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ABSTRACT 

Previous research has investigated intentional retrieval of contextual information 

and contextual influences on object identification and word recognition, yet few studies 

have systematically investigated context effects in episodic memory for objects.  To 

address this issue, unique objects on a white background or embedded in a visually rich 

context were presented to participants.  At test, the object was presented either in the 

original or a different context.  Chapter 2 demonstrated that a context shift decrement 

(CSD)—decreased recognition performance when context is changed between encoding 

and retrieval—was observed.  In four studies with young adults, the CSD was not 

attenuated by encoding or retrieval manipulations.  Chapter 3 revealed that the CSD was 

resistant to aging and neuropsychological status.  Importantly, older adults classified as 

high MTL performed better on the recognition task than those classified as low MTL, and 

as well as young adults, supporting the successful aging hypothesis.  Chapter 4 focused 

on elucidating the neural correlates of the CSD using functional Magnetic Resonance 

Imaging.  Right PHG activation during encoding was associated with subsequent 

recognition of objects in the context change condition.  This same region was activated 

during recognition, suggesting it may automatically reinstate visual contextual 

information.  Overall, the CSD is attributed to the automatic and obligatory binding of 

object and context information in episodic memory that results in an integrated 

representation, mediated by the hippocampal complex. 
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CHAPTER 1 

INTRODUCTION  

 Previous research on the role of context in learning has focused on contextual 

influences on object perception or object identification (semantic memory), as opposed to 

object recognition (episodic memory for a specific object that was previously presented).  

In general, contextual information enhances object identification (Biederman, 

Mezzanotte, & Rabinowitz, 1982; Boyce & Pollatsek, 1992; Davenport & Potter, 2004; 

Palmer, 1975).  For example, Bar and Ullman (1996) demonstrated that the presence of a 

clearly identifiable object facilitated identification of an ambiguous object, as evidenced 

by decreased response times and decreased error rates.  Realistic spatial relationships 

between objects facilitated object identification as well. Recently, Bar (2003; 2004) 

proposed specific mechanisms underlying the contextual facilitation of object 

identification, hypothesizing that low frequency visual information is quickly extracted 

from a visual scene and leads to activation of a ‘context frame’.  Context frames were 

defined as “prototypical representations of unique contexts (for example, a library) which 

guide the formation of specific instantiations in episodic scenes (for example, our 

library)” (Bar, 2004, pg. 618).  The context frame, in turn, serves to reduce the number of 

plausible objects within a given scene and activates associated object representations that 

facilitate object identification.     

Importantly, the relationship between an object and context frame is bi-

directional.  Context frames activate object representations, and objects activate context 

frames.  For instance, some objects (a basketball) are highly associated with a specific 
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context (a gymnasium), while other objects (a dog) are not.  Objects that have strong 

spatial contextual associations can lead to increased activation in retrosplenial and 

parahippocampal cortex relative to objects that have weak spatial contextual associations 

(Bar & Aminoff, 2003).  The activation in these posterior brain regions is believed to 

reflect the retrieval of contextual information associated with the identified object.   

Critically, the aforementioned experiments focused on pre-existing, semantic 

relationships between objects and their associated contexts.  Contextual information 

enhances the identification of a class or type of object, but the influence of contextual 

information on a specific, episodically presented object remains to be elucidated.  Indeed, 

the finding that contextual information enhances object identification suggests that 

contextual information may facilitate episodic memory for an object.  For instance, 

Gaffan (1994) documented an interaction between object and spatial contextual 

information in episodic-like memory in animals.  He observed that normal monkeys 

learned “object-in-place” discrimination faster than object discrimination alone or place 

discrimination alone.  Moreover, the most severe impairment in fornix-lesioned monkeys 

was observed for “object-in-place” trials, greater than either place discrimination or 

object discrimination trials alone.  The results suggest that memory for object and context 

information, when presented simultaneously, differs from memory for object or context 

information alone.  Furthermore, since the deficit was most severe in fornix-lesioned 

monkeys, these data suggest that the mechanisms underlying memory for object and 

context information reside within medial temporal lobe structures, consistent with rodent 

studies suggesting neuroanatomical and behavioral dissociations in memory for object 
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and contextual information (Eacott & Norman, 2004; Nadel & Willner, 1980; Norman & 

Eacott, 2005; O’Keefe & Nadel, 1978).   

In humans, evidence that “object” and “context” information interact in memory 

is derived from studies in which contextual changes have a detrimental effect on memory 

performance.   Such findings were reported as early as 1921, when Smith & Guthrie 

(1921; cited in Dulsky, 1935) demonstrated that nonsense syllables were better 

remembered when relearning took place in the same environment (the laboratory or 

outdoors) rather than a different environment.  Additional experiments with humans have 

documented decreased memory performance when environmental context changed 

between encoding and retrieval, although the results initially appeared to be more reliable 

for recall than recognition (Eich, 1985; Fernandez & Glenberg, 1985; Godden & 

Baddeley, 1975; Godden & Baddeley, 1980; Humphreys, Pike, Bain, & Tehan, 1988; 

Smith, Glenberg, & Bjork, 1978; for review, see Smith 1988).  However, a more recent 

meta-analysis by Smith and Vela (2001) indicated similar effect sizes (approximately .27) 

for environmental context manipulations irrespective of test type (free recall, cued recall, 

or recognition).   

Previous experiments utilized paradigms in which an item, typically a word, was 

presented in one of two environmental contexts (in an office or outside, underwater or on 

land), and then memory for the item was tested either in the same or the alternate 

environmental context.  This experimental design is similar to source memory paradigms, 

in which information is typically presented from one of two possible sources (for 

example, sentences spoken in either a male or female voice, or words presented either on 
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the left or right side of the screen).  Source memory paradigms independently test 

memory for contextual information and item information by comparing retrieval accuracy 

of item information to retrieval accuracy of contextual information, while environmental 

context paradigms assess the influence of contextual information on item memory by 

comparing memory performance when retrieval occurs in an environment that is the same 

or different from the original encoding environment.   In general, memory for source and 

item information relies on an interaction between medial temporal and frontal brain 

regions (Glisky, 1998; Hayes, Ryan, Schnyer, & Nadel, 2004; Johnson, Hayes, 

D’Esposito, & Raye, 2000; Moscovitch, 1994).     

Other contextual manipulations have focused on “local” aspects of contexts, such 

as word color, font, or background color.  Dulsky (1935), in an elegant series of 

experiments, reported a decrease in memory performance when the background of target 

nonsense syllables changed between study and test.   Since then, many experiments have 

focused on verbal (word) memory, with results demonstrating decreased memory 

performance with changes in the verbal context (Light & Carter-Sobell, 1970; Tulving & 

Osler, 1968), font format and orientation (Graf & Ryan, 1990), background color (Mori 

& Graf, 1996), or foreground and background color (Dougal & Rotello, 1999) between 

encoding and retrieval.  In a comprehensive series of experiments, Murnane and Phelps 

(1993; 1994; 1995) manipulated context by changing foreground (color of the word), 

background (color of computer screen), and the location of the word (upper left, lower 

right, etc.).  A context shift decrement (CSD)--decreased memory performance for items 

presented in different contexts at study and test—was observed.  In these experiments, 
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Murnane and Phelps (1993) manipulated number of learning contexts (1, 2, 3, or 6), 

mental reinstatement instructions (imagine how the screen looked when you first saw the 

word pair), and recognition task (associative versus single item), and observed a CSD in 

hit rate under various conditions.  In follow-up studies, Murnane and Phelps (1994) 

demonstrated that the magnitude of the CSD was greater when the test context was novel, 

as opposed to a context encountered at study (CSD = 4.6% vs. 1.7%, respectively).  The 

CSD was not attenuated by manipulations of item strength (varying presentation duration 

or number of repetitions) or by levels of processing (graphemic versus semantic; 

Murnane & Phelps, 1995).  Finally, Murnane, Phelps, and Malmberg (1999) presented 

words in one of three simple visual contexts (colored font, colored background, in 

various locations on a computer screen) or in one of three complex visual contexts (also 

presented on a computer screen, but in a generic virtual reality scene, such as on a 

chalkboard in a classroom), and tested word recognition in a new context.  A larger CSD 

was observed when words were presented in a visually rich context relative to a simple 

visual context (CSD = 12% vs. 3%, respectively).   

For the most part, the role of spatial context effects in episodic object recognition 

(memory for an object that was previously presented) has been neglected, with the 

exception of a few experiments in the 1980’s.  For instance, Park, Puglisi, and Sovacool 

(1984) presented black and white cartoon drawings (Family Circus comics) to young and 

older adults, and varied the presence or absence of context at encoding or retrieval.  They 

observed a CSD and an age by stimulus interaction, where young adults performed better 

when context was present while older adults performed better when context was absent.  
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Later, Park, Puglisi, Smith, & Dudley (1987) simultaneously presented paired line 

drawings, one serving as a cue and the other as a target, to participants and again varied 

the presence or absence of the contextual cue at encoding and retrieval under normal and 

divided attention conditions.  Under full attention, a CSD in young adults was not 

observed.  However, a CSD was observed in young adults under divided attention and in 

older adults under full attention (approximately 9% in both groups).  Importantly, the 

presence of a CSD for object recognition in young adults under full attention has yet to be 

observed reliably; under similar conditions, a CSD was observed by Park et al. (1984) but 

not by Park et al. (1987).      

Thus, there is converging evidence across animal and human studies suggesting a 

critical role for context in recognition memory, although the majority of experiments 

investigating the role of context in retrieval have focused on word memory.  Of the 29 

studies reviewed by Smith (1988; Table 2.1), only one used nonverbal material (faces; 

Smith & Vela, 1986).  Other studies considering the role of contextual information on 

object recognition have focused on pre-existing semantic relationships between object 

and context, as opposed to the episodic presentation of an object within a context.  In 

addition, studying the effect of context on memory, either in the form of environmental 

context or source memory paradigms, has typically involved the presentation of a small 

number of contexts (usually two), resulting in a many to few mapping of items to 

contexts.  The few studies focusing on the effect of context on object recognition have 

used frequently repeated objects (cartoon characters; Park et al., 1984) or unrelated pairs 

of line drawings (Park et al., 1987).  No study to date has presented a set of unique 
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objects, each presented in a distinct, visually rich context.    To address this gap in the 

literature, a comprehensive series of experiments has been completed with the following 

aims: 

1. To establish an effect of context change on object recognition 

2. Once established, to investigate the influence of encoding and retrieval 

manipulations on context effects  

3. To examine age-related changes and neuropsychological status on object 

recognition and context effects 

4. To elucidate the neural correlates of context effects using functional Magnetic 

Resonance Imaging   

This dissertation project is one of the first series of experiments to investigate the 

relationship between object recognition and context effects, the influence of aging and 

neuropsychological status on object recognition and context effects, and assess the neural 

correlates of context effects in object recognition.   
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CHAPTER 2 

THE EFFECT OF VISUAL CONTEXT ON  

EPISODIC OBJECT RECOGNITION IN YOUNG ADULTS. 

The first series of experiments (four behavioral studies with young adults) was 

designed to answer two main questions.  First, does context reliably facilitate episodic 

object recognition in the same way that it influences episodic word recognition and 

semantic object identification?  In order to maximize the possibility of observing a 

context effect in object recognition, we utilized complex, real-world stimuli where the 

object and its spatial context were semantically related and maintained expected spatial 

relationships—the same stimulus properties shown to influence object identification.  

Second, after establishing an effect of context on object recognition, what are the 

encoding or retrieval manipulations that will influence it?   

To address these questions, we presented objects either on a white background or 

in complex, real-world scenes to young adults (see Figure 2.1).  At test, the objects were 

presented either in the original encoding context or in a different context (a white 

background).  Based on previous literature regarding object identification, we 

hypothesized that object recognition performance would be impaired when context was 

changed between study and test.  
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Figure 2.1.  Examples of study and test probes by condition.  The test phase also included  

schema-consistent object lures and context lures. 
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EXPERIMENT 1 

METHOD 

Participants. Twenty-four University of Arizona undergraduates (12 females, 12 

males; mean age, 19.6 years) gave informed consent and received course credit as 

compensation for participation in the study.   

Materials.  Pictures of unique objects (240), each in a unique context, were taken 

in six houses and two department stores.  Images were edited in Adobe Photoshop to 

create two types of stimuli for each object-in-context image:  an object image (the object 

alone on a white background) and a context image (the object in a visually rich context).  

Importantly, the object image was cut directly from the context image using Photoshop so 

that the size and perspective of the object were exactly the same in the object image and 

the context image, resulting in 4 study-test conditions (see Figure 2.1):   

1) OBJECT-OBJECT:  An object on a white background was presented 

during study.  At test, participants were shown the same object on the 

same white background. 

2) CONTEXT-CONTEXT:  An object in a rich, naturalistic context was 

presented during study.  At test, participants were shown the same 

object in the same context.   

3) CONTEXT-OBJECT:  An object in a visually rich context was 

presented during study.  At test, participants were shown the same 

object, although this time the object was presented on a white 

background. 
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4) CONTROL:  The stimuli in this condition were Fourier    transformed 

images of stimuli from the above conditions overlaid with an ‘X’ or an 

‘O.’ 

Study materials.  The study list consisted of 140 trials:  40 unique objects 

presented on a white background (OBJECT-OBJECT), 80 unique objects presented in 

context (40 CONTEXT-CONTEXT and 40 CONTEXT-OBJECT), and 20 Fourier 

transformed images of objects and objects in contexts (CONTROL).  The 140 trial test 

list was subdivided into blocks of 10.  Presentation order of blocks and items within 

blocks was randomized by DMDX (version 2.4.06; Forster & Forster, 2003), a stimulus-

presentation program.  There were two study lists, counterbalanced across participants.  

Each study list contained three primacy and three recency filler trials.   

Test materials. The test list consisted of 220 trials:  40 target objects presented 

on a white background that had been presented on a white background during study 

(OBJECT-OBJECT), 40 target objects presented in the same visually rich context as 

during study (CONTEXT-CONTEXT), 40 target objects presented on a white 

background that were presented in a visually rich context during study (CONTEXT-

OBJECT), 40 object lures (novel object on a white background), 40 context lures (novel 

object presented in a novel context) and 20 Fourier transformed images of objects and 

objects in contexts overlaid with an ‘X’ or an ‘O’ (CONTROL).  The 220 trial test list 

was subdivided into blocks of 10.  Presentation order of blocks and items within blocks 

was randomized by DMDX.  There were two test lists, counterbalanced across 
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participants.  Items from Study List B served as lures for Test List A, and items from 

Study List A served as lures for Test List B. 

Procedure.  After giving informed consent, participants received incidental 

encoding instructions.  Participants were told that the study focused on the perception of 

objects.  They were informed that they would see a set of objects, and that they would be 

asked to make a price judgment about each one.  If the object was presented in a context, 

participants were asked to make a price judgment about the object in the center of the 

picture.  Participants responded with a left mouse button press if they thought the object 

cost less than $25 or with a right mouse button press if they thought the object cost more 

than $25.  For control trials, participants made a left mouse button press if an ‘X’ 

appeared on the screen or a right mouse button press if an ‘O’ appeared on the screen.  

(Note that these control trials were included in order to design a paradigm that could be 

used later in an fMRI experiment).   

Experimental stimuli were presented for 3 s and control stimuli were presented for 

1.5 s with an inter-trial interval of 1.5 s for all trials.  Stimuli were presented on a PC 

computer with a 17-inch color monitor using DMDX (version 2.4.06; Forster & Forster, 

2003).  Button presses and response times were recorded.  

To confirm correct button mapping and that the participants understood the 

instructions, a practice session was presented first, consisting of 12 control trials and 12 

price judgment trials (six object and six context trials).  During the practice session, 

instructions were presented on the computer screen preceding each trial.  Participants 

were informed that the instructions would not appear during the actual experiment and 
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that they should memorize the button mapping.  After the practice session, participants 

completed the study session as described above.  Participants were unaware that a 

recognition test would follow. 

Immediately following the study session, participants received a surprise yes/no 

recognition test.  They were instructed to press the left mouse button on a trial if the 

object was old, even if they had previously seen the object in a naturalistic context, and to 

press the right mouse button if the object was new.  Presentation rate and inter-trial 

interval were identical to the study session.  After the recognition test, participants were 

debriefed.  

RESULTS AND DISCUSSION 

A one-way repeated measures analysis of variance (ANOVA) was used to 

compare recognition hit rates in the three experimental conditions (OBJECT-OBJECT, 

CONTEXT-CONTEXT, and CONTEXT-OBJECT), and followed up with paired t-tests 

using SPSS 12.0 for Windows.  False alarms rates (object lures, context lures) were 

compared using a paired t-test.  The alpha level for all significance tests was set at .05.  

Results of Experiment 1 are presented in Table 2.1.  Under incidental encoding 

instructions, recognition hit rates were significantly different across the three target 

conditions, F(2,46)=24.52, p<.001.  Importantly, a CSD was observed; recognition 

performance was significantly lower in the CONTEXT-OBJECT condition relative to the 

OBJECT-OBJECT and CONTEXT-CONTEXT condition, t’s (23)>4.99, p< .001.  Hit 

rates were equivalent in the OBJECT-OBJECT and CONTEXT-CONTEXT condition, 
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t(23)<1, ns.   The mean false alarm rate was 11.2%.  There was no difference in the false 

alarm rate between context lures (11.1%) and object lures (11.4%), t(23)<1, ns. 

 Experiment 1 demonstrated that the CSD is observable in an object recognition 

task.  In order to understand the mechanisms underlying the CSD we need to consider 

how items and contexts are encoded and remembered.  By one view, there are generally 

two processes involved in remembering the occurrence of items and contexts:  

association and integration (Chalfonte & Johnson, 1996; Johnson & Chalfonte, 1994; 

Murnane, Phelps, & Malmberg, 1999).  Association refers to the idea that representations 

of item and context exist separately and are associated during encoding.  Integration 

refers to the idea that item and context have been fused into a single, unitized, or “gestalt” 

representation, and no associative processes are required for unitization.  If separate and 

independent representations of object and context exist, and are merely associated during 

encoding, then objects should be equally well recognized when presented in combination 

with their original context or presented alone, with the context removed.  Removal of 

context information at test should have a minimal effect on recognition of the object.  

Contrary to these predictions, we observed a strong CSD, suggesting that integrated 

representations exist and play a significant role in episodic object recognition.  The 

existence of this integrated representation of object and context, even if independent 

representations of objects and contexts also exist, takes precedence during subsequent 

recognition attempts, and make it difficult to recognize an object when it is removed from 

its original learning context.   
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Table 2.1 

Recognition Hit and False Alarm (FA) Rates under Incidental Encoding Instructions.   

Experiment 
CONTEXT-
CONTEXT 

OBJECT-
OBJECT 

CONTEXT-
OBJECT 

FA 
OBJECTS

FA 
CONTEXTS 

 

1:  Incidental 
 Encoding 

84.1 (1.6) 84.0 (2.1) 69.3 (3.0) 11.3 (2.5) 11.0 (2.5) 
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In the current study, the integration of object and context information may have 

been facilitated by the presentation of objects in visually rich, naturalistic contexts (Bar & 

Ullman, 1996; Murnane et al., 1999).  Because the CSD in the present experiment was 

observed under incidental encoding conditions, we hypothesize that the integration of 

object and context occurs automatically.  Experiment 2 was designed to strengthen this 

assertion, by determining whether intentional encoding instructions would enhance 

recognition performance in the CONTEXT-OBJECT condition and eliminate the CSD 

effect.  According to Hasher and Zacks (1979), automatic, as opposed to effortful, 

operations should not be influenced by intention to remember.  Therefore, if the 

integration of object and context information is indeed an automatic operation, intentional 

encoding instructions to ignore the context should not attenuate the CSD effect. 

EXPERIMENT 2 

METHOD 

Participants. Twenty-four University of Arizona undergraduates (15 females, 9 

males; mean age, 19.2 years) gave informed consent and received course credit as 

compensation.   

Materials.  Study and test materials, lists, and trial conditions were identical to 

Experiment 1. 

Procedure.   The procedure was identical to Experiment 1, except that in 

Experiment 2, the study phase instructions emphasized intentional encoding and 

highlighted the importance of the objects, not the contexts in which they were presented.  

Participants were informed that they would be tested on their memory for the objects that 
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they were rating.  They were instructed to “Pay attention to the object in the center of the 

picture, because you will be tested only on your memory for the object.”  To further 

accentuate the importance of the objects, participants were shown diagrams illustrating 

the different study-test trial types, and informed that they would be tested on some 

objects that were removed from their prior context.  At test, the instructions emphasized 

once again that they were to respond ‘old’ to any object previously seen, regardless of 

whether or not it was presented in its original context.  Participants completed the 

practice phase under intentional encoding conditions, followed by a practice recognition 

test composed of four trials from each experimental condition.  After completion of the 

practice session, the intentional encoding instructions were repeated, and the study, test, 

and debriefing sessions were completed following procedures described in Experiment 1. 

RESULTS AND DISCUSSION 

The results for Experiment 2 are presented in Table 2.2.  Recognition hit rates 

differed significantly across the three target conditions, F(2,46)=26.44, p<.001.  Despite 

receiving intentional encoding instructions to focus solely on the objects, a CSD was 

observed, as object recognition was impaired when the context changed between study 

and test.  Consistent with Experiment 1, accuracy was significantly lower in the 

CONTEXT-OBJECT condition relative to the OBJECT-OBJECT and CONTEXT-

CONTEXT condition, t’s (23)>5.62, p< .001.  Recognition was equivalent in the 

OBJECT-OBJECT and CONTEXT-CONTEXT condition, t(23)<1, ns.  There was no 

difference in the false alarm rate between contexts lures (9.0%) and object lures (9.8%), 

t(23)<1, ns.  
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Table 2.2 

Recognition Hit and False Alarm (FA) Rates under Intentional Encoding Instructions.   

Experiment 
CONTEXT-
CONTEXT 

OBJECT-
OBJECT 

CONTEXT-
CHANGE 

FA 
OBJECTS

FA 
CONTEXTS 

 

2:  Intentional 
 Encoding 

80.4 (3.2) 79.6 (2.2) 67.7 (2.8) 9.8 (1.1) 8.9 (1.3) 
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Consistent with Hasher and Zacks’ (1979) conceptualization of an automatic 

operation, the results suggest that the integration of object and context information 

occurred automatically:  the CSD was not influenced by intent to remember the object 

alone.  Comparing the results from Experiments 1 and 2 directly, a mixed ANOVA 

comparing encoding instruction type (incidental, intentional) and target condition 

(OBJECT-OBJECT, CONTEXT-OBJECT, CONTEXT-CONTEXT) revealed no effect 

of encoding instructions on recognition performance, F(1,46)=1.05, ns, and no significant 

interaction between instruction and target condition, F(1,46)<1, ns.   

While the present results support the integrated representation view, the results 

could also be attributed to differential levels of target familiarity across the three critical 

conditions.  CONTEXT-CONTEXT and OBJECT-OBJECT trials provided what Tulving 

(1983) referred to as “copy cues”—the items were identical at study and test.  These copy 

cues, therefore, should be highly familiar.  Lures, on the other hand, were completely 

novel items, and thus should have very low familiarity (or high novelty).  Trials in the 

CONTEXT-OBJECT condition were neither highly familiar nor completely novel, and 

should fall somewhere in between copy cues and lures in terms of familiarity because a 

portion of the stimulus was familiar (the object), whereas the remaining portion of the 

stimulus was novel (white background).  If participants were relying on familiarity to 

make their recognition judgments, particularly if they set a threshold for the “old” 

judgment rather high, then they would endorse many fewer objects in the CONTEXT-

OBJECT condition than those in the other two conditions. 



30 

 In Experiment 3, we attempted to reduce the ambiguous familiarity of the 

CONTEXT-OBJECT condition by presenting each set of target items in separate retrieval 

blocks.  Thus, at retrieval, CONTEXT-OBJECT targets would be mixed only with novel 

object lures.  Because these moderately familiar objects were mixed only with completely 

novel objects, participants may be more likely to distinguish targets from lures.  

EXPERIMENT 3 

METHOD 

Participants. Twenty-four University of Arizona undergraduates (15 females, 9 

males; mean age, 19.3 years) gave informed consent and received course credit as 

compensation for participating in the study.   

Materials.  Study materials, trials, and study lists were the same as in Experiment 

1.  Test materials, trials, and conditions were the same as Experiment 1, but the test lists 

were constructed differently.  In this experiment, testing occurred in three blocks, with 

order of presentation counterbalanced across subjects.  Block A consisted of 40 

OBJECT-OBJECT targets, 27 object lures, and 13 control trials.  Block B consisted of 40 

CONTEXT-CONTEXT targets, 27 context lures, and 13 control trials.  Block C 

consisted of 40 CONTEXT-OBJECT trials, 27 object lures, and 13 control trials.  The 

within-block target to lure ratio was consistent with the target to lure ratio in Experiments 

1 and 2 (3 targets: 2 lures).  

RESULTS AND DISCUSSION 

The results, presented in Table 2.3, suggest that the CSD was not attenuated by 

our attempt to reduce the effect of ambiguous familiarity of the CONTEXT-OBJECT 
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targets on recognition.  There was a significant difference in hit rates across the three 

conditions, F(2,46)=19.58, p<.001.  The percentage of recognition hits was significantly 

lower in the CONTEXT-OBJECT condition than in the OBJECT-OBJECT and 

CONTEXT-CONTEXT conditions, t’s(23)>4.79, p<.001, while hit rates were similar in 

the OBJECT-OBJECT and CONTEXT-CONTEXT condition, t(23)<1, ns.  Participants 

false alarmed more frequently to object lures (7.8%), than to context lures (3.8%), 

t(23)=2.86, p<.01.  The significant difference in the false alarm rates between object lures 

and context lures suggested an analysis of corrected recognition scores.  For the analysis, 

the false alarm rate (FA) for lures was subtracted from the hit rate of the targets presented 

in the same block; thus, OBJECT-OBJECT hits – object lure false alarms, CONTEXT-

CONTEXT hits – context lure false alarms, and CONTEXT-OBJECT hits – object lure 

false alarms.   The results of a one-way repeated measures ANOVA using corrected 

recognition scores were consistent with the results reported above, F(2,46)=19.73, 

p<.001.  A CSD was observed, as performance was impaired in the context change 

condition.  Corrected recognition scores were significantly lower in the CONTEXT-

OBJECT condition than in the OBJECT-OBJECT and CONTEXT-CONTEXT 

conditions, t’s(23)>4.79, p<.001.  The difference in the corrected recognition scores in 

the OBJECT-OBJECT and CONTEXT-CONTEXT was not significant, although a trend 

was indicated, t(23)=1.94, p=.06. 

The results of Experiment 3 suggest that differences in familiarity across target 

types cannot account for the CSD effect.  Taken together with the results of Exps. 1 and 

2, neither encoding nor retrieval manipulations appear to reduce the CSD.  The findings  
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Table 2.3 

Recognition Hit and False Alarm (FA) Rates during Blocked Retrieval.   

Experiment 
CONTEXT-
CONTEXT 

OBJECT-
OBJECT 

CONTEXT-
OBJECT 

FA 
OBJECTS

FA 
CONTEXTS 

 

3:  Blocked 
 Retrieval 

84.6 (1.5) 82.1 (2.3) 70.0 (2.4) 7.8 (1.1) 3.8 (1.0) 
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are consistent with the notion that the integration of an object and context occurs 

automatically.   

As discussed earlier, the formation of an integrated representation of object and 

context may be particularly facilitated when an object is encountered in a visually rich 

context, which will then interfere with recognition of the object alone at a later time.  In 

contrast, the object presented in a sparse context, such as a plain white background, may 

provide a representation that is more flexible, and can be utilized later on to identify 

objects in any context.  Alternatively, objects may be integrated equally with the context, 

regardless of whether it is visually rich or sparse, and in both cases, changing this context 

from study to test will have an equivalent disruptive effect on recognition.  Experiment 4 

was designed to test this notion.  In this study, we reversed the CONTEXT-OBJECT 

condition such that objects were presented during study on a white background, and then 

presented in a visually rich context at test (OBJECT-CONTEXT).  If the representation 

derived at study integrates the object and context automatically, and does not require a 

visually rich context, then the CSD effect should be observed.  If, however, the 

presentation of objects in a visually rich context is necessary for the integration of object 

and context information, then we would expect equivalent recognition levels in all study-

test conditions, and elimination of the CSD effect. 
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EXPERIMENT 4 

METHOD 

Participants. Twenty-four University of Arizona undergraduates (15 females, 9 

males; mean age, 19.4 years) gave informed consent and received course credit as 

compensation for participating in the study.   

Materials.  Study and test materials, trial types, and trial conditions were the 

same as Experiment 1 and 2, except the stimuli in the CONTEXT-OBJECT condition 

were reversed:  study trials for this condition consisted of an OBJECT on a white 

background, and the test trials consisted of the same object in a novel and visually rich 

context.  This condition will be referred to as the OBJECT-CONTEXT condition.   

Procedure. The procedure in Experiment 3 was identical to Experiment 1, with 

the exception of the changes in materials noted above. 

RESULTS AND DISCUSSION 

As in previous experiments, the recognition hit rates across the three experimental 

conditions differed significantly, F(2,46)=32.34, p<.001 (see results listed in Table 2.4).  

Once again, a CSD effect was observed, except that in the present experiment, 

recognition accuracy was lower in the OBJECT-CONTEXT condition than in the 

OBJECT-OBJECT and CONTEXT-CONTEXT conditions, t’s(23)>6.46, p<.001.  

Recognition hit rates were statistically equivalent in the OBJECT-OBJECT and 

CONTEXT-CONTEXT conditions, although there was a trend towards lower recognition 

hit rates for the OBJECT-OBJECT trials compared to CONTEXT-CONTEXT trials,  
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Table 2.4 

Recognition Hit and False Alarm (FA) Rates for Experiment 4.   

Experiment 
CONTEXT-
CONTEXT 

OBJECT-
OBJECT 

OBJECT-
CONTEXT 

FA 
OBJECTS

FA 
CONTEXTS 

 

4:  Object 
 Context 
 

79.0 (3.0) 75.0 (3.1) 64.5 (3.1) 9.1 (1.4) 10.4 (1.8) 
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t(23)=1.92, p=.07.  The false alarm rates for context lures (10.4%) and object lures 

(9.1%) were similar, t(23)<1, ns. 

An important question is whether the CSD effect was as large when the objects 

were originally encoded in the presence of a sparse context (Experiment 4) as when they 

were originally encoded in a visually rich context (as in Experiment 1).  We therefore 

compared recognition scores across Experiments 1 and 4, in which the only difference in 

the paradigms was the order of presentation of the stimuli in the context-change 

condition:  CONTEXT-OBJECT in Experiment 1 and OBJECT-CONTEXT in 

Experiment 4.  We refer to both these conditions as “context-change” conditions.   

Recognition hit rates were compared with a mixed ANOVA, comparing 

experiment (Exp. 1 vs Exp. 4) and trial condition (OBJECT-OBJECT, CONTEXT-

CONTEXT, context-change).  The ANOVA revealed no effect of experiment on 

recognition performance, F(1,46)=3.36, ns, and no significant interaction between 

experiment and trial condition, F(1,46)<1, ns.  Thus, the CSD effect was comparable 

regardless of whether the objects were studied in a sparse context or a visually complex 

context.   

There are two ways in which the results of Experiment 4 could be interpreted.  By 

one view, the results suggest that object and context information may be automatically 

integrated regardless of level of visual complexity.  A plain white background could 

serve as a context in the same way as a visually complex background, and removing that 

context would interfere with subsequent recognition.  The alternative view is that an 

object on a white background is simply an object, and is not integrated strongly to a 
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particular context.  However, since integration occurs automatically between the object 

and a visually rich context at test, the new integrated representation is still no longer a 

good match to the original object, and is difficult to recognize.  The present study cannot 

differentiate between these two alternatives.  Both accounts, however, suggest that the 

representation of an object on a white background is treated differently from an object in 

a visually rich context, such that the objects in these two conditions are essentially 

perceived as separate and distinct. 

GENERAL DISCUSSION 

To summarize, the CSD effect was reliably observed in four object recognition 

experiments.  The effect was robust, with average decreases in recognition performance 

ranging from 12.3% to 14.7% (see Figure 2.2).  The CSD was not attenuated by 

manipulations at encoding (varying incidental and intentional instructions) or retrieval 

(controlling for familiarity).  The CSD was observed regardless of whether or not the 

visually rich context was presented at encoding or retrieval; in both cases, changing the 

context from study to test resulted in a substantial decrease in recognition memory 

performance.   

The average CSD observed in the present series of studies (13%) is at the far end 

of the range reported in the literature (typically between 3% and 10%; Dougal & Rotello, 

1999 (Exp. 1 and 2); Graf & Ryan, 1990; Mori & Graf, 1996; Murnane & Phelps, 1993; 

1994; 1995 (Exp. 2 and 3)).  The large decrement in performance observed here may 

have been due to the complexity of the visual stimuli that we employed, consistent with  
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Figure 2.2.  Context Shift Decrement (percent decrease in hit rate when context changed 

between study and test) by Experiment.  Error bars represent the standard error of the 

mean. 
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previous literature.  For example, Murnane, Phelps, and Malmberg (1999) observed a 

CSD of 12% when they presented words embedded on a background of complex visual 

scenes, compared to a CSD of 3% when the words were presented on simple visual 

backgrounds. 

In contrast to the present experiments, most studies to date have substituted one 

context at study for a different context at test, rather than deleting a context and 

substituting a white background (the CONTEXT-OBJECT condition in Exps. 1, 2, and 3, 

and the OBJECT-CONTEXT condition in Exp. 4).  It is therefore unclear whether 

substituting a novel complex background for the original context would be more (or less) 

disruptive than comparing a complex background to a sparse, white background.  One 

study from the 1970's examined this issue.  In the domain of memory for faces 

(Winograd & Rivers-Bulkeley, 1977), recognition was tested with deletion of the study 

context (study a pair of faces, test only with the target face) or with substitution of 

context (study a pair of faces, test the target face re-paired with a novel face).  They 

found that both types of context resulted in a CSD, and that the CSD was greater for the 

deletion than the substitution condition.  Additionally, consistent with the present results, 

Winograd and Rivers-Bulkeley (1977) observed the CSD effect regardless of whether or 

not the participants received encoding instructions that emphasized “unitized” or 

“integrative” encoding (participants received a “cover story” about divorce and rated 

“couple compatibility” of a male and female face pair at study).     

Interestingly, integration of item and context information has also been 

demonstrated in tasks of implicit memory for complex scenes.  In a study with young 
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adults, Ryan, Althoff, Whitlow, and Cohen (2000) observed increased visual fixation 

frequency and duration as measured by eye tracking for a region within a previously 

viewed scene in which a constituent element was manipulated.  Scene manipulations 

included deletion, addition, or right/left switches of objects within the scene.  Changes in 

visual fixation times were observed independent of the participants’ explicit awareness of 

the change; the number of fixations or fixation time increased for the manipulated portion 

of the scene, regardless of whether or not participants could explicitly indicate that a 

scene manipulation had occurred.  Importantly, the relational manipulation effect was 

observed in amnesic patients over a short, but not a long delay (Ryan et al., 2000; Ryan & 

Cohen, 2004).  The authors attributed the absence of the effect to a deficit in relational 

binding between the components of long term memory (object and locations, or other 

relations among objects).   

Taken together with the results of the present experiments, the evidence is 

consistent with the view that objects and their contexts are integrated automatically into a 

unitary representation, and any change to that context from one presentation to another 

will significantly disrupt either implicit priming or explicit recognition.  The enigma 

posed by our data is why participants cannot ignore the (misleading) integrated 

representation and rely on components of the representation to control behavior.   It is 

possible that these integrated object-context representations have priority in the queue for 

control of behavior, even when other component representations also exist. 

Several lines of converging evidence suggest that integrative processing of object 

and context information relies on structures within the hippocampal complex (for 
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reviews, see Bar, 2004; Lepage, Habib, & Tulving, 1998; O’Keefe & Nadel, 1978; 

Schacter & Wagner, 1999).  This includes evidence from animal studies (Gaffan, 1994), 

neuroimaging (Bar & Aminoff, 2003; Hayes, Ryan, Schnyer, & Nadel, 2004; Maguire, 

Burke, Phillips, & Staunton, 1996), and patient populations (Scoville & Milner, 1957).  

By one account, Moscovitch (1994) described the hippocampal complex as a modular 

structure that responds reflexively to cues in the environment.  He hypothesized that the 

hippocampal complex automatically and obligatorily binds or integrates any information 

that is consciously apprehended.  Moscovitch noted the utility of a memory system that 

does not rely on intention to remember, since it is not always possible to predict which 

events will be worth committing to memory.     

We hypothesize that the obligatory integration of object and context by the 

hippocampal complex may be the critical mechanism underlying the CSD effect. The 

formation of an integrated representation may lead to difficulty recognizing components 

of that representation, when they are encountered within a different context.  This 

represents a neural instantiation of an old cognitive notion, namely, encoding variability, 

which states that the more an item varies at test from the original trace formed during 

encoding, the less likely it is that access to the original stored trace will be successful 

(Thomson, 1972).  Thomson (1972) provided evidence for encoding variability from a 

series of word recognition experiments that demonstrated CSD effects.  Encoding 

variability is complementary to, and an extension of, the encoding specificity hypothesis, 

which states that the greater the overlap between cues present at encoding and retrieval, 

the more likely the item will be remembered (Tulving, 1983; Tulving & Thomson, 1971; 
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Tulving & Thomson, 1973).  The superior performance in the same context conditions 

(OBJECT-OBJECT and CONTEXT-CONTEXT), and decreased performance in the 

changed context conditions (CONTEXT-OBJECT and OBJECT-CONTEXT) supports 

the general notions of encoding specificity and encoding variability.      

 The results presented here raise many unresolved issues.  We have hypothesized 

that integrated representations are more likely to exist when objects are presented in 

visually rich contexts, and that these integrated representations drive recognition 

performance.  But what are the variables that govern this integration?  Integration may be 

driven by the visual cues in the picture.  In the present study, the object-in-context 

pictures were taken with the actual object in place, so that subtle visual cues such as 

shading, size, depth, etc, are present and may encourage integration.  An object that is cut 

and pasted onto a background, however visually rich that background may be, may not be 

perceived in the same unitary way as an actual photograph.  Integration may also be 

driven by the semantic cues in the picture.  Bar and colleagues (Bar & Aminoff, 2003; 

Bar, 2004) have emphasized the importance of the semantic “fit” between an object and 

its context.  In our study, visual integration is completely confounded with semantic 

integration.  All the objects in the present study were presented in contexts that were 

strongly semantically related (a vase on a coffee table, a candle on a mantle, etc.).  A 

vase, for example, viewed on a living room coffee table might be very different than the 

same vase viewed in the middle of an outdoor scene.  The latter may not be integrated to 

the same extent. Although these questions are beyond the scope of the present study, we 
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present a paradigm that results in a strong and robust CSD effect on recognition, and that 

provides a method for use in subsequent studies examining these issues. 

CONCLUSIONS 

In summary, the present series of experiments provides evidence consistent with 

the idea that objects and their contexts are bound together during encoding into a single 

and integrated representation.  We suggest that this integration is (1) obligatory, and (2) 

influences future memory performance in ways that are not easily overcome by 

manipulations during either the original encoding or at subsequent memory test.  

Although the current series of experiments cannot identify the neural substrates of such 

integrative operations, previous research suggests the hippocampal complex may play an 

important role in binding components of the visual scene.   The paradigm used in the 

present study may provide a vehicle for identifying the mechanisms of object-context 

integration that govern recognition memory, and may also be amenable to studies 

investigating the functional roles of component structures within the medial temporal 

lobe in memory for visual scenes.   
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CHAPTER 3 

THE EFFECT OF AGE AND NEUROPSYCHOLOGICAL STATUS  

ON OBJECT RECOGNITION AND VISUAL CONTEXT EFFECTS.  

Experiments 1-4 in chapter 2 demonstrated a context shift decrement (CSD)—

decreased memory performance when context is changed between study and test—in an 

episodic object recognition task in young adults.  The current experiment seeks to assess 

the influence of aging on the CSD and to determine if object recognition memory is 

influenced by neuropsychological status in healthy older adults.  To address these issues, 

a battery of neuropsychological tests assumed to reflect medial temporal lobe (MTL) or 

frontal lobe (FL) function was administered, and the experimental task was a replicate of 

Experiment 1 (incidental encoding) in chapter 2.  A brief review of memory for context 

and aging is described below. 

INTRODUCTION 

Tulving (1973; 1983; 1985; 2002) defines episodic memory as the 

phenomenological re-experiencing of an event.  Episodic memory allows humans the 

capacity for “mental time travel,” and is defined by the retrieval of item and contextual 

(spatial, temporal, emotional) information associated with a particular event.  Similarly, 

source memory has been broadly defined as any information that can be acquired during 

an event (Johnson, Hashtroudi, & Lindsay, 1993).  Thus, source information can be 

regarded as the retrieval of information related to the origin of the memory (real or 

imagined; Johnson & Raye, 1981), in addition to the spatial (Chalfonte, Verfaellie, 

Johnson, & Reiss, 1996), temporal (Squire, Nadel, & Slater, 1981), social (Mather, 
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Shafir, Johnson, 2003), and emotional (Johnson, Nolde, & DeLeonardis, 1996) context in 

which the memory was acquired.    

Based on a coarse description that episodic and source memory often refer to 

retrieval of extra-item information, paradigms used to investigate episodic and source 

memory are often the same, but given the label of either an episodic or source memory 

task.  Indeed, when investigating memory for context, both source and episodic memory 

paradigms typically present information from one of two sources (words studied 

underwater or on land, spoken in a male or female voice, presented on the left or right 

side of the screen, etc.).  Source memory paradigms typically compare retrieval accuracy 

of item information to retrieval accuracy of contextual information, and in this case, are 

equivalent to episodic memory paradigms that explicitly test memory for contextual 

information as well.  For example, Nyberg, McIntosh, Cabeza, Habib, Houle, & Tulving 

(1996) presented words to participants on the left or right side of a computer screen and 

described it as an episodic memory task, whereas Rahhal, May, and Hasher (2002) 

presented sentences to participants spoken in one of two voices and referred to it as a 

source memory task.  In both cases, the experimental task is identical: the participant is 

required to make a binary judgment about perceptual information (the sound of a voice or 

the location of a word) associated with the presentation of an item.   

Perhaps more critical than the episodic/source memory distinction is the manner 

in which memory for contextual information is tested, either intentionally or incidentally.  

For instance, a subset of episodic memory tasks, typically labeled as “environmental 

context” paradigms, differs significantly from traditional source paradigms.  
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Environmental context paradigms compare memory performance for item information 

when retrieval occurs in an environment that is either the same or different from the 

original encoding environment.  Thus, source paradigms intentionally test memory for 

contextual information and item information, whereas environmental context paradigms 

assess the influence of contextual information incidentally, by measuring its effect on 

item memory.   

Numerous behavioral studies have demonstrated that aging has a greater 

detrimental impact on intentional memory for context relative to item information 

(Ferguson, Hashtroudi, & Johnson, 1992; Henkel, Johnson, & DeLeonardis, 1998; 

Schacter, Kaszniak, Kihlstrom, & Valdiserri, 1991; Spencer & Raz, 1994; for review, see 

Zacks, Hasher, & Li, 2000).  Intentional context memory impairments have been 

observed for perceptual modality (auditory vs. visual; Kausler & Puckett, 1981a; 

McIntyre & Craik, 1987), speaker's voice (male vs. female; Kausler & Puckett, 1981b), 

location of words (Denney, Dew, & Kihlstrom, 1992), and object location (Park, Puglisi, 

& Lutz, 1982; Park, Puglisi, & Sovacool, 1983; Uttl & Graf, 1993).  Indeed, a 

comprehensive meta-analysis by Spencer & Raz (1995) concluded that effect sizes of 

age-related memory deficits are moderate for item memory (d=.58) and large for 

intentional context memory (d=.87).  Furthermore, age-related impairments in item 

memory were modulated by encoding (intentional vs. incidental) and retrieval task (free 

and cued recall vs. recognition), whereas age-related differences in intentional memory 

for context were homogenous, that is, not impacted by these variables.   



47 

Neuroanatomical evidence of dissociation between item and source memory is 

derived from patients suffering frontal lobe damage, who typically exhibit greater 

impairment in source relative to item memory, presumably because retrieval of source 

information relies upon search, selection, maintenance and monitoring processes 

dependent upon frontal brain regions (Janowsky, Shimamura, & Squire, 1989; Johnson, 

O’Connor, & Cantor, 1997).  Whereas source memory has been associated with frontal 

function, it is generally well accepted that medial temporal lobe structures are critical for 

episodic retrieval of item information (Scoville & Milner, 1957; Cohen & Eichenbaum, 

1993).  

Additional evidence suggesting a double dissociation between item and source 

memory has been reported by Glisky and colleagues.  Glisky, Polster, and Rothieaux 

(1995) administered a battery of neuropsychological tests designed to assess medial 

temporal lobe (MTL) and frontal lobe (FL) function, and classified older adults as high or 

low MTL and high or low FL.  Older adults classified as low FL performed worse than 

those classified as high FL on the source memory task (memory for voice), even though 

they did not differ in terms of their item memory (memory for the sentence).  When 

classified by MTL function, low MTL older adults performed worse than high MTL older 

adults on the item memory task, although the performance of the two groups did not 

differ on the source memory task.  Glisky, Rubin, and Davidson (2001) again 

demonstrated that older adults classified as low FL function were impaired on an explicit 

source memory task, but that integrative encoding instructions eliminated the impairment 

in source memory performance.  The results of Glisky’s studies suggest that aging, per 
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se, does not impair source memory performance, but that in older adults, memory for 

source is dependent upon frontal function.   

A small number of studies have investigated the effect of context on item recognition 

in older adults, but the results are inconsistent.  Vakil, Melamed, & Even (1996) provided 

evidence that the CSD was not attenuated by age.  They presented objects in contexts 

(e.g., a book on a chair), and at test, presented objects in a same, “neutral”, or different 

context.  Whereas differences in overall level of object recognition performance between 

groups were found (young > old), they reported similar CSDs in young and older adults.  

Increasing exposure duration at study from 1 to 6 s improved overall performance in both 

groups but did not affect the CSD.  It is worth noting that Vakil et al. included direct 

measure of item (free recall) and Yes/No context recognition, and indeed, found that 

older adults were impaired relative to young adults in these tests.  Naveh-Benjamin & 

Craik (1995) demonstrated that older adults were impaired in intentional retrieval of 

context information (font type or voice).  They also observed a CSD in word recognition 

for young and older adults, for both font and voice.  The difference in the magnitude of 

the CSD between young (.03) and older adults (.08) was not significant (p <.10), 

although the results suggested that the older adults performance was more greatly 

affected by the context shift.  In addition, the CSD effect was larger and more reliable for 

general perceptual modality (visual, auditory), as opposed to specific perceptual 

characteristics (Voice A vs. Voice B).  Finally, Bayen, Phelps, and Spaniol (2000) failed 

to observe a CSD in older adults when words were presented in a simple context (item 

color and screen color), while a CSD was observed in younger adults.  Using a more 
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complex context, the authors observed a CSD in young and older adults.  They attributed 

the lack of CSD in the simple context to older adults having a particular deficit 

integrating item and context information.    

Park and colleagues have also investigated context effects in older adults.   Park, 

Puglisi, Smith, & Dudley (1987) simultaneously presented paired line drawings, one 

serving as a cue and the other as a target, and varied the presence or absence of the cue at 

encoding and retrieval under normal and divided attention conditions.  When performing 

a recognition task under full attention, young adults performed equally well when the 

context was the same or different.  On the other hand, a context shift decrement (CSD)—

decreased memory performance when context is changed between study and test—was 

observed in older adults under full attention (and young adults under divided attention).  

In a similar study, Park, Puglisi, and Sovacool (1984) presented black and white cartoon 

drawings (Family Circus comics) to young and older adults, and varied the presence or 

absence of context at encoding or retrieval.  They observed a CSD and an age X stimulus 

interaction, where young adults performed better when context was present while older 

adults performed better when context was absent.   

Overall, there have been very few studies investigating incidental memory for 

contextual information.  The results suggest a trend that incidental context memory may 

be resistant to age-related changes, yet additional research is needed.  The exact 

mechanism underlying the CSD is difficult to determine given the variability of test 

materials amongst the studies (words, scenes of cartoon characters, and unrelated line 

drawings).  Furthermore, it is difficult to determine if the observed impairments are 
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attributable to aging in general or impairments in a specific cognitive domain (executive 

function versus memory function).   

In chapter 2, we hypothesized that the binding of object and contextual 

information was an automatic process.  According to Hasher & Zacks (1979), an 

automatic process should be resistant to intention, and indeed, no difference in the CSD 

was observed in young adults under incidental versus intentional encoding conditions.  

An additional criterion of Hasher & Zacks conceptualization of an automatic process is 

that it should be resistant to aging.  Thus, there were two main goals of the current study.  

First, we sought to determine if the CSD was present in older adults, and of a similar 

magnitude, as our previous studies with young adults.  We hypothesized that similar to 

young adults, older adults’ object recognition performance would decrease when context 

was changed between study and test.  The observation of a CSD in older adults would 

further support our suggestion that the binding of object and context information occurs 

automatically.   Second, we sought to determine if neuropsychological status influenced 

object recognition performance, or the CSD, in older adults.  Previous studies of object 

recognition memory in older adults did not formally assess their neuropsychological 

status.  A recent approach in the geriatric literature has centered on the idea of successful 

aging, which hypothesizes that aging does not have a ubiquitous, detrimental effect on 

cognitive function, and that a subgroup of older adults will perform as well as young 

adults.  Thus, the successful aging hypothesis represents the idea that cognitive status, as 

opposed to age, is a more relevant predictor of performance.  Indeed, previous studies of 

the effect of neuropsychological status on source memory performance have supported 
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the successful aging hypothesis (Glisky et al., 1995; 2001).  If aging has a unitary effect 

on object recognition performance, than no differences should exist between older adults 

classified on the basis of their neuropsychological test scores.  The successful aging 

hypothesis would be supported if object recognition performance were influenced by 

performance on neuropsychological tests.  More specifically, because object recognition 

is thought to rely more heavily on MTL structures, we hypothesized that older adults 

classified as high memory (MTL), would perform better than those classified as low 

memory (MTL).  To investigate these issues, older adults were tested with the same 

experimental paradigm as our previous experiments with young adults.  Older adults 

were also administered a battery of neuropsychological tests and assigned two scores, a 

memory score assumed to reflect MTL function, and an executive function score 

assumed to reflect FL function (Glisky et al., 1995).   

METHOD 

Participants. 50 older adults (29 females; aged 65-90, mean=74.5 years; 

education 10-23 years, mean=15.6) were recruited from the Tucson community.  

Participants reported that they were in good health and had normal or corrected to normal 

hearing and vision.  They gave informed consent and received financial compensation.  

On the basis of neuropsychological testing (see below) and previous factor analyses in a 

similar population, each individual was assigned two scores: a memory score thought to 

represent MTL function and an executive function score thought to represent FL function 

(see Glisky et al., 1995 and Glisky et al., 2001 for details).  Using a median split, the 

participants were classified as high or low MTL and high or low FL function (see Table 
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3.1 for group characteristics).  A multivariate analysis using age, education, and scaled 

vocabulary scores as dependent variables and memory (high, low) and executive function 

(high, low) as fixed factors revealed no between subjects differences in age or level of 

education, F’s (1,46) <1, p=ns, and no significant interactions, F’s (1,46) <1.44, p=ns.   

Older adults classified as high memory or high executive function attained higher 

Vocabulary scores than those classified as low memory or low executive function, F’s 

(1,46) > 6.98, p’s < .05.  

Experimental Materials.  The materials were the same as chapter 2, Exp. 1. 

Neuropsychological Test Materials.  A battery of neuropsychological tests 

designed to assess memory and executive function was administered (Glisky et al., 1995; 

Glisky et al., 2001).  Although the testing has yet to be validated with a group of 

neuropsychological patients, the memory score is assumed to reflect MTL function, while 

the executive function score is assumed to reflect FL function.  Executive function tasks 

administered included:  the Wisconsin Card Sorting Task, letter fluency (FAS), Mental 

Arithmetic (Wechsler Adult Intelligence Scale-III; WAIS-III), Mental Control (Wechsler 

Memory Scale-III; WMS-III), Backward Digit Span (WMS-III).  Memory tasks 

administered included:  the California Verbal Learning Test (CVLT), Visual Paired 

Associates II (WMS-R), Logical Memory I, Verbal Paired Associates I, Faces (all from 

WMS-III). 

 



53 

Table 3.1.   

Mean Characteristics of Groups Selected According to Medial Temporal Lobe (MTL) or 

Frontal Lobe (FL) function. 

Low MTL function High MTL function
Low FL High FL Low FL High FL

Variable M SD M SD M SD M SD 
Age (years) 75.7 6.2 73.0 7.7 76.8 6.3 72.7 6.1 
Education 
(years) 14.7 2.1 16.8 3.0 15.6 3.5 15.8 2.7 
Vocabularya 11.6 2.0 13.0 1.9 13.4 2.2 15.0 1.9 
FL scoreb -0.92 0.45 0.39 0.43 -0.43 0.20 0.41 0.44 
MTL scoreb -0.79 0.80 -0.48 0.41 0.51 0.29 0.47 0.36 
nC 15 10 10 15

Note.  FL = frontal lobe; MTL = medial temporal lobe. 
aScaled Scores from the Wechsler Adult Intelligence Scale-III (Wechsler, 1997). 
bz scores (see text). 
cNumber of participants. 

 



54 

Procedure. After obtaining informed consent, participants completed the 

experimental object recognition test and neuropsychological test session.  Both sessions 

occurred on the same day, with a 10-minute break between sessions.  Session order was 

counterbalanced across participants.  Participants were debriefed after completion of both 

sessions. 

Experimental Procedure.  The experimental procedure was identical to Exp. 1 in 

chapter 2, although older adults used the left and right ‘Shift’ buttons on a computer 

keyboard to make their responses, as opposed to pressing a mouse button.  Feedback 

from pilot subjects suggested that older adults preferred to use the ‘Shift’ button.   

Neuropsychological Testing Procedure. Neuropsychological testing lasted 

approximately two hours.  To reduce the effects of interference, visual tasks were 

administered during the delay for the CVLT, and verbal tasks were administered during 

the delay for Visual Paired Associated-II.  Participants were given a 5-10 minute break 

between the object recognition task and neuropsychological testing.  Order of 

neuropsychological testing and the object recognition task was counterbalanced across 

participants.  Based on factor analyses used in a similar sample (Glisky et al., 1995; 

Glisky et al., 2001), participants were assigned a memory score and an executive function 

score, and classified as high or low memory (MTL function) and high or low executive 

function (FL function) using a median split.   
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RESULTS 

Results of a univariate ANOVA showed that older adults classified as low MTL 

or low FL had a higher false alarm rate than those classified as high MTL or high FL, F 

(1,46)=6.15, p<.05, and F (1,46)=12.55, p<.05, respectively.  The interaction was not 

significant, F (1,46)=3.32, p=ns.  Because the false alarm rate differed between 

subgroups of older adults, subsequent analyses were based on corrected recognition 

scores (hits - false alarms).   

Results of a 2 (MTL group) X 2 (FL group) X 3 (memory condition) mixed 

ANOVA showed a significant between subjects effect of MTL function, F (1,46)=7.82, 

p<.05, and a significant within-subject effect of memory condition, F (2,92)=35.80, 

p<.001.  High MTL older adults were more accurate than low MTL older adults in each 

memory condition (Figure 3).  As with previous studies in young adults, a CSD was 

observed in older adults in the current experiment.  That is, older adults corrected 

recognition scores for the OBJECT.OBJECT and CONTEXT.CONTEXT conditions 

were significantly higher than the CONTEXT.OBJECT condition, LSD pairwise 

comparison, p’s <.001.  The effect of FL function was not significant, F(1,46)=2.92, 

p=.094.  There were no significant interactions.   
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Table 3.2   

Corrected recognition scores of older adults grouped by neuropsychological status.  

MTL=medial temporal lobe, FL=frontal lobe.   

MTL Function 
 High Low Overall
FL Function M SD M SD M SD 
High
Object.Object .74 .10 .59 .14 .68 .14 

 
Context.Context .70 .14 .60 .16 .66 .15 
 Context.Object .59 .16 .52 .20 .56 .18 
Low
Object.Object .66 .16 .57 .13 .61 .14 

 
Context.Context .66 .13 .52 .18 .58 .17 
 Context.Object .52 .15 .41 .15 .45 .16 
Overall
Object.Object .71 .13 .58 .13   

 
Context.Context .68 .14 .55 .17   
 Context.Object .56 .16 .45 .18   
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Figure 3.1  Corrected recognition scores of older adults classified by medial temporal 

lobe function (MTL: High, Low) and frontal lobe function (FRONT:  High, LOW).  

Corrected recognition scores from an identical study with young adults (chapter 2, 

Experiment 1) are plotted on the right for comparison.  Error bars represent the standard 

error of the mean. 
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DISCUSSION 

In the current experiment, a CSD was observed across all groups of older adults, 

regardless of classification based on neuropsychological testing.  The results are 

consistent with previous reports investigating the effects of visual context on object 

recognition in older adults (Park et al., 1984; Park et al., 1987; Vakil, Melamed, Even, 

1996).  Taken together, these studies demonstrate that the benefit of contextual 

information on object recognition is replicable, relatively stable across the life span, and 

observable across a range of visual materials (complex pictures presented on a computer, 

line drawings and cartoons presented on paper, and pictures presented via slideshow).   

In addition, our data also suggest that the binding of object and context 

information into a single, integrated representation occurs automatically.  According to 

Hasher & Zacks (1979), intention to remember and aging should not affect operations 

that are automatic (as opposed to effortful).   In four studies with young adults (chapter 

2), the CSD was not attenuated by encoding instructions (incidental vs. intentional) or 

manipulations of target and lure familiarity.  The present study further demonstrates that 

aging does not influence the CSD.  Indeed, using the same experimental paradigm, we 

found no difference in the magnitude of the CSD between young and older adults.   

Importantly, the results of the current study demonstrated that neuropsychological 

status (high vs. low MTL function) influenced object recognition accuracy.  Previous 

research indicated no differences in picture recognition in young and older adults (Park et 

al., 1984; Park et al., 1987).  In the current study, this was true for a subset of older adults 

classified as high MTL.  However, older adults classified as low MTL performed more 
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poorly on picture recognition (objects and scenes) than young adults.  The results support 

the successful aging hypothesis--the idea that aging does not have a ubiquitous 

deleterious effect on cognitive function--as no difference in recognition accuracy was 

observed between high MTL older adults and young adults.  Furthermore, the results of 

the current study provide complementary evidence to the findings of Glisky et al. (2001).  

In their study, older adults classified as high FL function performed as well as young 

adults on a source memory task.   

Previous research has suggested that intentional memory for contextual or source 

information is influenced by executive (FL) function.  Indeed, Glisky et al. (2001) 

demonstrated that older adults classified as low FL function were impaired when required 

to retrieve source information.  Importantly, they found no difference in item recognition 

scores between the high and low FL groups.  In the current experiment, older adults 

classified as low MTL function were impaired in an object recognition task relative to 

those classified as high MTL function.  In addition, no difference was observed in object 

recognition accuracy between the high and low FL function groups.  Taken together, the 

findings suggest that recognition accuracy may rely more heavily on MTL function, 

while explicit retrieval of source relies more heavily on FL function.  However, it is 

important to note that neuropsychological testing measures cognitive function, and is 

assumed to reflect underlying brain (MTL and FL) function.  Indeed, although we 

hypothesize that the hippocampal complex mediates the binding of object and context 

information, the CSD was not influenced by neuropsychological tests thought to reflect 

MTL function.  Importantly, classification of MTL function was based on a composite 
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score from memory tests that rely on recognition and recall.  It is possible that the 

binding of object and context information is subsumed by one subregion of MTL, i.e., the 

hippocampal formation, whereas object recognition is subsumed by a different subregion 

of MTL, i.e., rhinal cortex.  In the current experiment, the neuropsychological testing 

procedure and classification of healthy, normal older adults (i.e., a non-patient 

population) may be sensitive to detect differences in recognition processes, but 

insensitive to detection of differences in binding operations.  However, it is worth noting 

that the binding processes appeared intact across groups, whereas object recognition was 

impaired, suggesting that binding and recognition processes may be independent.  In 

chapter 4, we attempt to further clarify the role of the hippocampal complex in the 

binding of object and context information using this same paradigm while participants 

undergo functional Magnetic Resonance Imaging.    

 



61 

CHAPTER 4 

EXAMINATION OF THE NEURAL CORRELATES OF THE CONTEXT  

SHIFT DECREMENT USING FUNCTIONAL MAGNETIC RESONANCE IMAGING. 

 Thus far, the CSD has proven resistant to encoding and retrieval manipulations 

(chapter 2) and aging and neuropsychological status (chapter 3).  Chapter 3 demonstrated 

that MTL status impacted overall object recognition performance (High > Low), but 

overall, neuropsychological testing does not have the sensitivity to provide evidence of 

the specific neural underpinnings of the CSD.  The neural correlates of the CSD are likely 

to be mediated by subregions of MTL, e.g., the hippocampal formation (CA fields, 

dentate gyrus, and the subiculum) and/or the parahippocampal gyrus (rhinal cortex:  

entorhinal, perirhinal, and parahippocampal cortex).  Based on previous research, it is 

likely that the PHG plays a role in the CSD as it has been identified as a region critical 

for the processing of scene information in multiple neuroimaging experiments.  In a 

landmark study, Epstein & Kanwisher (1998) demonstrated that a region within PHG 

responded preferentially to scenes relative to faces and objects.  In follow-up studies, 

Epstein, Kanwisher, and colleagues have shown that the PHG responds to common 

indoor scenes (desktops; Epstein, Graham, & Downing, 2003) and “Lego” block scenes 

(Epstein, Harris, Stanley, & Kawisher, 1999), and is preferentially activated when 

viewing unfurnished, empty rooms relative to object arrays on a white background 

(Epstein & Kanwisher, 1998, Exp. 2).  Recently, Epstein (2005) has suggested that the 

PHG “represents the geometric structure of scenes as defined primarily by their 

background elements.”   
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It is important to note that Epstein’s studies have focused on the perception of

scene information, and have not directly investigated the role of PHG in memory for 

scene information.  Critically, Bar & Aminoff (2003) demonstrated that PHG activation 

was observed when participants viewed objects with differing strengths of spatial 

contextual associations.  Objects that were highly associated with a unique spatial context 

(e.g., a hardhat) elicited greater activity in PHG than objects without a uniquely 

associated context (e.g., a fly).  In another interesting study, Epstein et al. (1999; Exp. 1) 

presented pictures of landmarks (on a white background) from M.I.T. and Tufts 

campuses to students from each respective university.  Familiar landmarks (e.g., M.I.T. 

landmarks to an M.I.T student) elicited greater PHG activation than unfamiliar landmarks 

(e.g., Tufts landmarks to an M.I.T. student), presumably because participants were 

retrieving visual contextual (scene) information associated with the familiar landmark.  

Taken together, Bar & Aminoff (2003) and Epstein et al. (1999) have demonstrated that 

the PHG plays a role in semantic retrieval of spatial contextual (scene) information.     

Hayes, Ryan, Schnyer & Nadel (2004) extended the role of PHG in memory by 

demonstrating that the PHG also is important for the episodic retrieval of spatial context 

information.  They observed preferential activation in right PHG during episodic retrieval 

of spatial location information – more so than during the retrieval of either object or 

temporal order information.  Their results suggested that PHG activation was not driven 

simply by the presentation of complex scenes, but by the specific requirements of the 

episodic memory task, as PHG responded preferentially only when subjects were 

required to remember the combination of scene elements that had been presented at 
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study.  Burgess et al. (2001) provided corroborative evidence suggesting a role for PHG 

in episodic memory retrieval of spatial context.  Using a virtual reality environment, they 

observed preferential activation of the right PHG during retrieval of spatial context 

information, relative to retrieval of object and non-spatial source information (which 

person gave them an object).  Taken together, these studies suggest that the PHG may 

play a critical role in the CSD, as it appears to mediate processing of scene information 

and retrieval of spatial context information.  

The results presented above suggest that subregions of MTL are specialized for a 

specific type of information or process.   It is important to note that this topic, the specific 

role of MTL structures in memory, is hotly debated.  The most basic dichotomy of views 

of MTL regions in memory can be characterized as the “unified” versus the 

“differentiated” view.  The unified view posits that hippocampus and rhinal cortex are 

equally involved in retrieval of different aspects of memory, e.g., item and contextual 

information (Squire, 1992; Stark & Squire, 2001; Stark & Squire, 2003).  Alternatively, 

the differentiated view hypothesizes that the hippocampus and rhinal cortex mediate 

distinct memory processes.  Critically, there are several different camps that have offered 

theories subscribing to the differentiated view (Aggleton & Brown, 1999; Eichenbaum, 

Otto, & Cohen, 1994; O’Keefe & Nadel, 1978).  In addition, Multiple Trace Theory 

(MTT) has suggested differential role for MTL regions in human memory (Moscovitch & 

Nadel, 1998; Nadel & Moscovitch, 1997; 1998; Nadel, Ryan, Hayes, Gilboa, & 

Moscovitch, 2003; Nadel, Samsonovich, Ryan, & Moscovitch, 2000).  To date, MTT has 

focused on distinguishing the role of MTL structures in retrieval of recent versus remote 
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episodic memory and, in addition, has offered some tentative statements about the role of 

MTL in episodic versus semantic memory.  The current paradigm will test several of 

MTT’s predictions and may provide informative evidence for expanding the theoretical 

scope f MTT (for review, see Nadel et al., 2003).   

First, MTT posits that retrieval of contextual information (e.g., spatial) is 

dependent upon the hippocampal complex (hippocampal formation and PHG).  In a 

previous fMRI study of episodic memory, Hayes, Ryan, Schnyer, & Nadel (2004) 

provided support for this hypothesis by demonstrating that a region within the 

hippocampal complex, the PHG, responded preferentially to the retrieval of spatial 

location (object-location) information.  In the current paradigm, additional evidence that 

the hippocampal complex is preferentially activated for the retrieval of contextual 

information would be garnered by observing greater activation in PHG during memory 

for context relative to memory for object information.   

Second, MTT suggests that re-encoding or “reactivation” of a memory will result 

in an altered memory trace.  Retrieval of an episodic memory expands and spatially 

distributes the trace within the hippocampus, strengthening the neural representation of 

the memory.  Presumably, remote memories have been reactivated/re-encoded more often 

than recent memories, and thus have a more distributed representation in the hippocampal 

complex due to a greater number of memory traces.  Using recent and remote 

photographs, Gilboa et al. (2004) provided fMRI evidence for this hypothesis, as they 

observed a more widespread distribution of activation along the long axis of the 

hippocampus during retrieval of remote memories relative to recent memories.  In the 



65 

current paradigm, reactivation of the memory traces at retrieval should result in greater 

activation in the hippocampal complex for targets at retrieval relative to targets at 

encoding.  That is, targets will have been presented for a second time at retrieval, 

resulting in two reactivation/re-encoding experiences, and which should result in greater 

distribution of memory traces within the hippocampus relative to only one encoding 

experience.  In regards to fMRI data, we would thus predict greater activation at retrieval 

relative to encoding for target items.   

Third, MTT makes few predictions about specific neural localization of encoding 

processes.  Although MTT states that the hippocampal complex rapidly and obligatorily 

encodes consciously attended information, similar to Moscovitch’s description of the 

hippocampus as a “stupid” processor, MTT does not currently make predictions about the 

role of regions within MTL during the encoding of different types of information, e.g. 

object and context information.  The current paradigm could inform MTT by elucidating 

roles of MTL structures during encoding processes, namely, if encoding of object and 

context information differs as predicted at retrieval.   

In addition, we can also make predictions relevant to the unified versus 

differentiated debate of MTL function.  For instance, equivalent patterns of activation for 

encoding or retrieval of object and context information within the hippocampus and 

rhinal cortex (parahippocampal gyrus; PHG) would support the unified view.  

Alternatively, preferential activation of hippocampus or PHG for encoding or retrieval of 

object or context information would support the differentiated view.     
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To date, we are not aware of any previous neuroimaging studies that have 

investigated the neural correlates of the CSD.  To address this gap in the literature, we 

have replicated Experiment 1 in chapter 2 (incidental encoding), although in the current 

experiment participants completed the study and test phases while undergoing functional 

Magnetic Resonance Imaging (fMRI).  We hypothesize that the PHG will play a distinct 

role in processes associated with the CSD, which may manifest in one of three ways.  

First, binding of object and context information at study may in fact lead to diminished 

ability to recognize the object when it is presented alone.  Because we have used a rapid, 

event-related fMRI design, we can sort trials at study based on their subsequent memory 

performance.  Thus, greater MTL activation observed during study of items that were 

subsequently “forgotten” would support the idea that binding of object and context 

information, paradoxically, leads to worse object recognition performance.  Alternatively, 

at retrieval, successful recognition of objects that have been taken out of their context 

may be mediated by PHG activation, as this region may play a role in reinstating critical 

(i.e., missing) visual contextual information necessary for object recognition, as 

suggested by findings of Bar & Aminoff (2003) and Epstein et al. (1999).  Finally, the 

CSD could be mediated by the recapitulation of encoding processes at retrieval—that is, 

successful recognition performance could be mediated by increased PHG activation at 

both encoding and retrieval.       

In relation to MTT, we hypothesize that hippocampal complex will be 

preferentially activated during retrieval of contextual information.  We also predict 

greater activation within the hippocampal complex for targets at retrieval, relative to 
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encoding, due to a second experience with the stimulus, which should result in a more 

distributed representation within the hippocampal complex.  In regards to the unified 

versus differentiated debate, we predict that our data will support the differentiated view 

of MTL function; that is, hippocampus and rhinal cortex will make distinctive responses 

during the retrieval of object and context information.   

METHOD 

Participants. Twenty-three University of Arizona undergraduates with normal 

hearing and vision gave informed consent and were screened for contraindications to 

MRI.  Participants were oriented to the fMRI scanning procedure prior to the imaging 

session and received course credit as compensation.  Three participants were excluded 

from neuroimaging analyses (two on the basis of their recognition memory performance, 

which did not differ from chance, and one due to excessive head motion).  The remaining 

20 participants were included in all analyses (14 females, 6 males; mean age = 20.2 years, 

mean education = 12.6 years).   

Experimental materials. Materials were identical to Experiment 1 (Chapter 2), 

with the exception that additional CONTROL trials were included for appropriate 

modeling of the hemodyanmic response. 

Study materials.  The study list consisted of 170 trials:  40 unique objects 

presented on a white background (OBJECT-OBJECT), 80 unique objects presented in 

context (40 CONTEXT-CONTEXT and 40 CONTEXT-OBJECT), and 44 Fourier 

transformed images of objects and objects in contexts (CONTROL), and 3 primacy and 3 

recency filler trials.  There were 2 study lists, counterbalanced across participants.    
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Test materials. The test list consisted of 247 trials:  40 target objects presented 

on a white background that had been presented on a white background during study 

(OBJECT-OBJECT), 40 target objects presented in the same visually rich context as 

during study (CONTEXT-CONTEXT), 40 target objects presented on a white 

background that were presented in a visually rich context during study (CONTEXT-

OBJECT), 40 object lures (novel object on a white background), 40 context lures (novel 

object presented in a novel context) and 47 Fourier transformed images of objects and 

objects in contexts overlaid with an ‘X’ or an ‘O’ (CONTROL).  There were 2 test lists, 

counterbalanced across participants.  Items from Study List B served as lures for Test 

List A, and items from Study List A served as lures for Test List B. 

Procedure.  After giving informed consent, participants completed a practice 

study session outside the scanner on a PC computer.  Participants were asked to make a 

price judgment about an object (incidental encoding).  If the object was presented in a 

context, participants were asked to make a price judgment about the object in the center 

of the picture.  Participants responded with a left mouse button press if they thought the 

object cost less than $25 or with a right mouse button press if they thought the object cost 

more than $25.  For control trials, participants made a left mouse button press if an ‘X’ 

appeared on the screen or a right mouse button press if an ‘O’ appeared on the screen.  

During the practice session, visually presented instructions preceded each trial.  

Participants were informed that the instructions would not appear during the actual 

experiment and to memorize the button mapping.  Participants were not aware that a 

memory test would follow.   



69 

After the practice encoding session, participants were placed supine on the MRI 

table, fitted with high-resolution goggles and earphones (Resonance Technologies, Los 

Angeles, CA), and had their heads stabilized with cushions.   

The participants were moved into the bore of the scanner, and sagittal localizer and high 

resolution structural scans were collected (see the Image Acquisition section).  Next, 

participants completed the study session (incidental encoding) while undergoing 

functional scanning.  Stimulus order and presentation duration were determined by 

optseq2, a software program designed to maximize statistical efficiency in rapid event-

related fMRI analyses (http://surfer.nmr.mgh.harvard.edu/optseq/; Dale, 1999; Dale, 

Greve, & Burock, 1999).  Experimental stimuli were presented for 3 s and control stimuli 

were jittered such that presentation duration ranged from 2.25 s to 6.75 s with an inter-

trial interval of 1.5 s for all trials.  Stimuli were presented via high resolution goggles 

using a PC computer with DMDX (version 2.4.06; 

http://www.u.arizona.edu/%7Ejforster/dmdx.htm; Forster & Forster, 2003), a stimulus-

presentation program.  Button presses and response times were recorded with a mouse 

held in the participant’s right hand.  

After incidental encoding, participants received a surprise yes-no recognition test 

while undergoing functional scanning.  Participants were instructed to press the left 

mouse button on a trial if the object was old, even if they had previously seen the object 

in a naturalistic context, and to press the right mouse button if the object was new.  

Button presses and response times were recorded with a mouse held in the participant’s 

right hand.  Similar to the study phase, stimulus order and presentation duration were 
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determined by optseq2 (Dale, 1999; Dale, Greve, & Burock, 1999).  Test probes were 

presented for 3 s and control stimuli were jittered such that presentation duration ranged 

from 2.25 s to 6.75 s with an inter-trial interval of 1.5 s for all trials.  Stimuli were 

presented via high resolution goggles using a PC computer with DMDX (Forster & 

Forster, 2003).  After the recognition test, T-1 structural scans were collected, and 

participants were removed from the scanner and debriefed.  

Image Acquisition. Images were collected on a General Electric 3.0 Tesla HD 

Signa Excite long bore scanner (Milwaukee, WI), equipped with Optimized ACGD 

Gradients (40mT/m, 150 mT/m/ms slew rate running 12x software).  Total scan time was 

approximately 1 hr. A sagittal localizer was collected in order to align a high resolution 

SPGR series (1.5-mm sections covering whole brain, interscan spacing=0, matrix =256 

X256, flip angle=30, TR =22 ms, TE=min full, FOV=24 cm) that was used to overlay 

functional images for coregistration in Talairach space and anatomical localization.  

Following acquisition of the high-resolution anatomical images, we acquired whole-brain 

functional images parallel to the anterior commissure–posterior commissure plane using a 

single-shot spiral in/spiral out sequence (Glover & Law, 2001; direction=superior to 

inferior, matrix=64X64, FOV=24 cm, TR=2040 ms, TE=30 ms, sections=31, 

thickness=3.8 mm, interscan spacing=0).  Functional scanning lasted approximately 30 

minutes, and occurred in 2 runs (study=334 reps plus 10 reps that were discarded to allow 

MR signal to normalize, test =516 reps plus 5 reps that were discarded to allow MR 

signal to normalize).  After completion of functional scanning, T1-weighted images 

(direction=superior to inferior, matrix=256X256, FOV=24, TR=500, TE=min full, 
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sections=31, thickness=3.8 mm, interscan spacing=0) were collected in the exact 

orientation as the functional images.   

Image Analysis. Using SPM2 (Wellcome Department of Imaging Neuroscience; 

Frackowiak et al., 1997), images were corrected for asychronous slice acquisition (slice 

timing: reference slice=15, TA=1.97), realigned (create mean image only), normalized 

(MNI space; defaults), and smoothed (7 mm kernel). The hemodynamic response for 

each trial was modeled using a hemodynamic response function (HRF) with time and 

dispersion derivatives.  Serial correlations were estimated using an autoregressive AR (1) 

model.  Data were high pass filtered using a cutoff of 128 s, and global effects were 

removed (session specific grand mean scaling, global scaling).  To identify regions of 

significant activation, group random-effects analyses were performed for conditions of 

interest (threshold, p<.01, minimum of 10 contiguous voxels). 

RESULTS 

Behavioral Results.  A repeated measures analysis of variance (ANOVA) was 

used to compare recognition hit rates in the three experimental conditions (OBJECT-

OBJECT, CONTEXT-CONTEXT, and CONTEXT-OBJECT), and followed up with 

paired t-tests using SPSS 12.0 for Windows.  False alarms rates (object lures, context 

lures) were compared using a paired t-test.  The alpha level for all significance tests was 

set at .05.  

Hit and false alarm rates are presented in Table 4.1.  Under incidental encoding 

instructions, recognition hit rates were significantly different across the three target 

conditions, F(2,38)=35.34, p<.001.  Importantly, consistent with previous behavioral 
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experiments, a CSD was observed.  Recognition performance was significantly lower in 

the CONTEXT-OBJECT condition relative to the OBJECT-OBJECT and CONTEXT-

CONTEXT condition, t’s (19)>6.19, p< .001.  Hit rates were equivalent in the OBJECT-

OBJECT and CONTEXT-CONTEXT condition, t(19)<1, ns.   The mean false alarm rate 

was 12.19%.  There was no difference in the false alarm rate between context lures 

(12.4%) and object lures (12.0%), t(19)<1, ns. 

 Response times for each trial type are presented in Fig. 4.1.  One participant was 

excluded from the response time analyses because the participant did not false alarm to 

any object lures.  A 2 (memory judgment: correct, incorrect) X 5 (condition:  

Object.Object, Context.Context, Context.Object, Lure Object, Lure Context) mixed 

ANOVA revealed a main effect for memory judgment, F(1,18)=18.17, p<.001, as 

response times were faster for correct (M=1122 ms, SE=44) than incorrect (M=1420 ms, 

SE=95) responses.  There was a main effect of condition, F(4,72)=3.04, p<.05, and 

pairwise comparisons revealed participants took longer to respond to lure contexts than 

any other condition, all mean differences > 89 ms and standard errors < 29 ms, p’s < .05.  

The memory judgment X condition interaction was significant, F(4,72)=3.43, p<.05.  

Pairwise comparisons revealed no differences in response time for incorrect trials, all 

mean differences < 113, all standard errors > 58, p’s =ns.  For target memory conditions, 

pairwise comparisons revealed responses times were fastest for Object.Object correct 

trials, followed by Context.Context correct, and then Context.Object trials, all mean 

differences > 61, all standard errors < 22, p’s<.05.  In addition, there was no difference in  
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Table 4.1 

Recognition Hit and False Alarm (FA) Rates (std. err. mean) for the fMRI Experiment.   

Experiment 
CONTEXT-
CONTEXT 

OBJECT-
OBJECT 

CONTEXT-
OBJECT 

FA 
OBJECTS

FA 
CONTEXTS 

 
Young fMRI 82.4 (1.9) 81.3 (2.4) 66.3 (3.4) 12.0 (1.9) 12.4 (1.8) 
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Figure 4.1 shows the mean response time (std. err. mean) for correct and incorrect trials 

for each condition.  There were no differences in response times across conditions for 

incorrect trials.  For correct trials, response time for OOC<CCC<COC=LOC=LCC. 

OOC=Object.Object Correct, OOI=Object.Object Incorrect, CCC=Context.Context 

Correct, CCI=Context.Context Incorrect, COC= Context.Object Correct, COI= 

Context.Object Incorrect, LOC=Lure Object Correct, LOI=Lure Object Incorrect, 

LCC=Lure Context Correct, LCI=Lure Context Incorrect. 
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response times between Context.Object correct trials and Object Lure correct and Context 

lure correct trials, all mean differences  < 77, all standard errors > 39, p’s=ns.   

Neuroimaging Results.   

Neural Correlates of the CSD. The most striking finding was the results of the 

contrast Context.Object Correct > Object.Object Correct.  In this comparison, at retrieval, 

objects were presented on a white background in both conditions, and participants were 

required to make an old/new recognition judgment.  The only difference between the two 

conditions was prior visual experience with the object—that is, if it was encoded on a 

white background or in a naturalistic scene.  Significant activation was observed in 

bilateral PHG—a subset of the regions of activation observed when scenes were 

perceptually reinstated (Enc: Con > Obj; Ret: Con > Obj; Fig 4.2a).  Additional 

activation was also observed in regions typically implicated in visual perception, such as 

fusiform gyrus and extrastriate cortex (Fig 4.2b).  PHG activation was not observed in the 

COI>OOC contrast.  A comparison of COC>COI revealed activation in the right PHG 

(31 –46 –12), bilateral inferior parietal lobule (BA 40; +/-46 –56 52), left inferior/middle 

temporal/middle occipital gyrus (BA 19/37; -55 –57 –7), and bilateral BA 46 (+/-52 40 

16) (Fig 4.2c).  It is important to note that R PHG activation overlapped at encoding and 

retrieval of COC>COI contrasts (Fig. 4.2d).      

MTT; Unified vs. Differentiated Role of MTL. Consistent with one of the central 

tenets of MTT, and thus, of the differentiated view of the role of MTL structures in 

memory, we observed preferential activation of a region within the hippocampal 

complex, the PHG, during retrieval of contextual information.  In fact, increased bilateral 
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PHG activation was observed during encoding and retrieval of objects in contexts relative 

to objects on a white background (Fig. 4.3a; 4.3b).  The regions of activation were very 

similar for encoding and retrieval, as evidence by a map overlaying activations for each 

contrast (Fig4.3c).  The results do not appear to support the unified view of MTL in 

memory.    

Importantly, robust activation was observed in posterior brain region in response 

to novel items.  Contrasts that directly compared the influence of stimulus repetition—the 

same cue at encoding and retrieval, such as Object.Object and Context.Context—showed 

significantly greater activation at encoding relative to retrieval (see Fig. 4.4a; 4.4b) in 

posterior brain regions, contrary to our predictions based on MTT.  Encoding objects, 

relative to retrieval of objects, elicited greater activation in the right hippocampus (29 -24 

-11) and PHG (34 -18 -22), the left PHG (-17 –33 –4), and extrastriate cortex (including 

bilateral fusiform, lingual, and lateral occipital gyri).  Encoding context, relative to 

retrieval of context, resulted in similar regions active during the object comparison (see 

Fig 4.3c): greater activation in right PHG (30 –24 –19) and extrastriate cortex.   
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a.  Ret:  COC>OOC (bilateral PHG; bilateral fusiform) 
 

b.  Ret:  COC>OOC (extension of fusiform and extrastriate activation) 
 

c.  Enc:  COC > COI (Right PHG) 
 

d.  Overlap of E: COC>COI (yellow) and R: COC>COI (red); overlap=orange 

Fig. 4.2 (a, b, c, d).  Neural correlates of the CSD.  a and b show incidental “reactivation” 
effects, presumably of visual context information.  C shows a subsequent memory effect 
at encoding. d shows a close up of  the overlap in right PHG during encoding of visual 
context (yellow) and incidental reactivation at retrieval (red); overlap=orange.   
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a.  Enc:  CCC>OOC 

b.  Ret:  CCC>OOC 

c.  Enc: CCC>OOC overlaid on Ret:  CCC>OOC 

Fig 4.3 (a, b, c).  Results demonstrated increased activation in bilateral PHG and fusiform 
gyri when processing scenes, regardless of experimental phase, relative to objects.  Note 
the similarity of regions active during encoding and retrieval, as demonstrated in c 
(Red=Retrieval, Yellow=Encoding, Orange=overlap of activation at Encoding and 
Retrieval).  Enc=Encoding phase, Ret=Retrieval phase.   
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a.  Enc Object > Ret Object 

b.  Enc Context > Ret Context 
 

c.  Overlap of a. and b.  Enc OOC> Ret OOC and Enc CCC> Ret CCC 

Fig 4.4 (a, b, c).  Neural Priming Effects.  Figs. a and b show regions more active at 
encoding relative to retrieval, or alternatively, regions showing decreased activation at 
retrieval relative to encoding.  Fig. c shows the overlap of regions indicative of neural 
priming across conditions (Red=Object, Yellow=Context, Orange=Overlap) 
 



80 

DISCUSSION 

There are three important findings from the current experiment.  First, the right 

PHG appears to be the primary neural correlate of the CSD, as PHG activation was 

associated with accurate recognition memory performance when original contextual 

information was absent.  Furthermore, increased right PHG activation at encoding was 

associated with subsequent memory for the object (when tested without associated visual 

context).  Second, our data support the differentiated view of MTL, and one of the central 

tenets of MTT:  PHG was preferentially activated during encoding and retrieval of visual 

contextual information.  Finally, and somewhat surprisingly, reductions in activation in 

posterior brain regions, including medial temporal and occipital regions, were observed 

during recognition, relative to encoding, i.e., neural priming.    

Neural Correlates of the CSD 

The neural correlates of the CSD were investigated using three main 

comparisons at retrieval:  COC > OOC, COI > OOC, and COC>COI.  The findings 

indicated that PHG activation mediates successful recognition when scene information 

presented at encoding is absent at retrieval (COC>OOC).  Critically, PHG was not 

observed when incorrect memory judgments were made in the same condition 

(COI>OOC), and a direct comparison of COC>COI revealed right PHG activation.  

Furthermore, the same contrast at encoding (COC>COI) revealed activation in the same 

region of the right PHG (see Fig 3.3d).   Many studies have implicated the PHG in scene 

processing and memory for visual contextual information (Aguirre, Detre, Alsop, & 

D’Esposito, 1996; Bar & Aminoff, 2003; Brewer, Zhao, Desmond, Glover, & Gabrieli, 
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1998; Burgess et al., 2001; Burgess, Maguire, and O’Keefe, 2002; Davachi, Mitchell, & 

Wagner, 2003; Epstein, 2005; Epstein & Kanwisher, 1998; Epstein et al., 1999; Hayes et 

al., 2004; Johnsrude, Owen, Crane, Milner, & Evans, 1999; Maguire, Frackowiak, & 

Frith, 1996; Maguire, Frith, Burgess, Donnett, & O’Keefe, 1998; Mellet et al., 2000).  

Because PHG was preferentially activated in the CSD conditions, the results suggest that 

accurate memory performance is supported by the PHG automatically reinstating 

associated visual contextual information.  The results are consistent with previous 

“reactivation” studies, which typically present multimodal sensory information at 

encoding and only a portion of that information at retrieval.  For example, Nyberg, 

Habib, McIntosh & Tulving (2000; Exp. 1) paired visually presented words with or 

without an unrelated sound at encoding.  During intentional retrieval, participants made a 

source judgment: Old with a sound, Old without a sound, or New.  They observed 

increased activation in auditory association areas in the temporal lobes during retrieval of 

“old with a sound”—the same regions active during encoding of the word/sound pair.  

Wheeler, Peterson, & Buckner (2000) paired visual “labels” with a sound or a picture 

during encoding.  At test, participants were cued with a label and had to determine if it 

had been paired with a sound or picture, and results indicated that a subset of regions 

activated during perceptual encoding were later activated at retrieval (left fusiform and 

bilateral occipital and parietal regions for pictures; left superior temporal gyrus for 

sounds).  It is not possible to identify the reason for the lack of activation of PHG in 

Wheeler et al. (2000) during picture retrieval, becausea description of the stimulus 
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materials was not provided (only a written example, i.e., “a dog”).  Presumably, the 

pictures were of objects, not scenes, hence the failure to observe activation in the PHG.   

It is important to note that in both Wheeler et al. (2000) and Nyberg et al. (2000; 

Exp. 1), study and test occurred under intentional conditions.  Because selective attention 

to a given perceptual modality can result in activation of the same regions involved in an 

actual perceptual task (Cabeza & Nyberg, 2000), as required by an intentional retrieval 

task (was a sound heard?), there is some concern that this may have influenced the 

results, leading to activation in brain regions associated with auditory and visual 

perception.  Thus, in order to more clearly demonstrate that reinstatement of neural 

activity occurs automatically and is not confounded by selective attention or imagery, the 

memory test should occur under “incidental” retrieval conditions. 

Accordingly, in Exp. 2, Nyberg et al. (2000) presented words alone or word-

sound pairings at encoding, although in this experiment they were not instructed to 

remember the unrelated sounds.  At retrieval, participants received a visual a yes/no word 

recognition task (without a source component), and again they found reactivation of 

auditory regions in temporal cortex for words paired with sounds at encoding relative to 

those that were presented alone.  In addition, Vaidya, Zhao, Desmond, and Gabrieli 

(2002) presented common objects and words at encoding, and at test, administered a 

yes/no word recognition test.  At retrieval, increased activation in bilateral extrastriate 

visual cortex (i.e., fusiform, lingual, middle occipital, and temporal gyri) was observed 

for items that had been encoded as a picture relative to those encoded as a word.  Once 
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again, the absence of PHG activation is likely due to the use black and white line 

drawings as opposed to scenes.   

 Elucidation of the neural correlates of the CSD, namely right PHG, is important 

because it is one of the first studies to demonstrate incidental recapitulation of encoding 

processes at retrieval using unimodal sensory stimuli.  Previous studies paired words with 

sounds (visual & auditory) or shifted modalities between study and test (visual object to 

word).  The stimuli in the current study were presented visually at encoding and retrieval 

without a shift in perceptual modality—only removal of a portion of a visual stimulus.  

The evidence suggests that the right PHG is the neural correlate of the CSD, because this 

region was associated with subsequent memory for the items at encoding, and with 

accurate performance at retrieval.  Importantly, this overlap in neural processing at 

encoding and retrieval is similar to a traditional concept in cognitive psychology, namely 

transfer appropriate processing (TAP; Morris, Bransford, & Franks, 1977).  TAP is 

based on the idea that the more retrieval processes are similar to encoding processes, the 

more likely successful memory performance will occur.  Indeed, activation within the 

PHG at encoding and retrieval is very consistent with TAP; furthermore, the TAP 

framework provides appropriate interpretation of our ‘neural priming’ results, discussed 

later. 

Multiple Trace Theory 

A central tenant of MTT is that the hippocampal complex is involved with the 

retrieval of contextual information.  Contrary to the unified view which posits that the 

hippocampus merely acts as a ‘pointer’ to disparate pieces of information in the cortex 
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(Alvarez & Squire, 1994), MTT suggests that the hippocampal complex not only binds 

disparate pieces of information in neocortex, but also participates in the storage of 

contextual information, namely spatial.  These ‘context-focused’ tenants of MTT were 

based on a comprehensive review of the literature suggesting that the hippocampal 

complex is critical for memory for spatial information, or “cognitive maps” (O’Keefe & 

Nadel, 1978) and the definition of episodic memory, in which the retrieval of spatial and 

temporal information mediates “mental time travel” (ability to reconstruct past events 

from memory; Tulving, 1983; 1985).  In a general sense, O’Keefe and Nadel’s 

conception of taxon and locale memory maps roughly to Tuvling’s conception of 

semantic and episodic memory.  The results of the current study lend additional support 

to MTT’s hypotheses that the hippocampal complex is critical for retrieval of contextual 

information, as greater activation was observed during context relative to object 

recognition—results that are inconsistent with the unified view of MTL function.   

Moreover, the results of the current study provide informative data for expanding 

the theoretical scope of MTT.  In its current form, MTT makes few predictions about the 

role of subregions of MTL during encoding.  Here we provide data suggesting that the 

same subregion involved in retrieval of contextual information, PHG, is associated with 

encoding of information.  Furthermore, MTT does not specify which region(s) within the 

hippocampal complex are involved in retrieval of contextual information.  Consistent 

with the preponderance of literature, results of a prior imaging study using similar 

materials (Hayes et al., 2004), and the current study, PHG may play a specific role in the 

retrieval, and encoding, of visual contextual information.   
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It should be noted that the results of contrasts comparing encoding and retrieval of 

target items were not consistent with one of the predictions of MTT, namely, that 

additional re-encoding experiences would result in a more distributed memory 

representation.  Based on this hypothesis, we predicted greater activation for retrieval of 

targets relative to encoding of targets.  As noted, we based this prediction on MTT and 

the idea that a more distributed neural representation would exist for repeated relative to 

non-repeated items.  The failure to support this hypothesis could be due to the short 

amount of time that passed between study and test—Gilboa et al. (2004) compared recent 

and remote memories that were acquired years apart, whereas in the current paradigm, 

the delay was on the order of minutes.  Furthermore, fMRI may be insensitive to detect a 

difference in the distribution of memory traces for an item that was presented twice 

versus an item that was presented only once.  Remote autobiographical memories that are 

salient are likely to be re-encoded and reactivated many, many times by thinking about 

the event and sharing the story with others, and hence, more suitable for detecting 

differences in distribution of traces between recent and remote events.    

Neural Priming 

Results of comparisons of activation at encoding and retrieval demonstrated 

significant reductions in posterior regions at retrieval relative to encoding (Enc Context > 

Ret Context; Enc Object > Ret Object).  Importantly, these reductions in activation at 

retrieval were associated with behavioral indicators of transfer appropriate processing—

that is, higher recognition performance for targets that were identical at encoding and 

retrieval (Object.Object and Context.Context) relative to those that were different 
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(Context.Object), and faster response times for target hits (OOC and CCC) that were the 

same at encoding and retrieval relative to targets that were different (COC) and novel 

items (lures).  These reductions in activation were remarkably consistent with the concept 

of neural priming--that repetition of an item leads to a sparse and more finely “tuned” 

neural representation—and mediates behavioral priming.  Evidence of neural priming 

was first provided by observations of decreased neuronal firing rates in monkeys, 

typically using serial recognition tasks with five or fewer items between the first and 

second presentation (Baylis & Rolls, 1987; Miller, Li, & Desimone, 1991; 1993).    

In humans, a variety of neuroimaging paradigms have been used to demonstrate 

neural priming with visual objects.  Goh et al. (2004) used an fMRI “adaptation” 

paradigm, presenting the same stimulus four consecutive times within 8 s.  During 

passive viewing of an object in a context, they varied repetition of the object, the context, 

both, or neither.  They observed neural priming in the right inferior occipital gyrus when 

objects were repeated, irrespective of context familiarity, and right PHG if the context 

was repeated, irrespective of object familiarity.  Neural priming has also been observed 

using more “traditional” behavioral priming paradigms.  Van Turennout, Ellmore, Martin 

(2000) gave participants an object naming task, and three days later, gave the participants 

the same task while undergoing fMRI.  During scanning, new, repeated-old (original 

presentation 3 days prior), and repeated-recent (original presentation 30 s prior) objects 

were presented while participants silently named them, and neural priming was observed 

for repeated-old and repeated-recent relative to new in bilateral inferior occipital and 

fusiform gyri, regions that are consistent with those in the current study.  In a separate 
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behavioral study using the same paradigm, the authors observed priming effects of 137 

ms and 54 ms for repeated-recent and repeated-old objects respectively, relative to 

naming novel objects (response time=789 ms).   

Observations of neural priming in explicit recognition tasks have been 

inconsistent.  Stark & Squire (2001) noted high levels of activity associated with foils 

during an object and a word recognition task.  In their particular study, participants had 

two encoding and two test sessions for both object and word recognition.  They failed to 

observe hippocampal complex activity during the first session of the object recognition 

test (Object-Object, similar to the current experiment, although they used simple black 

and white line drawings).  Repeating the object recognition task in a second session, 

which occurred approximately 3 min after the first, resulted in bilateral hippocampal 

activation for the object targets > object foils contrast.  The observed activation in the 

second test session was attributed to similar levels of activation for target objects in 

Session 1 and 2, but a reduction in activation for foils in Session 2 relative to Session 1, 

and hence, a difference in activation between targets and foils in Session 2.  Conversely, 

in the word recognition task, significant hippocampal activation was observed in Session 

1, but not in Session 2.  In this case, activation levels of foils were consistent across 

sessions, while activation for target words was reduced in Session 2 relative to Session 1.  

The discrepancy in activation patterns for objects and words was attributed to high pre-

experimental familiarity of words.   

The current experiment is unique in that neural priming for both objects and 

scenes was observed using an episodic object recognition task, with participants having 
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only one encoding experience with the stimuli.  The data suggest that a sparse, finely 

tuned representation can result with only one episodic encoding experience, and that the 

corresponding reduction in the Blood Oxygenation Dependent (BOLD) signal (basis of 

fMRI) occurs in stimulus specific neural regions (PHG for scenes).  Importantly, 

additional regions (non-PHG) in which neural priming was observed were consistent with 

previous studies using “priming” or “adaptation” paradigms, e.g., PHG and extrastriate 

visual cortex, including fusiform, lingual, and lateral occipital gyri.  Although the non-

PHG regions showing reductions in activation were large in spatial extent, they were 

consistent with previous studies (Wheeler et al., 2000). 

Our observation of neural priming raises some interesting questions in the 

interpretation of fMRI data using recognition tasks, namely, the circumstances under 

which reductions or increases in activation will be observed.  Consideration of the current 

paradigm and data from Hayes et al. (2004) is warranted because similar stimulus 

materials (objects in naturalistic contexts and objects on a white background) were used 

in both studies.  First, it is important to note that when the same contrast is considered 

across studies, recognition of Contexts > Object, the results are consistent, as increased 

activation in PHG was observed in both studies.  Furthermore, at retrieval, increased 

activation in MTL structures was observed in both Context and Object conditions relative 

to control conditions.  The evidence that PHG plays a role in retrieval of visual contextual 

information is strengthened by the fact that the results were consistent across studies 

despite the methodological differences in test probes:  that is, Hayes et al. (2004) used a 

forced-choice recognition task (targets paired with recombined-lures), whereas the 
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current paradigm used an old/new recognition task with a single test probe.  Hayes et al. 

(2004) used a videotaped tour during encoding, and were not able to scan during the 

encoding phase.  The current paradigm used still pictures of scenes, and fMRI data was 

collected at both encoding and retrieval.  Importantly, the still photos at encoding and 

retrieval were ‘copy-cues’ that is, the same stimulus at encoding and retrieval, and similar 

to paradigms used in repetition priming, and may have mediated the neural priming 

effects.  If the viewpoint of targets had differed between encoding and retrieval, we may 

have been more likely to see ‘activations’ as opposed to ‘reductions’ (Burgess, Maguire, 

O’Keefe, 2002).  From a methodological standpoint, however, observations of increases 

or decreases in the BOLD signal are dependent upon the baseline condition used.  In the 

current paradigm, decreased activation within PHG was observed when target stimuli 

presented during recognition were compared to the same stimuli at encoding, and 

increased activation when recognition targets were compared to control trials.  The 

majority of studies typically scan either during encoding or retrieval.  In studies that scan 

during encoding and retrieval, results are often reported in separate papers, making it 

difficult to compare levels of activation in target conditions at encoding or retrieval.   

Summary 

From a behavioral standpoint, we have provided yet another study that 

demonstrates a CSD.  The neural correlates of the CSD appear to reside within the PHG, 

as this region was preferentially activated during encoding of subsequently remembered 

objects and contexts, and during retrieval for objects that had been removed from their 

original study context.  Data to expand the theoretical scope of MTT were provided, with 
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specific suggestions related to PHG being critical for encoding and retrieval of visual 

contextual information.  Finally, evidence of neural priming was observed, as reductions 

in activation were observed at retrieval relative to encoding.   

 



91 

CHAPTER 5 

GENERAL DISCUSSION 

This dissertation project is one of the first series of experiments to investigate the 

relationship between object recognition and context effects and age-related and neural 

correlates of object recognition and context effects.  This series of studies highlights the 

utility of a multi-method approach in the assessment of cognitive processes.  In a series of 

studies with young adults, the CSD was found to be resistant to manipulations of 

encoding and retrieval in young adults, suggesting that object and context information 

were automatically bound together.  These conclusions were strengthened by a follow-up 

study in older adults that showed the CSD was resistant not only to age-related changes, 

but also to differences in cognitive status as assessed by neuropsychological testing.  The 

results of the study with older adults suggested that MTL function may play an important 

role in object recognition, but results of neuropsychological testing in healthy older adults 

were not sensitive to the CSD.  To elucidate the specific neural correlates of the CSD, it 

was necessary to study the CSD using event-related fMRI, in which neural activation can 

be assessed and separated on a trial-by-trial basis.  Using fMRI, we were able to elucidate 

the neural correlates of the CSD, and results indicated that the right PHG was critical for 

encoding and successful retrieval of objects that were subsequently removed from their 

original encoding context.  Thus, using young and older adults, a classic cognitive 

psychology paradigm, neuropsychological testing, and fMRI, we identified a gap in the 

literature, discovered the CSD, and identified its neural correlates.   

It is also worth noting that the fMRI study is unique because neuroimaging data were 
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collected at encoding and retrieval.  Therefore, we were able to identify patterns of 

activation that have implications for memory research in general.  Our results indicated 

that significant reductions in activation occurred at retrieval relative to encoding, and 

furthermore, that there was a striking amount of overlap between regions engaged at 

encoding and retrieval.  The phenomenon of “neural priming” has been described 

previously, mostly in studies that have used traditional repetition priming paradigms 

(Henson & Rugg, 2003; for review, see Henson, 2003).  Here we observed neural 

priming in the context of an intentional old/new recognition paradigm.  Dual process 

theories of recognition memory have been described in young adults (Mandler, 1980; 

Jacoby & Dallas, 1981; Jacoby & Kelley, 1992), patient populations (Aggleton & Shaw, 

1996; Varga-Khadem, Gadian, & Mishkin, 2003), and neuroimaging studies (Eldridge et 

al., 2000; Yonelinas et al., 2005; for review, see Yonelinas, 2002).  In general, 

recollective experiences have been ascribed to the hippocampus, while familiarity has 

been attributed to rhinal cortex (for a review see Aggleton & Brown, 1999; for an 

alternative view, see Squire, Stark, and Clark, 2004).  In general, recollective experiences 

are associated with explicit memory.  On the other hand, familiarity processes are 

associated with explicit and implicit memory.  In terms of recognition memory, fluency 

of processing (priming) can contribute to feelings of familiarity, and lead to endorsement 

of an item as ‘old.’  The current paradigm was not designed to address differences in 

familiarity and recollection.  However, it highlights the finding that in the context of 

explicit recognition judgments, reductions in neural activation, similar to those observed 

in priming/implicit memory paradigms, are observable.  These reductions in activation 
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will not be observed for studies that scan only during retrieval.  Similarly, studies that 

scan only during encoding or retrieval fail to assess the amount of overlap between 

encoding and retrieval, which was quite striking in the current study.  These results raise 

theoretical questions regarding memory encoding, retrieval, and storage.  Results of the 

current study indicate that retrieval processes rely on a subset of those engaged at 

encoding.  In general, it is difficult to specifically disentangle encoding, storage, and 

retrieval, but it appears that a common memory network is active in memory encoding 

and retrieval.  

Finally, it should be noted that the results of the current series of studies has some 

critical clinical applications. In healthy aging, accelerated reduction in hippocampal 

volume is commonly observed, whereas a portion of anterior PHG (entorhinal cortex) 

appears to maintain relatively consistent volume across the lifespan (Raz et al., 2005).  

The earliest indicators of pathological aging, specifically in Alzheimer’s disease, are 

typically associated with not only changes in the hippocampus, but also in rhinal cortex 

(Braak & Braak, 1991).  Rodrigue and Raz (2004) recently observed that healthy older 

adults who experienced a decline in memory over a five-year period also suffered a 

reduction in rhinal cortex volume (more so than hippocampal volume) compared to older 

adults whose memory performance was consistent over that time.  Thus, the results 

suggest that aging in general may detrimentally influence the hippocampus, but 

neuropathological aging is mediated by changes in rhinal cortex volume.    

Daselaar, Fleck, Dobbins, Madden, & Cabeza (2006) recently published an fMRI 

study of age-related changes in familiarity and recollection processes.  They investigated 
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the effects of aging on hippocampal and rhinal cortex activity using a word recognition 

task with confidence ratings.  To equate performance in young and older adults, the study 

list was presented twice to older adults.  At retrieval, they found evidence of a double 

dissociation within MTL structures for recollection and familiarity processes: older adults 

showed reduced recollection-related hippocampal activity but enhanced familiarity-

related rhinal activity. These results suggest that older adults may compensate for 

impaired hippocampal function by relying more heavily on rhinal function.  

The current paradigm results in targeted activation within rhinal cortex at encoding 

and retrieval for scenes relative to objects.  Thus, this paradigm may be particularly 

sensitive to detecting changes within rhinal cortex, which may be necessary to distinguish 

between normal aging and prodromal disease processes.  The current paradigm could 

potentially facilitate early detection of devastating dementing illnesses such as 

Alzheimer’s Disease.  Early detection of disease processes could lead to early 

intervention to minimize memory decline in patients, prolong autonomy, and reduce 

caregiver burden.  The proposed project provides a comprehensive study of object 

recognition and context effects, age-related changes, and neural correlates that could 

provide an empirical foundation for future clinical studies aimed at early detection of 

disease processes or assessing the efficacy of therapeutic intervention in memory 

function and neural integrity.  
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