-contexhtatiens further support the assumption
that orientation conflicts between scene parts iregextra processing time to resolve the

conflict.

So far we have found evidence for inhibitory effeof the scene context on object
discrimination. It has been suggested that uprogintexts facilitate the processing of rotated
objects, because the upright context could in glacprovide information to guide the
orientation compensation of the object (e.g. Bas®D3; Jolicoeur, 1990a), but we found no
such advantage. Rotated objects embedded in upsiggiie contexts (T90 CO) produced
similar SOAs and even longer RTs than all rotateenss (T90 C90). This results is in
concordance with the previous experiment that eldicated inhibitory rather than facilitatory

effects of the scene context.
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However, in all experiments so far, object and lgaoknd appeared simultaneously and
only for short time intervals. In the next experitheve investigated whether the background
orientation can have facilitatory effects on objddcrimination when it is presented prior to

the object, and predicts the object orientation.

Experiment 4
This experiment was designed to further explore diggamics of the perceptual
integration of objects and their scene-contexts. We tested whether the orientation of the scene
context would influence the processing of the endddbject when the scene context without

the object preceded the presentation of the oljibin the context.

Prior work with isolated objects has shown thateceding object can reduce the effect
of rotation a second object when both objects lheesame orientation, and the objects are
presented in close temporal proximity (Gauthier &T 1997; Graf, Kaping, & Bulthoff, 2005;
Jolicoeur, 1990a; Tarr & Gauthier, 1998). Graf kt(2005) presented two line drawings of
natural objects in rapid succession and found lomeming accuracy when the two had
incongruent rather than congruent orientations. &tiect could not be explained by simple
shape priming, because it was found when the ssiseebjects were from different
categories, as well as when they had differentgaban axes. This finding led us to suspect
that a preceding scene-context may have an effe¢ch® recognition of the object, although
both are highly dissimilar. The authors suggest the first object in the sequence adjusts the

orientation of an abstract reference frame in wilhghsecond object is initially processed.

However, the preceding context may also provideasgim and structural information
that could facilitate the recognition of the objg&ar, 2004; Biederman et al., 1982), in
addition to orientation priming. Bar (2004) recgngroposed a physiologically motivated
model of object recognition in which he suggesteat the scene context may facilitate the

initial processing of the object, for example byniling the search space during object
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recognition. However, because the processing afobbjin natural scenes is very rapid, this
theory would predict a very narrow time window ihieh the context could have a beneficial
effect. Processing delays between object and cbrimxid therefore reduce any beneficial

effect of the context.

To investigate the dynamics of the object-contextractions we presented the object
after various delays in the scene context (Figugg. We used the same object-context
orientation combinations as in the previous expeninWe took care that the objects were
likely to occur in their scene contexts but thabsi contexts contained no independent
information relevant for the object discriminatioamsk. More precisely, the scene contexts
presented as pairs were from the same scene clasgdg or man-made scenes), and both
scenes were likely to contain the target and tisérafitor object. In this way we sought to
follow the approach of Sanocki (1999) and deco@flects due to representations invoked by
the scene-context from effects due to independdatmation about the target picture from the
context. The scenes preceded the target objestriats durations. The critical question was
whether, and to what extent object discriminaticnuaacy and RTs would benefit from the
scene-contexts in the different object-contextraagon combinations. From the results of the
previous experiment and the results of Graf e{28105), we hypothesized that congruency of
object and context orientation is an important heteant of the effects of a preceding context.
In particular we expected the following effects.Rotated objects in rotated scenes would be
recognized more accurately and faster when precéged rotated scene-context. b) That
upright objects in upright scene-contexts wouldréeognized faster when preceded by an
upright scene-context. c) Benefits from the presgdicene-context would be reduced if that

context had a different orientation than the taoigéct.

Methods
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Here we used a modified version of the paradigmused in the first experiment

(Figure 1E). We report only the procedural changes.

Participants.
Fifteen new participants (9 female) were recruitedthis experiment. The mean age
was 26 years (from 21 to 38 years). Six additigraaticipants judged the semantic congruency

of object and scene-context.

Simuli.

Two classes of isolated objects (animals and masenmbjects such as cars, boats,
baskets etc.) were selected from a database (HePhata-Objects) or extracted from photos.
Adobe Photoshop was used to insert the objectsitgne photographs that served as contexts.
The size of the objects was approximately matcbdtie spatial scale of the backgrounds, and
average object sizes were matched between targdtsliatractors. The object-background
combinations were held fixed but the orientatiombmation was randomly assigned for each
subject. We produced images with the following cormabons (the same orientation
combinations as in Experiment 3): object uprighiteat upright (TO CO0), object 90°
rotated/context upright (T90 CO0), object uprightfmxt 90° rotated (TO C90), object 90°
rotated/context 90° rotated (T90 C90). Examples gm@wn in Figure 1F. There were two
scene context classes: nature scenes and man geEwEssScenes from the same class were
presented as pairs, one containing the target ohjed the other containing the distractor

object. The target-distractor pairings were rana@aiwithin class for each subject.

Altogether 960 objects (480 targets and distract@spectively) were embedded into
960 contexts. The congruency of the object contertbinations were rated by six judges and
three authors. Pictures with object context contimna that were rated congruent by less than

four judges were replaced.

Insert Figure 5 A/B here
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The presentation sequence in a trial was similéinabin Experiment 3, except that the
SOA between the scenes containing the objects famdniask was fixed at 40 ms, and the
scenes containing the objects were preceded bgcére-contexts without the objects. At the
scene-mask SOA employed we expected intermediatgméion performance. The duration
of the delay between the onset of the scene coatexithe appearance of object in the scene
served as the independent variable (Figure 1E)h E& began with the presentation of the
appropriately oriented pair of scenes-contexts autithe objects. After one of four context-
object SOAs (0 ms, 40 ms, 80 ms, 160 ms), the scenixts were replaced by the same
scene photographs with an inserted object. Thetatien of the scene-context was maintained
through the trial: Upright scenes with an objecd (T0 and T90 CO) were preceded by the
upright scene context, and 90° rotated scenes w@bfects (TO C90 and T90 C90) were
preceded by the 90° rotated scene. The 0 ms ceolgxtt SOA condition served as the
baseline for possible facilitatory or inhibitoryf@gts of the preceding scene-context. In this
condition the scene-contexts and objects appeanaataneously, as in Experiment 3. In all
cases, the scene with the object was on the stwed® ms before being replaced by a pattern
mask. The individually combined scene pairs weraloanly distributed over the 4 different
context-object SOAs for each subject. Each comimnaif SOA and orientation was repeated

30 times, and consequently each object-context owtibn was presented once.

Results

Image statistics.

There was no difference in the mean luminance aftqsh containing animals and
distractor objects (animal: 11.06 cd/m2, non-animél94 cd/m?,¢¢= 0.503; p>0.05), and no
difference in the sizes of the embedded objectsn@n9311 pixels, non-animal: 9813 pixels,
tosg=1.7; p>0.05). On average, over the six participa®®.4 % (standard error 1.42 %) of the

pictures were judged as having a congruent semahject scene-context. It should be noted
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that, in addition to the participants, three of thehors also judged the images as congruent,

when they constructed the stimuli.

Psychophysical performance.

The mean proportions of correct responses obtaivitdd the different scene-context
object SOAs are shown in Figure 5A. A two factothwi subject ANOVA with the context-
object SOA (4 levels), and the context-object dagon combinations (4 levels) as factors
revealed significant main effects of both the S@A44=6.7, p<0.0057°=0.33, MSE=0.001)
and the orientation combinations(5=20.9, p<0.0015*=0.60, MSE=0.009). These factors did
not interact (F1261.0, p<0.25n?=0.07, MSE=0.006). This result indicates that aceding
natural scene context can improve object discrittona however, the effect differs between

orientation combinations.

In concordance with our hypothesis that orientatmongruency is an important
determinant of context-object priming Figure 5A igades that the congruent orientation
conditions produced the greatest accuracy improuemben SOA increased from 0 ms to 40
ms. To confirm this effect, we combined the datamfrthe two congruent orientation
conditions (TO CO and T90 C90) and calculated afaetor within subjects ANOVA over the
two shortest SOAs (0 ms and 40 ms). The ANOVA rbeveasignificant effect of context-
object orientation congruency and SOA {E13.22, p<0.005n°=0.49, MSE=0.004, and
F11479.6, p<0.011n°=0.41, MSE=0.006, respectively), and a significam¢raction (k14£7.4,
p<0.05,n°=0.35, MSE=0.002). The accuracy benefit producegregenting the context 40 ms
in advance was 9.3% when both the context and ttavgee upright =3.7, p<0.005), and
9.8% when both were rotated 90 degrees=8t4, p<0.005). The performance peak in these
congruent conditions occurred at this short contdy¢ct SOA. The two conditions with
incongruent object-context orientations did notdfegrsignificantly from the 40 ms advance

presentation of the context (T90 CO: 2.8%=0.7, p>0.25 and TO C90: 2.5%,+1, p>0.25).
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At 80 ms SOA the "benefit" in both incongruent ciioths peaked, but still did not reach

significance (T90 CO: 6.2%;4£1.5, p>0.1 and TO C90: 4.7%,%1.9, p>0.05).

At the longest SOA (160 ms) the effect of the pdatg presentation of the scene
context was reduced in all orientation conditicaltyough this tendency appears weaker in the
all rotated scenes condition (T90 C90). On averager all SOAs, subjects achieved the best
discrimination performance with the all-upright see (mean TO CO: 80.6%) and the worst
with the upright backgrounds and the rotated objétiean T90 CO: 67.5%). The means of the
other two orientation conditions were similar (m@&nC90: 73.6%, T90 C90: 72.2%), but the
benefit of the preceding scene-context was highethie all rotated scenes (T90 C90) than for
the upright objects with rotated context (TO C9Uhe accuracies obtained with each

orientation and SOA combination are listed in Tahleogether with the respective RTs.

Insert Table 4 here

The mean RTs obtained with the different sceneecdnbbject SOAs are shown in
Figure 5B. The pattern of the RTs is approximatlky inverse of the pattern shown by the
accuracy data. A two factor within subject ANOVAtkwvihe context-object SOA (4 levels) and
the context-object orientation combinations (4 Igves factors revealed significant main
effects of both SOA (Fa=4.3 p<0.01,0°=0.24, MSE=7659), and the rotation combination
(F34=8.3 p<0.0011°=0.38, MSE=2648). These factors did not interagh{£0.95 p<0.25,
n%=0.06, MSE=1318). A two factor within subject ANOVIA which we pooled the orientation
conditions by the congruency of object and backgdo(congruent: TO CO and T90 C90, and
incongruent: T90 CO and TO C90) revealed that sibjeesponded faster when the scene and
object orientations were congruent, (i£7.6; p<0.05,n>=0.35, MSE=2381). We found no
significant correlation of RT with the error rate any of the conditions, and therefore no

indication for a speed-accuracy trade off.
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Discussion

The results of this experiment show that the saamgext can have a facilitatory effect
on the recognition of briefly presented objectatural scenes when the onset of the scene-
context precedes the onset of the object. Thetedfethie scene-context was transient and most
pronounced at short SOAs. The facilitatory effeeswrientation-congruency dependent, with
congruently oriented objects and contexts produ@ndiscrimination accuracy increase of

nearly 10%.

The contribution of the preceding scene context to object discrimination.

Our finding that rotated objects in rotated scewese better and faster discriminated
when the scene context preceded the object préieenky a short interval (40 ms) is broadly
consistent with the idea that the preceding scenéegt sets up a reference frame (a kind of a
coordinate system) in which the subsequently ptegenbject is processed (Graf et al., 2005;
Jolicoeur, 1990b). However, even with a precedireg@ntation of the context, a rotation effect
is still apparent in the accuracy and in the Rad&ubjects discriminate all upright scenes (TO
CO) faster and more accurately than disorientedesceAs previously discussed in Experiment
1, the slower and less accurate processing of Bwiented scenes might be due to a time-
consuming orientation-compensation process (Jalicd©90b), or, alternatively, to a smaller
neuronal population being available to signal thesence of the disoriented target object

(Perrett et al., 1998).

The data from the all upright scenes (TO CO0) prevadlditional information about
facilitatory effects of a preceding context. Theékts of a 40 ms preceding context for object
discrimination were as strong as with the all mdascenes (T90 C90). At a first glance this
result could be seen as evidence that the scenext@ontributed independent information to
the discrimination task. Several aspects of thea @gfue against this assumption. First, we

found only a non-significant facilitatory tendentyr incongruently oriented context object
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orientation. We think that this was at least pdytidue to the fact that our stimuli were
designed to minimize unwanted independent inforomathat the scene context could convey
regarding the location of the target picture (S&nak999). Second, and most importantly, the
facilitatory effect of the background is weakeratger SOAs when the context is presented
longer, which is the opposite of what one woulddmewhen the background is informative
for the task. We think that the facilitation we ebsed with all upright scenes is most likely
due to an improvement of the object recognitioncpss, as suggested, for example, by Bar
(2004). In Bar's theory of object-context interantithe facilitation of object processing by the
context occurs automatically and requires thatrmfttion about the scene context is available
in the matching stage of object processing. Thediots a facilitatory effect of a preceding
semantically congruent context on the discrimimatmf objects embedded in all upright
scenes. However, the theory also predicts thafaitiBtatory effect is time critical, because the
context influence must be established when thegsing of the object reaches the matching
stage. Incongruent contexts would require some srttime-consuming orientation
compensation on either the object or the context thus reduce and delay the facilitatory
effect, which was the tendency that we found. Havevhe theory of Bar (2004) cannot

explain why we found a smaller context effect withger SOAs.

The transient nature of the facilitatory scene context effect.

The peak facilitation of object discrimination blyet scene context occurs at SOAs
around 40 ms to 80 ms. Graf et al. (2005) using linawings of isolated objects found
facilitatory effects in a similar time range. AtetHongest SOA we used (160 ms) the
facilitatory effect of scene context is less or apparent. Because the effect of scene context is
initially facilitatory, pattern masking of the olgfeby the scene context cannot account for it.
Pattern masking would predict reduced discrimimatiocuracy at short SOAs (Bacon-Mace et
al., 2005; Breitmeyer, 1984; Rieger et al.,, 200&)t we found an accuracy increase. An

alternative explanation incorporates two differelypes of object-context interactions:



Speed limits 34

Perceptual object-context integration during theahprocessing that supports the recognition
of the object at short scene-object SOAs, and getitive interaction when the scene context
is presented further ahead in time. Competitiveraidtions between successively presented,
meaningful stimuli have been found in a wide varigft paradigms (for reviews see Coltheart,
1999), typically when the stimulus onsets are sdpdrby 100 ms to 400 ms. In this time
window a preceding meaningful stimulus can redbeedccuracy of the report of subsequent
meaningful stimulus. An idea common to most accewtditthis effect (Chun & Potter, 1995;
Kanwisher, Yin, & Wojciulik, 1999; Seiffert & Di Lo, 1997) is that the detection of the
second stimulus (here the target object) is impaatea relatively high and attention-binding
processing level. This level is thought to haveinaitéd capacity that is utilized by the
preceding stimulus (here the context). Howevers txplanation of the reduction of the
facilitatory context effect at the longer SOAs wsed is speculative and requires further

testing.

In this experiment we found orientation-congruedependent facilitatory effects of
scene contexts on briefly presented objects whercémtext was presented somewhat earlier
than the object. Independent of the orientatioea#, we also found that the semantically
congruent contexts we used increased the accunadyspeeded up the discrimination of
objects presented in all-upright scenes, comparguetformance levels when the object and
scene context were presented simultaneously. Cselyerthe results from Experiment 2
suggest that semantically congruent contexts maxe hahibitory effects, compared to
uniform, meaningless backgrounds. Therefore, thdé agperiment was designed to further

investigate the effects of context semanticitylject discrimination.

Experiment 5
After having found strong effects of orientatiomasher "low-level" stimulus attribute,

on contextual object processing in natural scemesyere interested in the dynamics of more
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cognitive, semantic object-context interactions that are based on the knowledge about the co-
occurrence of objects in a meaningful natural semmgext. In addition we wanted to
investigate further whether the scene context eailithte object processing when both are

presented simultaneously.

In an influential study Biederman et al., (1982urd faster detection of objects
embedded in semantically congruent compared tongrcent scenes. Hollingworth and
Henderson (1998), on the other hand, attributedréiselts of Biederman et al. (1982) to
response bias. These authors did not find a congyuadvantage when they controlled for bias
and concluded that object identification is isatateom semantic information about the scene
context. In both studies line drawings of scenes @mjects were used. Davenport and Potter
(2004), presented photos of natural scenes at omeesnask SOA (80ms), and found an
increased naming error rate when object and conée&t semantically incongruent, as
compared to congruent scenes. However, as DaveapadrPotter (2004) found, and we found
in our second experiment, objects were reported mazurately when they were presented in
isolation on a meaningless uniform background. Tdusld be taken as evidence that any
meaningful context, congruent or incongruent, hiadebject identification in natural scenes.
Alternatively, a relatively simple perceptual adizge in the uniform background condition,
such as the increased contrast and visibility ef abject contour on a uniform background,

could account for this result.

Natural scenes and objects have a meaning thatidesl knowledge about the
likelihood of the occurrence of an object in a geenntext. In this experiment we manipulated
the semantic congruency of the meaningful objent$ scenes by varying the likelihood of
their co-occurrence, one aspect of the semantatioal between them (for a discussion of other
aspects see Biederman et al., 1982). This apprisasimilar to that used in previous studies

using line drawings of objects and contexts (Bieter et al., 1982; Hollingworth &
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Henderson, 1998), and natural scene photos (Davedp®otter, 2004). In pictures with
semantically congruent object-context relation &swery likely for the participants that the
object can be found in the particular scene-cor@gt deer on grassland, Figure 1G), whereas
in pictures with incongruent semantic object-cohteiation the objects were presented in an
atypical surrounding scene-context (e.g. a booksbel a beach, Figure 1G). We also
attempted to address the question about facilitaiod inhibition of object recognition by
semantic context congruency. This question reqtiresntroduction of a baseline condition in
addition to the semantic congruency manipulatiohshe meaningful scenes. Because the
hypothesis under investigation is that the spedtie@fecognition of an object is influenced by
the participants knowledge about the objects thatligely to occur in a scene-context, one
requirement for the baseline context was that d@gukh not activate knowledge about the
probability of the occurrence of an object. Althbugniform backgrounds fulfill this criterion,
we hypothesized that they may not be a good chdibe. object recognition performance
measured with uniform backgrounds may confoundceffeof semantic congruency with
contour extraction effects when compared to theopmance obtained with meaningful
contexts. Therefore, we used Fourier phase-randminszenes as the meaningless baseline
condition (Figure 1G, right column). Phase-rand@dizcenes are meaningless in the sense
that the participants have no knowledge about tbjinat are more likely in to occur in them,
and in this limited sense we consider them as seoadly neutral. However, phase
randomized scenes have some advantages over urbfarkgrounds with respect to their low-
level perceptual features. They are structured,h@ave the same orientation and RMS-contrast
statistic as natural scenes. A physiological sthidg found that they produce the same
activation levels in early visual areas as intaeines (Rieger, Schalk, Gegenfurtner, & Heinze,
2004), so that their influence on figure-ground reegtation in early visual areas can be

expected to be relatively similar to that of natsenes.

Methods
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Except for the reported changes, methods were airtol those employed in the first

experiment (Figure 1A).

Participants.
Fifteen new volunteers (9 female), who were naiveh wespect to the experiment's
purpose, participated. Their mean age was 25.3)eange 23 to 28 years). Five additional

participants judged the semantic consistency/insterscy of object and background.

Simuli.

The size of the scene context was 256 by 384 pmdssubtended 9.5° by 14.25° of
visual angle. The objects (animals and man-madectd)j see previous experiment) were
embedded into semantically congruent, incongruanmeaningless backgrounds. Meaningless
backgrounds were generated from the congruent bagkds by randomizing their Fourier-
phase without changing the amplitude spectrum. Thanipulation preserves the RMS-
contrast of the images (Parseval theorem), which vgidely accepted contrast measure for
complex scenes (Bex & Makous, 2002; Reinagel & Zadb999). Fourier-phase
randomization, when appropriately applied, doesamainge the BOLD-response strength or
response dynamics in early visual areas (Riegat.e2004). Matlab software to perform the
phase randomization can be downloaded from httwWwwni-magdeburg.de/rieger. Note that
this manipulation assumes a linear RGB-to-luminafwection of the display system. We
therefore measured the functions, calculated atination lookup-table and transformed all

manipulated images accordingly.

Before we conducted the experiment, five participgudged the congruency and
incongruency of object and context in our stimuli addition to four of the authors who
constructed the pictures. A scene was removed tharset when it was judged by less than
four participants as originally intended by thesg¢hars. Example scenes are shown in Figure

1G.
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Insert Figure 6 A/B here

Two hundred pairs of scenes were presented in @atie three conditions (congruent,
incongruent, and meaningless contexts). Presensatwere randomly distributed over 4
different SOAs (30 ms, 50 ms, 70 ms and 120 m)hEd the 600 image pairs was presented
only once to a participant. Additionally, we inckdla condition in which only the mask was
presented (0 ms SOA). Each SOA was repeated 58 tiexeept for the mask-only condition,
which was repeated 60 times. The resulting 660stier participant were presented in 2

blocks.

Results

Image statistics.

Mean object sizes in the two classes (animal/nomah in the congruent, incongruent
and meaningless pictures did not differ (congrweminal: 8971 pixels, congruent man-made:
9618 pixels, 455=0.27, p>0.05; incongruent animal: 8393 pixelspimgruent man-made: 8469
pixels, §9g=0.76, p>0.05; meaningless animal: 9105 pixels, mmggess man-made: 8615
pixels, t9g=0.4, p>0.05). There was also no difference betwbenmean luminances of the
images containing animals and man-made objecthiencongruent and incongruent image
classes (congruent animal: 37.1 cti/mongruent man-made: 37.3 cd/myes=0.22, p>0.05;
incongruent animal: 37.3 cdfirincongruent man-made: 37.6 cd/rage=0.12, p>0.05). In the
meaningless-context condition there was a small digmificant difference (meaningless-
context animal: 36.6 cd/m meaningless-context man-made: 37 &l/tgs=2.67, p<0.05).
Although this difference is statistically signifita it amounts to a Michelson-contrast
difference of only 0.5% between the two categori@sdifference this small is below the
detection threshold (Gegenfurtner & Rieger, 2008) therefore extremely unlikely to have

had any influence on classification performancegithe short SOAs we used.
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In 94.1% of the images (standard error 2.3%) tmeaswic object-context congruency
or incongruency was judged by all five participatdsbe as intended by four of the authors

when they constructed them.

Psychophysical performance.
The proportions of correct responses at the difteB0As and the fitted psychometric
functions are shown in Figure 6A. The exact SOAd #me slopes of the psychometric

functions with their 95% confidence intervals astdd in Table 5.

The threshold SOA for semantically congruent sasmdexts (36.5 ms) was very
similar to the thresholds for the upright scenetaioled in the previous experiments. This
result indicates that our image manipulations did lhave additional, unexpected, effects.
Semantic incongruency between object and conteopged threshold SOAs by more than a
factor of two in our object classification task (@ns). The threshold SOA obtained with the
meaningless, phase-randomized, contexts (40.4 nds)not differ from that found with
meaningful, congruent scenes (MCT, p>0.05). At 8tortest SOA used, semantically
consistent contexts slightly improved classificatiperformance relative to the meaningless
contexts (30 msA=10.7%, 1,=6.0, p<0.001), but this advantage vanishes atloB®As. The

slope of the psychometric function was steepehéneaningless condition (MCT, p<0.01).

Insert Table 5 here

In contrast, threshold SOAs were clearly shorterdongruent than for incongruent
contexts (MCT, p<0.01), but the slopes did not etifignificantly (MCT, p>0.05). The
psychometric functions obtained with semanticaligongruent and meaningless contexts
differed with respect to both parameters. Meansgjleontexts led to shorter threshold SOAs

and steeper slopes (MCT both p<0.01).
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RTs were analyzed with a two factor within subjadtOVA (3 semantic congruency
levels x 4 SOAs) and are plotted in Figure 6B. BSBA and semantic congruency had a
significant main effect on the RTs (SOA;4=20.2, p<0.011%=0.59, MSE=997; context:
F.521.3, p<0.01n°=0.60, MSE=392), and these factors interacted figmitly (Fss=3.6,
p<0.01,n?=0.20, MSE=210). The RTs in Figure 6B suggest thiatinteraction was caused by
increased RTs in the incongruent conditions attsB@rAs. The data indicate that the fastest
RTs were obtained with a meaningless or a semdlgticangruent context, whereas the
longest RTs were obtained when target and scenexdonere incongruent, although with the
120 ms SOA the differences were very small (medessybaseline: 425 ms; semantically
congruent: 431 ms; semantically incongruent: 434. mmsall conditions RTs were positively

correlated with the error rate, and therefore giwendication of a speed-accuracy trade off.

Discussion

A major result of this experiment is that humarguree longer undistorted processing
(scene-mask SOAs) to discriminate objects when they embedded in semantically
incongruent contexts than when they are embeddedrigruent contexts. For RTs this effect
is most pronounced at short scene-mask SOAs thpbsen severe limitations on the
information that can be acquired from the scenbs. RT-effect of the semantic object-context
incongruence appears to diminish at the longest $2A ms) we used. This reduction is
predicted by many choice models that incorporatgteal evidence accumulation (e.g. Hick,
1952; Usher et al.,, 2002). If one assumes thateffect of semantic context congruency
depends on the amount of information that can heaeted from the object, these models
predict shorter and more similar RTs at longer samask SOAs. The reduction of the RT
effect with incongruent contexts suggests that exdnsemantics may become less important
for discrimination when sufficient processing tingseavailable. We also found slightly better

object discrimination accuracy with congruent catgaelative to meaningless contexts at the
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shortest SOA (30 ms). However, the threshold SOk bt differ between these two
conditions. Together these results imply a veryidapccumulation of object specific
information from the scenes. The somewhat longes ROF semantically congruent versus
meaningless, semantically neutral, baseline costerfy indicate increased processing

demands imposed by additional information fromkbekground.

Phase randomized scenes as a baseline for facilitation/inhibition.

We used phase-randomized natural scenes as a mieasirbaseline condition, to
evaluate whether semantically congruent contextg ma&e an inhibitory or facilitatory effect
on object discrimination. Phase-randomized sceage the advantage that they match global
RMS-contrast and orientation distribution of natiseenes, both important determinants for
coding and activation levels in early visual aréRieger et al., 2004). It is unlikely that phase
randomized scenes provide semantic informationittiatferes with object processing, in the
sense that the participant can make an informedsgabout likely objects in the particular
context. Thus, we think that phase-randomized scenay provide a better baseline to
investigate facilitatory and inhibitory semanticntext effects than uniform backgrounds do.
Other attempts could be made to construct a baselimdition that additionally includes
features such as lines and edges. However, gresatvaaild be necessary to avoid such stimuli

accidentally forming objects, or carrying other s@ic information.

General Discussion
Our data clearly show that both low-level (oriemta} and high-level (semantic)
context attributes affect object processing in ratscenes. The effect of the context appears to
be asymmetric: Although the context can delay thssification of the target object, we found
only slight evidence for a facilitatory effect whdioth object and context are presented
simultaneouslyRotating either object or context lengthened the threslsdAs and RTs, and

increased the trial-by-trial variability of the pemse (as reflected by the shallower slopes of
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the psychometric function). Upright contexts didt fiacilitate the classification of rotated
objects. Disoriented objects in meaningless unifbankgrounds were faster recognized than
disoriented objects in the scene-contexts. Objaatseaningful semantically congruent scene-
contexts were faster discriminated than objectsemantically incongruent contexts. The
comparison of performance obtained with a semdhticangruent context and a meaningless
baseline context, matched for early shape proogsd@mands, revealed that the congruent
contexts had only a slight facilitatory effect amaly at the shortest SOA used. In contrast to
the simultaneous object-context presentations, ouend reliable facilitatory effects of the
scene context when the onset of the conpeateded the onset of the object shortly (40 ms)

and both were presented at the same orientation.

In the following we will relate our data to modeisobject processing and discuss their

implications.

Orientation compensation and orientation invariant recognition of objects in natural scenes.

A robust finding reported in the literature is tHRT increases linearly with rotation
angle when the task is to identify disoriented otgde.g. Jolicoeur, 1985). Many models that
deal with the recognition of disoriented objectsusse that this effect is due to the need to
compensate for the rotation of the object’'s pentaptepresentation, in order to produce a
representation that matches the representatioheobbject held in memory (e.g. Jolicoeur,
1985; Shepard & Metzler, 1971; Tarr & Pinker, 198@)e orientation compensation process is
presumed to require a fixed amount of time for ed@yree of rotational compensation, leading
to longer RTs at larger rotation angles. We witerdo this hypothesis as the “object-rotation
hypothesis”. Currently it is unclear, whether a pemsation mechanism such as that proposed
in these models is applicable to object recognitromatural scenes. Jolicoeur (1990a), in an
attempt to explain effects that are not compatiiith such a mental-rotation-like process,

proposed that parallel to the orientation compeémsasystem, object recognition can be
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accomplished by a feature recognition system tkas wrientation invariant features that are
typical enough to allow recognition of an objectg(ethe stripes of a zebra). DeCaro and
Reeves (2000, 2002), using line drawings of natolgkcts, found faster naming latencies for
the naming of entry-level object identities than f@aming object orientations, and suggested
that orientation compensation is not required foject identification. The few recent studies

that have investigated object recognition in ndtsenes failed to find orientation effects

(Guyonneau, Kirchner, & Thorpe, 2006; Rousseletl ¢t2003; Vuong et al., 2006), and have

concluded that in natural scenes object recogniigamactically orientation invariant.

However, our first four experiments show that objelassification in natural scenes
depends on orientation. Our findings in the fingb texperiments confirm and extend results
from previous studies that found only mild effeofanversion in static displays (Rousselet et
al., 2003), or no inversion effects in dynamic thgp (Vuong et al., 2006). In both these
studies only upright and inverted scenes were uUBedause rotation effects are often weaker
when objects are inverted (e.g. Jolicoeur, 1985, speculated that the failure to find
orientation effects in these studies might be duéhé use of inversion. Therefore, we used
several orientations (0°, 90° and 180° in Experimé&nand in addition 45° and 135° in
Experiment 2) and found that while upright and mee scenes produced the same threshold
SOAs rotation by 90° prolonged them. In addition Ye&ind shallower slopes of the
psychometric functions and longer RTs for all tb&ations investigated. We also found that
RTs depend strongly on the duration of stimuluslalgity, a parameter not controlled for in
the Rousselet et al. study (2003). However, althong found a clear rotation effect on both
RTs and accuracy the speed of the orientation cosgte®n we found in Experiment 2 with
objects in context is faster by a factor of appnwadely three than what would be expected
from mental rotation (Dickerson & Humphreys, 19¢8mm & McMullen, 1998; Jolicoeur,
1990b). Moreover, we found in Experiment 2 that thscrimination of isolated objects

presented on uniform backgrounds seems to beantaivariant.
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Task and strategy affect the relative contribution of orientation dependent and invariant
processing

At least two not necessarily exclusive suggestibage been made to explain the
variability of rotation-speeds. Jolicoeur (1990bywed that the information used to recognize
objects (orientation dependent or orientation imehelent) may vary from trial to trial,
producing variations in the apparent speed of nheotation. This implies that strategy effects
may account for the variation of apparent mentahtron speeds. Depending on the task
requirements (speed or accuracy) subjects may f#eouse of rapidly accessible orientation
independent or slowly accessible orientation dependstructural) object information. A
recently published study (Guyonneau et al., 20@pprted rotation invariance for saccade
reaction times when subjects used eye movemestldoted target scenes in a speeded choice
reaction task. The participants in this study eikét a speed-accuracy trade off which
indicates that some strategy effects were invohAdternatively, two studies (Dickerson &
Humphreys, 1999; Hamm & McMullen, 1998) provide dance that the strength of the
orientation effects varies with the task complexybordinate-level object classification may
produce the strongest and superordinate-leveliitadion may produce the weakest rotation
effects. Dickerson and Humphreys (1999) suggesigidsubordinate-level object identification
may require object processing at great detailutholg orientation dependent structural object
properties, to distinguish between highly simildjezts. Superordinate-level identification
might require only quickly accessible, orientatiomlependent object features to distinguish
between highly dissimilar object categories. Thaults of Grill-Spector and Kanwisher (2005)
indicate that similar effects could play a role anr study using classification of objects
embedded in natural scenes. Grill-Spector and Ksimavi provide evidence that information
sufficient for basic-level or superordinate-leveiext classification can be extracted as fast as
the information required for object detection intural scenes. Detection and classification

success were tightly linked in this study, suggestihat they rely on similar information.
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Subordinate-level classification, on the other haeduired much longer exposure durations
prior to masking, indicating that the level of tagdecificity might have a strong influence on
the information required to accomplish a task. Baea the stimulus material we used in
Experiments 1 and 2 we suppose that participantddcbave accomplished the object
discrimination task on base-level or superordinetel. The apparently high rotation speed
that we obtained in the second experiment mighetbee reflect the participants’ tendency to
discriminate objects on the basis of orientatiodependent object features. Thus, even
stronger orientation effects could be expected whentask required processing on a greater

level of detalil.

The orientation compensation hypothesis is in coteece with our data from
Experiments 1 and 2. However, an alternative extian exists that does not require an
explicit orientation compensation stage to matatoaed object representation for recognition
(Ashbridge et al., 2000; Perrett et al., 1998).r&eret al. (1998) suggest that apparent
orientation compensation is accomplished by théridigion of the orientation tunings of
object selective neurons and evidence accumuldtyospike integration over time from the
neuronal population. Single cell studies in macadweve shown that several neurons in object
selective cortices respond to the same object it dfferent orientation preferences (e.g.
Ashbridge et al., 2000; Logothetis, Pauls, & Pogdi@95). Rotated objects would produce a
weaker population response, if neurons with a peefee for upright objects are more abundant
in the neuronal population. As a consequence, tlavdake longer to accumulate enough
spikes from the neuronal population to reach @wanh level of “evidence” for an object. This
would explain the reduced performance with rotategects without the involvement of an
additional mental rotation mechanism. Perrett e(1&198) also suggest that object recognition
by parts could be accomplished by the neuronal latipn, since many neurons respond
selectively to a part of an object. However, sirggd studies by definition cannot look

simultaneously at the combined action of multipteimons or even brain systems. A decision



Speed limits 46

on the question whether an explicit mental rotastage plays a role in the discrimination of
disoriented natural scenes therefore has to awdhdr physiological studies that involve the
investigation of population responses in multiptaity areas. Furthermore, to our knowledge
none of these theories make explicit predictionsualthe effects of a scene-context on the

discrimination of disoriented objects.

Scene context orientation: Reference frames vs. object rotation

Another alternative to the object-rotation hypothds the assumption that there is a
reference frame (coordinate system) that is broughalignment with the rotated object to
allow the processing of the object within this ated reference frame (e.g. Graf et al., 2005;
Hinton, 1981). A test case for the “object-rotatitimeories is the case in which both the object
and context are rotated independently with condruemd incongruent rotation angles.
According to the object-rotation theories the matghof an object to a stored representation
should be rapid when the objects are in uprighttioos independent of the orientation of the
background. Theories assuming the alignment offereece frame would predict that the
alignment to the object would be impaired when dbjand context orientations differ.
Previous experiments using letters (Jolicoeur, b0 sequentially presented line drawings
of objects (Graf et al., 2005) provide evidencet tfw&0 or more objects presented in close
temporal or spatial proximity can be better recegdi if they have the same (congruent)
orientation, and are recognized worse when theye hdifferent (incongruent) orientations.
However, two other studies, using unfamiliar olgestiggest that this congruency effect might
be limited to objects from the same object clasauGier & Tarr, 1997; Tarr & Gauthier,
1998). It was therefore not clear whether an oaon congruency effect would occur
between objects and their scene-context, becaese #re highly dissimilar. If we had found
no congruency effect our results would have favahedobject-rotation hypothesis. However,
the results of our third experiment do not suppbi$ hypothesis. When we compared the

effects of rotating the object and context (Expenin3), we found no primacy of one over the
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other. Disoriented scene-contexts had a similagcefbn discrimination accuracy of upright
objects as the rotation of the full scene or theatron of the object alone. This result is in
concordance with the reference frame theory. Tiesty is also supported by our finding that
longest RTs were obtained with scenes where trentation of the object and context were
incongruent (Figure 4B, 60 and 120 ms). The pramhst of the reference-frame theory hold
not only for simultaneous presentations of scemgeca and object, but also when both are
presented sequentially (Experiment 4). When wegntesl the rotated context only 40 ms
before the target appeared in it at the same atientwe found a clear accuracy increase. No
such increase was found when object and contextrfw@ohgruent orientation. This supports
the view that orientation compensation is achielbgdhe rotation of a perceptual reference
frame instead of individual object axes (Graf et 2005; Jolicoeur, 1990b). According to this
view, any orientation contrast would produce arem@ation ambiguity between object and
context that has to be resolved before the obgcecognized. The time required for this
process may add to the total processing time reduieading, as we found, to longer RTs even

at long SOAs when the accuracy is high.

Semantic congruency

Some models predict facilitation of object idemtfiion by semantically congruent
backgrounds (Bar, 2004; Biederman et al., 1982m#ii, 1996). One might expect any such
advantage to be biggest with longer scene-mask SQwsch permit more semantic
information to become available. In contrast, wenid RTs in our congruent and incongruent
conditions to become increasingly similar with lengSOAs. It was only under the most
restrictive conditions we employed (a 30ms scenskm&OA) that we found better
classification performance for semantically congtudhan meaningless scene-contexts. The
information available from the scene within sucbrsimtervals is likely to be relatively coarse
and unspecific, but may suffice occasionally tavaté learned object context-relations that

bias the participant’s decisions (Bar, 2004). Raescosts of this discrimination advantage
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may be indicated by the somewhat longer RTs fogamnt contexts. However, previously

described naming accuracy advantages (Davenporbiger? 2004), and the discrimination

accuracy advantages we found for objects in unifoomtexts relative to objects in structured,
semantically congruent contexts (Experiment 2)msdi&ely to be due to an advantage at
relatively early, sensory processing levels whegeiré ground segmentation occurs. This
process might be activated in early visual areas (der Heydt, 1994) before semantic
knowledge is accessed. In accordance with this vew data indicate that phase-randomized

contexts can minimize this advantage.

Properties of information extracted from the scenes in short masked presentations

Results from physiological studies using singld-oetordings in macaques, (Kovacs,
Vogels, & Orban, 1995; Rolls & Tovee, 1994), humi@amctional Magnetic-Resonance-
Imaging (Grill-Spector, Kushnir, Hendler, & MalacBP00), and magnetoencephalography
(Rieger et al., 2005) indicate that the patternkmasits the information extracted from a
scene by interrupting the processing in shape dnecb selective visual areas. Therefore,
analyzing the dynamics of the interaction betwelgjeas and their scene-context may help to
reveal the properties of the information extradtedn the scenes during the short scene-mask

SOAs we used.

Insert Figure 7 here

Clues regarding the properties of the informatiottraeted at different scene-mask
SOAs are provided by the RTs obtained in Experisiéntand 5 which included conditions
with object-context conflicts. In Figure 7 we pltdte RT differences obtained with the
incongruent object-context orientation conditiond #he congruent upright condition (T90 CO-
TO CO and TO C90-TO CO) in the third experimentd dhe RT differences between the
semantically incongruent and congruent condition tive fifth experiment. These RT

differences indicate that at least 50 ms undistioiéormation accumulation from the scenes
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was required to acquire enough information to peeda significant RT effect of the
incongruent scene context. This duration was smmidoether orientation or semantic
congruency was manipulated (Experiments 3 andspetively), suggesting that the stimulus
representations must build to some level of complebor the conflicting information from
object and context to interact. We deem it likélgittthese object-context interactions occur at
the processing levels at which structural informatabout orientation (DeCaro & Reeves,
2000, 2002; Dickerson & Humphreys, 1999; Hamm & Mudhlen, 1998) or information about
scene semantics (Ganis & Kutas, 2003; HollingwadithHenderson, 1998) first becomes
available. It is highly probable that both the &rgcene and the distractor-scene in our
experiments are processed in parallel to the lelvelformation complexity required for object
discrimination. This is indicated by a study of Rselet, Fabre-Thorpe, and Thorpe (2002)
who asked participants to detect an animal in aescBT, d-prime, and the simultaneously
recorded EEG were independent of whether one orstmaltaneously presented scenes could
contain the target object. As others (e.g. Li, VRarlen, Koch, & Perona, 2002), Rousselet et
al. (2002) concluded, that object categorizatioms loe achieved in parallel in natural scenes,

without the need for sequential focal attention.

Furthermore, we found significant rotation effeots accuracy and RTs as long as a
scene context was available. Isolated objects, heweavere better discriminated than scene-
embedded objects, and with isolated objects wedarrentation independence, at least in the
accuracy data. Because the major difference betweeriwo presentation conditions is the
accessibility of the shape, we speculate that obgbape may have provided additional
orientation independent information to improve sopdinate object classification. Overall, the
data suggest that while scene-contexts could peovidformation about an objects
superordinate classification, any benefit derivesht this information is offset by the costs

imposed by the need to segregate the object frerslthter that the scene places at its borders.
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Inter pretation of the behavioral measures

To our knowledge only few studies have reportech betcuracy and RT data over
several SOA levels (but see also Bacon-Mace e2@5; Grill-Spector & Kanwisher, 2005).
There is reason to think that these different messoan provide complementary information.
The results of physiological studies on scene geabbprocessing imply that in pattern-
masking paradigms SOAs limit accuracy by limitifgg tamount of information that can be
accumulated from the scenes (Grill-Spector et241Q0; Kovacs et al., 1995; Rieger et al.,
2005; Rolls & Tovee, 1994). Shallower slopes of gsychometric functions, on the other
hand, indicate higher trial-to-trial variability dhe responses (DeCaro & Reeves, 2002;
Gescheider, 1997; Green & Swets, 1989; Strasbuzged). Green and Swets (1989) point out
that RTs can provide information complementary dousacy measures, as they are related to
the complexity, or the noisiness, of processingnfrithe sensory to the decision stage. An
alternative, although not exclusive, interpretatointhe slopes obtained with our masked
presentations comes from mathematics. If we asshatethe proportion of correct responses
reflects the amount of information accumulated fribwa scenes in a given SOA, then the slope
reflects the maximum information accumulation raseit is determined at the point where the

psychometric function has maximum steepness (e€d)o & Reeves, 2002).

In our data, both the slopes of the psychometmctions and the RTs are equal for the
scenes rotated by 90° and 180° but differ from upaght condition. We speculate that the
longer RTs and the shallower slopes we observedotated scenes indicate increased noise
due to reduced efficiency of the coding of the ssefPerrett et al., 1998), or in matching the
processed input to a stored representation (Jolicd®©90b; Tarr & Pinker, 1989; Ullman,
1996). Perrett et al. (1998) suggested that fewamrmrans are activated when the object
orientation deviates from the commonly experiengedv, leading to slower accumulation of
information about the object. Alternatively, addrtal orientation compensation required to

solve the discrimination task (Graf et al., 2006licbeur, 1990a) may add noise to the
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discrimination process (e.g. Green and Swets, O&24ff; Gescheider, 1997, p. 105ff). The
RT effects presented in Figure 7 and the RT effeetdound in Experiments 1 and 2 (Figure
2B and Figure 3B and D) could be seen as suppothénotion that orientation compensation
requires additional time for the processing of abgect. The RTs were longer for rotated than
for upright scenes even when the accuracy levets Wigh at long SOAs. This interpretation
is further supported by rotation effect studiesninich accuracy is high and unchanged but
rotation effects exist in the RTs (e.g. McMullenadt, 1995; Murray et al., 1993), and by
physiological studies that show that the processihgotated objects additionally activates
cortical areas involved in spatial processing (¥anrie, Beatse, Wagemans, Sunaert, & Van

Hecke, 2002).

In summary we have shown that object discriminationnaturalistic photographs
depends on orientation and contextual informati®wth, cognitive (semantic) and perceptual
(orientation) attributes play a role and affect grecessing speed. When object and context
appear simultaneously the effects of the contextobrect discrimination tended to be
inhibitory. However, congruently oriented contetttat precede the object in time can improve
object recognition. Our results suggest that thedm visual system is well adapted to cope
with the complexity of the highly cluttered natusadvironment. However, with the paradigm
we used, we found only little indication that oltjeontext is used profitably during rapid

visual natural scene processing.
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Table 1
Threshold SOAs and Sopes of the Psychometric Functions for Experiment 1:

Rotations  ThresholdJpper/lower Slope Upper/lower
(inms)  95% confidence (prop. 95% confidence
limit (in ms) correct/ms) limit (prop. correct/ms)
0 deg 31.9 34.6/28.9 0.013 0.017/0.011
90 deg 54.85 59.7/50.1 0.006 0.007/0.004

180 deg 34.57 39.01/28.73 0.007 0.009/0.006
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Table 2
Threshold SOAs and Sopes of the Psychometric Functions for Experiment 2 (Objectsin

Scenes and in Isolation):

Rotations: Threshold Upper/lower Slope Upper/lower

Objects  (inms)  95% confidence (prop. 95% confidence

in scenes limit (in ms) correct/ms) limit (prop. correct/ms)
0 deg 35.61 39.03/31.81 0.0102 0.0138/0.0086

45 deg 37.32 41.67/33.02 0.0083 0.0104/0.0063

90 deg 46.33 51.93/40.63 0.0069 0.0094/0.0052

135 deg 41.62 46.12/36.32 0.0076 0.0101/0.0059
180 deg 41.07 45.17/36.67 0.0089 0.0114/0.0071
Rotations: Threshold Upper/lower Slope Upper/lower

Isolated (inms)  95% confidence (prop. 95% confidence
objects limit (in ms) correct/ms) limit (prop. correct/ms)
0 deg 32.57 35.42/29.64 0.0167 0.0235/0.0119

45 deg 35.19 38.68/31.50 0.0102 0.0130/0.0083

90 deg 34.23 37.89/29.94 0.0096 0.0124/0.0077

135 deg 34.96 39.50/30.52 0.0081 0.0101/0.0058

180 deg 32.77 36.24/28.94 0.0106 0.0151/0.0086




Table 3
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Threshold SOAs and Sopes of the Psychometric Functions for Experiment 3:

Rotations  ThresholdJpper/lower

Slope

(inms)  95% confidence (prop.

Upper/lower

95% confidence

limit (in ms) correct/ms) limit (prop. correct/ms)
TO CO 36.26 40.7/31.5 0.0084 0.0108/0.0063
T90 CO 56.85 66.7/46.6 0.0039 0.0052/0.003
TO C90 60.98 71.1/51.6 0.004 0.0052/0.003
T90 C90 63.73 72.8/53.2 0.0045 0.006/0.0035
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Proportions of Correct Responses and Mean RT for Experiment 4.
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Rotations: SOA Mean SE Mean SE
scene-object corr. resp. corr. resp. RT RT
(in ms) (in %) (in %) (in ms) (in ms)
TO CO 0 76.00 2.21 641.28 31.04
40 83.77 2.81 594.39 38.40
80 82.44 2.67 588.62 37.77
160 76.00 3.43 625.89 39.70
T90 CO 0 66.00 2.89 671.00 39.18
40 68.44 3.31 648.28 50.19
80 70.00 2.76 654.91 50.88
160 64.44 2.84 669.70 48.26
TO C90 0 70.66 3.36 658.74 33.92
40 73.55 2.69 628.77 41.20
80 74.88 3.08 618.67 49.96
160 70.66 3.27 637.58 44 .37
T90 C90 0 65.77 2.48 662.89 36.41
40 73.33 2.70 631.84 38.46
80 73.33 3.59 620.34 41.47
160 71.77 2.62 623.40 39.45
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Table 5

Threshold SOAs and Sopes of the Psychometric Functions for Experiment 5:

Background Threshold Upper/lower  Slope Upper/lower
(inms)  95% confidence(prop. 95% confidence

limit (in ms) correct/ms) limit (prop.correct/ms)

Congruent 36.5 40.0/32.2 0.007 0.0084/0.005
Incongruent 77.1 83.03/70.7 0.0074 0.0142/0.006

Neutral 40.4 42.9/37.2 0.011 0.0134/0.0094
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Figure Captions

Figure 1. A) The experimental paradigm used in Experimeng, B, and 5. Each trial started
with a fixation cross that was presented for vdeaturations (300-850 ms). Then two scenes
were briefly presented left and right from the figa cross. One of them contained the target
object, an animal. A pattern mask followed botms&seat one out of several stimulus-onset-
asynchronies (SOA). Finally, a green cross indat#te responses window and the next trial
was automatically initiated. We analyzed the reactime and the accuracy of the response.
In the first experiment (B) the scenes were preseapright, 90°, and 180° rotated. In the
second experiment (C) we compared discriminatiofop@ance for isolated (bottom row)
and scene-embedded objects (top row) and extehdatlimber of orientations (upright, 45°,
90°, 135°, 180°). In this experiment animal and-aaimmal pictures were presented as pairs
of isolated objects, or as pairs of objects embédscenes. Here we show only examples of
the animal-objects. In the third experiment (D) wtated scene and context independently,
but only by 90°. In the fourth experiment (E andtg onset of the scene-context preceded
the onset of the object by one out of several sodject SOAs (E). The object-mask SOA
was fixed at 40ms. As in the third experiment, obgnd background were rotated
independently by 90° (F). The scene contexts weosen from two classes (nature and man-
made scenes). Animal (top-row) and non-animal abj@mottom-row) with the same
orientation and with contexts from the same semanaiegory were presented as pairs. Each
column represents an example of a pair of the doentation combinations that were used.
Animal and non-animal objects were selected todmeastically congruent with the context in
order to minimize orientation independent inforraatabout the target picture from context.
In the fifth experiment (G) the contexts were setically congruent (left) or incongruent
(center) with the objects, or were meaninglessyidMeaningless, structured backgrounds

were obtained by phase randomizing the congruemescontexts.
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Figure 2. A) The proportion of correct responses obtainetth wifferent rotations and SOAs
in Experiment 1. The threshold SOAs do not diffetweeen upright and inverted scenes, but
are lengthened by the 90° rotation. B) The readiimes (RT) obtained for correct responses
at the different SOAs. The RTs for upright sceradisfaster than the RTs for the rotated

scenes. This fall-off does not reflect a speed-amyutrade off.

Figure 3. A) The proportion of correct responses obtaineith wbjects in a scene-context in
Experiment 2. The threshold SOAs are longer fordtbiethan for the upright condition.
Thresholds for the other conditions (45°, 135°, 48@°) do not differ from the upright
condition. B) The RTs obtained for correct respansith objects in a scene-context at the
different SOAs. C) The proportion of correct respemobtained with isolated objects. The
threshold SOAs do not differ between orientati@sThe RTs obtained for correct responses
with isolated objects at the different SOAs.

The RTs for upright scenes fall off faster than Ries for the rotated scenes (B and D). This
fall off does not reflect a speed-accuracy tradeAtfintermediate SOAs RTs are longer for
objects in scenes than for isolated objects. Nwethe longest RTs have been found with

135° rotation angles at the longest SOA when acgugahigh.

Figure4. A) The proportion of correct responses obtainedifégrent SOAs with different
object-context rotations in Experiment 3. Rotatdithe whole scene or any part of it
lengthens the threshold SOA by a similar extenfTIBg reaction times (RT) obtained for
correct responses at each SOA. The RT for upriggntess (TO CO) falls as SOA increases. In
contrast, the RTs increase over the first three S®Ben only the background is rotated (TO

C90).

Figure5. A) The proportion of correct responses obtainedifégrentcontext-object SOAs

with different object-context rotations in Experimél. The object-mask SOA was fixed at 40
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ms (see Figure 1E). The proportion of correct rasps was significantly increased for
congruently oriented object-context orientation bamations (TO CO and T90 C90), when the
context preceded the object by 40 ms. Howevennfmngruent object-context orientation
combinations (T90 CO and TO C90) we found only a-significant tendency. The increase in
discrimination performance is transient and is lggk 160 ms than with 40 ms context-scene
SOA. B) The RTs obtained for correct responseaei eontext-object SOA. The fastest RTs
were obtained with all-upright scene-object combares (TO CO) and the slowest with
rotated objects (T90 C0). The RTs approximatelyiekhan inverse relationship to the

proportion of correct responses.

Figure 6. A) The proportion of correct responses obtainedifégrent SOAs with
semantically congruent, incongruent and meaninggesaantically neutral baseline contexts
in Experiment 5. RMS-contrast structures in the mregless baseline contexts and the
congruent contexts were matched. The threshold &@Aot differ between the meaningless
and congruent context conditions, but was longénénincongruent condition. B) RTs for
correct responses in the three conditions as difumof SOA. RTs tend to drop with longer
SOAs, but the largest differences between the cmmgrand incongruent RTs occur at the
intermediate SOAs (50 ms and 70 ms). The fastest®Fe found with meaningless
contexts.

Figure 7. Mean RT differences between the incongruent ofijentext orientation conditions
and the congruent upright condition (T90 CO-TO @@ &0 C90-TO CO0) obtained in
Experiment 3, and the RT differences between thesécally incongruent and congruent
condition obtained in Experiment 5. The error rapgesent the two sided 95% confidence
intervals. These RT differences indicate that asi®&0 ms undistorted information
accumulation from the scenes was required to gathaugh information to produce a

significant RT effect of the incongruent scene eant
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