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ABSTRACT OF THE DISSERTATION 
 
 
 
 

Encoding, Remembering, Imagining and Medial Temporal Lobe Function 
 
 
 
 

By 
 
 
 
 

Adam J.O. Dede 
 

Doctor of Philosophy in Psychology 
 

University of California, San Diego, 2016 
 
 
 
 

Professor Larry R. Squire, Chair 
 

Professor John T. Wixted, Co-Chair 
 
 
 
 

The hippocampus and related medial temporal lobe (MTL) structures are 

known to be important for declarative memory. Yet, their precise role remains 

unclear. In three studies, we sought to characterize the role of the hippocampus 

in encoding, remembering, and imagining. The first study assessed the role of 



	 xiv 

the hippocampus in encoding and remembering memories for words 

encountered in a laboratory setting. The second study assessed the role of the 

hippocampus in encoding and remembering real- world events. The third study 

assessed the role of the hippocampus in remembering natural autobiographical 

memories and imagining future episodes. We conclude that the hippocampus 

plays a broad role in declarative memory, functioning to encode information 

whenever the capacity of working memory is surpassed. 
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INTRODUCTION 

 

Declarative memory is the part of memory referred to when the term 

“memory” is used in everyday language. We are consciously aware of it, and we 

call upon it to interpret the events of our lives. It is widely agreed that structures 

within the medial temporal lobe (MTL) of the brain are important for declarative 

memory. These structures are the hippocampus and the adjacent perirhinal, 

entorhinal, and parahippocampal corticies. However, the precise role of the 

hippocampus and adjacent structures remains unclear. 

Two patterns of performance are often observed in patients with damage 

limited to the hippocampus. First, these patients are impaired on laboratory tasks 

of memory for all types of stimuli (e.g., words, pictures, smells) and under various 

retrieval conditions (e.g., recognition and recall). Second, when patients with 

hippocampal damage are asked to retrieve memories from their past, they are 

impaired at remembering information acquired shortly before the onset of 

memory-impairment, but their ability to retrieve information acquired long before 

the onset of memory-impairment is relatively spared. The later observation is 

much debated. At issue is whether patients with hippocampal damage can 

retrieve remote memories that have all the characteristics of those retrieved by 

healthy individuals. 

It has been suggested that the hippocampus may be particularly important 

for laying down and retrieving memories involving a certain type of information. 

According to one view, the hippocampus is important for the experiential aspects 	
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of memory (termed episodic memory) but not for the factual aspects of memory 

(termed semantic memory). According to another view, the hippocampus is 

important for spatial processing. A third view holds that the hippocampus is 

important for all aspects of declarative memory. According to this view, seemingly 

specific deficits may sometimes result when the amount of information needed to 

perform a task exceeds the capacity which may be held online in working 

memory. 

Here, three studies are presented in three chapters. The same group of 

memory-impaired patients with damage limited to the hippocampus participated 

in all three studies. Chapter 1 presents a study of recognition memory in which 

computational modeling was used to assess memory function. Specifically, two 

prominent models of memory were fit to the data collected from patients and 

matched controls. Both models provide two parameters of memory performance. 

Each parameter is sensitive to a different aspect of memory performance. At 

issue was whether hippocampal damage resulted in a broad impairment affecting 

both parameters in both models or a specific impairment affecting only one 

parameter in each model. If only one parameter were affected, then it might 

suggest that the hippocampus is relatively more important for some types of 

declarative memory than others. Results indicated that both parameters were 

affected in both models. 

Chapter 2 presents a prospective study of autobiographical memory for 

real-world events. Patients and controls were taken individually on a walk around 

the University campus during which 11 planned events occurred. Upon returning 
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to the laboratory, participants’ memory was tested for the events of the walk. At 

issue was whether hippocampal damage resulted in a broad impairment affecting 

memory for all aspects of the walk or a specific impairment affecting memory for 

only particular aspects of the walk. Results indicated that for local information 

about individual events, patients exhibited equivalent impairment for all types of 

content. By contrast, patients were strikingly impaired for global information about 

the relationships between events. 

Chapter 3 presents a study of autobiographical memory retrieval and 

future imagining. Patients and matched controls were asked to retrieve specific 

events from the near and distant past and to imagine events in the near and 

distant future. Neuroimaging has revealed that the same set of brain regions 

including the hippocampus is active during both past remembering and future 

imagining. Thus, it was of interest to know whether patients with hippocampal 

damage could imagine the future. At issue was whether patients would be able to 

construct narratives containing content of similar quality and quantity as those 

constructed by controls. Results indicated that patients were impaired at 

remembering the near past, which required recall of events from after the onset 

of memory impairment, but they were able to recall events from the distant past 

and to imagine events in the future. Further, comparison of our patients to those 

of another study revealed that divergent findings between studies are likely linked 

to differences in the locus and extent of brain damage.	
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CHAPTER 1 

 

Hippocampal damage impairs recognition memory broadly, affecting both 

parameters in two prominent models of memory 

 

 Declarative memory is thought to rely on two processes: recollection and 

familiarity. Recollection involves remembering specific details about the episode 

in which an item was encountered, and familiarity involves simply knowing that 

an item was presented even when no information can be recalled about the 

episode itself. There has been debate whether the hippocampus supports only 

recollection or whether it supports both processes. We approached this issue in a 

relatively theory-neutral way by fitting two prominent models that have been used 

to describe recognition memory: dual process signal detection (DPSD) and 

unequal variance signal detection (UVSD). Both models yield two parameters of 

interest when fit to recognition memory data. The DPSD model yields estimates 

of recollection (r) and familiarity (d’). The UVSD model yield estimates of the ratio 

of the variance of target and foil memory strength distributions (σtarget/σfoil) and 

the difference in the means of the two distributions (d). We asked how the two 

parameters of each model were affected by hippocampal damage. We tested five 

patients with well-characterized bilateral lesions thought to be limited to the 

hippocampus and age-matched controls. The patients exhibited a broad memory 

deficit that markedly reduced the value of both parameters in both models. In 

addition, the pattern of results exhibited by the patients was recapitulated in 	
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healthy controls as the delay between learning and testing was extended. Thus, 

hippocampal damage impairs both component processes of recognition memory. 

 
 

 
Introduction 

 
The formation of declarative memory depends on the integrity of the 

hippocampus and related medial temporal lobe structures (MTL; 1). A widely 

studied example of declarative memory is recognition memory, the ability to 

correctly judge that an item was encountered previously. Recognition memory is 

thought to consist of two component processes, recollection and familiarity (2, for 

review see 3). Recollection involves recalling specific details about the episode in 

which an item was encountered. Familiarity involves simply knowing that an item 

was presented without remembering anything about the episode itself. While the 

hippocampus and other MTL structures are important for recognition memory (4), 

their relative importance for recollection and familiarity is unclear. One view is 

that the hippocampus is important for recollection, but is entirely uninvolved in 

familiarity (for review see 5). A second view is that the hippocampus contributes 

to both processes (for review see 6). We focus here on two models that have 

been used to characterize the memory impairment associated with hippocampal 

lesions: the dual process signal detection (DPSD) model (DPSD; 7, 8) and the 

unequal variance signal detection (UVSD) model (UVSD; 9, 10). These models 

are typically fit to experimental data from recognition memory tests in which 

participants use a confidence rating scale to discriminate targets that appeared 

on a prior study list from foils that did not. Both models yield two parameters of 
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interest. For the DPSD model, the two parameters consist of the proportion of 

targets that theoretically achieve a qualitatively distinct state of memory such that 

they are recognized with high confidence and high accuracy; and d', the 

quantitative difference between the average memory strength of targets and the 

average memory strength of foils, divided by the standard deviation of the two 

distributions (which is assumed to be identical). These two parameters have 

been termed recollection (r) and familiarity (d'), because the parameter values 

are assumed to correspond directly to the strength of these two processes. 

For the UVSD model, the two parameters consist of σtarget/σfoil, the ratio 

of the standard deviations of memory strengths associated with targets and foils, 

and d, the quantitative difference between the average memory strength of 

targets and the average memory strength of foils, divided by the standard 

deviation of the foil distribution. In the UVSD model, these two parameters 

capture distinct quantitative properties of the memory signal but are neutral with 

respect to the constructs of recollection and familiarity. 

Although the DPSD and UVSD models do not provide the same 

theoretical interpretation of recognition memory performance, the two parameters 

in each model may nevertheless capture similar trends in the data. Thus, it is of 

interest to know whether hippocampal lesions affect one parameter of each 

model (consistent with a selective memory impairment) or both parameters of 

both models (consistent with a broad memory impairment). Previous research 

using a model-based approach to understanding the effect of hippocampal 

lesions has yielded inconsistent results. The present study sought to clarify the 
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role of the hippocampus in recognition memory using a relatively theory-neutral 

approach to determine (according to each model) whether only one parameter or 

both parameters were affected. We also address methodological issues that may 

have contributed to the conflicting findings in earlier studies. 

Results 
 
Experiment 1 
 
Experiment 1 tested the recognition performance of patients with damage 

limited to the hippocampus and a matched group of healthy volunteers using 50-

item word lists and a 3-5 minute retention interval. Analysis was performed at the 

individual subject level. 

One control was eliminated because both his DPSD recollection and 

UVSD σtarget/σfoil estimates were greater than 3 standard deviations below the 

means of the other estimates for these parameters. The remaining 11 controls 

performed better than the patients (83% vs. 65% correct; t(14) = 4.5, p<.01). 

Both groups performed well above chance (ps<.01; see Table 2 for hit and false 

alarm rates). In addition, the two groups adopted a similar response criterion 

(bias) (for patients β=1.06; for controls β=1.00). 

For the DPSD model, both parameter estimates of interest were lower for 

the patients than for the controls (Figure 1). Estimates of familiarity were .70 and 

1.78, respectively (t[14]=4.27, p<.01). Estimates of recollection were .03 and .22, 

respectively (t[10.4]=3.04, p=.01; unequal variance t-test). The two parameters 

associated with the UVSD model were also reduced (Figure 1). Estimates of d 

were .75 and 2.35 for patients and controls, respectively (t[14]=4.90, p<.01). 
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Estimates of σtarget/σfoil were 1.09 and 1.23, respectively (t[13.3]=2.31, p=.04; 

unequal variance t-test) . 

The parameter estimates from the two models indicated that declarative 

memory was broadly impaired in the patients. To test whether the parameters of 

the two models capture the same empirical trends in the data, we computed 

correlations between the corresponding parameters across participants. The 

familiarity estimate from the DPSD model and the d estimate from the UVSD 

model correspond to each other in the sense that they both determine the degree 

to which the curvilinear Receiver Operating Characteristic bows away from the 

diagonal line (7). These parameters were strongly correlated for both the patients 

and the controls (r[3]=.97 and r[9]=.77, respectively; ps<.01). The recollection 

and σtarget/σfoil parameters were also correlated in the patient group but not in 

the control group (r[3]=.93 and r[9]=.11, respectively; p=.02 and .74, 

respectively). 

Finally, the goodness of fit of the two models to the data was assessed for 

each participant using a χ2 test. Thus the frequency of responses at each 

confidence level (1 to 6) predicted by the two models was compared to the 

frequency of responses that was observed. The UVSD model outperformed the 

DPSD model for 7 of the 11 controls and for 4 of the 5 patients.  

Experiment 2 

Experiments 2 and 3 were designed to assess whether the pattern of 

performance exhibited by the patient group in Experiment 1 would be 
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recapitulated in controls when their performance matched patient performance. 

Experiment 2 just characterized memory in controls as a function of increasing 

retention interval. This procedure identified retention intervals (1 day and 7 days) 

at which control performance approximated the performance of the patients. In 

Experiment 3, sufficient data were collected at these two retention intervals for 

analysis at the individual subject level. In this way, it was possible to compare 

directly the data collected from patients in Experiment 1 to data from controls 

with matched memory performance. 

Accuracy, hit rate, and false alarm rate data are presented in Table 3. For 

the DPSD model, estimates of both familiarity and recollection decreased 

monotonically with delay (Figure 2, filled symbols). Note that the recollection 

estimate (Figure 2B) decreased more rapidly than the familiarity estimate, 

reaching a score of zero after only 1 day. For the UVSD model, estimates of both 

d and σtarget/σfoil also decreased monotonically (Figure 2, open symbols). 

The σtarget/σfoil estimate decreased more rapidly than the d estimate, 

approaching the minimum value of 1.0 after 1 day. 

Based on group χ2 values, the UVSD model fit the data better than the 

DPSD model at all 5 delays.  

Experiment 3 

Controls tested after a 1-day delay performed similarly to, albeit a little 

better than, the patients in Experiment 1, who were tested after a 3-5 minute 

delay (Figure 3). Controls tested after a 7-day delay also performed similarly to, 
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but a little worse than, the patients in Experiment 1. The 1-day controls scored 

71% correct, the patients in Experiment 1 scored 65% correct, and the 

7-day controls scored 58% correct. Hit and false alarm rate data for all 

groups are presented in Table 4. There were no significant differences between 

the model parameter estimates for the patients and either group of controls (1-

day and 7-day; ps>.05). 

Correlation analyses between corresponding parameters of the DPSD and 

UVSD models across individual participants again indicated that the two models 

described similar trends in the data. Discriminability estimates of the two models 

were significantly correlated in the 7-day group (familiarity and d; r[5]=.93, p<.01) 

and marginally correlated in the 1-day group (r[3]=.85, p=.07). Estimates of 

σtarget/σfoil and recollection fell short of significance in both the 1- day (r[3]=.83, 

p=.08), and 7-day (r[5]=.65, p=.11) conditions. 

Based on individual χ2 values, the UVSD model provided a better fit to the 

data than did the DPSD model for 3 of the 5 controls in the 1-day group and 6 of 

the 7 controls in the 7-day group. 

Discussion 
 
Patients with bilateral damage to the hippocampus exhibited a broad 

deficit in recognition memory, as indicated by a reduction in the two key 

parameter estimates of two prominent models, DPSD and UVSD (Experiment 1). 

In addition, the parameter estimates of both models were reduced for healthy 

volunteers as memory became weaker during normal forgetting (Experiment 2). 
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Finally, according to both models, the performance of the patients was similar to 

the performance of healthy volunteers, when their memory was made weaker by 

extending the retention interval (Experiment 3). 

Taken together, the results indicate that the performance of patients 

differed quantitatively, but not qualitatively, from that of controls. Thus, to the 

extent that the two parameters of the DPSD and UVSD models are differentially 

sensitive to the processes of recollection and familiarity (an explicit assumption of 

the DPSD model), the results suggest that damage limited to the hippocampus 

impairs both recollection and familiarity. 

It is of interest to know whether one parameter of either model was 

affected by hippocampal damage more than the other parameter of the same 

model. However, it is difficult to make this determination when comparing a 

probability estimate, on the one hand, and a discriminability estimate on the 

other. According to the DPSD model, the recollection parameter decreased by 

86% and the familiarity parameter decreased by 61%. According to the UVSD 

model, the corresponding decreases were 68% and 61%. Our main point is that 

both parameters of both models were affected by hippocampal lesions, a finding 

that counts against the view that familiarity is preserved after hippocampal 

lesions (5). 

Three studies have used the DPSD model, or both models, to characterize 

the memory impairment of patients with damage thought to be limited to the 

hippocampus (11-14). Yonelinas et al. (12) reported that the performance of 

patients reflected a selective decrease in the recollection parameter of the DPSD 
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model. Aggleton et al. (14) reached a similar conclusion for patient KN. By 

contrast, Wais et al. (13) found that hippocampal damage affected both the 

recollection and familiarity parameters of the DPSD model as well as both 

parameters of the UVSD model. 

The study by Wais et al. (13) differed from the two other studies in two 

important respects. First, the analyses that were based on the DPSD and UVSD 

models were applied only to group data and not to individual subject data. 

Second, short study lists were used. When group data are analyzed, averaging 

artifacts can yield parameter estimates that are not representative of individual 

performance (15, 16). In addition, it has been suggested that with short lists 

patients might rely on working memory to maintain and then recollect words from 

the study list (17). If so, patient performance should not be taken as evidence for 

successful retrieval from long-term memory. The current study shows that these 

factors were not responsible for the broad memory impairment reported earlier 

(13). First, in the present study, the critical analyses were performed at the level 

of the individual participant and did not depend on group data. Second, long 

study lists were used in all conditions. 

We next consider the two studies that reported a selective impairment in 

recollection after hippocampal damage (12, 14). In the first study (12) the DPSD 

model was fit to data from four patients thought to have damage limited to the 

hippocampus based on the fact that their amnesia resulted from a period of 

hypoxia after cardiac arrest. MR images were not available. Compared to the 

parameter estimates from a matched control group, the recollection estimate 
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derived for the patients was significantly reduced. The familiarity estimate was 

also reduced, but not significantly. However, in the analysis, as reported, data 

from deep and shallow encoding conditions were combined and then analyzed 

as though the data had been drawn from a single memory strength condition. 

When items from different strength conditions are intermixed, the result is a non-

Gaussian mixture distribution. Under these conditions, the use of Gaussian-

based signal detection models (such as the DPSD and UVSD models) are not 

appropriate (18). Thus, no conclusions can be drawn based on a fit of the DPSD 

model to these data. 

In the second study (14), patient KN was described as having a selective 

recollection deficit. However, KN had intact recognition memory scores as 

measured by both percent correct (KN = 72%, controls = 73%) and da (KN = 

1.29, controls = 1.35). Furthermore, according to the DPSD model, neither KN’s 

recollection z-score (-1.14) nor his familiarity z-score (+.34) differed by more than 

1.2 standard deviations from the mean of the controls. It was proposed that 

patient KN’s memory impairment was obscured by the unusually poor 

performance of one control, whose recollection z-score was more than 3 

standard deviations below the control mean. When that outlier was excluded, the 

DPSD recollection z-score for patient KN became -2.16 (suggesting an 

impairment). However, the corresponding DPSD familiarity score without the 

outlier was not reported, so that one cannot determine whether KN’s memory 

impairment was selective for recollection. 

The question naturally arises whether differences in results between 
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patient groups might reflect differences in the locus and extent of damage. For 

example, it has been proposed that two of the patients whom we have studied 

likely have damage outside the hippocampus because their amnesia resulted 

from hypoxia secondary to heroin abuse. Yonelinas, et al. (19) wrote that “heroin 

overdose…produce(s) neurotoxic effects beyond those typically related to 

hypoxia.” Yet, the relevant citation (20) actually made the opposite statement: 

“permanent brain damage seems more likely to be caused by recurrent episodes 

of hypoxia during severe reactions to narcotics than to be related to direct 

neurotoxic effects of heroin.” While there is no reason to suppose that the two 

relevant patients in our study (G.W. and R.S.) have damage beyond the 

hippocampus, we reexamined the present data without G.W. and R.S. and found 

the same results as with the full group. Yonelinas, et al. (19) also drew attention 

to the severity of memory impairment in our patients, which suggested to these 

authors the possibility of damage beyond the hippocampus. Yet the severity of 

memory impairment in our patients is similar to the severity of impairment 

reported for other patient groups studied elsewhere who are described as having 

limited hippocampal damage (21, 22; here we compared our patients only to 

patients in these other studies with reported hippocampal lesions and not to 

patients that had larger lesions). Furthermore, volumetric measurements of the 

lateral temporal, frontal, and parietal lobe revealed no reductions in our patient 

group. The impression expressed by Yonelinas, et al. (19) that our patients are 

severely impaired may have originated from the unusually mild memory 

impairment in their own patients. Those patients (12) were selected based on a 
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history of hypoxia associated with cardiac arrest, not on the basis of MR data 

(which was not available) and not on the basis of their memory impairment. 

Indeed, many of the patients in this large group of 55 patients appeared to 

perform normally and to have no memory impairment (see individual data for the 

55 patients in ref. 23). 

Two other studies (24, 25) used the DPSD model to characterize the 

recollection and familiarity deficits associated with damage to structures other 

than the hippocampus. The first study, involving patients with mammillary body 

lesions (24), obtained familiarity estimates by the unusual step of converting d' 

estimates from the DPSD model to probabilities (d' is the distance between the 

means of two equal-variance Gaussian distributions and cannot be reasonably 

expressed as a probability). With this procedure, the model’s familiarity 

parameter was calculated to be intact, and the recollection parameter was 

calculated to be differentially reduced.  Yet, it is difficult to interpret the finding for 

the familiarity estimate, given the unusual method of calculating it. In the second 

study (25), a selective recollection deficit was reported for a single patient with 

damage to the anterior medial thalamus. Our own findings apply to patients with 

bilateral hippocampal lesions and showed that both parameters of the DPSD 

model (as well as both parameters of the UVSD model) were markedly reduced. 

It is also worth mentioning that the UVSD model described our data far 

more accurately than did the DPSD model. This finding is consistent with many 

earlier studies of word list learning that have reached this same conclusion (26-

29). In one instance involving memory for travel scenes taken from the internet, 
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the DPSD model performed better (28). It seems reasonable to use the better-

fitting model to interpret the data. Accordingly, in terms of the better-fitting UVSD 

model, our findings suggest that hippocampal lesions reduce both the mean and 

the variance of the memory signal that is associated with the target items. This 

same result was obtained as memory weakened during the course of normal 

forgetting. Thus, the performance of patients with hippocampal lesions on 

memory tests reflects a broad impairment that is characteristic of weak memory. 

Materials and Methods 
 
Experiment 1 
 
Participants. Five memory-impaired patients participated (Table 1), all 

with bilateral lesions thought to be limited to the hippocampus (CA fields, dentate 

gyrus, and subicular complex). K.E. became amnesic in 2004 after an episode of 

ischemia associated with kidney failure and toxic shock syndrome. L.J. (the only 

female) became amnesic in 1988 during a 6-month period with no known 

precipitating event. Her memory impairment has been stable since that time. 

Patients G.W. and R.S. became amnesic in 2001 and 1998, respectively, 

following drug overdose and associated respiratory failure. J.R.W. became 

amnesic in 1990 following an anoxic episode associated with cardiac arrest. 

Estimates of medial temporal lobe (MTL) damage were based on 

quantitative analysis of magnetic resonance (MR) images from 19 healthy males 

for the four male patients and 11 healthy females for patient L.J. (30). G.W., K.E., 

L.J., R.S., and J.R.W. have an average reduction in hippocampal volume of 48, 

49, 46, 33, 44% respectively (all values >3 SDs from the control mean). On the 
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basis of two patients (L.M. and W.H.) with similar bilateral volume loss, for whom 

detailed postmortem neurohistological information was obtained, the degree of 

volume loss in the present patient group likely reflects nearly complete loss of 

hippocampal neurons (31). The volume of the parahippocampal gyrus is reduced 

by of 10, 11, -17, -5, 12%  for G.W., K.E., L.J., R.S., and J.R.W., respectively (all 

values within 2 SDs of the control mean). These values differ slightly from the 

volumes reported previously for these patients and are based on newly 

published, more detailed guidelines for identifying the caudal border of the gyrus 

(32; for eight coronal MR images from each patient see Supplemental Materials). 

Additional measurements, based on four controls for each patient, were 

performed for the frontal lobes, lateral temporal lobes, parietal lobes, occipital 

lobes, insular cortex, and fusiform gyrus (33). The only volume reduction in these 

regions >1.3 SDs of the control mean was the parietal lobe of patient R.S. 

A control group of twelve healthy volunteers also participated (three 

females; mean age, 62.7 years; mean education, 14.3 years). 

Materials and Procedure.  Six hundred common English words (4-9 

letters) served as stimuli (34). The words were used to construct six tests, each 

with 50 study words and 100 test words (50 targets from the study list plus 50 

foils that were not previously studied). For testing, individual words served 

equally often as targets and foils, and the words were presented in a mixed order 

for each participant. The order of presentation of the six tests was also mixed 

across participants. 

Controls were tested three times in a single session. To obtain robust 
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data, patients were tested six times in two sessions separated by an average of 5 

months. The results were similar in the two sessions. After a 250-msec fixation 

cross, each word was presented on a computer screen for 2.5 sec and rated as 

pleasant or unpleasant on the keyboard. After 3-5 minutes of conversation to 

prevent rehearsal, the 50 target words were presented one at a time, intermixed 

with 50 foil words, and participants decided on a 6-point confidence scale 

whether each word had been presented before (1, sure new to 6, sure old). The 

end points of the confidence scale were labeled 1=”Definitely New” and 

6=”Definitely Old” in the first session for the patients. The test was self-paced. 

Data analysis. As discussed above, the DPSD model yields two 

parameters of interest: 1) the probability that a target will achieve a qualitatively 

distinct state of memory such that it is recognized with high confidence – a 

quantitative property of the memory signal that in this model is termed 

recollection (r); and 2) the distance between the average memory strength of 

targets and the average memory strength of foils, divided by the standard 

deviation of the two distributions (which is assumed to be identical). In the DPSD 

model this value is termed familiarity (d’). The UVSD model also yields two 

parameters of interest: 1) the ratio of the standard deviation of the target 

distribution to the standard deviation of the foil distribution (σtarget/σfoil), and 2) 

the distance between the average memory strength of targets and the average 

memory strength of foils, divided by the standard deviation of the foil distribution. 

This value is termed d. Maximum likelihood parameter estimates for the DPSD 

and UVSD models were obtained for each participant by separately fitting both 
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models to each participant’s confidence ratings using standard methods (35). For 

both models, 7 parameters were estimated (the two memory-relevant parameters 

discussed above plus 5 criteria specified by the confidence ratings). 

Experiment 2 
 
Participants. Nine healthy volunteers participated (2 females; mean age, 

60.2 years; mean education, 14.5 years). 

Materials and Procedure. Five hundred common English words (4-9 

letters) served as stimuli (36). The 500 words (different from the words in Exp. 1) 

were used to construct five tests, each with 50 study words and 100 test words 

(50 study words plus 50 foils). For testing, individual words served equally often 

as targets and foils, and the words were presented in a mixed order for each 

participant. The order of presentation of the five tests was also mixed across 

participants. 

Memory was tested using five separate recognition tests. Each participant 

was tested once each at study-test delays of 5 min, 1 hour, 1 day, 7 days, and 30 

days. The order of the delays was mixed across participants. As in Experiment 1, 

maximum likelihood parameter estimates were obtained by fitting both models to 

the confidence data. Group data were analyzed because there were too few 

observations to fit the data from each participant individually. 

Experiment 3 
 
Participants. Five healthy volunteers (2 female; mean age, 60.6 years; 

mean education, 14 years) were tested on three separate occasions with a 

study-test delay of 1 day. In addition, 7 healthy volunteers (1 female; mean age, 
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56.2 years; mean education, 14.4 years) were tested on three separate 

occasions with a study-test delay of 7 days. 

Materials and Procedure. Three hundred common English words (4-9 

letters) served as stimuli (20). The 300 words (different from the words in Exp. 1 

and 2) were used to construct three tests, each with 50 study words and 100 test 

words (50 study words plus 50 foils). For testing, individual words served equally 

often as targets and foils, and the words were presented in a mixed order for 

each participant. The order of presentation of the three tests was also mixed 

across participants. Data were analyzed as in Experiment 1, and parameter 

estimates for both models were calculated individually for each participant. 

  



 

	

21 

 ACKNOWLEDGEMENTS 
 
 
 
 
Chapter 1, in full, is a reprint of the material as it appears in “Hippocampal 

damage impairs recognition memory broadly, affecting both parameters in two 

prominent models of memory” in PNAS: USA 110(16):6577-82. Dede, AJO, 

Wixted, JT, Hopkins RO, Squire, LR, 2013. The dissertation author was the 

primary investigator and author of this paper. 

This work was supported by the Medical Research Service of the 

Department of Veteran Affairs and National Institute of Mental Health Grant 

MH24600. We thank Jennifer Frascino and Erin Light for assistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

	

22 

Characteristics of Memory-Impaired Patients. The Wechsler Adult Intelligence 
Scale-III (WAIS-III) and the Wechsler Memory Scale- Revised (WMS-R) yield 
mean scores of 100 n the normal population with a standard deviation of 15. The 
WMS-R does not provide numerical scores for individuals who score below 50. 
IQ scores for R.S. and J.R.W. are from the Wechsler Adult Intelligence Scale-
Revised. 
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Table 1.2 Patient and control performance in Exp. 1 

 Patients Controls 

False Alarm Rate .34 .17 

Hit Rat .61 .84 
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Table 1.3 Control performance at variable delay intervals in Exp. 2 

Delay 5m 1hr 1d 7d 30d 

False Alarm 
Rate 

.15 .18 .31 .46 .40 

Hit Rate .84 .77 .66 .60 .47 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

	

25 
 
 
 
 
Table 1.4 Patient and control performance in Exp. 1 and 3 

 Controls (1d) Patients Controls (7d) 

Accuracy .71 .65 .58 

False Alarm Rate .22 .34 .37 

Hit Rat .66 .61 .53 
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Figure 1.1 Parameter estimates for Exp. 1. Parameter estimates for recognition 
memory performance of controls (CON) and patients with hippocampal lesions 
(H) based on two prominent models. Both models yield two parameters of 
interest. The DPSD model yields estimates of familiarity and recollection. 
Familiarity is a discriminability estimate, d’ (A), and recollection is a probability 
estimate, r (B). The UVSD model yields d, a discriminability estimate (A) and the 
ratio of the standard deviation of the target distribution to the standard deviation 
of the foil distribution, σtarget / σfoil (B). All estimates were lower for the patients 
than controls. Error bars show standard error of the mean. 
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Figure 1.2 Parameter estimates for recognition performance of controls (CON, 
n=9) as a function of retention delay. The DPSD model yields estimates of 
familiarity, d’ (A) and a probability estimate labeled recollection, r (B). The UVSD 
model yields d, a discriminability estimate (A) and the ratio of the standard 
deviation of the target distribution to the standard deviation of the foil distribution, 
σtarget / σfoil (B). In both models, the two parameters decrease as time passes 
after learning. 
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Figure 1.3 Parameter estimates for recognition performance of controls tested 1 
or 7 days after learning (CON 1d, n=5; CON 7d, n=7) based on two models. 
Corresponding estimates from Figure 1 for controls (CON, n=11) and patients 
with hippocampal lesions (H, n=5) tested 3 minutes after learning are shown for 
comparison. At 1 day after learning, control performance was numerically better 
than performance of the patients tested 3 minutes after learning, while at 7 days 
after learning, control performance was numerically better than that of patients. 
The DPSD model yields estimates of familiarity, d’ (A) and a probability estimate 
labeled recollection, r (B). The UVSD model yields d, a discriminability estimate 
(A) and the ratio of the standard deviation of the target distribution to the 
standard deviation of the foil distribution, σtarget / σfoil (B). All parameter 
estimates were higher for controls tested at one day after learning than for 
patients tested after 3 minutes. This pattern was reversed when controls were 
tested after 7 days. Error bars show standard error of the mean. 
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CHAPTER 2 
 

Learning and remembering real-world events after medial temporal lobe 
damage  

 
 
 
 
 
 The hippocampus is important for autobiographical memory, but its role is 

unclear. Patients with hippocampal damage and controls were taken on a twenty-

five minute walk on the University campus during which eleven planned events 

occurred. Memory was tested directly after the walk. In addition, a second group 

of controls took the same walk and were tested after one month. Patients with 

hippocampal damage remembered fewer details than controls tested directly 

after the walk but remembered a similar number of details as controls tested after 

one month. The details reported by patients had the characteristics of episodic 

recollection and included references to particular places and events. Patients 

exhibited no special difficulty remembering spatial details. Lastly, whereas both 

control groups tended to recall the events of the walk in chronological order, the 

order in which patients recalled the events was unrelated to the order in which 

they occurred.  The findings illuminate the role of the hippocampus in 

autobiographical memory and in the spatial and nonspatial aspects of episodic 

recollection. 

Introduction 

 Autobiographical memory represents the experiences of our lives and 

provides our sense of self. We can mentally travel through time to re- experience	
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events from the past, and we can imagine events in the future. Without this 

faculty, our conscious life would be a series of unconnected moments. 

 The severely amnesic patient K.C. cannot remember a single personal 

event from his life and cannot describe what he did yesterday or what he might 

do tomorrow (36). K.C.’s amnesia was caused by a closed-head injury, which 

damaged the hippocampus and adjacent cortex, as well as regions of the frontal 

and parietal lobes (37). Though the extent of K.C.’s lesions makes it difficult to 

relate his impairment to anatomy, other work has studied autobiographical 

memory in patients with more circumscribed damage. 

 A number of studies have identified the hippocampus as an important 

structure for autobiographical memory (38-40), but its role remains unclear. 

Some findings emphasize its function in forming new memories about both 

events and facts (episodic and semantic memory) (41). Other studies suggest 

that the hippocampus is particularly important for the episodic content of 

autobiographical memory (e.g., time, place, and perceptual information) and that, 

as a result, patients with hippocampal damage must rely on semantic memory 

alone (42). Still other work suggests that the hippocampus is especially important 

for spatial cognition and that impaired autobiographical memory after 

hippocampal damage is due to a difficulty in constructing spatially coherent 

scenes (43). 

 Here, we describe a novel approach to the study of autobiographical 

memory and hippocampal function. Patients with hippocampal damage and 

healthy volunteers were taken individually on a twenty-five minute walk on the 
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University campus during which eleven planned events occurred (Figure 1). 

Directly after the walk, participants were asked for six-minute, narrative 

descriptions of what they could remember. Next, they constructed one-minute 

narratives in response to prompts about each of the eleven events. Lastly, they 

were given forty two-alternative, forced-choice questions about particular details 

of the walk. In this way, we assessed the accuracy and quality of memory for a 

real world event. Specifically, we evaluated the extent to which participants 

produced episodic memories, and we evaluated the quality of the memories in 

terms of their spatial and nonspatial content. To determine whether impairments 

exhibited by the patients reflect a qualitatively distinct deficit or a normal feature 

of weak memory, we also tested a second group of volunteers who took the 

same walk but were tested only after an interval of one month. 

Results 

Six-minute narratives about the walk 

 The patients with hippocampal lesions recalled fewer accurate episodic 

details about the walk than the CON-1 group (t(10)=3.9, p<.01) and about the 

same number of details overall as the CON-2 group tested after one month 

(t(9)<1.0, p>.2) (Table 1). Figure 2 shows that, except for details about time 

(which were rare), patients recalled fewer details than the CON-1 group in each 

category (event, space, and perception) (ts(10)>2.3, ps<.05), and they recalled 

about the same number of details in each category as the CON-2 group (ps>0.1). 

The single patient with large MTL lesions performed more poorly than the 

patients with hippocampal lesions (Table 1; t(3)=6.6, p<.05). Note that the 
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hippocampal patients and the MTL patient had no special difficulty reporting 

spatial details about the walk. Thus, the hippocampal patients scored 1.6, 1.5, 

and 1.3 standard deviations below the CON-1 mean for details in each category 

(event, space, and perception). 

 The patients (H and MTL) also recalled more inaccurate details than CON-

1 and fewer unverifiable details (Table 1), but these differences did not reach 

significance (p<0.08 for inaccurate details; p>0.2 for unverifiable details). It was 

also the case that patients repeated themselves more during narrative 

construction than did CON-1 (t(10)=2.4, p<.05) (Figure 2B). 

 To assess memory for the temporal order in which the events had 

occurred, we plotted the order in which the 11 events of the walk were described. 

Figure 3A provides this information for the H and MTL patients (combined) and 

for CON-1. The CON-1 group described events approximately in the order in 

which they had occurred (r=.95, p<.05). By contrast, the order in which patients 

described events was unrelated to the order in which they had occurred (r=-.47, 

p>.2). Figure 3B shows corresponding data for CON-2 in comparison to the data 

for CON-1. Group CON-2, like CON-1, described events in the order they had 

occurred (r=.91, p<.05). 

One-minute narratives about each of the 11 events 
 
 Figure 4 shows the number of accurate details that were recalled during 

one minute in response to prompts about each event of the walk. Patients with 

hippocampal lesions retrieved significantly fewer details than CON-1 about every 

event (ps<.05), except event 11 (the drink). The events that were most 
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memorable for CON-1 were also the most memorable events for the patients 

(Figure 5)(r=.81, p<.05). 

 Unlike in the six-minute narratives, the hippocampal patients retrieved 

marginally fewer accurate details overall than CON-2 (3.9 vs. 5.4 details per 

event, p=.06). This finding appeared to depend on differences in how well the two 

groups remembered the more salient events that appear to the right in Figure 4. 

To confirm this observation, events were divided into two groups: the five events 

best remembered by CON-1 and the five events least remembered. While the 

scores of the hippocampal patients matched the scores of the CON-2 group for 

the least remembered events, the CON-2 group remembered the salient events 

better than the patients (interaction of group X salience: F(1,9)=9.4, p<.05). 

As with the six-minute narratives, we evaluated performance in each content 

category averaged across all events (event, space, and perception)(Time details 

were rare and were not counted; <0.1 detail/event in each group). The H group 

recalled fewer event and perception details than CON-1 (ts(10)>3.0, ps<.05, for 

space details: p>.1). The CON-1 group produced an average of 2.9, 1.4, and 4.4 

accurate details per event in the event, space, and perception categories, 

respectively. For the H group, the corresponding values were 1.4, 0.6, and 1.9 

details, and for CON-2 the values were 1.6, 1.4, and 2.4 details. The H group 

scored 2.7, 1.2, and 1.3 standard deviations below the CON-1 mean in the event, 

space, and perception categories, respectively. 

 Patients produced more inaccurate details than CON-1 (1.6 vs. 0.5 details 

per event; t(10)=3.4, p<.05) and about the same number of inaccurate details as 
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CON-2 (1.6 vs. 1.1 details per event; p>.1). Participants reported few unverifiable 

details during the one-minute narratives (range of means across groups = 0.6-1.5 

details per event; no between-group differences, ps>.1). 

 In view of the suggestion that the hippocampus is uniquely important for 

binding items to contexts (44), we asked whether the patients had difficulty 

connecting remembered details to the appropriate events. That is, did patients 

mix details between events more frequently than controls? Accordingly, for the 

one-minute narratives we counted how often participants reported details 

about events other than the event being asked about. The hippocampal patients 

did this only rarely, numerically less often than the controls (0.2 times/event vs. 

0.3 times/event). Thus, we found no evidence that the hippocampus is especially 

important for binding items to contexts. 

 Performance of the patient with large MTL lesions was variable. While he 

produced fewer details per event overall than CON-1 (4.4 vs. 8.8), he 

nevertheless did well describing three of the events (cup, shoe, and statue). 

However, he often appeared to remember only a fragment about an event and 

then generated a narrative consisting of plausible guesses and far-fetched 

comments (in reference to the statue: “It wasn’t a covered wagon”). In 

addition, his narratives included more than twice as many inaccurate details as 

the narratives of any other group (3.3/event), he repeated himself frequently 

(Figure 2B), and he frequently incorporated remarks about events other than the 

event he was asked about (four times more often than any other group). Two-

alternative, forced-choice questions about the walk 
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 Figure 6 shows the results for the two-alternative, forced-choice test. 

Overall, patients with hippocampal lesions performed more poorly than CON-1 

(t(10)=2.4, p<.05) and performed similarly to CON-2 (p>.2). With the exception of 

questions about time, the hippocampal patients performed poorly in all content 

categories. Their scores were 2.1, 1.4, and 2.5 standard deviations below the 

CON-1 mean for questions about events, space, and perception, respectively. 

The patient with large MTL lesions performed poorly overall, but did well on 

questions about space. 

Discussion 
 Patients with hippocampal damage remembered fewer details than 

controls about 11 events that occurred during a guided walk on the University 

campus. This impairment was evident in six-minute narratives that participants 

constructed about the walk, directly after returning to the laboratory (Figure 2). 

Patients also recalled fewer details than controls in prompted one-minute 

narratives about each of the 11 events (Figure 4), and they performed poorly on 

40 two-alternative, forced-choice questions about specific details from the walk 

(Figure 6). In many respects, performance of the patients resembled the 

performance of a group (CON-2) that was tested one month after the walk. 

Thus, in their six-minute narratives patients recalled about the same number of 

total details as the CON-2 group (Table 1), and they recalled a similar number of 

details in each content category (event, space, perception, and time)(Figure 

2). However, in one respect patient performance differed sharply from the 

performance of either the CON-1 or CON-2 groups. Whereas both control groups 
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tended to recall the events of the walk in the order that they occurred, the order 

in which patients recalled the events was unrelated to the order in which the 

events occurred (Figure 3). 

 Despite their memory impairment, the patients did remember a significant 

number of event, space, and perception details in both the six- minute (Figure 2) 

and one-minute narratives. These details had the characteristics of episodic 

recollections and included references to particular places and events. For 

example, G.W. remembered that the bicycle “had a light on the front.” L.J. 

remembered that the books in the library had been “further down on the shelf, 

and it seems like they were white.” In addition, the events that were most 

memorable for the controls were also most memorable for the patients (Figure 5), 

suggesting that patients and controls experienced the salience of the events 

similarly. 

 The behavior of our patients was distinct from that observed with the 

densely amnesic patient K.C. and others like him, who cannot remember any 

personal events (36, patient D.R.B. in 45, patient R.F.R. in 46, patient G.T. in 

47). If damage to the hippocampus were the cause of such a severe condition, 

then our patients’ narratives should have been devoid of episodic content, 

lacking specificity about the events of the walk. Their narratives should have 

amounted to a collection of factual statements related to what was seen on the 

walk. However, the narratives produced by our patients contained vivid episodic 

content. Accordingly, our results are at odds with the idea that the hippocampus 

is specifically necessary for the episodic content of recollection (42). The 
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difference between our patients and more severely impaired patients (e.g., K.C.) 

likely depends on differences in the locus and extent of their brain damage. 

Indeed, patient K.C. and all the patients cited above have damage that extends 

beyond the MTL to involve other regions, especially in frontal and lateral 

temporal cortex (also see 36, 48). 

 The question arises whether the capacity for episodic recall reflects 

partially preserved hippocampal function in patients with a reduction in 

hippocampal volume averaging only 45%. This possibility seems unlikely for two 

reasons. First, patient G.P., who has virtually no detectable hippocampus, was 

capable of some episodic recollection. Second, for two different patients, 

neurohistology revealed complete loss of hippocampal neurons despite only 

partial reduction in hippocampal volume (49). Thus, partial hippocampal volume 

loss in memory-impaired patients can reflect complete hippocampal dysfunction. 

The impairment exhibited by the patients was evident to a similar degree in three 

of the four content categories, event, space, and perception (Figure 2). Notably, 

patients exhibited no special difficulty in the production of spatial content, not in 

the six-minute narratives and not in the one-minute narratives. Indeed, every 

patient provided some accurate and specific spatial details. For example, K.E., 

when describing the student with the bike lock (Event 6), accurately 

remembered: “he was walking west, and we were going east.” G.W. accurately 

reported that there were “muffins on the counter next to the bananas” (Event 9). 

Even G.P., with large MTL lesions, accurately reported that the statue had been 

“8 to 10 feet high…water was coming out of the top.” In comparison to CON-1, 
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the patients had no more difficulty with the questions that asked about space 

than with questions about other features of the events (Figure 6). Taken together, 

our results provide little support for the idea that the hippocampus has a special 

role in constructing spatial scenes or in recollecting spatial details from memory 

(43). 

 Although the patients were able to organize the details from the walk into 

distinct coherent events, they differed markedly from controls in that they did not 

(in the 6-minute narratives) describe events in the same sequence in which they 

had occurred (Figure 3A). Even controls tested after one month still recalled 

events in approximately chronological order (Figure 3B). Thus, difficulty with 

temporal order information was not a simple consequence of weak memory. We 

suggest that the inability of the patients to remember the temporal sequence of 

the walk may have reflected their inability to bridge temporal gaps between 

discrete events. Specifically, the gaps between events would have challenged 

working memory capacity (50). As events unfolded over time, working memory 

was continuously overwritten, which would have made it difficult to link the 

separate events, except by relying on long-term memory. The patients with 

hippocampal damage would have been disadvantaged because they could not 

have used long-term memory to learn about the order of events as they 

proceeded along the walk. 

 Note that this finding is not evidence for a selective impairment in memory 

for temporal information. Rather, the results suggest that patients would have 

been especially impaired on any test that assessed “global” information about the 
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relationship between events (temporal, spatial, or perceptual relationships).  In 

contrast, for tests that assess “local” information about individual events (and 

most of our tests did), the information could initially have been acquired within 

working memory. The information would then be available for transfer to long-

term memory to the extent that long-term memory can be established after 

hippocampal damage. Importantly, as indicated in Figures 2, 4, and 6, patients 

with hippocampal damage typically retain some ability to learn lists, locations, 

and other material. 

 In summary, patients with damage to the MTL learned and remembered 

fewer details about real-world events than controls when testing occurred directly 

after the events occurred. In many respects, the patients performed similarly to 

controls tested after a delay of one month (Figures 2 and 4). Despite their 

impairment, patients recalled many accurate and specific episodic details about 

events of the walk. They also remembered details from all content categories 

(Figure 2), and there was no evidence of a special difficulty reporting spatial 

content about the events. By contrast, patients were strikingly deficient at 

remembering the temporal sequence in which events occurred during the walk 

(Figure 3A). The latter result suggests that the hippocampus is particularly 

important for bridging gaps between events and discovering relationships 

between separate events (temporal, spatial, or perceptual). 

Materials and Methods 
 
Participants 
 
 Five memory-impaired patients participated (Table 2), four with bilateral 
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medial temporal lobe lesions limited to the hippocampus (CA fields, dentate 

gyrus, and subicular complex) and one with larger medial temporal lobe 

lesions. Patients G.W. and D.A. became amnesic in 2001 and 2011, respectively, 

following drug overdose and associated respiratory failure. Patient KE became 

amnesic in 2004 after an episode of ischemia associated with kidney failure and 

toxic shock syndrome. Patient L.J. (the only female) became amnesic in 1988 

during a 6-month period with no known precipitating event. Her memory 

impairment has been stable since that time. Patients K.E., L.J., G.W., and D.A. 

have an average bilateral reduction in hippocampal volume of 49%, 46%, 48%, 

and 35%, respectively. On the basis of findings from two patients (L.M. and 

W.H.) with similar bilateral volume loss in the hippocampus for whom detailed 

postmortem neurohistological information was obtained (49), the degree of 

volume loss in these four patients may reflect nearly complete loss of 

hippocampal neurons. The volume of the parahippocampal gyrus (including 

temporopolar, perirhinal, entorhinal, and parahippocampal cortices) is reduced by 

11%, -17%, 10%,  and -5% for K.E., L.J., G.W., and D.A., respectively. These 

values are based on published guidelines for identifying the caudal border of the 

parahippocampal gyrus (51). The negative values indicate instances where the 

volume was larger for a patient than for controls. Patient G.P. has severe 

memory impairment resulting from viral encephalitis in 1987. During repeated 

testing over many weeks he did not recognize that he had been tested before 

(52). G.P. has an average bilateral reduction in hippocampal volume of 96%. The 

volume of the parahippocampal gyrus is reduced by 94%. Eight coronal magnetic 



	 41 

resonance images from each patient, together with detailed description of the 

lesions, are presented elsewhere (53). 

 Two groups of healthy volunteers also participated. One group (CON-1) 
 
was tested directly after the walk (n=8; 1 female; mean age = 60.8 years; mean 

education = 13.8 years). The other group (CON-2) was tested one month after 

the walk (n=7; 3 females; mean age = 64.1; mean education = 14.8 years). All 

procedures were approved by the Institutional Review Board at the University of 

California at San Diego, and participants gave written informed consent prior to 

participation. 

Procedure 
 
 Each participant was taken for a 25-minute walk on the campus of the 

University of California, San Diego. Before the walk, participants were told that 

their memory would be tested afterwards for everything that occurred during the 

walk. However, they would not need to remember any part of conversations. A 

fixed order of 11 events occurred during the walks (Figure 1). The experimenter 

was the “actor” for each event (she discarded the cup, found the book, etc.). The 

sixth event of the walk required a confederate, who provided a bike lock and 

asked that the experimenter lock his bike. The walks were scheduled at either 

10:30am or 1:30pm (not during class changes or lunch time) to standardize the 

background environment as much as possible. 

 Upon returning to the laboratory, patients and controls in the no-delay 

condition were tested for their memory of the walk. The procedure was identical 

for controls tested one month later. Participants were first given up to six minutes 
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to describe in as much detail as possible all that they could remember about the 

walk. The experimenter provided support during narrative construction by probing 

for detail (54, 55). 

 Next, the experimenter provided a prompt for each of the 11 events of the 

walk (e.g., “What happened at the vending machine?”). In response to 

each prompt, participants were given up to one minute to describe the event in 

as much detail as possible. The instructions emphasized that participants 

could repeat details they had already reported in the six-minute narrative. 
 
Last, participants were asked 40 two-alternative, forced-choice questions about 

the 11 events of the walk. The questions followed the order in which the events 

had occurred. Before asking questions about a particular event, the event in 

question was first identified (e.g., The next few questions will be about the 

statue). Seven questions asked about the event itself (e.g., Did we find a quarter 

or a dime?). Thirteen questions asked for perceptual information (e.g., Were the 

doors to the building wooden or glass?). Thirteen questions asked for spatial 

information (e.g., What kind of vending machine was on the right: snack or 

drink?). Seven questions asked for temporal information (e.g., Did it take less 

than 30s or more than 3m to walk from the bike to the fountain?). All responses 

were recorded. 

Narrative Scoring 
 
 Narratives were first partitioned into details as described previously (40, 
 
55-57). Each detail was then scored as reflecting episodic memory, semantic 

memory, repetition, or remembered thoughts. Episodic details described aspects 
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of specific events. Semantic details described facts that contextualized events. 

Participants produced few semantic details, perhaps because little context is 

needed when one describes recent events to someone who also experienced 

them. Semantic details (<6.4/group/narrative) were not considered further. 

Repetitions were details that repeated information from earlier in the narrative. 

Thoughts described introspective commentary (e.g., “I liked that place”) and were 

not analyzed further. Next, following methods described in other studies (56, 57), 

each episodic detail was categorized according to its content: event, space, time, 

or perception. Event details described persons or actions. Spatial details 

described places or spatial relationships between objects or persons. Time 

details described temporal information about an event (e.g., “It was real 

quick”). Perceptual details described objects, colors, weather, or other sensory 

information. 

 We then assessed the accuracy of each detail. Details were scored as 

“accurate” if they could be verified as having happened on the walk (e.g., “You 

found a quarter in the machine”). Details were scored as “inaccurate” if they 

did not happen on the walk (e.g., “We stopped at a Pepsi machine” [it was a 

snack machine]). Details were scored as “unverifiable” if it was not possible to 

determine their accuracy. The unverifiable details were usually unrelated to any 

of the 11 scheduled events and involved objects, actions, or pieces of 

conversation (e.g., “A girl walking on the path had red shoes”). A.D. partitioned 

the six-minute narratives into details and assigned them to content categories. A 

second person blind to group membership scored a randomly selected 32% of 
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the data (2 participants from each group, 6 participants). Across participants and 

content ratings, the correlation between scores was .92 and Cronbach’s α was 

.96. A.D. scored the one-minute narratives. 
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Mean number of accurate, inaccurate, and unverifable details produced by 
each group during a six-minute narrative description of the walk. Standard errors 
are in parentheses. CON-1 = controls tested directly after the walk. CON-2 = 
controls tested one month after the walk. H = patients with hippocampal lesions. 
MTL = a patient with large medial temporal lobe lesions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2.1 Total details  

 Group 

 

Accurate 

 

Inaccurate 

 

Unverifable 

 

CON-1 56 (5.3) 4  (1.1) 10 (4.5) 

CON-2 32  (5.8) 4   (1.4) 7  (3.6) 

H 26 (2.7) 10 (6.2) 5  (2.3) 

MTL 18 8 5 
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The Wechsler Adult Intelligence Scale (WAIS-III) and the Wechsler Memory 
Scale-Revised (WMS-R) yield mean scores of 100 in the normal population with 
a standard deviation of 15. The WMS-R does not provide numerical 
scores for individuals who score below 50. IQ score for D.A. is from the 
Wechsler Adult Intelligence Scale-IV. 
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Figure 2.1 Map of 11 events that occurred during a guided walk. 1: discard a 
cup. 2: find change in a vending machine. 3: view portraits of Department chairs. 
4: point out coffee cart. 5: find book on the second floor of the library. 6: receive 
bike lock from student. 7: lock up bike. 8: view statue. 9: buy banana in cafe. 10: 
stops to tie shoes. 11: drink from water fountain. Sidewalks are light grey. 
Buildings are dark grey. Arrows indicate the path taken during the walk. 
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Figure 2.2 Number of accurate details produced in six-minutes. A. Details were 
assigned to one of four categories according to their content. B. The number of 
details that were repeated during the narrative. CON-1 = controls tested directly 
after the walk. CON-2 = controls tested one month after the walk. H = patients 
with hippocampal lesions. MTL = a patient with large medial temporal lobe 
lesions. Error bars show standard error of the mean.  
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Figure 2 . 3 Temporal organization of narratives. The data points show when, on 
average, the events from the walk were described during the six-minute 
narratives. The two control groups tended to describe events in the order that 
they occurred. The order in which the patients described events was unrelated to 
the order in which the events occurred. Lines represent significant fits to the data. 
A) CON-1 = controls tested directly after the walk. H = patients with hippocampal 
lesions. MTL = a patient with large medial temporal lobe lesions. The patients 
described only 9 of the 11 events and omitted events 10 and 11. B) CON-1 
together with controls tested one month after the walk (CON-2). The CON-2 
group described only 10 of the 11 events and omitted event 1.  
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Figure 2 . 4 Number of accurate details per event. Number of accurate details 
produced in one-minute narratives when participants were asked about each 
event separately in response to a prompt. The data are arranged according to 
how well the CON-1 group remembered each event. CON-1 = controls tested 
directly after the walk. CON-2 = controls tested one month after the walk. H = 
patients with hippocampal lesions. MTL = a patient with large medial temporal 
lobe lesions. Error bars show standard error of the mean.  
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Figure 2 . 5 Accurate details per event for CON-1 vs. patients. Details recalled 
during one-minute narratives about each event in response to a prompt (also see 
Figure 4). The events best remembered by CON-1 were also the events best 
remembered by the H and MTL patients. The numbers identify each event 
(Figure 1). The scatter plot shows the number of accurate details per event 
produced by the patients as a function of the number of details produced by 
CON-1. For example, CON-1 recalled 7.1 details about event 4 (coffee cart) and 
10.4 details about event 5 (library). The patients recalled 1.8 and 6.2 details 
about these same two events. CON-1 = controls tested directly after the walk. H 
= patients with hippocampal lesions. MTL = a patient with large medial temporal 
lobe lesions. 
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Figure 2 . 6 Performance on two-alternative forced-choice questions. There were 
four types of questions, querying different types of information. CON-1 = controls 
tested directly after the walk. CON-2 = controls tested one month after the walk. 
H = patients with hippocampal lesions. MTL = a patient with large medial 
temporal lobe lesions. Error bars show standard error of the mean. Horizontal 
line represents chance performance.	
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CHAPTER 3 

Autobiographical memory, future imagining, and the medial temporal lobe 

 

In two experiments, patients with damage to the medial temporal lobe (MTL) and 

healthy controls produced detailed autobiographical narratives as they 

remembered past events (recent and remote) and imagined future events (near 

and distant). All recent events occurred after the onset of memory impairment. 

The first experiment aimed to replicate the methods of Race et al. (57). 

Transcripts from that study were kindly made available for independent analysis, 

which largely reproduced the findings from that study. Our patients and patients 

from the earlier study produced fewer episodic details than controls, but patients 

from the earlier study were more impaired than our patients. Patients in both 

groups had difficulty returning to their narratives after going on tangents, 

suggesting that anterograde memory impairment may have interfered with 

narrative construction. In Experiment 2 the experimenter used supportive 

questioning to help keep participants on task and reduce the burden on 

anterograde memory. This procedure increased the number of details produced 

by all participants and rescued the performance of our patients for the distant 

past. Neither of the two patient groups had any special difficulty producing spatial 

details. The findings suggest that constructing narratives about the remote past 

and the future does not depend on MTL structures, except to the extent that 

anterograde amnesia affects performance. The results further suggest that 

different findings about the status of autobiographical memory likely depend on	
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differences in the location and extent of brain damage in different patient groups. 

 

Introduction 

Episodic memory affords the capacity to recollect past events that 

occurred at a particular time and place (58). In humans, episodic recollection 

allows for the re-experiencing of an event through a process of “mental time 

travel” (59). The hippocampus is known to be important for episodic memory, but 

its specific contribution is unclear.  In one view, the hippocampus is needed for 

the formation and consolidation of long-term memory for a limited time after 

learning (60).  This view finds support in reports that patients with hippocampal 

damage were intact at recollecting episodes from early life (and impaired only for 

more recent time periods (61-63).  Another view holds that episodic memories 

remain dependent on the hippocampus so long as they persist (64, 65). In 

support of this idea, patients with hippocampal damage were sometimes 

impaired at recollecting events from early life (66, 67).  A third view follows from 

the suggestion that the same process that enables recollection of the past is also 

engaged when imagining the future (68-71).  In two studies, patients with 

hippocampal damage were impaired at imagining new experiences or future 

events (66, 70; but see 61).  This deficit has been proposed to be part of a 

broader impairment in the ability to construct spatially coherent scenes (71). 

The present study explored these divergent views of hippocampal function 

by asking healthy controls and patients with hippocampal damage to remember 

past episodes (near past and distant past) and to imagine future episodes (near 
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future and distant future). In the first experiment, we aimed to replicate the 

methods of Race et al. (57), where memory-impaired patients were impaired at 

recollecting the past and also imagining the future. The original transcripts from 

the earlier study were also made available to us, and we scored them with the 

same methods used to score our own data. In this way, it was possible to 

evaluate the importance of how narratives are elicited and scored. Our scoring 

largely reproduced the earlier findings. Both our patients and the patients from 

the earlier study (57) were impaired at producing episodic details during narrative 

construction. The deficit was more severe in the patients from the earlier study. 

Both patient groups also tended to lose track of their narratives and to go on 

tangents. To explore the significance of this finding, in the second experiment the 

experimenter helped keep participants on task during narrative construction 

through the frequent use of supportive questioning. With this method, the 

performance of our patients was intact for all time periods except the near past. 

Results 
Experiment 1 

 
Figure 1 shows the number of episodic and semantic details in Experiment 

1 as participants recalled the past and imagined the future. Repetitions, 

metacomments, and irrelevant details were not counted (see Methods). 

Corresponding results from our independent analysis of data from Race et al. 

(57) are also illustrated. Data for episodic and semantic details in our study were 

analyzed using three-way, mixed-factorial ANOVAs (patient vs. control, past vs. 

future, distant vs. near). For episodic details, the overall difference between 
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patients and controls did not reach significance (F(1,13)=3.3, p=.09). However, 

relative to controls, patients had more difficulty with past time periods than with 

future time periods (interaction of group x temporal direction: F(1,13)=12.5, 

p<.01). Post hoc t-tests revealed differences between patients and controls in 

both past time periods, but not in future time periods. In addition, both groups 

produced more details for past time periods than for future time periods (F(1,13) 

= 41.5, p<.001). None of the other main effects or interactions approached 

significance (ps>.1). For semantic details, patients were marginally impaired 

overall (F(1,13)=4.2, p=.06). There were no other main effects or interactions 

(ps>.1). The single patient with large MTL lesions performed similarly to the 

patients with hippocampal lesions. 

An important question is whether patients with hippocampal damage had 

particular difficulty producing spatial details in their narratives in comparison to 

other kinds of details. Figure 2 shows the number of details per narrative in all 

five categories of episodic content (see Methods). The data were analyzed using 

a 2 X 5 mixed-factorial ANOVA (two groups, five content categories). Some 

categories contained more details than others (F(4,52)=64.5, p<.01), but this 

effect was similar for the patients and controls (no interaction of group x 

category, p>.1), and there was no indication that patients had special difficulty 

producing spatial details. Indeed, the largest difference between patients and 

controls was in time details (Cohen’s d = 1.1), and the difference in spatial details 

was among the smallest (Cohen’s d = .6). The findings were similar in the study 

by Race et al. (57). Although their patients were impaired at producing details in 
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each of the five categories, the impairment in spatial details was the smallest 

(Cohen’s d = .6). 

Anterograde amnesia may have contributed to task difficulty by impairing 

the ability to keep the organization of a narrative in mind during narrative 

construction. We tested for this possibility with a novel analysis by asking how 

often participants were able to return to the central event of their narratives after 

going on tangents (Figure 3). Our patients were deficient at recovering from 

tangents (t(13)=3.6; p<.01), and the same effect is evident in the data from Race 

et al. (57). Although our patients had difficulty recovering from tangents, the 

frequency with which they went on tangents was similar for patients and controls 

(mean = 0.6 vs. 0.9 tangents per narrative; p>.2).  

Experiment 2 

If anterograde amnesia contributed to the impaired performance of the 

patients in Experiment 1, then patient performance should be better in 

Experiment 2. For Experiment 2, the experimenter provided extensive support 

during narrative construction in the form of questioning and probing for details. 

This procedure helped keep participants on task as they developed their 

narratives. 

Episodic and semantic detail counts 
 
Figure 4 shows the number of episodic and semantic details in Experiment 

2 as participants recalled the past and imagined the future. Participants produced 

many more details in Experiment 2 than in Experiment 1. The main finding was 

that patients were strikingly deficient at remembering episodic details from the 
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near past, but they did well at remembering the distant past and imagining the 

future. An ANOVA (patient vs. control, past vs. future, distant vs. near) confirmed 

this specific deficit in the near past (interaction of group x temporal direction x 

temporal distance: F(1,13)=7.6, p<.05). Post hoc t-tests also revealed a 

difference between patients and controls in the near past (t(13)=3.2, p<.01) but 

not in other time periods (ps>.1). Lastly, there was an interaction of group x 

temporal direction (F(1,13)=33.4, p<.001), indicating that the patients did a little 

better imagining the future than remembering the past, whereas controls 

exhibited the opposite pattern. The patient with large MTL lesions performed like 

the patients with hippocampal lesions. With respect to semantic details, patients 

and controls performed similarly, and an ANOVA yielded no significant findings. 

Figure 5 shows the number of details per narrative in each of the 5 

episodic content categories (as in Experiment 1). The patients included spatial 

details in their narratives as frequently as controls. A 2 X 5 ANOVA (patient vs. 

control, 5 episodic content categories) yielded a main effect of content category 

(F(4,52)=57.9, p <.001), reflecting the tendency of both groups to produce more 

event and perceptual details than other kinds of details. There was no group 

effect and no interaction. Post-hoc t-tests revealed no differences between 

patients and controls for any content category (ps>.2). 

Although the support provided in Experiment 2 successfully encouraged 

participants to produce long and detailed narratives, the question naturally arises 

whether these details, to any extent, reflected an influence of the experimenter 

on how patients and controls constructed their narratives. This possibility seems 
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unlikely because the number of probes provided to participants was virtually 

identical for all time periods within each group. However, patients did receive 

more probes per narrative than controls did (29.6 vs. 18.3; p<.001). To test 

whether patients succeeded in part by incorporating information suggested by 

the experimenter into their narratives, we categorized all probes from the 

experimenter as general or specific (see Methods). If patients often incorporated 

information suggested by the experimenter, then they should have produced 

more details in response to specific probes than in response to general probes. 

However, this did not occur. An ANOVA (patient vs. control, general vs. specific) 

yielded only a main effect of group (F(1,13)=19.3, p<.001) but no interaction. 

That is, patients produced fewer details in response to each probe than did 

controls (2.1 vs. 3.5), but the number of details produced was about the same 

when the probe was general and nonspecific as when the probe was specific 

(even when the probe included an explicit suggestion about content). For 

controls, the average number of details in response to each probe was 3.7 and 

3.4 for general and specific probes, respectively. For patients, these numbers 

were 2.2 and 2.2 for general and specific probes. Thus, although patients 

received more probes than controls, there was no evidence that these probes 

advantaged the patients by suggesting content that they could incorporate into 

their narratives. We suggest that the probes, whether general or specific, served 

mainly to keep participants engaged in the task. 
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Discussion 
 
Participants were invited to construct detailed personal narratives as they 

remembered past events and imagined future events. We tested seven memory-

impaired patients and nine controls, and also rescored transcripts kindly made 

available to us from an earlier, similar study (57). Our patients produced fewer 

episodic details from the past than controls but were intact at imagining the 

future. Patients from the earlier study exhibited a more severe deficit that 

affected all time periods (Fig. 1). In addition, both patient groups had difficulty 

returning to the central event of a narrative after going on a tangent (Fig. 3), 

suggesting that anterograde amnesia may have affected narrative construction. 

To explore this possibility, in Experiment 2 the experimenter provided participants 

with supportive questions to keep them on task and to reduce the burden on 

anterograde memory. This manipulation markedly increased the number of 

details produced by all participants and rescued the performance of our patients 

as they recollected memories from the distant past (Fig. 4). Patients were 

impaired only for the near past. In summary, in Experiment 2 when patients with 

MTL damage recollected memories from the distant past and when they 

imagined the future, they produced narratives that contained as much detail as 

control narratives. 

For the near past, all the events that patients were asked about had 

occurred after the onset of their memory impairment. Accordingly, memory for 

events from the near past would not be expected to be available, with or without 

experimenter support. By contrast, for the distant past, memory was queried for 
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events that occurred long before the onset of memory impairment. We suggest 

that without experimenter support in Experiment 1, impaired anterograde 

memory challenged the ability to produce detailed and coherent narratives. In 

Experiment 2, experimenter support diminished the effect of anterograde 

memory impairment and improved performance. 

The possibility that anterograde amnesia might directly impair narrative 

constructions about the past or the future has been considered previously (72-

75). Several observations support this idea. First, in an earlier study, patients 

repeated themselves more often than controls when they recalled the past (76). 

In another study, patient KC was able to distinguish true from false details about 

familiar fairy tales that he would have learned as a youth, but his narratives 

lacked detail when he tried to recount the stories himself (73). In still another 

study, memory-impaired patients were asked to imagine new experiences as well 

as to construct narratives about a picture that was presented to them (74). 

Descriptions of the scene were impoverished, and this impairment appeared to 

explain the difficulty that patients also had in imagining new experiences. Lastly, 

Experiment 1 showed that both our patients and the patients from the earlier 

study (56) had difficulty returning to their narratives after going on a tangent (Fig. 

3). 

Additional evidence for the impact of anterograde amnesia on narrative 

construction is that our patients frequently made statements discontinuous with 

what had been said earlier in the narrative (patients: 1.6 instances/narrative; 

controls: 0.2 instances/narrative; p<.05). For example when asked to imagine a 
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future event, one patient described learning to play bridge with friends. However, 

in the midst of the narrative, the card game changed from bridge to pinochle.  

Another patient, while imagining the future graduation ceremony of a grandson 

from college, abruptly began to describe watching him in a soccer game. These 

and other examples suggest that, due to their anterograde amnesia, patients 

forgot aspects of their narrative and introduced discontinuous content. 

The question arises why impaired anterograde memory might sometimes 

affect the ability to recollect the past but not the ability to imagine the future (our 

data, Experiment 1). One possibility is that anterograde memory impairment has 

a greater influence on narrative construction when narratives are relatively long. 

In our Experiment 1, participant narratives about the distant past contained 46% 

more details than the narratives about the future. Another possibility follows from 

the fact that narratives about future events need not depend on any particular 

memory. As has been suggested (77), future imagining typically involves 

constructing a novel recombination of information from multiple different 

memories. By contrast, narratives about the past are based upon memory of an 

already experienced event. If one loses track of a narrative while recalling the 

past, one must remember what event to return to. However, if one loses track of 

a narrative while imagining the future, one can draw on any number of events to 

continue the narrative. 

An analysis of narrative content indicated that impairments were similar 

across all five content categories (Figures 2 and 5). Notably, neither our patients 

nor those from the earlier study (57) exhibited any special difficulty in the 
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production of spatial details (also see 6). Similarly, in another study in which 

memory-impaired patients imagined scenes (70), the patients produced fewer 

details in all content categories, both spatial and nonspatial. Note, though, that in 

a different study from the same group, the number of spatial details was 

selectively reduced when patients described what might lie outside the 

boundaries of a photograph (71). In any case, in our patients and in those from 

the earlier study (57), there was little support for the proposal that the human 

hippocampus is specifically important for constructing spatially coherent mental 

images (71). Rather, whatever memory impairments occurred in particular time 

periods, there was a similar reduction in narrative content across all the content 

categories that were examined. 

Differences in findings among studies of narrative construction could arise 

for a number of reasons. One possibility is that there might be differences in the 

methods used to elicit narratives, including differences in experimenter style. For 

example, McKinlay et al. (78) reviewed the narratives from another study (70) 

and suggested that impaired scene construction might have as much to do with 

the nature of the experimenter-patient interaction as with the ability of the 

patients to imagine scenes. In our Experiment 1, different experimenter methods 

seem unlikely to explain differences between our findings and those of Race et 

al. (57). First, we attempted to reproduce their methods as closely as possible. 

Second, Experiment 1 involved minimal interaction between experimenter and 

participants (only a request for more information after 3 min). Nevertheless, it is 

difficult to rule out altogether that some difference in experimenter behavior was 
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important (such as the quality of the rapport during the test sessions). 

Another possibility is that there might be important differences in how 

narratives are scored. In our Experiment 1, we evaluated the importance of 

scoring methods by rescoring the transcripts from Race et al. (57) and comparing 

our results to what was originally reported. The findings were similar, which rules 

out the importance of scoring methods in this case. In other cases, however, 

scoring methods can be an important issue. For example, in one study (70), 

results from an unpublished Spatial Coherence Index suggested that patients 

had difficulty constructing spatially coherent scenes. However, no indices were 

used to compare spatial coherence to other features of the narratives (e.g. 

temporal coherence). Without additional data, it is unclear that the patients had 

particular difficulty generating spatial details in their narratives. 

Lastly, differences in the extent and location of brain damage and in the 

severity of memory impairment might account for differences in the performance 

of different groups. Quantitative analysis of magnetic resonance images revealed 

that our patients (excluding G.P.) had a mean reduction in hippocampal volume 

of 42.5% and a mean reduction in the volume of the parahippocampal gyrus of 

1.0%. In addition, two patients had damage in the basal ganglia (neither of these 

two patients had the worst score of the group in any time period). 

In the earlier study (57), MRI data were reported for four of the eight 

patients. Of these four, two had damage limited to the MTL, and two had damage 

that extended into the lateral temporal cortex (MTL+). By our scoring, the number 

of episodic details per narrative, averaged across time periods, was 15.5 and 6.8 
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for the MTL and MTL+ patients, respectively. The two MTL patients scored on 

average one standard deviation below controls, and the two MTL+ patients 

scored on average 2.4 standard deviations below controls. These data suggest 

that differences in the severity of retrograde memory impairment between patient 

groups may arise as a result of differences in the extent of brain lesions. In 

particular, several studies have demonstrated that when damage extends into 

the lateral temporal cortex, retrograde amnesia for autobiographical memory 

affects both recent and remote memory (79-81). In a comprehensive review of 

studies finding impaired autobiographical memory (82), 54% found that the 

impairment extended into the remote past. When patients were excluded if they 

had damage beyond the MTL, 9% of studies found such an extended 

impairment, and 91% found retrograde amnesia to be temporally graded. 

In conclusion, in Experiment 1, our memory-impaired patients and patients 

from an earlier study (57) produced fewer episodic details than controls. Patients 

from the earlier study were more impaired than our patients. Patients in both 

groups had difficulty returning to their narratives after going on tangents, 

suggesting that anterograde memory impairment may have interfered with 

narrative construction. In Experiment 2, the experimenter used supportive 

questioning to help keep participants on task. This procedure rescued the 

performance of our patients for all time periods except the near past. Notably, 

neither our patients nor patients from the earlier study exhibited any special 

difficulty producing spatial details. These findings suggest that medial temporal 

lobe structures, including the hippocampus, have no special role in constructing 
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narratives, spatial or nonspatial (except narratives about the recent past), so long 

as anterograde amnesia does not interfere with performance. The results further 

suggest that conflicting findings in different patient groups about the status of 

autobiographical memory likely depend on differences in the locus and extent of 

brain damage. 

Materials and Methods 
 

Participants 
 
Seven memory-impaired patients participated (Table 1), six with bilateral 

lesions limited to the hippocampus (CA fields, dentate gyrus, and subicular 

complex) and one with larger medial temporal lobe lesions. Patients R.S., G.W., 

and D.A. became amnesic in 1998, 2001, and 2011, respectively, following drug 

overdose and associated respiratory failure. Patient K.E. became amnesic in 

2004 after an episode of ischemia associated with kidney failure and toxic shock 

syndrome. Patient L.J. (the only female) became amnesic in 1988 during a 6-

month period with no known precipitating event. Her memory impairment has 

been stable since that time. Patient J.R.W. became amnesic in 1990 following an 

anoxic episode associated with cardiac arrest. Patients K.E., R.S., J.R.W., L.J., 

G.W., and D.A. have an average bilateral reduction in hippocampal volume of 

49%, 33%, 44%, 46%, 48%, and 35%, respectively (for methods see 28). All 

values are more than 2.9 SDs from the control mean. On the basis of two 

patients (L.M. and W.H.) with similar bilateral volume loss in the hippocampus for 

whom detailed postmortem neurohistological information was obtained (49), the 

degree of volume loss in these six patients may reflect nearly complete loss of 
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hippocampal neurons. The volume of the parahippocampal gyrus (including 

temporopolar, perirhinal, entorhinal, and parahippocampal cortices) is reduced by 

11%, -5%, 12%, -17%, 10%, and -5% for K.E., R.S., J.R.W., L.J., G.W., and 

D.A., respectively (all values within 2 SDs of the control mean). These values are 

based on published guidelines for identifying the caudal border of the 

parahippocampal gyrus (51). The negative values indicate instances where the 

volume was larger for a patient than for controls. 

Patient G.P. has severe memory impairment resulting from viral 

encephalitis in 1987. G.P. has demonstrated virtually no new learning since the 

onset of his amnesia, and during repeated testing over many weeks he did not 

recognize that he had been tested before (52). G.P. has an average bilateral 

reduction in hippocampal volume of 96%. The volume of the parahippocampal 

gyrus is reduced by 94%. Eight coronal magnetic resonance images from each 

patient, together with detailed description of the lesions, can be found in Knutson 

et al. (53). 

Nine healthy volunteers also participated (two females; mean age=60.8 

years; mean education = 13.8 years; for patients, mean age = 59.0 years; mean 

education = 12.8 years). All procedures were approved by the Institutional 

Review Board at the University of California at San Diego, and participants gave 

written informed consent prior to participation. All participants completed both 

Experiments 1 and 2. 

 
Experiment 1: future imagining and past remembering without experimenter 
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support 

Procedure. Experiment 1 intended to reproduce the methods from an 

earlier study (57). Participants were asked to recollect 10 specific personal 

events from the past (e.g. a wedding) and to imagine 10 specific personal events 

in the future (e.g. winning the lottery). For the past events, five were to be drawn 

from the last two years (near past), and five were to be drawn from more than 20 

years ago (distant past) (>10 years ago for D.A.). For the future events, five were 

to be from the next two years (near future), and five were to be from more than 

20 years in the future (distant future). Data were collected in two sessions. One 

session asked about distant future events and then near past events, and the 

other session asked about near future events and then distant past events. The 

order of the sessions was counterbalanced. For each of 20 recollections, 

participants were first given a prompt and then asked to describe the event in as 

much detail as possible (e.g. “Please tell me about your wedding or a wedding 

that you attended as a young adult. Describe in as much detail as you can what 

this event was like. Describe where and when the event took place, who was 

there, how you felt, and what you were thinking.”). The 20 prompts were the 

same as in Race et al. (57). After the prompt, participants had up to 3 minutes to 

describe the event without interruption. After 3 minutes, or after a natural ending 

point, the experimenter provided a single, general probe to elicit additional details 

(i.e. “Can you tell me any more about where and when the event took place, who 

was there, how you felt, and what you were thinking?”). Following the general 

probe, participants were given an additional 3 minutes, again without interruption. 
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Race et al. 2011 transcripts 
 
We obtained transcripts of the narratives collected by Race et al. (57) and 

independently analyzed them. The analyses described next were carried out for 

both these data and our own data. 

Narrative scoring 

Narratives were first partitioned into details as has been done previously 

(40, 55-57). Following Race et al. (57), each detail was then scored as episodic 

memory, semantic memory, repetition, or metacomment. Episodic details 

described aspects of specific events. Semantic details described facts that 

contextualized events. Repetitions were details that repeated information from 

earlier in the narrative. Metacomments were details that referred to the task itself 

(e.g. “it’s difficult to remember that”), and were not analyzed further. 

Next, each episodic detail was categorized according to its content: event, 

spatial, time, perceptual, or thought/emotion. Event details described persons or 

actions. Spatial details described places or spatial relationships between objects 

or persons. Time details described specific temporal information about an event. 

Perceptual details described objects, colors, weather, or other sensory 

information. Thought/emotion details described introspective commentary or 

internal states. Each semantic detail was also categorized according to its 

content: general, personal, place, and time. General details described widely 

known facts. Personal details described facts particular to the participant. Place 

details described facts about locations. Time details described the broad time 

period in which events occurred. 
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Lastly, each detail was scored (1-4) for relevance to the central theme of 

the narrative (1 = highly relevant, 4 = irrelevant). Relevance ratings made it 

possible to analyze the effect of tangents on narrative construction. Tangents 

occur in narratives when the narrative moves off topic from the central event 

being described. To return to the central event of a narrative after going on a 

tangent, participants must remember what the central event of the narrative was. 

Thus, memory-impaired patients might be expected to return from a tangent to 

the central event less frequently than controls. Tangents were defined as the 

production of three or more consecutive details that were irrelevant to the central 

event of the narrative (relevance rating of 4). A participant was said to have 

returned from a tangent to the central event of the narrative if, following a 

tangent, he/she produced one or more relevant episodic details before either 

completing the narrative or receiving the probe from the experimenter. 

A.D. was the primary rater for both scoring methods (detail content and 

relevance). Inter-rater reliability was assessed for each rating method with a 

second rater blind to group membership. For the content category ratings, the 

second rater scored a randomly selected 20% of the data from the present study 

(4 narratives from each participant, 64 narratives). For the relevance ratings, a 

different second rater, also blind to group membership, scored a randomly 

selected 20% of the data from both studies (4 narratives from each participant, 

140 narratives). Across participants and content ratings, the correlation between 

raters was .73 and Cronbach’s α was .84. For the relevance scores, the 

correlation between raters was .93 and Cronbach’s α was .96. For the Race et al. 



	 72 

(57) narratives, A.D. was blind to group membership during rating and served as 

the only rater for the content ratings.  

Experiment 2: future imagining and past remembering with experimenter 

support 

Procedure. Experiments 1 and 2 were separated by at least one year. The 

procedure was the same as in Experiment 1 with one key difference. In 

Experiment 2, the experimenter provided support during narrative construction in 

the form of extensive probing for detail (see 54). New prompts were used to elicit 

the narratives, and participants could speak for up to five minutes. The probes 

offered by the experimenter were both general and specific. General probes 

simply asked for more detail and did not direct the participant in any way. 

Specific probes oriented participants to types of content (e.g. what time of day 

was it? How far away will he be from you?). Specific probes sometimes 

suggested possible content (e.g. was it evening?). Whereas probing in 

Experiment 1 (and in ref. 57) was limited to a single general probe, in Experiment 

2 the experimenter used as many probes as needed to keep the participant on 

task for five minutes per narrative. 

Narrative scoring 
 
Narratives were transcribed and partitioned into episodic and semantic 

details and then categorized by content as described for Experiment 1. A.D. 

served as the primary rater. Inter-rater reliability was assessed using a blind 

second rater who did not participate in Experiment 1. The second rater rated a 

randomly selected 20% of the data (4 events from each participant, 64 events). 
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Across participants and content ratings, the correlation between raters was .74 

and Cronbach’s α was .85. 
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The Wechsler Adult Intelligence Scale (WAIS-III) and the Wechsler Memory 
Scale-Revised (WMS-R) yield mean scores of 100 n the normal population with a 
standard deviation of 15. The WMS-R does not provide numerical scores for 
individuals who score below 50. IQ scores for R.S. and J.R.W. are from the 
Wechsler Adult Intelligence Scale-Revised. IQ score for D.A. is from the 
Wechsler Adult Intelligence Scale-IV. 
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Figure 3.1 Episodic and semantic details per narrative, Exp. 1. Number of 
episodic (A) and semantic (B) details (Experiment 1). The insets display 
corresponding findings from our independent analysis of data from Race et al. 
(2011). CON = control. H = patients with hippocampal lesions. MTL = a patient 
with large medial temporal lobe lesions. Error bars show standard error of the 
mean.  
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Figure 3.2 Episodic details in each content category, Exp. 1. Number of episodic 
details per narrative, averaged across time periods (Experiment 1). Details were 
assigned to one of five categories according to their content. The inset displays 
corresponding findings from our independent analysis of data from Race et al. 
(2011). t/e = thought/emotion. CON = control. H = patients with hippocampal 
lesions. MTL = a patient with large medial temporal lobe lesions. Error bars show 
standard error of the mean. 
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Figure 3.3 Tangent recovery. Tangents were defined as 3 or more consecutive 
details that were irrelevant to the narrative. Recovery from a tangent was defined 
as the production of one or more relevant episodic details following the tangent. 
The inset displays corresponding findings from our independent analysis of data 
from Race et al. (2011). CON = control. H = patients with hippocampal lesions. 
MTL = a patient with large medial temporal lobe lesions. Error bars show the 
standard error of the mean. 
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Figure 3.4 Episodic and semantic details per narrative, Exp. 2. Number of 
episodic (A) and semantic (B) details (Experiment 2). CON = control. H = patients 
with hippocampal lesions. MTL = a patient with large medial temporal lobe 
lesions. Error bars show standard error of the mean. 
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Figure 3.5 Episodic details in each content category, Exp. 2. Number of episodic 
details per narrative, averaged across time periods (Experiment 2). Details were 
assigned to one of five categories according to their content. t/e = 
thought/emotion. CON = control. H = patients with hippocampal lesions. MTL = a 
patient with large medial temporal lobe lesions. Error bars show standard error of 
the mean. 
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SUMMARY AND CONCLUSION 

 

In three studies patients with damage to the hippocampus were broadly 

impaired in their ability to recognize words presented during an experiment 

(Chapter 1). They remembered fewer details than controls about real-world 

events (Chapter 2). They were able to retrieve detailed and specific memories 

from their distant past and to imagine detailed and specific events about the 

future, but they were impaired in their ability to remember events that occurred 

after the onset of their memory-impairment (Chapter 3). In two respects, patients 

exhibited disproportionate impairments. First, in Chapter 2, patients were 

strikingly impaired in their ability to describe real-world events in the order they 

occurred. Second, in Chapter 3, patients consistently failed to return to the 

central event of their narratives when going on tangents. 

These results demonstrate that patients were broadly impaired for all 

types of information. There was nothing to suggest a special difficulty for the 

patients concerning any particular memory process (Chapter 1) or any 

particular type of content (Chapters 2 and 3).  Further, these results 

demonstrate that when working memory capacity is overloaded, patients with 

hippocampal damage can exhibit seemingly qualitative changes in 

performance (Chapter 2). If an association or concept is of sufficient 

complexity that its initial perception requires more information than can be held 

within working memory, then it will be impossible to perceive without 
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long-term memory. Anything that is not perceived cannot be remembered. Thus, 

patients were able to establish some long-term memory after hippocampal 

damage (Chapters 1 and 2), but information that exceeded the capacity of 

working memory was never properly perceived (temporal order in Chapter 2), 

making it impossible to transfer to long-term memory. 

One surprising finding was the immediate role of the hippocampus 

(Chapters 2 and 3). During the walk (Chapter 2), working memory was 

continuously overwritten. Thus, in order to link the separate events, working 

memory representations would have needed to be encoded and immediately 

retrieved for association with the next event. For narrative construction (Chapter 

3), creating a mental event is a continuous and dynamic process. During this 

process, working memory would have been continuously overwritten. Thus, just 

as with linking separate real-world events in Chapter 2, long-term memory was 

necessary to link information generated at different times during narrative 

construction. 

These findings suggest that the hippocampus plays a dynamic role during 

online processing to link information across perceptual and temporal gaps, and 

this function may be particularly important when working memory capacity is 

overloaded. This idea has been considered previously. For example, studies of 

classical conditioning in memory-impaired patients have demonstrated that the 

hippocampus is necessary if a gap of as little as 500ms is introduced between 

the conditioned stimulus and the unconditioned stimulus (84). Neuroimaging has 

revealed that hippocampal activation associated with subsequent memory for 
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color-object associations increases with spatiotemporal separation between color 

and object information (85), and hippocampal activity was highest after, but not 

during, subsequently remembered events taken from movie clips (86, 87). Using 

whole-brain magnetoencephalography, it has been suggested that activity 

immediately following the offset of stimuli may represent replay (88). Indeed, in 

rats it is common to observe hippocampal cells that engage in offline replay of 

sequential firing patterns representing recent events, and replay likely facilitates 

encoding (89, 90, 91, 92, 93). Replay may be particularly important for encoding 

of temporal sequences by creating the opportunity to retrieve memory of a prior 

event while experiencing a current event. In this way, it is possible to create 

associations between two events that occurred at different times. In support of 

this idea, the firing of hippocampal cells in rats exhibit coding of sequential 

information (94), and the human hippocampus exhibits heightened activation in 

association with encoding sequences as opposed to single items (95). In 

addition, studies in mice have demonstrated that overlapping sets of cells in the 

hippocampus are responsible for encoding memories formed within close 

temporal proximity across hours, and manipulating the degree of cell overlap 

causes predictable changes to associative memory (96). 

It may be that hippocampal involvement to bridge temporal gaps is so 

critical because of the limited capacity of working memory. For example, patients 

with hippocampal damage exhibit severe deficits on all tasks that exceed the 

capacity of working memory (50). Studies of both monkeys and humans 

demonstrate that when tasks are within working memory capacity, stimuli are 



	 83 

represented by relevant perceptual areas in coordination with frontal cortex (97- 

101). Evidence from neuroimaging and intracranial EEG in humans has 

demonstrated that the network state of the brain shifts to incorporate the 

hippocampus as a central node when new memories are encoded and when 

working memory capacity is exceeded (100, 102-105). Specifically, as working 

memory load increases, several changes occur in the brain’s network state. 

Hippocampal activation increases. Connectivity between the PFC and the MTL 

increases. Connectivity between the MTL and lateral temporal cortex increases, 

and connectivity between PFC and lateral temporal cortex decreases (100, 104, 

105). Interestingly, increasing working memory load is also associated with a 

change from bottom-up to top-down signaling between the MTL and lateral 

temporal cortex (104). This mechanism appears similar to the top-down signaling 

observed between these areas during memory retrieval (106), suggesting that 

the hippocampus may facilitate rehearsal when there is more information to 

rehearse than can be simultaneously held in working memory. 

Considering this dynamic view of hippocampal function aids in the 

interpretation of seemingly divergent findings from patients with hippocampal 

damage. For example, Maguire and colleagues studied a patient TT who worked 

as a London cab driver for 40 years (107). They found that he was able to point 

accurately to landmarks across London from within a windowless room, and he 

was intact on several other measures of simple spatial memory for London. He 

was even able to navigate most routes he was asked to drive in a virtual reality 

simulation of London. However, he occasionally lost his way such that he never 
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arrived at his destination. This pattern of results was distinct from that of controls, 

who were matched for London cab driving experience. Controls would 

sometimes make errors in their routes but would still eventually arrive at the 

destination. This finding may be analogous to the failure of patients to return from 

tangents during narrative construction (Chapter 3). That is, while controls were 

able to remember where they had made a wrong turn and correct their errors, TT 

forgot his route entirely after an error had occurred. Thus, TT’s occasional failure 

to arrive at his destination may be interpreted not as evidence for retrograde loss 

of spatial memory 

about London’s roadways but as an impact of anterograde amnesia on 

working memory updating. 

In another study, patients with hippocampal damage were tasked with 

identifying whether a centrally presented abstract stimulus was repeated in a 

group of 72 simultaneously presented peripheral stimuli (108). Eye tracking data 

were collected. Patients were impaired at this task, but their impairment was 

such that their performance was matched with controls when only a small 

number of fixations intervened between the last viewing of the target stimulus 

and fixation of a given lure. Thus, the patients’ difficulty identifying whether the 

target stimulus was repeated in the peripheral stimuli was not caused by a 

perceptual or working memory deficit. Instead, patients were impaired 

because without the ability to form a long-term memory representation of 

the target stimulus, their working memory representation of it was destroyed by 

interference when a large number of fixations intervened between the last 



	 85 

viewing of the target stimulus and fixation of a given lure. 

In summary, patients with hippocampal damage were broadly impaired on 

tasks of memory. They exhibited no special difficulty with any particular type of 

content. When working memory capacity is overloaded qualitative changes in 

performance can occur. These results suggest a dynamic role for the 

hippocampus in encoding and updating working memory representations during 

continuous tasks. 
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