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CHANGE DETECTION
PERFORMANCE IN NATURALISTIC
SCENES: THE INFLUENCE OF VISUAL WORKING
MEMORY FOR IDENTITY AND SPATIAL LOCATIONS

'Bonnie L. Angelone and *Melissa R. Beck

!Department of Psychology, Rowan University,
2| ouisiana State University,
Robinson Hall 201 Mullica Hill Rd. Glassboro, NJ @80 USA

ABSTRACT

The present studies examined the roles of idemtity spatial working memory in change detection.
Observers completed a spatial or identity workingmmory task concurrently with a change detection
task. In the change detection task, participantevpeesented naturalistic scenes that containdereit
a color or location change to one object. Concutyemparticipants remembered either the colors or
locations of four squares. There was specific ¢gisom of performance when the working memory
task and the change detection task loaded the saimgystem of working memory. There was also
evidence that spatial information is processed meaglily than identity information. This suggests
that although there are separate systems for iyeamid spatial working memory, these subsystems are
not necessarily created equal in that processinghé spatial processing may have priority over
identity processing. However, this priority can beerridden during change detection if spatial
memory is already occupied.

Keywords: Separate Systems, Change Detection, Working MenSprgtial Memory, Object Memory

1. INTRODUCTION detection are specific to separate capacity orureso
limits within VWM for spatial location and identity
The amount of information that can be maintained information, or if the limits are more general. The
in Visual Working Memory (VWM) is limited and current studies examined the degree to which change
research suggests that there are likely separateletection requires separate capacity limited meshen
capacity limited mechanisms for spatial locationsus  for object identity versus object spatial locati@ml the
identity information. The limits on VWM capacityer degree to which storage in one mechanism may receiv
at least one of the reasons why people have difficu priority over storage in another mechanism.
detecting changes in visual stimuli, a phenomenon The discussion of multiple memory systems is not a
referred to as change blindness (Renshkl., 1997; new one. For decades researchers have speculated th
Simons and Levin, 1997). Successful change detectio our complex memory can be subdivided into many
requires not only focused attention and encodingdifferent systems (Schactegt al., 2000). Working
(Hollingworth and Henderson, 2002; Levin and memory is conceptualized as a limited capacityesyst
Simons, 1997), but also retention in VWM and used for not only storing auditory and visual imf@tion,
comparison of the pre and post presentations of thebut also manipulating information in reasoning,riaag
stimulus (Angeloneet al., 2003; Mitroff et al., 2004; and comprehension (Baddeley, 1987; Baddeley ani&log
Simons and Rensink, 2005). What is of concern here1999). More specifically, within VWM there are difent
is whether limits imposed by VWM in change systems (identity and spatial location) that maygnay not
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share resources. Some studies have demonstratetidha with general VWM resources rather than resources
spatial location and identity of an object are eatically specific to spatial VWM.
linked in VWM, suggesting a more general capaditytl Accurately detecting a change requires encoding of
across identity and location VWM (Jiargg al., 2000; the pre-change and post-change stimuli and then a
Olson and Marshuetz, 2005). Olson and Marshue@520 comparison of these two representations to determhen
reported that memory for the identity of an objeets change has occurred. While maintenance of spatial
dependent on memory for the relative location aftth location and identity information may require separ
object, suggesting that the identity of an item is storage and resource capacities, the encoding and
automatically linked to its relative location. Howes, comparison processes may require a more general
other behavioral studies have demonstrated distmtsa  capacity process. Change detection performancetisrb
for identity and spatial location systems in VWM. for some types of stimuli compared to others, satige
Research has shown that engaging in a spatial dabk, that the some types of information may be prefémtint
disrupts performance on other spatial tasks, nentity encoded over others (Woodman and Vogel, 2008). For
tasks (Hecker and Mapperson, 1997; Logie, 1995). Foexample, spatial location changes are detected more
example, Treschet al. (1993) asked participants to quickly and accurately than identity changes oroicol
remember the location of a stimulus and found thete changes (Simons, 1996). This suggests that location
was interference if, in the retention interval, tipants information may be encoded into memory more quickly
completed a motion discrimination task, but not whe and more completely than identity information. Resk
they completed a color discrimination task. has shown that configuration information can beaeted
Alternatively, when asked to remember the coloraof and compared to memory in the first few hundred
stimulus, interference was caused by the colormilliseconds of scene presentation (Chun and JEO@S).
discrimination task but not the motion discrimioati  Encoding color information may be dependent on
task. Finally, still other research suggests VWMais configuration information and therefore, must oclater
flexible system in which to-be-remembered informati  in the encoding process (Jiagigl., 2000).
is resistant to changes in size and viewpoint. When In the current studies we examined whether change
irrelevant spatial information was altered betwsample = detection is associated with a general load onavisu
and test displays, observers were still able tarately working memory or if the load is specific to theeyof
detect color changes to stimuli (Woodmetral., 2012). change. The task required participants to detetiaage
Therefore, there is mixed evidence in regardsdalégree  between alternating views of an original and medifi
to which identity and spatial location informatishare ~ scene. The modified scene contained either a $patia
VWM resources. If identify and spatial location teyas  location change (one object moved from one locatiion
have separate resource capacities in VWM, theniigad another) or an identity change (the color of onehef
each may affect change detection performance forobjects changed). We then examined whether a
changes in identity versus spatial location difféise concurrent working memory task that required
In the visual search literature there is eviderwt t maintenance of either location or identity inforioat
spatial location and identity VWM systems have during the change detection task would lead toegiip
independent resource capacities (Oh and Kim, 2004jmpairment (i.e., task interference only when tyeet of
Woodman and Luck, 2004; Woodmanal., 2001). Oh  working memory task and the type of change were
and Kim (2004) study participants completed a \lisua congruent) or if it would lead to a general impann(i.e.,
search task in conjunction with either a spatighton  task interference regardless of the type of chantfe)
or an identity VWM task. Visual search performance maintenance can rely on separate resource capatitén
was impaired when participants performed the the interference should be specific to the type of
concurrent spatial VWM task and not when they maintenance task being completed. However, if
performed the concurrent identity VWM task. This maintenance relies on a general resource, therfiergece
suggests that similar processing mechanisms digedti ~ should not be specific to the type of maintenaask.t
with spatial VWM and visual search for a target and In the current experiments, participants complete
supports the conclusion that identity working meynor either a location working memory task (Experimenod
tasks require resources not needed in a visuattsémsk.  an identity working memory task (Experiment 2)
However, these studies did not demonstrate a task iSimultaneously with an identity or location change
which the spatial VWM task did not interfere, leayi  detection task. If change detection relies on sgpar
open the possibility that the spatial VWM task ifeees resources for identity and location informationgrth
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there will be specific interference of identity worg program Sims2 (EA Games). There were four scenes fo
memory with identity change detection and location each of eight scene types, (adult bedroom, child
working memory with location change detection. If bedroom, living room, deck, bathroom, kitchen, dewl
change detection relies on a general working memorydining room). Each of these 32 scenes had two
resource, both working memory tasks should interfer corresponding post-change scenes; one containelbia c
with location and identity change detection. change (identity) and another contained a location
change for a total of 64 change scenes. For exanmle
one of the living room scenes, for the color chatige
Using a dual task paradigm we investigated changecouch changes from red to tan and for the location
detection performance while participants completged change a plant moves from the back of the roomeclts
spatial working memory task that required them to the middle of the room (the pre-change scene veasdtme
remember a spatial array of 4 black squares. Images for both the color and location changes). Partitipa
the change detection task were naturalistic scé#mats  Vviewed each pre-change scene twice, once in thegeha
contained location or identity changes. If change detection single task and once in the dual taskverer,
detection uses a general working memory capatignt €ach pre-change scene was paired with each posgeha
performance on the working memory task and/or thescene only once. Each scene contained approxiniZel
identity and location change detection should be oObjects with limited object occlusioRi@. 1).
impaired when the two tasks are completed conctlyren
However, if identity based and spatial based waykin 2.3. Procedure
memory systems do not share resources, then Participants completed three randomly ordered
performance on the working memory task and/or theblocks of trials, corresponding to the three experital
location change detection task should be impairednwv  conditions: memory single task, change detectioglsi

1.1. Experiment

the two tasks are completed concurrently. task and dual task (memory and change detectiath E
block contained 4 practice and 28 experimentalstria
2. MATERIALSAND METHODS The practice trials were the same trials preseintetie

same order for each participant and the remaini®g 2
trials were presented in random order.

A total of 38 undergraduates from Rowan University  In the memory single task, participants began each
completed this experiment as partial fulfillment of trial by fixating a white cross on a grey backgrdun
Introductory Psychology course requirements. Theeage  Once fixated, they pressed the spacebar to beley Jaw
age of the participants was 19.8 years (SD = 1a8t))16  the first array of black squares for 500 m se@fdd by a
ider_ltified themselves as female. All pgrticipar&scrrted black screen for 4000 m sec and then the locatiobep(a
having normal or corrected-to-normal vision. black outline of a square) for 2000 m sec or @ntiésponse
2.2 Stimuli was made. Participants reported whether there viseschk

o i i square present in the probed location in the irdisplay

Stimuli were presented using Direct RT v2004.3.0.24 (participants responded by pressing 1 (Yes) or @) (oh

(Empiri_soft Corporation) on 1_5 inch monitors seteat the keyboard using their left hand). On half of thals,
resolution of 808600 (96 dpi, 75 hertz refresh rate) . probe appeared in a location where nothing was

controlled by Dell Intel Pentium 4 computers at an resent in the memory array. In addition, partioisa
unrestricted distance of approximately 50 cm. EachP'e* y Y. - P .
received response feedback in the form of a red dX

scene (array on grey background or picture) wasl4 the bottom of the screen for incorrect answersh® t

cm presented at the center of ax3® cm screen and
P memory probe. They were not allowed to proceedhé¢o t

subtended a 25° horizontal visual angle. ; . .
The memory stimuli consisted of an array of four next trial until they provided the correct answerthe

black squares (each subtended G/BUal angle) that MemMory probe (memory single task and dual task
could occur in eight possible locations around atee ~ Condition only).

fixation cross. The location for each square was In the change detection single task, participaetgab
randomly chosen without replacement from the eighteach trial by fixating a cross and then pressiegstfacebar
possible locations. The change detection stimuliewe to begin. After a 500 m sec black screen the change
life-like scenes created using the computer softwar detection scenes were shown until the particigspionded.

2.1. Participants

///// Science Publications 51 e
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Experiment 2

Experiment 1

400 m sec
130 m sec

500 m sec A 2000 m sec or
Continues until change is 400 m sec response

detected (60 sec max.)

Fig. 1. Example stimuli for Experiments 1 and 2. In the rogmsingle task condition participants only see aespond to the
appropriate memory array (location for Experimegutdl color for Experiment 2) and in the change dietesingle task they
only see and respond to the changing scene. lduhltask condition participants see and respotlkde@ppropriate memory
array and the changing scene. In this scene the @hdhe right hand side of the picture changeldrcfsom brown to blue.
In the location change version of this scene thietaith the flowers moves out in front of the cbutmages presented here
in grayscale were in color during the experiments

Scenes were shown using the flicker paradigmnumbers (“ABCD”, “EFGH”, “1234", or “5678") for the
(Rensinket al., 1997); the first scene was presented for entirety of each trial. At the beginning of eackalir
400 m sec, followed by a blank screen (ISI, 130et) s participants received a randomly selected new $et o
and then the second modified scene was presemd@@  letters or numbers to repeat for that trial. Thepeated
m sec. The flicker continued for approximately 6@rs the string of letters or numbers aloud at a rate of
until a response was made. Participants respongled bapproximately four items per second. This procedwas
hitting the space bar with their right hand wheeytbaw  added to reduce participants’ ability to verbalaey
the change and reaction time was recorded (a 2066cm visually presented material (Baddeley, 1987).
black screen occurred before the start of the tieXt. Of
the 64 total scenes, 32 were randomly chosen shéen 3. RESULTS
in this block of trials (only 28 were experimentaals).

Half of the experimental trials were identity chasghalf ~ 3.1. Location Memory Performance
were location changes and _parti_cipants did not thee A total of three participants were excluded frore th
same pre-change scene twice in the same block. For

. X ; analyses because their memory performance in tae du
example, if for a particular scene the locationngfeawas task condition was below 55% correct. suaaestirat th
shown in this block of trials, the identity changas 0 , suggestirg

shown in the dual task block. Finally, participadid not they were not focusing memory resources on thetiien
know what kind of changes to expect. work|_ng memory task (analyses (_:(_)nducted on the
In the dual task condition, participants perfornitbo "€maining sample, N = 35). In addition, memory and
tasks simultaneously. After fixating the cross and change detection trials in the dual task conditicere
pressing the space bar they saw the array of ftaakb removed if performance on the change detection task
squares (500 m sec), then a blank screen (500 Jn secWas three or more standard deviations beyond theativ
followed by the flickering scenes, another blankesa =~ Mean reaction time for change detection (average
(500 m sec) and then the location probe (2000 m sec percentage of trials removed per participant = §.78%
Participants pressed the space bar with their figimd statistical analyses for all experiments were cotetl
when they saw the change and the 1 or 2 key wah th using and alpha level of 0.05.
left hand to indicate yes or no for the locationh® Fig. A one-way repeated measures ANOVA revealed a
1 for a sample trial). Feedback was then providedHe significant effect for memory performance in the
memory task as described above and the next ggdi  different conditions (single task, dual task identi
after a 2000 m sec inter trial interval. change detection, dual task location change detecti
In all conditions experimenters monitored F(2,68) = 16.43, p<0.000%” = 0.326). There was no
participants as they performed an articulatory difference in performance on the memory task wtien i
suppression task by repeating a string of 4 letmrs was performed concurrent with a identity changeati&in

% Science Publications 52 crp
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task (M = 745%, SD = 0.17, SE = 0.028) versus a3.2. Change Detection Performance
location change detection task (M = 71.6%, SD 4 0SE

= 0.024: t (34) = 0.771. p = 0.446). However, sintgisk A total of four additional change detection trimlere
mer.nory, performéncé Was' bétter thaﬁ memory removed (2 were dual task trials and the corresipgnd
performance (M = 89.6%, SD = 0.11, SE = 0.018) Memory trials were also removed) because readitioa t

concurrent with identity, t(34) = 4.93, p<0.0001dan was less than necessary for seeing one complete

location change detection, t(34) = 5.56, p<0.0Ba1L(). alteration of the flicker (<530 m sec).
100 - Location memory performance
90 -
80 -
5 70 A
£
g 60 A
= 50 -
=
L
2 40 1
L
L 30 -
20 T
10 +
O - T T
Single Dual-color CD Dual-location CD
Task type

Fig. 2. Mean percent correct with standard error on thdiapaorking memory task for single and dual taskmditions in
Experiment 1. Memory performance for the dual tashdition is divided by change detection for calad location

Change detection performance

4000
B Color change

3300 1 Location change

3000 o
2 I
2 2500 A
£ I
— 2000 A
[

1500 A

1000 A

500 A

0 I T 1
Single Dual
Task type

Fig. 3. Mean reaction time with standard error for chadeection in single and dual task conditions in &kpent 1
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A 2 (change type: identity or location) X 2(taslk¢y concurrently. In addition, the comparison procesy ime
single task or dual task) repeated measures ANOVAlimited in that resources cannot be directed toariban
revealed no significant main effects (F's<1). Hoagv one item at a time.
the interaction between change type and task type w )
significant (F (1, 34) = 53.69, p<0.00af.= 0.612;Fig.  4-1. Experiment
2). This interaction was driven by both faster idgnt
change detection performance in the dual task @130
m sec, SD = 530 m sec, SE = 89.56) versus theesing|
task (M = 2731m sec, SD = 720 m sec, SE = 121.73,.d tit d tial location inf tion duringetie
t(34) = 5.09, p<0.0001) and slower location changeI entity and spatial focation information duringe
detection performance in the dual task (M = 2743em, tasks were encoded and processed separately. In

SD = 800 m sec, SE = 135.23) than in the single @&l Experiment 2 we examined the effects of working
—2253 m sec. SD = 535 m sec. SE = 90 51- t(34p7,3. Memory for identity on change detection. In additioe
p<0.0001Fig., 3). ’ ' """ further examined whether identity and spatial wogki

memory systems share resources. In this experiment
4. DISCUSSION participants performed a change detection task for
location and color (identity) changes concurrentiyh
Memory for the spatial configuration of four square an identity working memory task (to assess working
was disrupted when performed concurrently withezith ~ memory for identity). If change detection uses safea
location or identity change detection task. Whemn ihe- identity based and spatial based working memory
change scene is presented, it is unknown whether &ystems, then performance on the working memoty tas
location change or an identity change will occur. and/or the identity change detection task should be
Therefore, |Ocati0n information iS ||ke|y en(.:oded impaired When the two tasks are Completed Concuyren
regardless of the type of change that occurs acdding  However, if change detection relies on a generaking
!ocanon_lnformatlon interferes wnh_storage of dtion memory capacity, then performance on the working
information for the memory task. With respect t@eie ooy task and/or the identity and location change

ldetet(_:tlon hperfor;na;nc? n t?e dual gasIT_ c((;_ndlltlon, detection tasks should be impaired when the twkstas
ocation change detection performance declinedivela completed concurrently.

to the single task condition. This suggests thaation
change detection requires spatial working memory4.2. Participants
resources used by the location working memory task.
Therefore, these results indicate that the spaiaking A total of 43 undergraduates from Rowan University
memory task uses location specific resources netemled completed this experiment as partial fulfilment of
complete location change detection but not identity Introductory Psychology course requirements. Therame
change detection. age of the participants was 20.8 years (SD = 2Ad) 23

In addition, identity change detection improved whe identified themselves as female. All participargparted
a location memory task was completed concurreily.  having normal or corrected-to-normal vision.
the single change detection task condition, locatio ) )
changes were detected faster than identity change4-3. Stimuli

supporting previous research showing a prefereace f The stimuli were similar to Experiment 1 except the

location information (Simons, 1996). However, this memory task required participants to remember the
preference was not demonstrated in the dual task y q X P

condition, identity changes were detected fastem th colors of the fo_ur squares instead of their locaticThe
location changes. This suggests that in the sitagk memory stimuli consisted of an array of four cotbre
condition, location information is encoded and canesl ~ SAuares (each subtended Ovual angle) each placed
before identity information. However, in the duakk  €dual distance from a center fixation cross: onevap
condition, a spatial working memory load lead teriity ~ One to the right, one below and one to the le @iray
information being encoded and compared earliers Thi Subtended 22.6° visual angleFig. 1). The color for
also supports the idea of separable memory systemsgach square was randomly chosen without replacement
showing that identity and location information is from seven easily discriminable colors (red, biielet,
encoded and compared separately and not necessarigreen, yellow, black and white).

Experiment 1 demonstrated that a specific working
memory capacity for location information is used in
detecting changes in naturalistic scenes. In additi
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4.4, Procedure by repeating aloud a string of four letters or nersb
i . . ("ABCD”, “EFGH", “1234”, or “5678") for the entiref of

In the memory single task condition, participants gach trial. Also, participants received responseliack in
begin eac_h trial by fixating a white cross (sub®id the form of a red “X” at the bottom of the screem f
0.8x0.8 visual angle) on a grey background. Once jncorrect answers to the memory probe. They wete no
fixated, they pressed the spacebar to begin. Tis¢ fi allowed to proceed to the next trial until they\pded the
array of colored squares was presented for 500an secorrect answer to the memory probe (memory sirag t
followed by a blank, black screen for 4000 m sed an and dual task condition only).
then the color probe for 2000 m sec (response
terminated). Participants responded whether thercol 4.5. Color Memory Performance

probe was present in the initial display (particitsa A total of 16 participants were excluded from the
responded by pressing 1 (Yes) or 2 (No) on theanalyses because their memory performance in the du
keyboard using their left hand). On half of thealsi task condition was below 55% correct, suggestirag th
the color probe was a color that was present in thethey were not focusing memory resources on thetityen
first array and on the other half it was a colort no working memory task. Additionally, two participants
present in the first array. were removed because in the dual task conditicangdn

In the change detection single task condition, thedetection reaction time on several trials was kism
procedure was the same as in Experiment 1. Intlaé d necessary to see one alteration of the changentbSéc;
task condition, participants performed both of éhesks  analyses conducted on the remaining sanipke,25). In
simultaneously. After fixating the cross and pregghe  addition, trials in the dual task condition werenoeed if
space bar they saw the array of 4 colored squafsra trial performance was three or more standard dewist
sec), then a blank screen (500 m sec), followedhey beyond the mean of all participants’ reaction tifoe
flickering scene, another blank screen (500 m s@c) change detection (average percentage of trials vetho
then the color probe (2000 m sec or a response)per participant = 5.8%) (An analysis including thé
Participants pressed the space bar with their igintd excluded participants is presented here and yielded
when they saw the change and the 1 or 2 key wdtin tesft similar memory and change detection results (N = Al
hand to indicate yes or no for the color prdBig.(1). As in one-way repeated measures ANOVA revealed a
Experiment 1, experimenters monitored participastthey  significant effect for memory (F (2, 80) = 57.48,
performed an articulatory suppression task inaiditions ~ p<0.0001).

100 - Color memory performance

90 -
5 70
2
5 60
(=]
3
5 40 -

20-

10

Single Dual-color CD Dual-location CD
Task Type

Fig. 4. Mean percent correct with standard error on theatife working memory task for single and dual tashnditions in
Experiment 2. Memory performance for the dual @shdition is divided by change detection for caad location

///// Science Publications 55 e



Bonnie L. Angelone and Melissa R. Beck / Current Reseiar®sychology 3 (2): 49-59, 2012

Change detection performance
4000 - m Color change

3500 1 = Location change
3000 ~

2500 A 1! I

2000 -

R'T (m sec)

1500 -
1000
500 A

Single Dual
Task tvpe
Fig. 5. Mean reaction time with standard error for chadegection in single and dual task conditions in &kpent 2

In the dual task condition, performance differeddzthon  0.11), but memory performance concurrent with ident
whether participants were detecting color chant¢s=(  change detection was lower than single task pedoom
46.8%, SD = 0.17) or location changes (M = 68.6%, S (t (24) = 10.45, p<0.000Eig. 4).
= 0.18; t(40) = 5.61. p<0.0001). Memory performance .
concurrergt V\)Iith Iocatio[; and col)or changg (E)etecvims 4.6. Change Detection Performance
lower than single task performance (M = 80.7%, SD = A 2 (change type: Identity or location) X 2(task
0.11; t (40) = 4.22, p<0.0001; t (40) = 12.40, @01, type: single task or dual task) repeated measures
respectively). Although memory performance during ANOVA revealed a significant main effect for change
location change detection was worse than singlk tas type such that location changes were detected rfaste
performance, memory performance during color changethan identity changes (F(1,24) = 10.91, p = 0.G(3;
detection was still much worse. A2 repeated measures 0.313). The main effect for task type and the
ANOVA revealed a significant main effect for change interaction between change type and task type were
type such that location changes were detectedr feta not significant (F's<1Fig. 5).
color changes (F(1,40) = 19.72, p<0.0001). The main Change detection overall was similar in single and
effect for task type and the interaction betweeange dual tasks. Furthermore, consistent with previous
type and task type were not significant (F's<2). research, location changes were detected more lguick
A one-way repeated measures ANOVA revealed athan identity changes (Simons, 1996). Although gean
significant effect for memory performance in the detection performance was not affected by the itent
different conditions (single task, dual task losati working memory task, color working memory
change detection, dual task identity change deiect  performance was affected by identity change detecti
(2, 48) = 47.39, p<0.000%’ = 0.664). In the dual task but not location change detection. This provides
condition, performance differed based on whetherevidence in support of identity and spatial change
participants were detecting identity changes (M35%o, detection using separate working memory systems.
SD = 0.13. SE = 0.027) or location changes (M 9%.  Furthermore, given that performance on the working
SD = 0.11, SE = 0.022; t (24) = 6.51. p<0.0001). memory task was not impaired on identity change
Memory performance concurrent with location change detection trials, it appears that the identity viogk
detection was not different from single task perfance memory task does not use the same general working
(M = 83.0%, SD = 0.11, SE = 0.022; t (24) = 1.65 p memory capacity as change detection.
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4.7. General Discussion comparison and decision processes associated with
location information may be completed initially &

) A serial process if the change signals for locative a
working memory load on naturalistic scene changegyonger (vang, 2011). However, the comparison and
detection. Using a dual task paradigm similar t®mr  gecision process for detecting identity changes may
studies, Experiment 1 demonstrated that perforndng papnen earlier when location working memory is full
spatial working memory task interfered with locatio (Experiment 1) because less location informatiaymir
change detection. In addition, performance on ff@ial e change detection task is stored resulting ieaker
working memory task was impaired by both location change signal. As such, identity change detection
change detection and object change detection stlg@es jmproved in a dual task situation where a location
regardless of the type of change that occurs, @pati yorking memory task interfered with the encoding of
location information is encoded. Dual task change ocation information during the change detecticskta
detection performance suggests spatial working nngmo Overall, these results suggest that there are @elgar
uses resources similar to those used in deteairagion object and spatial working memory systems within
changes. However, color/identity information may be yisyal working memory. Unlike visual search, change
processed earlier in a serial process when spadiing  detection in naturalistic scenes utilizes both vimgk
memory is occupied. Experiment 2, examined whethermemory systems. While visual search performance
identity working memory and change detection Wwiliz declined only when spatial working memory was full
the same general capacity system, or whether épecif (Oh and Kim, 2004; Woodman and Luck, 2004), both
memory systems are involved. Identity working meynor identity and spatial working memory differentially
performance was impaired when participants affected change detection. However, location
concurrently completed identity change detectiont b information appears to be processed preferentialy
not location change detection. These data supporidentity information in visual change detection.
previous studies arguing for separable identity andTherefore, the results presented here, togethdr thi
spatial working memory systems. Together theseiedud results found in visual search literature, sugdbsit
indicate that change detection requires specificking there are separate spatial and identity working argm
memory systems. Furthermore, they suggest thatiboca systems involved in common visual tasks and that
information is generally processed faster and eratfian ~ processing of spatial information is dominant over
identity information unless spatial working memadsy  processing of identity information. Specificallpchtion
occupied by the task, allowing identity working nem information may be processed automatically, while

The current experiments investigated the effects of

to process identity information earlier. identity information is processed only if the taskjuires
The role of working memory in change detection may processing of this information.
occur at any one or several stages of the chartgetis This study along with prior research suggests that

process. Working memory may be involved in encodinglocation information, compared to other object
and retention stage and/or the comparison stage oinformation, is processed in a different mannerttyy
change detection. The specific role of working mgmo visual system. Research suggests that initially nupo
in change detection likely occurs during the enegdi viewing a scene and attending an object, a repratiem
and retention stages. Information is encoded into(or object file) is created (Kahnemahal., 1992). As
memory and then held in the working memory systemnew information is received by continued viewingeof
consistent with the type of information encoded. scene or introduction to a new scene, a spatiaxins
Therefore, holding the color of four squares inniity created to maintain the visual information. Scene
VWM could occupy this system such that it is difilicto information is indexed such that spatial informatis
also encode and retain the color of objects inctrenge  processed and indexed first and this is followed by
detection scenes. Something in the store will rtece feature information. Not only is this true for atdlbut
eliminated, either the colors of the squares orctilers research on infants suggests that even as earl§ as
of objects in the scenes. It appears here thaicipemts  months of age, infants create representations atiap
opted to eliminate information about the colorstloé information. By 6 months of age, they can form more
squares in order to complete the color change tietec complex spatial representations and use this irzftiom to
task as evidenced by the decrease in identity wgrki maintain spatial relations of several objects (Calsat al.,
memory performance and not identity change detectio 2003; Quinn, 1994). The current experiments arsistamt

in the dual task condition (Experiment 2). Also, with this view in that spatial information is presed more
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readily than identity information. However, whenatgl Baddeley, A. and R.H. Logie, 1999. Working memory:

capacity is occupied it is possible that other riméation, The multiple-component model. In Models of
like the property of color, may receive priorityepnding working memory: Mechanisms of active
on task requirements. maintenance and executive control, Miyake, A. and

~ Spatial and identity working memory may also differ P. Shah (Eds.). Cambridge University Press,
in sensitivity to distraction. Research suggestat th Cambridge, ISBN-10: 0521587212, pp: 28-61.
identity working memory is more sensitive to a \arb Baddeley, A.D., 1987. Working Memory. 1st Edn.

distraction task compared to spatial working memory Oxford University Press, Oxford, ISBN-10:
(Postle et al., 2005). In the current experiment 0198521332, pp: 289 ’ ' '

participants completed a verbal suppression taskewh Casasola, M., L. Cohen and E. Chiarello, 2003. Six-

performing  object (Experiment ‘1) and = spatial month-old infants’ categorization of containment
(Experiment 2) working memory tasks. dentity wor spatial relations. Child Dev., 74: 679-693. PMID:

memory performance steeply declined when parti¢gpan
concurrently completed the object change detedtiok, 12795384 i o
but this was not the case for spatial working mgmor Chun, M. M. and Y. Jiang, 1998. Contextual cueing:

performance in Experiment 1. In addition, singlskta Implicit learning and memory of visual context
performance of the identity working memory task was  guides spatial attention. Cognitive Psych8b; 28-
slightly lower than single task performance for teda 71. DOI: 10.1006/cogp.1998.0681

working memory. Although it was not the question of Hecker, R. and B. Mapperson, 1997. Dissociation of
interest, increased sensitivity of identity working visual and spatial processing in working memory.

memory to verbal distraction may have been Neuropsychologia, 35: 599-603. PMID: 9153022
demonstrated in the current experiments. In additil's ~ Hollingworth, A. and J.M. Henderson, 2002. Accurate
may help to explain the difference in the number of  visual memory for previously attended objects in
participants excluded in each experiment (3 in  npatural scenes. J. Exp. Psychol. Human Percept.
Experiment 1 and 16 in Experiment 2) due to poor Perform., 28: 113-113.DOI: 10.1037/0096-
memory task performance in the dual task condition. 1523.28.1.113

However, follow-up analyses revealed a similar gratt Jiang, Y., LR. Olson and M.M. Chun, 2000
of change detection results upon the inclusionhef16 WS e ' .
participants in Experiment 2, which suggests tihairt
ability to detect changes remained stable. Whilés it
possible that the memory performance during detecti
of identity changes in our experiments reflect a

Organization of visual short-term memory. J. Exp.
Psychol. Learn. Mem. Cognit., 26: 683-702. PMID:
10855426

Kahneman, D., A. Treisman and B.J. Gibbs, 1992. The

differential sensitivity to verbal load, it is algmssible reviewing of object files: Object-specific integuat

that object memory tasks are more difficult regesdlof of information. Cognit. Psychol.24: 175-219.

verbal load because object information is not pssed PMID: 1582172

as readily as location information. Levin, D.T. and D.J. Simons, 1997. Failure to detec
Overall, visual working memory is important for changes to attended objects in motion pictures.

change detection in naturalistic scenes. In pdaicu Psychon. Bull. Rev.,, 4: 501-506.DOI:

change detection utilizes specific working memory 10.3758/BF03214339

systems depending on the type of change. This gesvi | ogie, R.H., 1995. Visuo-Spatial Working Memoryt 1s

evidence for the separate resources for identitg an Edn., Lawrence Erlbaum Associates, Hove, ISBN-
spatial working memory systems. In addition, spatia 10: 0863771076, pp: 161.

T e B I ete McCatey, 15, RF. Wang, A, Kiamer, .. nan
y Y P ) M.S. Peterson, 2003. How much memory does

information and may even receive priority procegsin .
Y P ¥ proceg oculomotor search have? Psychol. Sci., 14: 422-426.
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