
Recent research has shown that visual object repre-
sentations can be maintained reliably during and after a 
participant’s viewing of complex visual stimuli, such as 
scenes and object arrays (Hollingworth, 2004, 2005; Hol-
lingworth & Henderson, 2002; Hollingworth, Williams, 
& Henderson, 2001; Sun & Gordon, 2009). For example, 
Hollingworth et al. tested whether detailed visual repre-
sentations can be maintained after attention is withdrawn 
from individual objects in scenes. Participants were 
asked to detect changes to the visual form of individual 
objects appearing within line drawings of natural scenes. 
During free viewing of a scene, a target object was re-
placed by another object from the same basic-level cat-
egory during a saccade away from the target object after 
it had been fixated the first time. The results showed that 
the participants could successfully detect a token change 
when the change occurred during a saccade away from 
the target object, demonstrating that relatively detailed 
visual representations can be retained in memory from 
previously attended objects and support the detection 
of changes to the visual form of those objects. By using 
the same saccade- contingent change paradigm, Holling-
worth and Henderson further demonstrated that partici-
pants were able to successfully detect type, token, and 
rotation changes to a target object when it was no longer 
within the focus of current attention. In addition, Holling-
worth and Henderson administered a delayed memory 
test and showed that their participants were still able to 
successfully discriminate targets from distractors after all 
scenes had been viewed (our Experiments 1A, 1B, and 2). 
In other words, the participants’ discrimination perfor-
mance in the type, token, and orientation discrimination 

conditions was well above chance despite the fact that 
they were tested after a 5- to 30-min retention interval. 
This finding provided converging evidence that relatively 
detailed visual information can be retained in memory. 
Moreover, Hollingworth (2005) had participants view 
various images of scenes and tested their memory for the 
visual form of individual objects in the scenes after vari-
ous retention intervals. The results showed that there was 
little or no decline in change detection performance from 
immediate test to a delay of one trial or until the end of 
the entire study session. Surprisingly, after viewing more 
than 40 scenes and hundreds of individual objects, change 
detection performance after a 24-h delay remained well 
above chance.

In addition, recent studies have shown that these vi-
sual representations of individual objects are episodically 
organized into a larger representation in visual memory. 
Therefore, the availability of contextual information is ca-
pable of modulating visual object memory (Hollingworth, 
2006, 2007; Jiang, Olson, & Chun, 2000; Sun & Gordon, 
2009; Zimmer, 1998). For example, Zimmer used a de-
layed matching task to investigate whether the congru-
ence of the spatial configuration (e.g., triangular or linear 
arrays) between study and test would affect visual short-
term memory (VSTM) for geometric figures and words. 
He found that participants’ recognition performance 
was worse if the spatial configuration of the stimuli was 
changed from study to test, indicating that the spatial rela-
tions between items are corepresented in VSTM such that 
the congruence of spatial configuration between the study 
and test stimuli can affect VSTM performance. Similarly, 
Jiang et al. (2000) used a change detection paradigm to 
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Hollingworth (2007, Experiment 8) reported that partici-
pants’ change detection performance was impaired when 
nontarget objects exchanged locations within the original 
spatial configuration, demonstrating that maintenance of 
the abstract spatial layout alone is not sufficient to sup-
port memory retrieval. Information about the individual 
objects bound to those locations is important as well.

More recently, Sun and Gordon (2009) further dem-
onstrated that contextual objects’ identities and locations 
have independent effects on visual memory. In that study, 
Sun and Gordon had participants view various object ar-
rays in a change detection task requiring memory for the 
visual form of a target object (e.g., orientation). Spatial 
and nonspatial properties of the array context were ma-
nipulated independently in the test image. The influence 
of spatial contextual information was examined by retain-
ing the contextual objects’ locations or by placing them 
in previously unoccupied locations, and the influence of 
nonspatial contextual information was examined either 
by retaining or by removing the contextual objects’ iden-
tities (e.g., by blurring the objects or by replacing them 
with new objects). The results showed that change detec-
tion performance was more accurate when either con-
textual objects’ location or identity was preserved in the 
test image. Therefore, after viewing arrays of objects, the 
objects’ identities and locations are represented in visual 
memory and used to modulate subsequent visual memory 
performance.

In the present study, we further examined the fidelity 
of this contextual representation in visual memory. Previ-
ous studies have suggested that items in visual memory 
may have detailed representations, such as information 
regarding their identities and visual forms. However, it re-
mains unclear what object features are stored as part of the 
contextual representation and play a role in modulating 
visual memory. In the Sun and Gordon (2009) study, con-
textual objects’ identities were altered either by blurring or 
by replacing them with new objects. Such manipulations 
changed many nonspatial object features simultaneously; 
any or all of those features may have contributed to partic-
ipants’ change detection performance. Therefore, the goal 
of the present study was to replicate and extend the previ-
ous findings of Sun and Gordon by using the same task 
and design but manipulating individual visual features of 
contextual objects while their identities were held con-
stant across study and test images. On each experimental 
trial, the participants saw two object arrays separated by 
a brief interstimulus interval, then were required to judge 
whether the orientation (Experiments 1A, 1B, and 2) or 
color (Experiments 3A and 3B) of a target object was the 
same as it was in the initial array. The influence of ob-
ject configuration was examined either by retaining or by 
changing the original spatial layout in the test image. We 
expected to replicate the previous finding of an indepen-
dent influence of spatial configuration on visual memory. 
That is, the participants’ change detection performance 
should be better if the original spatial layout remains the 
same in the test image. In addition, we examined the influ-
ence of different visual properties of the encoding context 
either by maintaining or by changing contextual objects’ 

examine how items in VSTM are organized and related to 
each other. They observed that the invariance of the spatial 
configuration of the stimulus arrays between study and test 
affected their participants’ ability to detect changes in an 
object’s color, shape, or location. The results indicate that 
relational information between items is encoded in VSTM 
and that disruption of the original spatial configuration 
impairs the retrieval of target properties from VSTM. Re-
cent studies in which real-world objects were used have 
demonstrated similar contextual effects (Hollingworth, 
2006, 2007). For example, Hollingworth (2006) had par-
ticipants view 3-D-rendered images of real-world scenes 
and tested their memory for the visual form of a target 
object presented either within the original scene context 
or in isolation. The results showed that object recognition 
performance was facilitated when the target objects were 
presented within the original scene context, demonstrat-
ing that object representations are episodically linked to 
the global scene context in memory so that context dele-
tion impairs object recognition performance.

These results are consistent with the encoding speci-
ficity principle of memory, which suggests that memory 
retrieval is affected by the reinstantiation of the encoding 
context (Thomson & Tulving, 1970; Tulving & Thomson, 
1973). For example, Thomson and Tulving (1970) had 
participants study cue–target pairs consisting of weakly 
associated words (e.g., train–BLACK) and tested them with 
a cued recall task. At test, the participants were given ei-
ther the weakly associated cue (e.g., train) or a strongly as-
sociated cue (e.g., white) to assist recall of the target (e.g., 
BLACK). The weak cue was the same word (e.g., train) that 
had been paired with the target during study, whereas the 
strong cue was a different nonstudied word (e.g., white). 
The results showed that the participants recalled more tar-
gets in the reinstated weak cue condition than in the non-
studied strong cue condition, indicating that the weak cue 
was encoded with the target so that the reinstated weak 
cue serves as an effective retrieval cue for target recall. 
Although these earliest studies examining the encoding 
specificity principle focused primarily on retrieval of se-
mantic information from long-term memory, the more 
recent studies reviewed above have shown that the same 
principle can be applied to nonverbal information retrieval 
from VSTM as well.

Given that a number of studies have demonstrated that 
encoding context affects subsequent visual memory re-
trieval, a relevant issue is what information is represented 
in visual memory. According to the encoding specificity 
principle, retrieval from memory is affected by the extent 
to which information relating the target and other items is 
encoded during study. Therefore, examining how differ-
ent aspects of the encoding context affect visual memory 
is relevant to understanding the nature of the information 
represented in visual memory. For example, Jiang et al. 
(2000) suggested that the reinstatement of global spatial 
configuration is the key factor supporting visual memory 
retrieval regardless of information about the objects oc-
cupying those locations. Therefore, memory performance 
should be more accurate as long as the spatial layout re-
mains constant across encoding and retrieval. However, 
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versity, http://tarrlab.cnbc.cmu.edu). They were the same as those 
used by Sun and Gordon (2009). The screen was divided into an 
invisible 3  4 matrix, and 6 objects were randomly assigned to 6 
of the 12 possible cells to create the object array stimuli. The entire 
array subtended 15.2º  20.7º with a white background. For the 
test images, the target object was postcued by a red square, and its 
orientation was either the same as it appeared in the initial array 
or mirror-reflected about its vertical axis. All of the contextual ob-
jects surrounding the target object either matched the study image 
or differed with respect to location, color, or both. That is, in the test 
image, the contextual objects either appeared in the same location 
or moved to previously unoccupied locations. In addition, in Experi-
ment 1A, the contextual objects either retained their color or were 
replaced by an achromatic version of the original colored object. In 
Experiment 1B, the contextual objects either retained their color or 
had their color changed to a different color by varying the objects’ 
hue while keeping constant the objects’ luminance and saturation.

Procedure and Design. Each trial began with a fixation cross for 
1,000 msec. The study image was then presented for 4,000 msec, fol-
lowed by a blank screen for 900 msec and then the test image. The test 
image remained visible until the participant responded. Feedback con-
cerning accuracy was then provided for 400 msec immediately after 
the response. Figure 1 illustrates the sequence of events in each trial.

These experiments followed a 2 (target orientation: same, differ-
ent)  2 (contextual objects’ location: same, different)  2 (contex-
tual objects’ color: same, different) factorial design. The participants 
completed a practice block of 16 trials and four experimental blocks 
of 40 trials each. The trials were presented in a random order for 
each participant. All eight conditions occurred equally often. This 
resulted in 20 observations for each of the eight conditions.

Results
In the present study, A  was used as an index of the 

participant’s sensitivity to change (Grier, 1971). For each 
participant in each condition, A  was calculated using the 
mean hit rate when the target changed and the mean false 
alarm rate when it did not. The mean A  values for differ-
ent conditions of Experiments 1A and 1B are shown in 
Tables 1A and 1B, respectively. The pattern of results was 
the same across the two experiments. Two-way (contextual 

color (Experiments 1A, 1B, and 3A) or orientation (Ex-
periments 2 and 3B). If contextual objects’ color or orien-
tation is stored as part of the contextual representation that 
plays a role in modulating visual memory, maintaining 
consistent object features between encoding and retrieval 
should facilitate target memory.

EXPERIMENTS 1A AND 1B

The purpose of Experiments 1A and 1B was to exam-
ine the effect of contextual information on visual object 
memory by manipulating contextual objects’ location and 
color in a change detection task. A number of studies have 
shown that visual memory performance is impeded when 
contextual objects change their locations. However, rela-
tively little is known about the effects of contextual ob-
jects’ color on visual memory. Since color is an intrinsic 
property of an object’s representation (e.g., Naor-Raz, Tarr, 
& Kersten, 2003; Tanaka, Weiskopf, & Williams, 2001), 
we were particularly interested in investigating the effect 
of changing contextual objects’ color on visual memory 
in the present study. Two versions of color manipulation 
were used, in Experiments 1A and 1B, respectively.

Method
Participants. Forty-seven North Dakota State University under-

graduates (27 in Experiment 1A, 20 in Experiment 1B) participated 
in the experiments for course credit. All of the participants had nor-
mal or corrected-to-normal vision and were naive to the purpose of 
the study.

Apparatus. The stimuli were displayed on a 17-in. CRT monitor 
with a refresh rate of 100 Hz. Responses were collected through 
mouse clicks. The experiment was programmed using Presentation 
software (Neurobehavioral Systems, Albany, CA). The participants 
were tested individually in a room with normal interior lighting. The 
viewing distance was held constant at 90 cm.

Stimuli. In Experiments 1A and 1B, 80 objects were selected 
from the Tarrlab Object Databank (M. J. Tarr, Carnegie Mellon Uni-

Figure 1. The sequence of events within a trial. In all of the experiments presented in this article, all 
stimuli were presented in color. ISI, interstimulus interval.

Correct

Fixation (1,000 msec)

Study Image (4,000 msec)

ISI (900 msec)

Feedback (400 msec)

+

Test Image (until response)
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is affected by changes in a different object feature—namely, 
the object’s orientation.

EXPERIMENT 2

Recent studies in which object representations in trans-
saccadic memory were examined suggest that detailed 
representations of object orientation can be encoded dur-
ing a preview and affect subsequent object identification 
(e.g., Gordon, Vollmer, & Frankl, 2008; Henderson & 
Siefert, 2001). Moreover, research has shown that changes 
to elongated objects’ orientations impair location change 
detection performance (e.g., Jiang, Chun, & Olson, 2004, 
Experiment 1). Together, these findings suggest that ob-
ject orientation may play an influential role in modulating 
visual memory. Therefore, Experiment 2 was conducted 
to examine how contextual objects’ orientation and the 
global array configuration affect visual memory perfor-
mance. The participants were asked to perform a change 
detection task in which both contextual objects’ location 
and their orientation were manipulated in the test image. 
We were interested in whether these different properties of 
the context would affect visual memory independently.

Method
Participants. Twenty-three undergraduates from North Dakota 

State University completed the experiment for course credit. All of 
the participants had normal or corrected-to-normal vision. None had 
participated in the previous experiments, and all of them were naive 
to the purpose of the study.

Apparatus, Stimuli, Procedure, and Design. Experiment 2 was 
identical to Experiments 1A and 1B, except that contextual objects’ 
orientation, rather than color, was manipulated to examine the ef-
fect of nonspatial contextual information. From the study to the test 
image, these contextual objects either maintained their orientation 
or were presented in the mirror-reversed orientation. Figure 2 shows 
sample stimuli and manipulations in different conditions.

Results
Table 2 shows the mean A  performance in each of the 

experimental conditions. A two-way (contextual objects’ 
location  contextual objects’ orientation) ANOVA con-
ducted on the mean A  performance showed a significant 
main effect of the contextual objects’ location [F(1,22)  
5.61, MSe  0.007, p  .027], as well as a significant main 
effect of the contextual objects’ orientation [F(1,22)  
6.85, MSe  0.005, p  .016]. There was no interaction 
between the contextual objects’ location and their orienta-
tion [F(1,22)  1]. Finally, the estimated memory capac-
ity (K ) was 2.6 for Experiment 2.

Discussion
As in Experiments 1A and 1B, the participants’ overall 

change detection performance was well above chance, indi-
cating that detailed object representations can be maintained 
in visual memory. Moreover, the participants’ change detec-
tion performance was worse when the array configuration 
changed from study to test, demonstrating the contribution 
of spatial layout to visual memory. In addition, the results 
showed that changes to the contextual objects’ orientation 
decreased the participants’ change detection performance, 

objects’ location  contextual objects’ color)  ANOVAs 
conducted on the mean A  performance revealed a signifi-
cant main effect of contextual objects’ location [Experi-
ment 1A, F(1,26)  20.76, MSe  0.005, p  .000; Ex-
periment 1B, F(1,19)  12.26, MSe  0.004, p  .002]. 
The main effect of contextual objects’ color was not sig-
nificant [Experiment 1A, F(1,26)  0.000, MSe  0.003, 
p  .985; Experiment 1B, F(1,19)  1.879, MSe  0.002, 
p  .186]. There was no interaction between contextual 
objects’ location and color [Experiment 1A, F(1,26)  
0.096; Experiment 1B, F(1,19)  0.306].

To permit comparison of the present results with recent 
research on information retention in visual working mem-
ory, we also estimated the participants’ memory capacity 
(K ) for this and later experiments. We computed K using 
the formula initially developed by Pashler (1988) and later 
refined by Cowan (2001). The formula is K  S  (H  
F ), where K is the memory capacity, S is the set size of the 
array, H is the hit rate, and F is the false alarm rate. The 
mean K values for Experiments 1A and 1B were 2.7 and 
2.5, respectively. These capacity estimates are similar to 
those previously reported for complex visual objects (e.g., 
Alvarez & Cavanagh, 2004).

Discussion
On the basis of these results, three main points can be 

made. First, overall change detection performance was 
well above chance, confirming that detailed object repre-
sentations can be maintained after viewing arrays of ob-
jects. Second, performance was modulated by changes in 
the locations of contextual objects, suggesting that object 
representations in visual memory are linked to each other 
such that contextual information can affect visual memory 
for individual objects. Finally, despite its importance to ob-
ject representation (e.g., Naor-Raz et al., 2003), contextual 
object color is not an effective cue for retrieval from visual 
object memory. The implications of this finding will be 
addressed in the General Discussion section. Because we 
were interested in examining how different aspects of an 
object’s context affect visual memory, we next conducted 
an experiment to examine how visual memory performance 

Table 1B 
Mean A  Data From Experiment 1B As a Function of  

Contextual Objects’ Location and Color

Contextual

Contextual Objects’ Location

 Objects’ Color  Same  Different  

Same 0.82 0.77
 Different  0.83  0.78  

Table 1A 
Mean A  Data From Experiment 1A As a Function of  

Contextual Objects’ Location and Color

Contextual

Contextual  Objects’ Location 

 Objects’ Color  Same  Different  

Same 0.85 0.78
 Achromatic  0.84  0.79  
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locations at test, replicating previous research that shows 
the influence of spatial configuration on visual memory. 
In addition, contextual objects’ orientation, but not color, 
was able to affect target memory. This raises a question 
about whether the influences of contextual objects’ visual 
features on visual memory is completely stimulus driven 
or can be modulated by selective attention. On the basis 
of a bottom-up perspective, for example, it is possible that 
object orientation is obligatorily represented and used to 
modulate visual object memory. However, it is also plau-
sible that the goal of the current task may affect the role of 
different visual features in modulating subsequent visual 
memory performance, which would explain why there 
were different influences of contextual objects’ orienta-
tion and color on target memory in an orientation change 
detection task. Consequently, contextual objects’ orien-
tation, rather than color, serves as a better retrieval cue, 
because it is preferentially represented and used to affect 

indicating that representation of object orientation plays a 
role in modulating visual memory as well.

EXPERIMENTS 3A AND 3B

The results of Experiments 1A, 1B, and 2 showed that 
visual memory for a target object’s visual form (e.g., ori-
entation) was consistently affected by contextual objects’ 

Figure 2. Sample study and test images in Experiment 2. All test images depict trials in which the tar-
get object has changed orientation. In the experiment, all stimuli were presented in color. (A) A sample 
test image used in the same-location and same-orientation condition; (B) a sample test image used in 
the different-location and same-orientation condition; (C) a sample test image used in the same-location 
and different-orientation condition; (D) a sample test image used in the different-location and different-
orientation condition.

Study Image

Test Images

A C

B D

Table 2 
Mean A  Data From Experiment 2 As a Function of  

Contextual Objects’ Location and Orientation

Contextual

Contextual  Objects’ Location 

 Objects’ Orientation  Same  Different  

Same 0.84 0.79
 Mirror reversed  0.79  0.76  
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the participants’ color change detection performance were 
examined in Experiments 3A and 3B, respectively.

Method
Participants. Forty-two North Dakota State University under-

graduates (21 in Experiment 3A, 21 in Experiment 3B) participated 
in the experiments for course credit. All of the participants had nor-
mal or corrected-to-normal vision and normal color vision. None 
had participated in Experiments 1A, 1B or 2, and all of them were 
naive to the purpose of the study.

Apparatus, Stimuli, Procedure, and Design. Except for the 
task requirement and stimulus generation described below, Experi-
ments 3A and 3B were identical to Experiments 1A, 1B, and 2, re-
spectively. First (in Experiment 3A), participants were asked to per-
form a color change detection task rather than an orientation change 
detection task. That is, participants had to report whether the color of 
a target object was the same as it appeared during initial viewing, or 
different. Second (in Experiment 3B), twenty 3-D-rendered images 
of real-world objects, rather than the objects chosen from the Tarrlab 

target memory in an orientation change detection task. 
If this is the case, it is reasonable to assume that object 
color, rather than orientation, would serve as an effective 
memory retrieval cue when it is required by the current 
task.

The purpose of Experiments 3A and 3B, therefore, was 
to test whether attention to a specific object feature would 
enhance its role in modulating visual object memory. We 
examined this question by replacing the previous orienta-
tion change detection task with a color change detection 
task, in which participants had to determine whether a 
target object’s color changed after they viewed the study 
image. Similar to the manipulations of our first two ex-
periments, the effect of spatial configuration was tested 
by maintaining or changing contextual objects’ locations 
between the study and test images. Moreover, the influ-
ences of the contextual objects’ color and orientation on 

Figure 3. Sample study and test images in Experiment 3B. All test images depict trials in which the color 
of a target object remained the same as it appeared in the study image. In the experiment, all stimuli were 
presented in color. (A) A sample test image used in the same-location and same-orientation condition; (B) a 
sample test image used in the different-location and same-orientation condition; (C) a sample test image 
used in the same-location and different-orientation condition; (D) a sample test image used in the different-
location and different-orientation condition.

Study Image

Test Images

A C

B D
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tations that facilitate change detection in a color change 
detection task, demonstrating that selective attention plays 
an important role in determining the representations of 
object visual features in visual memory.

GENERAL DISCUSSION

The primary goal of this study was to investigate how 
spatial configuration and individual visual features of 
objects influence visual object memory by using a series 
of change detection experiments. An orientation change 
detection task was used in Experiments 1A, 1B, and 2, 
whereas a color change detection task was used in Ex-
periments 3A and 3B. On each experimental trial, after 
viewing an object array, the participants had to discrimi-
nate whether a target object’s visual information (e.g., 
orientation, color) had changed in the test image. In the 
test image, the contextual objects’ locations and visual 
features were manipulated so that their influences on 
the participants’ change detection performance could be 
compared later. The results of five experiments showed 
that the participants were able to detect changes to target 
objects’ surface features on a significant proportion of tri-
als. Moreover, change detection performance was better 
when the contextual objects’ location remained the same 
from study to test. Finally, the participants’ orientation 
change detection performance was affected by changing 
the contextual objects’ orientation, but not their color (Ex-
periments 1A, 1B, and 2), whereas color change detection 
performance was affected by the contextual objects’ color, 
rather than their orientation (Experiments 3A and 3B).

The present study confirms that robust visual represen-
tations of objects can be retained after viewing complex 
images (e.g., an array of six objects), supporting previous 
findings that have shown that detailed object representa-
tions can be generated and maintained in visual memory 
(e.g., Hollingworth, 2005; Hollingworth & Henderson, 
2002; Sun & Gordon, 2009). Furthermore, our results 
showed that the participants’ change detection perfor-
mance was higher when the original object array was pre-
served at test, demonstrating that visual object memory 
can be modulated by contextual information. The results 
are in accord with those of previous studies suggesting 
that individual items are wedded to a more extensive rep-
resentation in memory; hence, contextual congruence 
between study and test images affects subsequent visual 
object memory performance (e.g., Hollingworth, 2006, 
2007; Jiang et al., 2000; Sun & Gordon, 2009; Zimmer, 
1998). As the encoding specificity principle suggests, re-
appearance of the encoding context serves as an effective 
retrieval cue, facilitating memory performance (Thomson 
& Tulving, 1970; Tulving & Thomson, 1973).

Given that encoding context affects subsequent visual 
memory retrieval, it is important to examine how different 
aspects of this context affect visual memory. This issue 
is relevant to understanding what information is repre-
sented in visual memory and the resolution of the object 
representations in visual memory. A number of studies 
have demonstrated that visual object memory is affected 
by contextual objects’ location (Hollingworth, 2007; Jiang 

Object Databank, that were collected from various Web sites. None 
of the objects had a typical or diagnostic color (e.g., yellow banana or 
orange pumpkin). In addition, four different color versions were cre-
ated for each of the twenty objects by using the Maya 3-D modeling 
software (Autodesk, San Rafael, CA). Figure 3 shows sample stimuli 
and manipulations in different conditions in Experiment 3B.

Results
The mean A  values for the different experimental con-

ditions of Experiments 3A and 3B are shown in Tables 3A 
and 3B, respectively. For Experiment 3A, a two-way (con-
textual objects’ location  contextual objects’ color) 
ANOVA conducted on the mean A  performance showed 
significant main effects for contextual objects’ location 
[F(1,20)  19.56, MSe  0.003, p  .000] and for con-
textual objects’ color [F(1,20)  13.54, MSe  0.004, p  
.001]. The interaction between contextual objects’ loca-
tion and color was not significant [F(1,20)  0.049]. For 
Experiment 3B, the results of a two-way (contextual ob-
jects’ location  contextual objects’ orientation) ANOVA 
showed a significant main effect for contextual objects’ 
location [F(1,20)  12.72, MSe  0.004, p  .002] but 
not for contextual objects’ orientation [F(1,20)  0.31, 
MSe  0.003, p  .584]. There was no interaction between 
contextual objects’ location and orientation [F(1,20)  
0.133]. Finally, the mean K values for Experiments 3A 
and 3B were 2.8 and 3.2, respectively.

Discussion
The results of Experiments 3A and 3B support the idea 

that detailed object representations can be maintained in 
visual memory, since the participants’ mean A  scores 
were well above chance across different experimental con-
ditions. In addition, changes to the array configuration in 
the test image resulted in lower change detection perfor-
mance, demonstrating the robustness of the effect of spa-
tial contextual information in visual memory. Finally, the 
results of Experiments 3A and 3B showed that contextual 
objects’ color, but not their orientation, had an effect on 
the participants’ performance in detecting changes to a 
target object’s color. This result suggests that orientation 
information is not included in the contextual represen-

Table 3A 
Mean A  Data From Experiment 3A As a Function of 

Contextual Objects’ Location and Color

Contextual

Contextual  Objects’ Location 

 Objects’ Color  Same  Different  

Same 0.86 0.81
 Different  0.80  0.76  

Table 3B 
Mean A  Data From Experiment 3B As a Function of  

Contextual Objects’ Location and Orientation

Contextual

Contextual  Objects’ Location 

 Objects’ Orientation  Same  Different  

Same 0.86 0.81
 Mirror reversed  0.86  0.82  
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serving object continuity is modulated by object–color as-
sociations. That is, changes to target objects’ color disrupt 
object continuity across saccades, but only for objects that 
have typical colors (e.g., a yellow banana). In addition, note 
that research on contextual cuing has shown that color does 
not play an important role in facilitating visual search in 
real-world scenes, even when color is a reliable cue to tar-
get location (Ehinger & Brockmole, 2008). Therefore, the 
results of Experiments 1A, 1B and 2 are in line with recent 
studies showing that object orientation, but not color, reli-
ably affects memory performance.

However, this finding raises an interesting question 
about whether the influence of contextual objects’ orien-
tation on visual object memory is completely stimulus 
driven or whether it can be modulated by top-down atten-
tion. That is, if orientation information is obligatorily en-
coded and retrieved to modulate visual memory, change 
detection performance should be affected by contextual 
objects’ orientation, despite the current task requirement. 
The results of Experiments 3A and 3B, however, showed 
that contextual objects’ color, but not their orientation, sig-
nificantly affected the participants’ color change detection 
performance. Therefore, the results suggest that selective 
attention plays a significant role in modulating the effects 
of object features on visual object memory. Task-relevant 
features may therefore be preferentially attended and used 
to assist visual object memory retrieval.

Combined, the results of the present experiments indi-
cate that the influence of different aspects of nonspatial 
context (e.g., object orientation and color) on visual object 
memory is significantly modulated by selective attention. 
Consequently, orientation change detection performance 
is affected by contextual objects’ orientation but not their 
color (Experiments 1A, 1B, and 2), whereas color change 
detection performance is affected by contextual objects’ 
color but not their orientation (Experiments 3A and 3B). 
This finding is consistent with those of recent studies 
showing that participants can control which information 
is encoded and held in visual working memory on the 
basis of the goals of their current task (e.g., Droll, Hay-
hoe, Triesch, & Sullivan, 2005; Vogel, McCollough, & 
Machizawa, 2005; Woodman & Vogel, 2008). For exam-
ple, Woodman and Vogel used a masked change detection 
paradigm to examine the encoding rates of different visual 
features of colored and oriented rectangles. Specifically, 
in different experimental blocks, they instructed partici-
pants to remember only the color, only the orientation, or 
both features for each object. That is, the sample stimuli 
were maintained identically across different blocks and 
only the instructions as to which features were task rel-
evant and the types of possible changes differed. If object 
features can be selectively encoded according to the task 
goals, different encoding rates should be obtained for dif-
ferent conditions. Woodman and Vogel’s results supported 
this assumption and showed distinct encoding rates for 
object color and orientation. A subsequent event-related 
potential study in which the amplitude of the contralateral 
delay activity was examined further confirmed that only 
task-relevant features are encoded and maintained in vi-
sual working memory (Woodman & Vogel, 2008).

et al., 2000; Sun & Gordon, 2009). For example, Jiang 
et al. (2000) reported that the congruence of spatial con-
figuration between study and test modulates visual mem-
ory for individual visual items, regardless of information 
about the items occupying those locations. Similar results 
were found in studies in which the effects of contextual 
cuing were examined (Chun, 2000; Chun & Jiang, 1998). 
For example, Chun and Jiang reported that visual attention 
can be quickly guided to a target when the spatial configu-
ration of the search array has been repeated several times. 
Moreover, as long as the global spatial configuration of 
the search array is maintained, this contextual cuing effect 
can be obtained even when distractors’ identities change. 
In summary, these studies suggest that this contextual rep-
resentation is purely spatial, coding object locations but 
not necessarily detailed identity information.

The present study supports the hypothesis that spatial 
configuration plays an influential role in modulating vi-
sual object memory, because the results of five experiments 
consistently showed that change detection performance was 
better when contextual objects’ location remained the same 
from study to test. However, our results further demonstrate 
that changes in contextual objects’ visual features impair 
visual memory, even when their spatial location is held con-
stant. Therefore, an abstract representation of spatial con-
figuration is not alone in affecting visual memory retrieval; 
information about the individual objects that make up the 
configuration is important as well. This finding is consis-
tent with recent findings showing that object information 
is important for supporting visual memory performance 
(Hollingworth, 2007; Sun & Gordon, 2009). For example, 
Hollingworth (2007) manipulated the binding of contextual 
objects to locations and revealed that a contextual represen-
tation preserves not only the spatial configuration, but also 
information about the objects bound to each location. In ad-
dition, Sun and Gordon demonstrated that either contextual 
objects’ location or identity is capable of modulating visual 
memory independently. Nevertheless, our present results 
extend this previous work by demonstrating that different 
visual properties of contextual objects are capable of modu-
lating visual memory as well.

The present results further suggest, however, that not 
every visual feature that makes up the original context can 
affect visual memory. For example, the results of Experi-
ments 1A, 1B, and 2 showed that the participants’ ability 
to detect an orientation change in the target object was af-
fected by contextual objects’ orientation but not their color. 
The observed effect of contextual objects’ orientation, but 
not their color, on the participants’ performance in detect-
ing changes in target objects’ orientations parallels previous 
findings showing how changes to contextual items’ orien-
tation, rather than color, influence location change detec-
tion performance (Jiang et al., 2004; Jiang et al., 2000). 
Moreover, recent studies in which the nature of object file 
representations was examined have shown that object ori-
entation information is preserved in transsaccadic memory 
and therefore plays an influential role in preserving object 
continuity (e.g., Gordon et al., 2008; Henderson & Sief-
ert, 2001). In a recent study, Gordon and Vollmer (2010) 
further showed that the influence of object color on pre-
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Note, however, that task relevance alone does not com-
pletely determine what visual features are represented in 
visual memory and their influence on subsequent visual 
memory retrieval. Recent research has shown that task-
 irrelevant features cannot be effectively ignored under 
certain conditions, such as the orientation of elongated ob-
jects in a location change detection task (e.g., Jiang et al., 
2004). Moreover, Jiang and Leung (2005) found that previ-
ously ignored contexts facilitate visual search speed when 
they later become the attended contexts, demonstrating 
that the visual system is able to track both task-relevant 
and -irrelevant information for better future performance. 
Therefore, we cannot conclude that only task-relevant ob-
ject features are encoded and represented in visual mem-
ory. The question about the fate of task-irrelevant aspects 
of a context requires further investigation.

CONCLUSION

Visual objects are composed of multiple features, such 
as color and orientation. Moreover, objects tend to occupy 
distinct locations in visual space. After viewing complex 
visual stimuli, such as an array of objects, a detailed con-
textual representation can be maintained in visual memory 
and used to modulate retrieval of related information from 
visual memory. Our results suggest that both spatial con-
figurations and object features are preserved in this larger 
representation. In addition, both types of contextual infor-
mation can be used to assist visual memory performance. 
Therefore, disrupting the original spatial configuration 
impairs participants’ performance in detecting changes to 
target objects’ visual properties. Compared with the ro-
bust effect of spatial layout on target memory, however, 
our results suggest that the effect of various visual features 
on visual memory is significantly modulated by selective 
attention. Therefore, changes to contextual objects’ orien-
tation but not their color, impair orientation change detec-
tion performance, whereas changes to contextual objects’ 
color but not their orientation, reduce color change detec-
tion performance.
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