
Item and source memory with emotional
materials in young and older adults

Item Type text; Dissertation-Reproduction (electronic)

Authors Davidson, Patrick

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:57:06

Link to Item http://hdl.handle.net/10150/280467

http://hdl.handle.net/10150/280467


1 

ITEM AND SOURCE MEMORY WITH EMOTIONAL MATERIALS IN YOUNG 

AND OLDER ADULTS 

by 

Patrick Davidson 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF PSYCHOLOGY 

In Partial Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

2 0 0 3  



UMI Number: 3119937 

INFORMATION TO USERS 

The quality of this reproduction is dependent upon the quality of the copy 

submitted. Broken or indistinct print, colored or poor quality illustrations and 

photographs, print bleed-through, substandard margins, and improper 

alignment can adversely affect reproduction. 

In the unlikely event that the author did not send a complete manuscript 

and there are missing pages, these will be noted. Also, if unauthorized 

copyright material had to be removed, a note will indicate the deletion. 

UMI 
UMI Microform 3119937 

Copyright 2004 by ProQuest Information and Learning Company. 

All rights reserved. This microform edition is protected against 

unauthorized copying under Title 17, United States Code. 

ProQuest Information and Learning Company 
300 North Zeeb Road 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346 



THE UNIVERSITY OF ARIZONA ® 

GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have 

r e a d  t h e  d i s s e r t a t i o n  p r e p a r e d  b y  P A T R I C K  D A V I D S O N  

e n t i t l e d  ITEM AND SOURCE MEMORY W I T H  EMOTIONAL MATERIALS 

IN YOUNG AND OLDER ADULTS 

and recommend that it be accepted as fulfilling the dissertation 

requirement for the Degree of Doctor of Philosophy 

Date 

Date 

/•xA/o3  
LEE RYAN 

Date 

Final approval and acceptance of this dissertation is contingent upon 

the candidate's submission of the final copy of the dissertation to the 
Graduate College. 

I hereby certify that I have read this dissertation prepared under my 
direction and recommend that it be accepted as fulfilling the dissertation 
requirement. 

DissertafttLon Director 

ELIZACMTH GLISKY 



3 

STATEMENT BY AUTHOR 

This dissertation has been submitted in partial fulfillment of requirements for an 
advanced degree at The University of Arizona and is deposited in the University Library 
to be made available to borrowers under rules of the Library. 

Brief quotations from this dissertation are allowable without special permission, 
provided that accurate acknowledgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript in whole or in part may be 
granted by the head of the major department or the Dean of the Graduate College when in 
his or her judgment the proposed use of the material is in the interests of scholarship. In 
all other instances, however, permission must be obtained from the author. 

SIGNED: IL 



4 

ACKNOWLEDGEMENTS 

My graduate career would not have been as fruitful, or as enjoyable, without the 
support of many people. First, 1 thank: my family, including Connie, for their 
encouragement. Conversations with any fellow students, especially Lisa Vogler, Sue 
Rubin, Shaun Cook, Maria Marquine, and Lauren Kong, inspired many ideas for 
research. Three of our research assistants, Andrea Soule, Jesse Winer, and Nicole 
Heyden, provided invaluable assistance in screening the older adults tested here, and in 
compiling and checking experimental data. In recent months, Jasmeet Pannu, Connie 
Clarke, and Jonathan Forster provided great primers on scripting for DMDX. Financial 
support for this research came from the Department of Psychology at the University of 
Arizona, a fellowship from the Natural Sciences and Engineering Research Council of 
Canada, and a grant from the National Institute on Aging to Cyma Van Petten, Betty 
Glisky, and Elena Plante. 

The faculty in the Department of Psychology and affiliated programs at the 
University of Arizona, including Cyma Van Petten, Lee Ryan, A1 Kaszniak, Steven 
Rapcsak, Carol Barnes, and Elena Plante, have been dedicated and patient tutors who 
guided me as I learned about the psychology and cognitive neuroscience of aging. I 
especially thank my mentor, Betty Glisky, for her enthusiasm about this research, and her 
steadfast encouragement of my development as a research scientist. 



5 

TABLE OF CONTENTS 

LIST OF FIGURES 7 
LIST OF TABLES S 
ABSTRACT 9 

CHAPTER 1: Introduction. 11 
Item and Source Memory and Emotional Arousal. 12 
Aging and Item and Source Memory 16 

Aging and emotional arousal 17 

CHAPTER 2; Experiment 1 21 

CHAPTER 3; Experiment 2 ...23 
Method 24 

Participants 24 
Materials 26 
Procedure 28 

Results 29 
Discussion 34 

CHAPTER 4: Experiment 3 37 
Method. 37 

Participants 37 
Materials 39 
Procedure 40 

Results 42 
Discussion 47 

CHAPTER 5; Experiment 4 50 
Method. 50 

Participants 50 
Materials and Procedure 50 

Results 50 
Discussion 54 

CHAPTER 6: Experiment 5 55 
Method 56 

Participants 56 
Materials and Procedure 56 

Results 56 
Discussion 57 



6 

TABLE OF CONTENTS - Continued 

CHAPTER 7: Experiment 6 .58 
Method. 58 

Pwticipants 58 
Materials and Procedure 58 

Results 59 
Discussion ...60 

CHAPTER 8; General Discussion 61 
Item Memory 61 

Memory for emotional items is better than memory for neutral items 61 
The enhancement of item memory by emotion is about the same for older 
adults as for young adults. 62 

The effect of emotional content on item verms source memory 62 
The effect of emotional tone on item versus source memory 66 
Aging and memory 67 

Item memory. 67 
Source memory. ...68 

Emotion and source memory in the real world versus the laboratory 69 

ENDNOTES. 71 

APPENDIX A: Manuscript Submittedfor publication 72 
APPENDIX B: Words Used as Stimuli in Experiments 2, 5, and 6 94 
APPENDIX C: Sentences Used as Stimuli in Experiments 3 and 4 95 
APPENDIX D; Item Hit and False Alarm (FA) Rates in Older Adults as a 
Function of Neuropsychological Group in Experiment 3 100 
APPENDIX E: Alternative Analysis of Source Memory from Experiment 3 101 

REFERENCES 102 



7 

LIST OF FIGURES 

Figure 1. Item Memory in Young and Older Adults in Experiment 2 (Mean + SE) 31 
Figure 2. Source Memory in Young and Older Adults in Experiment 2 (Mean + SE)... 33 
Figure 3. Item Memory in Young and Older Adults in Experiment 3 (Mean + SE) 44 
Figure 4. Source Memory in Young and Older Adults in Experiment 3 (Mean + SE)...46 
Figure 5. Item Memory in Experiment 4 (Mean + SE) 53 
Figure 6. Source Memory in Experiment 4 (Mean + SE) 54 
Figures 7a and 7b. Item and Source Memory in Experiment 5 (Mean + SE) 57 
Figures 8a and 8b. Item and Source Memory in Experiment 6 (Mean + SE) 60 



s 

LIST OF TABLES 

Table L Characteristics of Older Adults Participating in Experiment 2 25 
Table 2. Proportion of Items Rated as "Emotional" by Young and Older Adults in 
Experiment 2 30 
Table 3. Item and Source Memory in Older Adults as a Function of Neuropsychological 
Group in Experiment 2 32 
Table 4. Characteristics of Older Adults Participating in Experiment 3 38 
Table 5. Proportion of Items Rated as "Emotional" by Young and Older Adults in 
Experiment 3 42 
Table 6. Item Hit and False Alarm (FA) Rates in Young and Older Aduhs in 
Experiment 3 43 
Table 7. Item Memory (Hits - False Alarms) in Older Adults as a Function of 
Neuropsychological Group in Experiment 3 45 
Table 8. Ratings of Emotionality of Items (from 1 = Low to 3 = High) in 
Experiment 4 51 
Table 9. Item Hit and False Alarm (FA) Rates in Experiment 4 52 
Table 10. Item Hit and False Alarm (FA) Rates in Experiment 6 59 



9 

ABSTRACT 

Emotional experiences seem to be easier to remember than neutral ones, but 

whether memory for all aspects of an experience is improved by emotion remains 

unclear. Some researchers have argued that the influence of emotion is different on 

memory for item versus source information, whereas others have argued that emotion 

affects both similarly. Also, whether item and source memory are affected by emotion in 

older people in the same way as young people is currently unknown. This dissertation 

examined the relations among item and source memory, emotion, and aging. In 

Experiment 1, young people and older adults were asked to report memory for source 

information surrounding a real life event (i.e., how they heard about the terrorist attacks 

of September 11, 2001). No age differences were found in source memory, suggesting 

that emotion improves memory for contextual information, especially in older adults. 

This hypothesis was subsequently tested in a series of laboratory studies, in which item 

and source memory for emotional and neutral materials were examined in young people 

and older adults. Memory for emotional items was superior to memory for neutral items 

in both young and older adults, whereas the emotional content of the stimulus had no 

effect on source memory. However, source memory was improved when the source itself 

(tone of voice) was made emotional (in Experiments 3 and 4), although item memory was 

generally unaffected by this manipulation. Overall, item and source memory were poorer 

in older people compared to young, but emotion seemed to have a similar effect on both 

age groups. The dissociable influences of emotion on item and source memory suggest 
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that by and large these two kinds of memory processing occur independently of one 

another. 
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CHAPTER 1 

Introduction 

Although the relation between emotion and memory is complex, emotional 

situations are often remembered more vividly and more robustly than everyday events. 

One example of this is the phenomenon of flashbulb memory (FM; Brown & Kulik, 

1977; for reviews, see Conway, 1995; Winograd & Neisser, 1992), in which people seem 

to have better memory for how they learned shocking, surprising news of an important 

public event than for everyday experiences. For example, most people can probably 

recollect where they were, who they were with, and what they were doing when they 

learned of the assassination of John F. Kennedy or the explosion of the Space Shuttle 

Challenger, but are less likely to remember another event from around the same time 

(e.g., Christiansen, 1989; Davidson & Glisky, 2002a; Neisser & Harsch, 1992; 

Schmolck, Buffalo, & Squire, 2000). 

Despite the fact that FM is a popular topic with both researchers and the lay 

public, many basic questions about it remain unanswered. For example, it is unclear 

whether FM is affected by aging, and how it is related to neuropsychological function. 

Answering these questions, however, is complicated by several challenges, mainly 

arising from the real-world setting and lack of experimental control in FM research. 

Further, there are relatively few public events that qualify as FMs, and so there are few 

opportunities to study the variables involved. Finally, FMs are virtually impossible to 

create in the laboratory, and so there are few analogous laboratory studies. These reasons, 

among others, make FM a less than ideal case for studying the relationship between 
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emotional arousal and memory. A more productive approach to these questions may be 

through a controlled set of laboratory experiments. This dissertation reports a series of 

such experiments designed to explore systematically the relations among emotion, aging, 

neuropsychological function, and memory. 

Item and Source Memory and Emotional Arousal 

Memory for specific personally-experienced events, like the kind examined in FM 

research, has been described as episodic (e.g., Tulving, 1983). Yet different aspects of 

episodic memory may be differentially sensitive to many variables, including emotional 

arousal. One potentially important distinction is that between memory for items (i.e., 

content, such as pictures or words) and memory for source (i.e., the spatial, temporal, 

perceptual or affective context in which that content was experienced, such as the 

location where the picture was seen, or the voice that said the word). In general, source 

memory tasks are more difficult than item memory tasks, may require additional 

processes, and are affected by different variables than item memory (e.g., aging; see 

below). 

Although there exists much evidence on the relation between memory and 

emotional arousal (i.e., greater intensity of subjective and/or physiological response), it 

mostly concerns only memory for items. In general, findings suggest that memory is 

better for moderately emotionally arousing items than for neutral ones, regardless of 

valence (i.e., how positive or negative the stimulus is), familiarity, and many other 

characteristics. This memory advantage has been observed in recall and recognition of 

both verbal (e.g., Labar & Phelps, 1998) and non-verbal stimuli (e.g., Bradley, 
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Greenwald, Petry, & Lang, 1992; Hamann, Monarch, & Goldstein, 2000; for a review, 

see Heuer & Reisberg, 1992). 

There are many interrelated possible reasons why emotional stimuli are easier to 

remember than neutral ones. For example, emotional items may be more distinctive than 

neutral ones, may be more easily organized into categories, may be rehearsed more often, 

and may be forgotten at a slower rate (see Christianson, 1992). Emotion is more likely to 

affect memory when the two are inferred to be related to one another, or when the 

emotion is seen to be intrinsic to the stimulus (see Bower, 1992). For example, arousing 

stimuli are often easier to remember than neutral ones, but there is often little benefit to 

memory when participants study neutral items and arousal is induced by giving them 

adrenaline, or having them exercise (see Libkuman, Nichols-Whitehead, Griffith, & 

Thomas, 1999). In addition, people may devote more cognitive or perceptual processing 

during memory encoding to emotional than to neutral items. Two major hypotheses have 

been advanced by cognitive psychologists about why emotional arousal improves item 

memory, and each appears to make a different prediction about the fate of source 

memory. On the one hand, the Easterbrook hypothesis (1959) states that in emotionally 

arousing situations, people narrow their attention to the information that they think is 

central, focal, or salient (i.e., what is usually considered the "item"), and ignore peripheral 

or background information (i.e., what is usually considered the "source"). This idea has 

been used to explain why sometimes victims of a crime remember more about the 

weapon used than about other aspects of the experience (e.g., Heuer & Reisberg, 1992; 

although for a review of findings failing to support this idea, see Steblay, 1992). On the 



other hand, the tick-rate hypothesis (Revelle & Loftus, 1992; see also Kahneman, 1973) 

asserts that under conditions of emotional arousal, people pay greater attention to all 

aspects of an event, both central and peripheral, by sampling or encoding the 

environment at a greater rate or in greater detail. This theory has often been cited to 

explain why greater self-reported levels of arousal can be associated with better memory 

for both central and peripheral information, as in FM (Bohannon, 1988; Conway et al., 

1994; Pillemer, 1984; Schmolck et al, 2000). Although both theories suggest that 

emotional arousal benefits item memory, they seem to make different predictions about 

the effects of emotional arousal on source memory. Whereas the Easterbrook prediction 

(1959) suggests that source memory should be worse under conditions of emotional 

arousal than normal, the tick-rate hypothesis suggests that it should instead be better. 

Only a few studies have been conducted that are relevant to these hypotheses, and 

the findings are mixed. Most have had participants study pictures or picture sequences, 

some that feature arousing stimuli or situations in the foreground (e.g., a car accident, or 

a surgical operation) and others that are neutral. Although some of these studies have 

supported the Easterbrook claim (1959) and shown that memory for background 

information is poorer for emotional pictures than for neutral ones (e.g.. Burke, Heuer, & 

Reisberg, 1992; Christianson & Loftus, 1987, 1991; Heuer & Reisberg, 1992), others 

have supported the tick-rate hypothesis (Revelle & Loftus, 1992; Kahneman, 1973), and 

shown that background information is instead remembered better in emotional pictures 

than neutral ones (e.g., Heuer & Reisberg, 1990; Libkuman et al., 1999). One possible 
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reason for the mixed findings is that in these paradigms it is often difficult to define and 

distinguish "central" from "peripheral" features. 

More direct studies of item and source memory under conditions of emotional 

arousal in the lab have been rare, but the available evidence suggests that the benefits of 

emotional arousal on item memory may extend to source memory, at least in some 

circumstances. For example, Doerksen and Shimamura (2000) studied emotion and 

source memory in young people. They asked participants to intentionally study words 

printed in one of two colors of ink (Experiment 1) or against one of two colored 

backgrounds (Experiment 2). Half of the words were emotionally arousing (e.g., glory, 

slaughter), and half were emotionally neutral (e.g., cotton, route). In both experiments, 

they found that after a brief delay source memory (i.e., memory for the ink color or 

background of a word) was significantly better for the emotional words than the neutral 

ones (see also Kensinger & Corkin, in press). Dutton and Carroll (2001) demonstrated a 

similar effect: They showed young people segments of some feature films, and had them 

read descriptions of other films. Each set of stimuli varied from neutral to arousing. One 

week later, participants were shown a film clip and a written description of the same 

scene, and had to decide whether they had previously seen the actual film segment or just 

a written description of it. Source memory was better when the scenes were moderately 

arousing than when they were not arousing. 

Given the paucity of direct evidence, and the contradictory evidence across 

different paradigms, it remains unclear whether the Easterbrook (1959) or the tick rate 

(Revelle & Loftus, 1992; Kahneman, 1973) hypothesis better describes the relation 
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between emotional arousal and source memory. Furthermore, this relation may not be the 

same in older adults as it is in young people, and may be influenced by individual 

differences, such as neuropsychological function, which may increase with age. 

Aging and Hem and Source Memory 

Item and source memory appear to be differentially sensitive to aging. Item 

memory is less likely to decline with age than source memory (Brown, Jones, & Davis, 

1995; Ferguson, Hashtroudi, & Johnson, 1992; Henkel, Johnson, & De Leonardis, 1998; 

Mclntyre & Craik, 1987; Schacter, Kaszniak, Kihlstrom, & Valdiserri, 1991; Spencer & 

Raz, 1994; Trott, Friedman, Ritter, & Fabiani, 1997; for reviews, see Spencer & Raz, 

1995; Prull, Gabrieli, & Bunge, 2000). Furthermore, age-related impairments in item and 

source memory appear to be differentially dependent on two regions of the brain. 

Whereas item memory deficits often appear in older people with below-average medial 

temporal lobe (MTL) function, source memory problems occur primarily in older adults 

with below-average frontal lobe (FL) function, as indicated by neuropsychological testing 

(Craik, Morris, Morris, & Loewen, 1990; Davidson & Glisky, 2002b; Glisky, Polster, & 

Routhieaux, 1995; Glisky, Rubin, & Davidson, 2001, Henkel, Johnson, & De Leonardis, 

1998; Schacter et al., 1991). For example, Glisky et al. (1995) presented sentences (items) 

spoken by one of two voices (sources) to older adults divided pre-experimentally on the 

basis of their FL or MTL function. Better memory for the items was associated with 

higher levels ofMTL function, whereas better memory for source was related to high FL 

function. 
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Aging and emotional arousal. Aging does not seem to influence physiological and 

subjective reactions to arousing experiences greatly (David, Littrell, Kaszniak, & Nielsen, 

2002; Levenson, Carstensen, Friesen, & Ekman, 1991; Levine & Bluck, 1997; Malatesta 

& Kalnok, 1984), and, despite poorer item memory overall, older adults show a benefit of 

emotional arousal on item memory that is similar to, if not greater than, that for young 

people (Carstensen & Turk-Charles, 1994; Charles, Mather, & Carstensen, 2003; 

Denberg, Buchanan, Tranel, & Adolphs, 2003; Kensinger et al., 2002; Yoder & Elias, 

1987). 

Even though item memory appears to benefit from emotional arousal in older 

adults, the picture with respect to source memory is less clear. For example, on the face 

of it, studies of FM in the real world appear to be very similar to research on source 

memory in the laboratory — in both cases participants must recollect when, where, or 

from whom they learned a piece of information. However, the two paradigms sometimes 

appear to produce divergent results. First, although aging is accompanied by a significant 

decline in source memory in the laboratory (for reviews, see Spencer & Raz, 1995; Prull 

et al., 2000), our research suggests that this may not be the case for flashbulb memory in 

the real world. In an initial study of FM, Davidson and Glisky (2002a) asked young and 

older people to report how they learned of the deaths of Diana, Princess of Wales, and 

Mother Teresa of Calcutta. The older people were just as likely as the young to remember 

where, when, and from whom they learned this information (see also Wright, Gaskell, & 

O'Muirchearthaigh, 1998; but see Cohen, Conway, and Maylor, 1994, and Tekcan and 

Peynircioglu, 2002, for conflicting findings). Second, although a positive relation has 
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often been demonstrated in the laboratory between FL function and source memory 

(Craik et al., 1990; Davidson & Glisky, 2002b; Glisky et al., 1995, 2001; Henkel et a!., 

1998; Schacter et al., 1991), it was absent from a real world study of FM (Davidson & 

Glisky, 2002a): Surprisingly, older people with below-average FL function retained 

slightly more about how they learned of the deaths of Princess Diana and Mother Teresa 

than those with above-average FL function. We speculated that the emotional arousal 

associated with FM may have enhanced the frontal lobe processes important for encoding 

of source information, leading to better source memory than normally expected. If this is 

the case, then if emotional materials were used in a laboratory paradigm, the usual 

negative effects of aging and reduced frontal function on source memory might be absent 

or significantly less than for emotionally neutral stimuli. 

There is, however, an alternative possibility. In the only previous study of which I 

am aware to examine emotion and source memory in older adults, Hashtroudi, Johnson, 

Vnek, and Ferguson (1994) had older adults and young people read lines from a play. 

Some of the lines (i.e., the items) were read aloud by the participants, whereas others 

were read by someone else (i.e., the sources). In one condition, they were asked to focus 

on how they felt when thinking about the lines (the affective condition). In another, they 

were asked to focus on the content of what was said (the factual condition). Later, on a 

source memory test, they were presented with previously-read lines and had to decide 

who had read them. Source memory was worse in the affective focus condition than in 

the factual focus condition, and although older adults showed poorer source memory than 

the young in the affective condition, there were no age differences in the factual 
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condition. The authors argued that a participant's internal focus at encoding decreases 

source memory, arguably by taking attention away from source information or from the 

connection between item and source information (Johnson, Nolde, & De Leonardis, 

1996). They fiirther argued that, if left to their own devices, older adults may be more 

likely than young people to have an internal focus (e.g., on their own feelings) than an 

external focus (e.g., on the items and sources being studied) during encoding and review 

of a situation. 

Consistent with this finding is research suggesting that older adults sometimes 

have difficulty integrating different aspects of an experience in memory, and may 

therefore focus only on one. Naveh-Benjamin and Craik (1996) presented sentences (i.e., 

items) spoken by one of two voices (i.e., sources) to young and aged people, and later 

tested item and source memory. There were two encoding conditions; participants were 

either instructed to pay greater attention to item (by judging the pleasantness of each 

word) or to source information (by rating the pitch in which each word was spoken). In 

the young people, the former condition led to better memory for both item and source 

than the latter condition. In the older adults, however, focusing on the item led to better 

item memory but worse source memory than the latter condition. These results are 

consistent with the idea that although young people can often integrate item and source 

information, such that variables that improve item memory will also improve source 

memory, older people are less capable of doing so and thus sometimes exhibit a trade-off 

between these different aspects of memory. Thus, in older people, focus on the item may 



improve memory for the item at the expense of memory for the source. To the extent that 

emotional items attract attention, source information may be poorly remembered. 

The naturalistic studies suggest that older adults may be more likely to encode 

source information in cases of emotional arousal (Davidson & Glisky, 2002a), whereas 

the laboratory studies suggest that older adults may be less likely to encode source 

information in situations involving emotional arousal, at least when attention is focused 

on one's internal arousal state (Hashtroudi et al., 1994). It is not obvious how to reconcile 

these contradictory findings. The emotional arousal level is almost certainly greater in 

naturalistic settings than in the laboratory, and other variables might come into play in 

real-world settings. Because there are so few studies either in the real world or in the 

laboratory concerning the effects of emotional arousal on source memory in either young 

or older adults, it remains unclear whether there is some fundamental difference between 

the naturalistic studies and the laboratory studies, or whether there is just insufficient 

evidence to make any firm conclusions about emotion and source memory. So, a second 

major goal of my dissertation is to examine whether the relation between emotional 

arousal and aging in source memory is the same in the laboratory as it appears to be in the 

real world. 
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CHAPTER 2 

Experiment 1 

The goal of Experiment 1 was to replicate our previous study of FM and aging 

(Davidson & Glisky, 2002a), which showed that older adults, even those with below-

average FL function, were just as likely as young people to have FMs. As discussed 

above, however, relatively few such studies have been conducted, and others have 

reported contradictory results. 

Experiment 1 followed the terrorist attacks on New York City and Washington D. 

C. on September 11^, 2001. The method employed was similar to our previous report. 

Soon after the event, and then approximately 1 year later, young and older adults were 

asked how they heard about the attacks, and about another event that occurred around the 

same time. They were also asked to rate several factors related to their encoding and 

rehearsal of the events, which have been found to be related to FM in previous studies 

(see Conway, 1995). Experiment 1 appears as Appendix A. The results can be 

summarized as follows. 

Across one year, people retained much information about how they heard about 

September 11*. Critically, there seemed to be no differences in how much source 

information was remembered between young people and older adults (even those with 

low FL function): All groups retained approximately 75% to 80% of the initial source 

information over one year. These results, combined with our previous data (e.g., 

Davidson & Glisky, 2001a) suggest that flashbulb memory is not strongly affected by 
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aging or low FL function, unlike other Mnds of source memory measured in the lab (e.g., 

Craik et al., 1990; Davidson & Glisky, 2002b; Glisky et al., 1995,2001; Henkel et al., 

1998; Schacter et al., 1991). Of course, caution is warranted when drawing conclusions 

based on the present data, because this study shared some drawbacks common to the FM 

literature. For example, it was based on retrospective report, with little experimental 

control over variables (e.g., individual differences in exposure to the news) that may have 

influenced performance. As well, the context in which each person learned of the 

flashbulb event was unique to the individual and unknown to the experimenter. Thus, in 

this study, like most, the consistency of participants' responses over time had to be 

measured, instead of accuracy. For these reasons, among others, it seemed that a study of 

emotion, memory, and aging under more controlled laboratory conditions might prove 

informative. 
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CHAPTERS 

Experiment 2 

The second study was designed to test in a laboratory setting the effects of 

emotion on both item and source memory, using a paradigm similar to that described in 

Glisky et al. (1995, 2001). Previous research with young adults found benefits of 

emotion on both item and source memory (e.g., Doerksen & Shimamura, 2000; 

Kensinger & Corkin, in press). Given these findings and those reported in Experiment 1, 

I predicted that both item and source memory would be better for emotional than for 

neutral materials in young people. 

Previous research has shown that item memory appears to benefit from the effects 

of emotional arousal in the aged at least to the same degree as in the young (Charles et 

al, 2003; Denberg et al., 2003; Yoder & Elias, 1987), if not more so (Carstensen & Turk-

Charles, 1994). Within the older adult group, those with above average MTL function 

have often shown better item memory than those with below average MTL function (e.g., 

Davidson & Glisky, 2002b; Glisky et al., 1995). Therefore, in the current experiment, I 

expected that in older adults, as in young adults, item memory would be better for the 

emotional than the neutral materials, and that those in the high MTL group would 

remember more items than those in the low MTL group. Further, if emotion were having 

its effect by enhancing processes associated with MTL function, then the low MTL group 

might benefit from emotion disproportionately. 
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The outcome of the source memory test was less easily predicted. On the one 

hand, the results of Davidson & Glisky (2002a) and Experiment 1 suggest that in older 

adults source memory might be better for emotional than neutral materials (as in young 

people), and the benefits of emotion might be greatest in the low FL group. Specifically, 

the low FL older adults may be impaired in source memory for the neutral materials, as in 

previous studies (Glisky et a!., 1995; 2001), but may be unimpaired when the stimuli are 

emotional. The arousing nature of the materials may enhance processes normally 

associated with the FLs (e.g., attention to, or linking o^ source and item information), 

and eliminate the source memory deficit seen with neutral materials. On the other hand, 

the results ofHashtroudi et at. (1994) and Naveh-Benjamin and Craik (1996) suggest that 

in older adults source memory may be poorer for emotional than neutral items. Consistent 

with the Easterbrook hypothesis (1959), the attention-attracting emotional items may 

interfere with the processing of source information. If this is the case, then the older 

adults, particularly those with below average FL function, who tend to have more 

difficulty spontaneously linking item and source information at encoding (Glisky et al., 

2001), may show increased source memory deficits for the emotional stimuli. 

Method 

Participants. Thirty-two young adults (mean age 21 years; mean education 13 

years) were recruited from undergraduate psychology classes at the University of 

Arizona. Testing was discontinued with three additional young people (because of failure 

to understand the source memory test instructions, because of a computer malfunction, or 
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because English was the participant's second language and he did not know the meaning 

of several studied words). 

Thirty-two older adults were recruited (mean age 75 years, mean education 16 

years) from our laboratory pool, and paid $6 per hour to participate. All were community-

dwelling, with normal or corrected-to-normal vision and hearing, and none reported drug 

or alcohol abuse, or neurological or psychiatric illness (including depression and 

dementia). Four extra older participants were excluded (because of either failure to 

understand instructions, reporting possible neurological damage, or computer 

malfunction). 

Table 1 
Characteristics of Older Adults Participating in Experiment 2 

HighFL LowFL 
High MTL Low MTL High MTL Low MTL 
M SD M SD M SD M SD 

Age (years) 74.00 2.51 75.50 8.50 75.75 5.20 76.00 8.14 
Education (years) 17.25 2.61 16.50 2.33 14.88 1.64 15.50 2.14 
MMSE (/30) 29.50 .53 29.50 1.07 28.63 1.19 28.63 1.19 
Verbal IQ' 130.88 4.52 127.38 6.28 121.75 8.78 112.00 6.14 
FL function score*" .44 .29 .54 .24 -.62 .54 -.69 .64 
MTL function .63 .29 -.45 .28 .45 .35 -.65 .67 
score'' 

Note. MMSE= Mini Mental Status Exam (Folstein et al., 1975). "From the Wechsler 
Abbreviated Scale of Intelligence (1999). ''See text for explanation of scores. 

Measures of FL function were derived in the same way as in Experiment 1 (see 

Appendix A). An orthogonal composite score ofMTL function was also included (see 

Glisky et al., 1995, 2001). It was based on: Logical Memory 1, Faces I, and Verbal Paired 



Associates 1 from the WMS-III, Visual Paired Associates II from the Wechsler Memory 

Scale — Revised (WMS-R; Wechsler, 1987), and Long Delay Cued Recall on the CVLT 

(Delis et al., 1987). The 32 older adults formed four equal-sized groups; either high on 

both factors (HH), high on the FL but low on the MTL factor (HL), low on the FL but 

high on the MTL factor (LH), or low on both factors (LL). Table 1 shows the 

demographic and neuropsychological characteristics of the groups. Separate 2 (FL status: 

high, low) X 2 (MTL status; high, low) between-subjects ANOVAs indicated that the 

high FL and low FL groups differed significantly on the FL battery score, F (1, 28) = 

49.62, MSE = .21,/? < .001, but not on the MTL score, F< 1, whereas the high MTL and 

low MTL groups differed on the MTL measure, F (1,28) = 51.59,MSE = .\%,p < .001, 

and not on the FL score, F < 1. There were no significant interactions between factors. 

The four groups were equivalent on the demographic variables listed in Table 1, as 

indicated by separate 2X2 between-subjects ANOVAs, with three exceptions: the high 

FL group had slightly better education than the low FL group (Ms = 16.90 and 15.20 

years, respectively, F [1, 28] = 4.68, MSE — 4.87, p = .04), as well as slightly higher 

MMSE scores (Ms = 29.50 and 28.63, respectively, F [1, 28] = 5.11, MSE = 1.06, j? = 

.02). Verbal IQ was higher in the high FL group than the low FL group (F [1, 28] -

27.50, MSE = 43.65, p < .001), and also higher in the high MTL group than the low MTL 

group(F [1, 28] = 8.04, MSE = 43.65,/) = .008), although the interaction was not 

significant. 

Materials. Forty-eight words were selected from the set of Affective Norms for 

Emotional Words (ANEW; Bradley & Lang, 1999), a large set of words previously rated 
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by college undergraduates for valence (from 1 = mpleamnt to 9 = pleasant), arousal 

(from 1 = calm to 9 = excited), and dominance (from 1= controlled to 9 = in control). 

Half of the words were chosen to be emotional (i.e., those that obtained the highest 

ratings of arousal, regardless of valence or other factors; e.g., cash, rollercoaster, rape), 

and the other half were emotionally neutral (i.e., those that obtained the lowest ratings of 

arousal, regardless of valence or other factors; e.g., cozy, foot, dustpan). Words 

containing the same root as (e.g., sex and sexy), or synonyms of previously selected 

words (e.g., dagger and knife) were excluded from the list. The arousing and the neutral 

word sets were each further divided into two lists, yielding four lists of 12 words each. 

An independent 2 (word type: arousing, neutral) X 2 (list: 1, 2) analysis of variance 

(ANOVA) showed that the two arousing word lists consisted of words with significantly 

higher arousal ratings (Ms = 7.11 and 7.52) than two neutral word lists (Ms = 3.17 and 

3.20), F(1, 44) = 1167.30,1? < .001. Because the arousing words were more likely to be 

negative than positive, a similar ANOVA examining valence showed that the two 

arousing word lists contained words that were considered marginally more negative (Ms 

= 4.18 and 4.10) than the two neutral word lists (Ms = 5.33 and 5.66), F(l, 44) = 3.91, p 

< .06. Similar analyses showed that all four lists were equivalent in dominance (Ms = 

5.00, 4.62, 4.75, and 4.96), word length (Ms = 1.58, 2.08, 1.83, and 1.83 syllables), word 

frequency (Ms = 31.58, 24.33, 13.67, and 24.08; Francis & Kucera, 1967), and 

abstractness (Ms = 3.54, 3.80, 3.20, and 3.18, where 1 = concrete and 9 = abstract), Fs < 

1.31. All words were recorded by a male voice and a female voice using Goldwave 

software (2002) on a personal computer. 



28 

Procedure. Stimuli were presented auditorily using a personal computer and 

loudspeakers, in two separate study-test blocks; one for source memory, and the other for 

item memory. Previous pilot testing indicated that the order of these blocks had little 

effect on performance (Glisky et al, 2001), so in all cases source memory was examined 

first. 

In the source memory study phase, participants were told they would hear several 

words, some intended to evoke an emotional response, but others not. They were asked to 

indicate whether each word was emotional or neutral by pressing the appropriate key on 

the computer keypad after they heard it. They studied words from one arousing and one 

neutral list, randomly mixed; half of each list was spoken by the male voice and the other 

half by the female voice, in random order. In addition, two words were presented at the 

beginning and two at the end of the study list to absorb primacy and recency effects. The 

28-word study list was repeated twice more with the same instructions, with the words 

presented in a different random order each time (In an effort to boost source memory 

performance off the floor, some older participants were presented the source study list 4 

times instead of 3: This appeared to have no significant effect on source memory, 

however, F < 1). No mention was made of a subsequent memory test. The source 

memory test phase followed immediately, and consisted of a two-alternative forced-

choice (2-AFC) recognition test for the voice that spoke each of the studied words; each 

word was re-presented in the original voice that spoke it (the target), paired with the same 

word spoken by the opposite-sex voice (the distractor). The order in which the targets and 

distractors were presented was balanced across items. Participants were asked to press the 



appropriate key to indicate whether the first or second voice spoke the word originally. 

After a brief (~1 m) interval, the item memory block followed. 

The item memory study phase used the two other word lists, one arousing and one 

neutral, and was identical to that of the source memory study phase, with the exception 

that words were presented only once. Again, no mention was made of a subsequent 

memory test, which followed immediately. Participants were requested to recall, using 

pencil and paper, all the words presented in the item study phase. ̂  

Results 

The mean proportion of stimuli rated as emotional is shown in Table 2 for each 

age group. For both the item and source memory study phases, separate 2 (age group: 

young, old) X 2 (word type: emotionally arousing, neutral) mixed ANOVAs were 

conducted, with similar results. Older adults were more likely than the young to rate 

words as emotional (F [1, 62] = 3.30, MSE = .03, p = .07, and F = 9.92, MSE - .03, p = 

.003 for item and source memory, respectively), and, not surprisingly, the emotional 

words were more likely than the neutral words to be rated as "emotional" by participants, 

{F [1, 62] = 565.47, MSE = .02, p < .001, and F = 354.01, MSE = .02, p < .001 for item 

and source memory, respectively). In neither case was the interaction between age and 

word type reliable (Fs < 2.35). 
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Table 2 
Proportion of Items Rated as "Emotional" by Young and Older Adults in Experiment 2 

Young Adults Older Adults 
M SD M SD 

Item Memory 
Neutral Items .22 .16 .24 .15 
Emotional Items .75 .18 .84 .13 

Source Memory 
Neutral Items .19 .13 .31 . 16 
Emotional Items .70 .19 .78 .15 

Performance on the item memory test is shown in Figure 1. A 2 (age group: 

young, old) X 2 (word type: emotionally arousing, neutral) mixed ANOVA showed that 

the young people recalled significantly more words than the older adults, F (1, 62) = 

10.79, MSE = .02, p = .002. Overall, the emotional words were significantly more likely 

to be recalled than the neutral words, F (1, 62) = 85.14, MSE = .01,p < .001. The 

interaction was not reliable (F < 1). 
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Figure 1. Item Memory in Young and Older Adults in Experiment 2 (Mean + SE) 

Performance in the older adults was also analyzed as a function of 

neuropsychological group (shown in Table 3), in a 2 (FL status: high, low) X 2 (MTL 

status: high, low) X 2 (word type; emotionally arousing, neutral) mixed ANOVA. The 

emotional words were significantly more likely to be recalled than the neutral words (as 

in the previous analysis). The high MTL group remembered significantly more words 

than the low MTL group, F (1, 28) = 5.56, MSE = M,p = .03, and the high FL group 

remembered numerically more than the low FL group, but this difference only 

approached significance, F(\, 28) = 2.81, MSE = .01,/? = .11. Although visual inspection 

of the data in Table 3 suggests that the HH group had better performance than their peers 



and approached the level of the young group, the interaction between FL and MTL status 

was not reliable (F < 1). No other main effects or interactions in the ANOVA were 

reliable. Given that the high MTL group recalled more items than the low MTL group, a 

comparison between the high MTL and the young groups was made, to assess whether 

the high MTL group was impaired relative to the young. The two groups showed similar 

levels of recall for both the emotional (t - 1.19, p = .08) and the neutral {t < 1, n.s.) 

words. When a similar comparison was made between the high FL group and the young 

people, there was a difference for the emotional items (/ = 2.21,p = .03) but no difference 

for the neutral items (t < 1, n.s.). 

Table 3 
Item and Source Memory in Older Adults as a Function of Neuropsychological Group in 
Experiment 2 

High FL LowFL 
High MTL Low MTL High MTL Low MTL 
M SD M SD M SD M SD 

Item Memory 
Neutral Words .17 .13 .07 .05 .08 .09 .02 .04 
Emotional Words .29 .09 .19 .14 .22 .15 .20 .12 

Source Memory 
Neutral Words .60 .15 .51 .17 .57 .17 .56 .11 
Emotional Words .57 .13 .60 .17 .56 .15 .50 .15 

In source memory, however, the pattern was different, as seen in Figure 2. A 2 

(age group: young, old) X 2 (word type: emotionally arousing, neutral) mixed ANOVA 

showed that the young people had reliably better source memory than the older adults F 

(1, 62) = 30.61, MSE = .03, p < .001, and there was a main effect of word type F (1, 62) = 

4.17, MSE = .01,1? = .05. The interaction was also reliable, F (1, 62) = 4.84, MSE = .01,/? 
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= .03: In the young people, source memory was better when words were emotionally 

arousing than when they were neutral, /(31) = 3.40,/? = .002. The older adults showed no 

such advantage, with source memory scores equivalent for the emotionally arousing and 

the neutral words, t< 1. Source memory in the older adults was above chance (i.e., .50), 

however, for both the emotional (^[31] = 2.27, p = .03) and the neutral stimuli (/[31] = 

236,p = .03). An additional mixed ANOVA on the older adults in a 2 (FL status; high, 

low) X 2 (MTL status; high, low) X 2 (word type; emotionally arousing, neutral) showed 

no significant differences in source memory as a function of neuropsychological group 

(F<1). 

• Neutral content 
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Figure 2. Source Memory in Young and Older Adults in Experiment 2 (Mean + SE) 
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Because of the different patterns of performance in item memory and source 

memory across age groups, Pearson correlations were computed to assess the extent to 

which performance on the two tests was related. In neither age group were item and 

source memory correlated for either the emotional or the neutral items, rs < |.07|. 

Finally, because participants' subjective ratings of emotionality showed 

somewhat poor correspondence with the objective ratings of emotion, particularly in 

young people (i.e., only 73% of the emotional words were rated as emotional), all 

analyses were reconducted using subjective ratings of emotionality. When the data were 

reanalyzed based on each participant's subjective ratings, mean estimates of item memory 

and source memory in the older adults changed by less than 2%. The only change in the 

pattern of results was that young people no longer showed a significant effect of emotion 

on source memory. Instead, source memory performance was equivalent for words rated 

as emotional (M = .75) and neutral (M = .73). 

Discussion 

Consistent with the existing literature, item memory was positively influenced by 

emotion: Recall of the emotional words was reliably greater than recall of the neutral 

words. The benefit conferred by emotion on item memory seemed to be about the same in 

the young and aged groups (similar to Denberg et al., 2003; Yoder & Elias, 1987). Also, 

the emotional materials seemed to provide a similar benefit to all of the older groups. The 

high MTL group showed better item memory than the low MTL group, and there was a 



tendency for better item memory among the high FL group as well. These findings are 

consistent with the idea that although MTL processes are fundamental to item memory, 

additional FL processes can become important when the retrieval task involves recall as 

opposed to recognition (e.g., Moscovitch, 1994; Prull et al., 2000; Wheeler, Stuss, & 

Tulving, 1995). However, the benefits of emotion do not appear to have specific effects 

on processes associated with either the MTL or the FL factor used here. 

Initial examination of the source memory results suggested that the patterns might 

be different in young and old. The participant's emotional ratings, however, indicated 

that young people rated 25-30% of the emotional words as neutral, whereas the ratings of 

older people were more in line with the objective ratings. Re-analysis of the data on the 

basis of subjective judgments indicated that there was no effect of the judged 

emotionality of the words on source memory in either age group. The few studies that 

have already been published (e.g., Doerksen & Shimamura, 2000; Kensinger & Corkin, 

in press) have observed effects of emotion on source memory in young people, but 

because there are still relatively few data, this finding warrants replication. As well, 

whether the relation between source memory and emotion in the older people might be 

qualitatively different from the young is hard to tell ifrom this study, because performance 

in the older group was close to the floor. This overall low level of performance may also 

have contributed to the lack of an effect of frontal status on source memory for neutral 

materials, which has been observed in previous studies (e.g., Glisky et al., 1995, 2001). 

The next study aimed to replicate the findings of the current study and raise the 

performance level of older adults. In addition, I wanted to explore some alternative 
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reasons for the discrepancy between the intact source memory performance of older 

adults in real-world emotional situations (as in Experiment 1) and the impaired source 

memory performance of older adults in laboratory studies of emotional stimuli (as in 

Experiment 2). 

Although it is likely that the emotional response to news events like those that 

occurred on September 11, 2001 was much higher than to single word stimuli like "rape" 

or "ambulance" presented in the laboratory in Experiment 2, nevertheless memory for the 

emotional words was enhanced. However, the enhancement did not extend to source 

memory. One possible difference between the naturalistic emotional event and the 

laboratory experience might be the emotionality of the source. When information about a 

flashbulb event in the real world is conveyed, the source is also very likely to be 

emotional (e.g., when a student enters a classroom and announces that the President has 

been shot). In Experiment 2, although the words were emotional, they were spoken in a 

relatively neutral tone of voice. This neutral tone may have reduced the emotionality of 

the overall experience, or more particularly may have tended to detach 

the source from the item. In Experiment 3,1 therefore manipulated the emotionality of the 

source as well as the emotionality of the items. 
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CHAPTER 4 

Experiment 3 

To raise the performance level of older adults on the source memory task, 

sentences were used as stimuli instead of single words. Sentences convey more acoustic 

information about the speaker than do single words, making speaker identification easier 

(e.g., Cook & Wilding, 1997), and thus reducing the probability of source memory being 

near the floor. I also varied the emotional tone of the speakers, crossing this variable with 

the type of sentence used (emotional versus neutral). In this experiment, I expected once 

again that the emotional content of the stimuli would benefit item memory. The effect of 

emotional tone on item memory, however, was an empirical question. If the emotional 

tone of voice enhanced the emotionality of the sentences, then it might benefit item 

memory. On the other hand, the effect of emotional tone might benefit source memory 

disproportionately, particularly for older adults. The emotionality of the voice might draw 

attention to the source-sentence pairing (especially in older adults and in those with 

poorer attentional abilities, i.e., the low FL group), thus enhancing source memory. When 

the tone of voice is neutral, however, as in Experiment 2, attention might be drawn to the 

emotional items at the expense of the source in the older adults. 

Method 

Participants. Sixty-four young adults (mean age 19 years; mean education 12 

years) were recruited from undergraduate psychology classes at the University of 

Arizona. Testing was discontinued with 3 additional participants, two who failed to 



follow instructions and one who did not understand many of the sentences during the first 

study phase. 

Thirty-two older adults were also recruited (mean age 74 years, mean education 

15 years) from our laboratory pool, and were paid $6 per hour to participate. All were 

community-dwelling, and none reported drug or alcohol abuse, or neurological or 

psychiatric illness (including depression and dementia). All reported good hearing, were 

able to carry out a telephone conversation without difficulty during recruitment, and were 

able to repeat a sample sentence played at the beginning of the session. 

Table 4 
Characteristics of Older Adults Participating in Experiment 3 

High FL LowFL 
High MTL Low MTL High MTL Low MTL 
M SD M SD M SD M SD 

Age (years) 74.75 4.33 75.13 5.28 75.13 7.24 73.63 7.54 
Education (years) 16.00 2.33 15.88 2.53 15.75 2.49 15.00 2.83 
MMSE (/30) 29.25 .71 29.25 1.40 28.50 1.20 28.25 1.67 
Verbal IQ" 123.25 7.34 124.00 9.06 122.25 3.24 121.00 8.44 
FL function score'' .51 .26 .56 .35 -.49 .32 -.50 .35 
MTL function .53 .35 -.58 .56 .57 .39 -.61 .32 
score'' 

Note. MMSE= Mini Mental Status Exam (Folstein et al., 1975). "From the Wechsler 
Abbreviated Scale of Intelligence (1999). ''See text for explanation of scores. 

As in Experiment 2, the older adults were divided into four equal-sized groups: 

either high on both factors (HH), high on the FL and low on the MTL factor (HL), low on 

the FL and high on the MTL factor (LH), or low on both factors (LL). Demographic and 

neuropsychological characteristics of the groups are shown in Table 4. Separate 2 (FL 



status; high, low) X 2 (MTL status; high, low) between-subjects ANOVAs indicated that 

the high FL and low FL groups had statistically different levels of PL function, F (1,28) 

= 83.42, MSE = .10, p< .001, but did not differ on the MTL score, F< 1, whereas the 

high MTL and low MTL groups differed in MTL function, F (1, 28) = 68.52, MSE = .16, 

p < .001, but not PL function, F < 1. The four factor groups were similar in age, 

education, and IQ (Fs <1). MMSE scores were slightly higher in the high FL group than 

the low frontal group, F (1, 28) = 3.69, MSE = 1.66,/? = .07. 

Materials. One hundred and sixty eight sentences were selected from a pool 

created by Maratos and Rugg (2001). These sentences were rated in a pilot study for 

pleasure (from 1 = very low to 9 = very high), arousal (from 1 = very low to 9 = very 

high), and concreteness (from 1= very concrete to 9 = very abstract). Half of the 

sentences were chosen to be emotional (i.e., those that obtained the highest ratings of 

arousal, and lowest ratings of pleasure; e.g.. The aircraft exploded and everyone on hoard 

was burned to death; He electrocuted her by throwing a television into her bath), and 

the other half were emotionally neutral (i.e., those that obtained the lowest ratings of 

arousal, and neutral ratings of pleasure; e.g.. She used to take a vitamin in the morning 

with some water. . The apartment was in the town center.). Because most of the words 

used in Experiment 2 were negative, and most of the sentences in the Maratos and Rugg 

pool were negative, only negative sentences were chosen for the emotional set here. 

The sentences were divided into three groups of 56 (half emotional and half 

neutral). An independent 2 (sentence type; emotional, neutral) X 3 (list; 1, 2, 3) ANOVA 

showed that the sets of emotional sentences were rated as more arousing (Ms = 6.68, 



6.88, and 7.04 out of 9) than the neutral ones (Ms = 1.16, 1.20, and 1.36 out of 9), F(l, 

162) = 4348.36, p < .001. The emotional sentence lists were also rated as more negative 

(Ms = 1.82, 1.68, and 1.75 out of 9) than the neutral lists (Ms = 5.02, 5.00, and 4.98 out 

of 9), F (1,162) = 2880.86, p < .001. The groups of sentences were similar in length, and 

ratings of concreteness. One set of 56 sentences was used as the distractor list for the item 

memory test. The other two sets were used as target lists, counterbalanced to appear 

equally often in the item and source phases. All sentences were recorded by a man and a 

woman (both amateur actors) using Goldwave software (2002) on a personal computer. 

Each was recorded in a neutral tone of voice, and also in a negative emotional tone 

(alternating sentence and tone type during recording). For the emotional items, the 

speakers used an emotional tone that matched the content of the sentence. For the neutral 

items, speakers were instructed to use an emotional tone that was negative. 

Procedure. Stimuli were presented auditorily over loudspeakers using a personal 

computer. After volume adjustment using a sample sentence, three separate study-test 

blocks were administered: two for source memory, and the other for item memory. In all 

cases source memory was examined first (as in Experiment 2). 

Source memory was tested in two similar study-test blocks. In the study phase, 

participants were told they would hear several sentences, some intended to evoke an 

emotional response, but others not. They rated how emotional the content of each 

sentence was by pressing the appropriate key, either E for emotional or for neutral. 

They studied 28 sentences, half emotional and half neutral, randomly mixed; half of each 

type of sentence was spoken by the male voice and the other half by the female voice. 
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Four additional sentences were presented (two at the beginning and two at the end of the 

study list) but not analyzed, to minimize primacy and recency effects. 

Source memory was tested immediately thereafter, in a 2-AFC format. Each 

studied sentence was replayed in the original voice that spoke it (the target), and in the 

opposite-sex voice (the distractor), in a series of randomly ordered trials. The two 

primacy and two recency trials occurred at the beginning and the end of the test. In half 

the trials the target was presented before the distractor, and in the other half the order was 

reversed. Participants indicated by a keypress whether the first or second voice spoke the 

sentence originally. 

Once the first source memory test was finished, the other source memory study-

test block was administered using 28 new sentences. The only difference between the two 

blocks was that in one, all of the sentences were presented in a neutral tone of voice, 

whereas in the other they were presented in a negative emotional tone. The order of these 

blocks, and whether sentences appeared in one or the other, was counterbalanced. 

The item memory study phase used the remaining 56 target sentences (plus four 

buffer sentences). As in source memory, half of the sentences were emotional and half 

were neutral, and half of each kind of sentence was in a neutral tone of voice, and half in 

a negative emotional tone. Study instructions were the same as for the source memory 

phase. The item memory test involved a yes/no decision to the 56 target sentences, 

randomly mixed with 56 distractor sentences, in which content (neutral, emotional) and 

tone (neutral, emotional) were crossed the same way as for the targets. The four buffer 

sentences were also presented here. 
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Results 

The mean proportion of stimuli rated as emotional is shown in Table 5 for each 

age group. For the item memory study phase, a 2 (age group; young, old) X 2 (sentence 

type; emotional, neutral) X 2 (tone of voice; emotional, neutral) mixed ANOVA showed 

that sentences were more likely to be labeled as emotional when the sentences were 

emotional versus neutral, F(1, 92) = 1151.67,MSE= .05,/> < .001, and also when the 

tone of voice was emotional versus neutral, F = 9.73, MSE = .05, j? = .002. No other main 

effects or interactions were reliable. 

Table 5 
Proportion of Items Rated as "Emotional" by Young and Older Adults in Experiment 3 

Item Memory 

Young Adults Older Adults 
M SD M SD 

Neutral Tone 
Neutral Items .02 .07 .01 .03 
Emotional Items .82 .29 .90 .24 

Emotional Tone 
Neutral Items .12 .25 .03 .07 
Emotional Items .94 .09 .96 .07 

Source Memory 

Neutral Tone 
Neutral Items .04 .09 .01 .02 
Emotional Items .83 .25 .96 .07 

Emotional Tone 
Neutral Items .11 .16 .02 .04 
Emotional Items .90 .14 .92 .10 
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An analysis of the source memory ratings showed a similar pattern, with ratings 

of emotionality influenced both by the content of the sentence, F (1, 90) = 1795.57, MSE 

= .03,/? < .001, and tone of voice, F = 8.06, MSE = .02, p = .006. The only other reliable 

pattern was an interaction between content of the sentence and age group, F = 8.06, MSE 

= .01,1? = .006, with older adults showing greater differentiation between emotional and 

neutral sentences in their ratings than the young. 

Table 6 
Item Hit and False Alarm (FA) Rates in Young and Older Adults in Experiment 3 

Young Adults Older Adults 
Hits FAs Hits FAs 

M SD M SD M SD M SD 
Neutral Tone 
Neutral Items .85 .15 .11 .09 .78 .15 .10 .10 
Emotional Items .90 .13 .10 .09 .90 .11 .14 .11 

Emotional Tone 
Neutral Items .84 .13 .10 . 09 .78 .17 .09 .09 
Emotional Items .92 .09 .08 .10 .87 .13 .13 .11 

Item memory hits and false alarms for the four kinds of stimuli are shown in 

Table 6. Item memory was examined using a 2 (age group: young, old) X 2 (sentence 

type: emotional, neutral) X 2 (tone of voice: emotional, neutral) mixed ANOVA on the 

adjusted item memory scores (hits minus false alarms), shown in Figure 3. The young 

group remembered more sentences than the old group, F (1, 93) = 4.06, MSE = .07, p = 

.03. Recognition of the emotional sentences (M= .82) was superior to recognition of the 

neutral sentences (M = .73), F (1, 93) = 33.03, MSE= .02, p< .001. The tone in which 

the sentences were spoken had no bearing on item memory, F <1. None of the 

interactions among sentence type, tone of voice, and age group were reliable.^ 
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Figure 3. Item Memory in Young and Older Adults in Experiment 3 (Mean + SE) 

The analysis of item memory was repeated in the older adults alone, divided by 

neuropsychological status, using a 2 (FL status; high, low) X 2 (MTL status; high, low) X 

2 (sentence type; emotional, neutral) X 2 (tone of voice; emotional, neutral) mixed 

ANOVA. These scores can be seen in Table 7. As in the previous analysis, the emotional 

sentences were significantly more likely to be recognized than the neutral ones, F (1,28) 

= 9.55, MSE = .01, p = .004, and there was no main effect of emotional tone. The high FL 

group remembered slightly more sentences than the low FL group, F (1,28) = 3.73, MSE 

- .05, p = .06, and the high MTL group remembered significantly more than the low 

MTL group, F (1,28) = 12.11, MSE = .05, p = .002. The latter two main effects were 

qualified by a significant interaction between FL and MTL status (F [1, 28] = 5.79, MSE 

= .05, p = .02), which indicated that the LL group showed especially poor item memory 

when compared to the other three groups. An examination of the raw data (shown in 

Appendix D) suggested that the LL group's poor performance occurred because of a 

combination of a low hit rate and a high false alarm rate compared to the other groups. 



(Separate analyses of the hit and false alarm rates shown in Appendix D did not find a 

reliable interaction between FL and MTL status, however. In fact, the only significant 

effect was of MTL status on hit rate, F [1,28] = 4.77, MSB = .04, p - .04.) Finally, there 

was a reliable interaction between FL status and the tone of the sentence, F (1, 28) = 

4.16, MSE = .01, p = .05, In the low FL group item memory was lower when the tone of 

voice was neutral (M = .66) than when it was emotional (M= .70), but the opposite was 

the case in the high FL group (neutral A/= .77, emotional M = .73; neither difference was 

significant in follow-up t tests, however). No other main effects or interactions were 

reliable. 

Table 7 
Item Memory (Hits - False Alarms) in Older Adults as a Function of Neuropsychological 
Group in Experiment 3 

High FL LowFL 
High MTL Low MTL High MTL Low MTL 
M SD M SD M SD M SD 

Neutral Tone 
Neutral Sentences .73 .18 .72 .10 .73 .14 .51 .18 
Emotional Sentences .81 .11 .82 .09 .82 .09 .58 .16 

Emotional Tone 
Neutral Sentences .73 .16 .67 .16 .79 .09 .58 .23 
Emotional Sentences .81 .10 .71 .13 .82 .16 .61 .14 

Source memory for the four kinds of stimuli is shown in Figure 4. Data are 

presented, and were analyzed, only for the first source memory test for each individual, 

which was uncontaminated by carry-over effects (for an alternative analysis, see 

Appendix E). Source memory was analyzed using a 2 (age group: young, old) X 2 

(sentence type: emotional, neutral) X 2 (tone of voice: emotional, neutral) mixed 



ANOVA, in which sentence type was a within subjects variable, whereas tone of voice 

was a between subjects variable. Source memory was better in the young group than the 

older group, F (1, 92) = 14.64, MSE = .02, p < .001. Source memory for the emotional 

sentences (M= .65) was slightly worse than for the neutral sentences (M = .68), F(l, 92) 

= 3.20, MSE = .01, p = .08. However, source memory was reliably better when sentences 

were spoken in an emotional tone (M= .72) than in a neutral tone(M = .62), F (1, 92) = 

14.27, MSE = .02,/? < .001. No interactions were reliable. The analysis above was 

repeated in the older adults alone, divided by neuropsychological status, using a 2 (FL 

status: high, low) X 2 (MTL status: high, low) X 2 (sentence type: emotional, neutral) X 

2 (tone of voice: emotional, neutral) mixed ANOVA. Neither FL or MTL status was 

related to source memory performance (Fs < 1; this was even the case when tone of voice 

was treated as a within subjects variable). Pearson correlations were computed in each 

age group to assess the extent to which performance on the item and source memory tests 

was related. Correlations were computed for each of the four kinds of stimuli across the 

two tests. In neither age group were any of these reliable, rs < 1.29|. 

Figure 4. Source Memory in Young and Older Adults in Experiment 3 (Mean + SE) 



Discussion 

This experiment examined the effects of emotional content and emotional tone of 

voice on memory, and revealed a dissociation between item and source memory. Item 

memory in both young people and older adults, as measured by yes/no recognition, was 

better for the emotional sentences than the neutral sentences (as expected), but was not 

significantly influenced by the tone in which the sentences were spoken. Source memory 

showed the opposite pattern: It was not sensitive to the content of the sentence, but was 

significantly better when the tone of voice was emotional than when it was neutral. 

This study thus provided evidence against the idea that item and source memory 

are affected similarly by emotion, as predicted by the "Tick Rate" hypothesis (e.g., 

Revelle & Loftus, 1992; Kahneman, 1973). However, there was also little evidence of a 

trade-off between item and source memory, as predicted by the Easterbrook hypothesis 

(i.e., as item memory improves, source memory declines; Easterbrook, 1959; Shimamura, 

2003). For example, there was a clear advantage for item memory when content was 

emotional relative to neutral; however, there was only a small, and non-significant, 

decline in source memory as a function of the emotional content of the sentences. These 

dissociations, coupled with the fact that correlations across the item and source memory 

tests were not significant, suggest that item and source memory are independent. 

The manipulation of emotional tone appeared to have the opposite effect from the 

manipulation of content. That is, changing the tone of the source from neutral to 

emotional had a robust positive effect on source memory, but little impact on item 
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memory. Emotional tone appeared to benefit source memory to the same extent in the 

young and aged groups. If the reason that emotionality of the voice enhanced source 

memory was that it drew attention to the source-sentence pairing, it did not seem to do so 

disproportionately in the older adults. 

When the older adults were divided based on FL and MTL status, item memory 

was related to both measures, and seemed to be especially poor in the LL group. The LL 

group seemed somewhat more likely than others to make false alarms to unstudied items, 

and also somewhat more likely to miss previously-heard items. High false alarm rates, 

and low hit rates, have in general been linked to compromised function of the fi-ontal and 

medial temporal regions of the brain, respectively (Davidson & Glisky, 2002b; Rubin, 

Van Petten, Glisky, & Newberg, 1999; Swick & Knight, 1999). The combination of both 

types of problems in the LL group may have affected item memory di sproportionately in 

this group. Nevertheless, there was no indication that emotion provided greater benefit to 

item memory in the lower functioning groups of older adults (similar to Experiment 2). 

In contrast to the findings in item memory, neither FL or MTL function were 

related to source memory in older adults. In previous experiments using a similar 

paradigm (e.g., Glisky et al, 1995, 2001), FL function reliably predicted source memory. 

The reasons for this null effect are unclear. The effect of emotional tone on source 

memory was also consistent across all groups of older adults, suggesting that the benefit 

to memory does not depend on functions associated with the processes involved in the FL 

and MTL factors. 



In general. Experiment 3 yielded clear results regarding the relation between 

emotion and memory; Emotion had dissociable effects on item and source memory, 

depending on whether the items (sentences) or the sources (tone of voice) were made 

emotional, with emotional content enhancing item memory but not source memory, and 

emotional tone of voice enhancing source memory but not item memory. 
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CHAPTER 5 

Experiment 4 

Experiment 4 was a replication of Experiment 3 with an independent group of 

participants. Because there were no interactions with age in the previous study, only 

young adults participated in this study. In Experiment 4, intentional memory instructions 

were provided in all phases of the study, both for the source memory tests and the item 

memory test. I predicted the same pattern of results here as occurred in Experiment 3. 

Method 

Participants. Thirty-two young adults (mean age 21 years; mean education 14 

years) were recruited from undergraduate psychology classes at the University of 

Arizona. Results from one additional participant were discarded, because he failed to 

follow the test instructions. 

Materials and Procedure. These were identical to Experiment 3, except for the 

study task. Participants made ratings of emotionality using a scale of 1 = low, 2 = 

moderate, and 3 = high, and were instructed to remember each sentence and the voice 

that spoke it, because they would be tested for this information later. 

Results 

The mean ratings of stimuli made during study are shown in Table 8. For item 

memory, a 2 (sentence type: emotional, neutral) X 2 (tone of voice; emotional, neutral) 

within-subjects ANOVA showed that sentences were more likely to be labeled as 

emotional when the sentences were emotional versus neutral, F (1,29) = 246.44, MSE = 
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.23,i? < .001, and marginally more so when the tone of voice was emotional instead of 

neutral, F (1,29) = 3.18,MSE = .13,p =.09. The interaction was not reliable. 

Table 8 
Ratings of Emotionality of Items (from 1 = Low to 3 = High) in Experiment 4 

M SD 
Item Memory 

Neutral Tone 
Neutral Items 1.04 .08 
Emotional Items 2.44 .47 

Emotional Tone 
Neutral Items 1.18 .39 
Emotional Items 2.54 .29 

Source Memory 

Neutral Tone 
Neutral Items 1.05 .12 
Emotional Items 2.47 .41 

Emotional Tone 
Neutral Items 1.23 .39 
Emotional Items 2.57 .30 

The ratings in the source memory phase followed the same general pattern: They 

were higher when the sentences were emotional versus neutral, F (1, 29) = 303.25, MSE 

= .\9,p< .001, and when the tone of voice was emotional instead of neutral, F (1, 29) = 

5.18, MSE = .12,/? = 03. The interaction was not reliable. 
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Table 9 
Item Hit and False Alarm (FA) Rates in Experiment 4 

Hits Fas 
M SD M SD 

Neutral Tone 
Neutral Items .85 .13 .13 .11 
Emotional Items .93 .09 .10 .09 

Emotional Tone 
Neutral Items .85 .15 .09 .08 
Emotional Items .95 .07 .09 .09 

Hit and false alarm rates are shown in Table 9. Adjusted hit rates (hits minus false 

alarms) for the four kinds of stimuli are shown in Figure 5. Item memory was examined 

using a 2 (sentence type; emotional, neutral) X 2 (tone of voice: emotional, neutral) 

repeated measures ANOVA on the adjusted hit rates. Results showed that recognition of 

the emotional sentences (M= .85) was superior to recognition of the neutral sentences (M 

= .74), F(1, 31) = 19.55, MSE = .02, p < .001. As well, sentences spoken in an emotional 

tone (M= .82) were more likely to be remembered than sentences in a neutral tone (M= 

.78), F (1, 31) = 4.43, MSE = .01,/? = .05. There was no interaction between sentence 

type and tone of voice. 
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Figure 5. Item Memory in Experiment 4 (Mean + SE) 

Source memory is shown in Figure 6. A 2 (sentence type: emotional, neutral) X 2 

(tone of voice^ emotional, neutral) repeated measures ANOVA revealed that source 

memory was similar for the emotional and neutral sentences, F< 1. Source memory was 

reliably better, however, when sentences were spoken in an emotional tone (M= .77) 

than in a neutral tone (M = .71), F (1, 31) = 5.71, MSE = .02, p = .02. The interaction 

between sentence type and tone of voice was not significant (F < 1). 

Pearson correlations were computed to assess the extent to which item and source 

memory performance was related, for each of the four kinds of stimuli. Only the 

correlation for neutral items spoken in a neutral tone was significant, r- .59, p < .001; 

the rest were not, rs < |.24|. 



54 

Neutral To»8 EmotioDal Tone 

Figure 6. Source Memory in Experiment 4 (Mean + SE) 

Discussion 

Once again, item memory was significantly better for the emotional than the 

neutral sentences, and source memory was superior for sentences spoken in an emotional 

tone than a neutral one. In this study, there was a small but significant positive effect of 

emotional tone on item memory, although no effect of emotional sentence type on source 

memory. 

Thus, both Experiments 3 and 4 failed to show the enhancements of source 

memory by emotional content that have been reported previously in the literature. 

Experiment 5 re-examined memory for emotional words to provide greater confidence in 

the null findings obtained with the emotional sentences. 
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CHAPTERS 

Experiment 5 

In Experiments 2 to 4, item memory was consistently better for emotional than 

neutral stimuli, but there appeared to be no relation between emotion and source memory, 

contrary to previous findings (Doerksen & Shimamura, 2000; Kensinger & Corkin, in 

press). Experiment 2 used words, and yielded a significant positive effect of emotional 

content on source memory in young adults, but not when the participants' own ratings of 

emotionality were used.. In contrast. Experiments 3 and 4 used sentences, and clearly 

failed to find any beneficial effects of emotional content on source memory. The 

subjective ratings of emotion for the sentence materials corresponded much more closely 

to the objective ratings. Single words thus appear to be not as emotionally arousing and 

perhaps not as attention-demanding as sentences and may not detract Jfrom processing of 

the source in the same way that sentences might. Alternatively, although the words were 

recorded in relatively neutral voices, it is possible that the speakers in Experiment 2 used 

slightly more emotional intonation when speaking the emotional words, and the finding 

might therefore be attributed to emotional tone instead. To examine the question of 

material specificity, I repeated Experiment 2, using the same materials (words) and 

procedure as before, but this time presented the words visually in one of two colors (the 

sources). This experiment was thus very similar to the source memory paradigm 

employed by Doerksen & Shimamura (2000) and Kensinger & Corkin (in press), who 

reported positive effects of emotional content on source memory. If, for whatever reason, 
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the source memory advantage for emotional content is only evident with words, then it 

should reappear in this experiment. 

Method 

Participants. Thirty-two young adults (mean age 18 years; mean education 12 

years) were recruited from undergraduate psychology classes at the University of 

Arizona. Data from two additional participants who failed to follow instructions were 

discarded. 

Materials and Procedure. These were identical to Experiment 2, except that 

words were presented visually for 3 s, with a 2 s interstimulus interval, in either purple or 

orange (instead of presented auditorily in either a male or female voice). 

Results. As before, the emotional words were more likely than the neutral words 

to be rated as "emotional" by participants during the study task. For the item phase, Ms = 

.74 and .17 for emotional and neutral words, respectively, t(31)= 12.70, p< .001. For 

the source phase, Ms = .68 and .21 for emotional and neutral words, respectively, t (31) = 

10.75, p<.001. 

Figures 7a and 7b show proportional scores from the item and source memory 

tests. A pair of planned within-subjects / tests was conducted, comparing memory for the 

neutral items to memory for the emotional items. On the item memory test, the emotional 

words (M = .31) were significantly more likely to be recalled than the neutral words (M= 

.17), t (31) = 4.59, p < .001. However, source memory was unaffected by whether the 

words were emotional (M= .66) or neutral (M= .65; chance = .50), /< 1. Like the 
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previous experiments, there was no reliable correlation between item and source memory 

performance for either the emotional (r = .08) or the neutral stimuli (r =. 15). 

Figures 7a and 7b. Item and Source Memory in Experiment 5 (Mean + SE) 

Discussion 

Once again, item memory was reliably greater for the emotional than the neutral 

words. In comparison, there was no effect of emotional content on source memory. 

Nevertheless, Doerksen and Shimamura (2000) found a benefit of emotional 

content on source memory using colored words, but I did not. Despite overall similarity 

between their paradigm and the one used in Experiment 5, there were still some 

differences. Therefore, Experiment 6 was conducted as a more exact replication of their 

study. 
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CHAPTER? 

Experiment 6 

As far as I could tell, there were three differences between Doericsen and 

Shimamura's (2000) experiment and Experiment 5 here. They used one single intentional 

study phase, inserted a 5 min delay between study and test, and combined the item and 

source memory tests into one. To ensure that none of these seemingly minor procedural 

details accounted for the differences between experimental outcomes, I decided to repeat 

Experiment 5, making these three procedural changes. 

Method 

Participants. Twenty-three young adults (mean age 18 years; mean education 12 

years) were recruited from undergraduate psychology classes at the University of 

Arizona. 

Materials and Procedure. The materials were identical to Experiment 5. The 

procedure was also the same, with three exceptions. First, encoding was intentional rather 

than incidental; participants were instructed to remember each word and the color in 

which it was presented, because they would be tested for this information later. Second, 

there was a brief (approximately 5 m) delay between study and test phases, during which 

participants performed the Mental Arithmetic subtest of the WAIS-R (1981). Finally, the 

item and source tests were combined into one, on which participants read a list of words 

(half old, half new), and chose from three options for each word: new, old and studied in 

purple, or old and studied in orange. 
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Results 

Once again, the emotional words were more likely than the neutral words to be 

rated as "emotional" by participants during the study task (Ms = .71 and .24 for emotional 

and neutral words, respectively, t [22] = 10.60, p < .001). 

Table 10 
Item Hit and False Alarm (FA) Rates in Experiment 6 

Hits Fas 
M SD M SD 

Neutral Items .93 .08 .04 .07 
Emotional Items .94 .09 .07 .09 

Figures 8a and 8b show proportional scores for item memory (item hits minus 

false alarms) and source memory (the proportion of item hits for which the source was 

also correctly chosen). A pair of planned within-subjects t tests was conducted, 

comparing memory for the neutral items to memory for the emotional items. In item 

recognition, there was no difference between the emotional (M= .87) and neutral words 

(M= .90), t (22) = 1.48, but hit rates for both kinds of stimuli were near the ceiling. More 

importantly, source memory was also equivalent between the emotional (M= .68) and 

neutral words (M= .65; chance = .50), t<\, even though the scores were well above the 

floor. 
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Figures 8a and 8b. Item and Source Memory in Experiment 6 (Mean + SE) 

Discussion 

Despite the replication of Doerksen and Shimamura's (2000) method, I still failed 

to replicate their finding of a reliable enhancement of source memory by emotion. Thus, 

the weight of the evidence in the present paper suggests that although item memory is 

consistently superior for emotional compared to neutral content, under most conditions 

source memory is unaffected by the emotional content of the stimulus materials. 
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CHAPTERS 

General Discussion 

In this dissertation I explored the relations among item and source memory, emotion, and 

aging, in both the real world and the laboratory. The goal of these studies was to discover 

whether both item and source memory could be improved by emotion, and whether the 

age-related deficit usually observed in source memory could be attenuated by using 

emotional materials. These points are discussed below, along with how the relation 

between emotion and source memory in the real world (i.e., flashbulb memory) might be 

different from in the laboratory. 

Item memory 

Memory for emotional items is better than memory for neutral items. Consistent 

with a vast literature, I found in Experiments 2 to 5 that emotional stimuli (both words 

and sentences) were easier to remember (using both recall and recognition) than neutral 

ones. With respect to recognition memory, some researchers have reported greater false 

alarm rates for emotional versus neutral stimuli (e.g., Windmann & Kutas, 2001), but I 

did not. This may have been because false alarm rates in Windmann & Kutas were 

relatively high (e.g., around 40%), whereas in my experiments they were relatively low 

(e.g., around 10%). Although it is possible that other aspects of the stimuli than their 

emotionality could account for the differences in memory for the emotional and neutral 

lists, the lists were equated on many of these other variables, including length, frequency, 

and abstractness. The emotional and neutral word lists differed in valence as well as 
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arousal, but most studies have indicated that item memory is influenced less by the 

former than the latter (e.g., Bradley et al., 1992). 

The enhancement of item memory by emotion is about the same for older adults as 

for young adults. Despite an age-related decline in performance overall, the emotion 

advantage in item memory seemed to be about the same in the aged as in the young, even 

in older adults with low MTL or FL fimction whose overall performance levels were 

lower than the others (Experiments 2 and 3). These findings are consistent with many of 

the recent reports that the emotion enhancement effect on item memory varies little with 

aging (e.g., Denberg et al, 2003; Yoder & Elias, 1987; although note that Carstensen & 

Turk-Charles, 1994, showed that the benefit of emotion was greater for older than young 

people, and Charles et al., 2003, reported that older people show a stronger memory 

advantage for positive materials than young people do). The failure to find differential 

benefits in either the low FL or low MTL groups of older adults suggests that emotion is 

having its effects on memory through processes not tapped by the Glisky et al. factor 

scores. One candidate mechanism involves the amygdala, which has been implicated in 

the emotional enhancement of memory in human lesion and neuroimaging studies (for 

reviews, see Buchanon & Adolphs, 2002; Hamann, 2001). In addition, although the 

volume of the amygdala appears to decline somewhat in aging (e.g., Herzog & Kemper, 

1980; Jack et al., 1997; Smith et al., 1999), it may remain in good enough shape to 

support normal functioning in healthy older adults. 

The effect of emotional content on item versus source memory 



In contrast to the robust enhancement of item memory by emotional content, there 

was little evidence for a relation between source memory and emotional content. Only in 

Experiment 2 was there a suggestion that emotional compared to neutral content was 

related to better source memory (and when participants' subjective ratings were used to 

divide words into the emotional and neutral categories, there was no longer a difference 

in source memory). As well, attempts to replicate this finding, which had been reported 

previously in the literature (e.g., Doerksen & Shimamura, 2000; Kensinger & Corkin, in 

press), were unsuccessful. Shimamura (2003) recently reported that his group's new 

studies of emotion and source memory have also failed to replicate their initial fmding. 

The variability across these various studies parallels the mixed findings in the 

literature on emotion and memory for central versus peripheral details (e.g.. Burke et al., 

1992; Christiansen & Loftus, 1987,1991; Heuer & Reisberg, 1990; Libkuman et al, 

1999; for a review, see Heuer & Reisberg, 1992). One problem in many of those studies 

is that the stimuli employed were usually single pictures, leading to some ambiguity in 

the a priori distinction by each experimenter between central and peripheral features. In 

contrast, one might expect that source memory paradigms would produce more consistent 

findings, because the distinction between central (e.g., word, or sentence) and peripheral 

(e.g., voice, or color) information is more clearly defined, conforming to the way people 

naturally treat these elements in the real world (e.g., by normally directing attention more 

towards a word or sentence than the voice that said it). However, there are still few 

studies, and as noted previously, the weight of the evidence supports a lack of relation 

between the emotional content of the stimuli and memory for the source. Other variables. 



such as level of arousal, kind or vividness of emotion, kind of materials, the nature of the 

encoding or retrieval task, and individual strategy differences might contribute to the 

differences across studies and deserve further exploration. 

The present results failed to support the idea of a trade-off between memory for 

item and source information (see Easterbrook, 1959). If the superior memory for 

emotional items stems in part from their ability to attract attention at encoding, it does not 

seem to be simply that doing so draws attention away from source information: If this 

were the case, then one might predict that as item memory improved, source memory 

would decline, but this did not occur. Using emotional items instead of neutral ones 

improved memory for the items themselves, but did not significantly impair memory for 

the associated source information in any of the studies. 

One might argue that although the Easterbrook hypothesis (1959) was not 

supported by the data in the present experiments, it may account for performance in some 

source memory paradigms depending on the relation between item and source 

information. For example, in some paradigms it may be relatively easy to attend to the 

item and ignore the source at encoding, such as when the item is a picture of an object 

and the source is another object nearby (e.g., Shimamura, 2003). In such studies, making 

the item emotional may impair memory for the source, by completely drawing attention 

away from the "source" object. Yet, in other paradigms it may be more difficult, if not 

impossible, to segregate item and source information completely at encoding, such as 

when the item is a single word and the source is a sentence in which the word is 

embedded. In these studies, making the item emotional may enhance memory for the 
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source (e.g., Kensinger et al., 2002). The paradigm that I employed, involving words or 

sentences spoken by voices, may have fallen somewhere between these two extremes, 

such that the effect of emotional content generally had no effect on the source. 

Introducing an encoding manipulation that encouraged participants to explicitly link item 

and source information might reveal a positive effect of emotional content on source 

memory (but see below). 

The dissociations between item and source memory that were found here clearly 

also failed to support the idea that the two are affected similarly by emotion, as suggested 

by the "tick rate" hypothesis (e.g., Revelle & Loftus, 1992; Kahneman, 1973). Rather, the 

data indicate that many of the processes involved in item and source memory are 

independent (e.g., Glisky et al., 1995; although the relation between the two may change 

based on how information is encoded or retrieved; e.g., Glisky et al., 2001). Another 

factor that may determine how emotion affects memory concerns which aspect(s) of an 

event are perceived as related to the emotion. For example, Bower (1992; see discussion 

by Macauley, Ryan, & Eich, 1993) has argued that in order for emotion to have an 

especially strong, reliable effect on memory, participants must infer a "causal link" 

between the two, or see how the relation between an emotion and some aspect of an 

accompanying event is relevant. If participants see no relation between emotion and some 

feature of an event, then memory for that feature is unlikely to be enhanced by the 

emotion. In many paradigms, item information is more closely linked to emotion than 

source information is (for example, where an arousing picture is shown against a neutral. 



unrelated background). This may be why item memory is often improved by emotional 

content, whereas source memory may not be improved. 

The effect of emotional tone on item versus source memory 

Although the emotional content of the materials had little effect on source 

memory performance, increasing the emotional tone of the source had a robust positive 

effect on source memory (in Experiments 3 and 4). This manipulation of emotional tone, 

however, had little impact on item memory. To my knowledge manipulations of the 

emotion of the source information have rarely been reported previously. A possible 

complication when interpreting differences between item and source memory in 

Experiments 3 and 4 is that in source memory, stimuli were blocked according to the tone 

of the speaker, but in item memory they were intermixed. Nevertheless, participants' 

ratings of emotion varied little across the source and item phases and so it is unlikely that 

blocking affected overall feelings of emotion. 

There are at least two possible explanations for the finding that emotional tone 

benefits source memory. One is that during encoding, the emotionality of the voice drew 

attention to the source-sentence pairing, thus enhancing source memory. A second 

possibility is that making the tone of voice emotional may have made the sources more 

distinct and more readily discriminable from one another on the basis of inflection, 

prosody, pacing, and so forth, thereby improving source memory. Consistent with this 

possibility, Dodson, Holland, and Shimamura (2000) showed that source memory is 

improved when sources are more distinct from one another. They found better 

performance when a forced-choice source memory test involved two speakers of the 
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opposite sex than when it involved two speakers of the same sex. The finding that the 

manipulation of emotional content and emotional tone of the source have opposite effects 

on item and source memory further supports the view that item memory and source 

memory are largely independent. 

Aging and memory 

Item memory. In both studies that included older adults, item memory was poorer 

in the aged than the young adults, and was positively related to both FL and MTL 

function. Previous studies using this method found that item memory was related either to 

the MTL factor alone (Glisky et al, 1995), or to neither factor (Glisky et al, 2001). 

Current neuropsychological models of memory posit that the MTL supports basic 

memory processes, whereas the FL mediates additional search and decision processes 

that can aid in memory encoding and retrieval (Glisky, 1998; Moscovitch, 1994; Prull et 

al, 2000; Wheeler et al., 1995). By and large, the results from Experiments 2 and 3 are 

consistent with such models, even though the nature of the relation between FL and MTL 

status was not identical across the two studies. Although there were several differences 

between the two paradigms, the fact that memory was tested using recall in Experiment 2, 

where good FL processes may have been required, and by recognition in Experiment 3, 

which may only have stressed those with declining function in both FL and MTL 

domains, could account for this pattern. However, in Experiment 2 performance in the 

HL, LH, and LL groups was near the floor, and so conclusions about the effects of FL 

and MTL function on item memory based on these findings remain speculative. As noted 
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previously, the effects of emotion on item memory were the same across all 

neuropsychological groups. 

Source memory. In Experiments 2 and 3, source memory was significantly poorer 

in the older adults than the young, consistent with previous research (Brown et al., 1995; 

Ferguson et al., 1992; Henkel et al., 1998; Mclntyre & Craik, 1987; Schacter et al., 1991; 

Spencer & Raz, 1994; Trott et al., 1997; for reviews, see Spencer & Raz, 1995; Prull, 

Gabrieli, & Bunge, 2000), but in neither study was the low FL group of older adults 

impaired relative to the high FL group, contrary to my hypothesis and to previous results 

(Craik et al., 1990; Davidson & Glisky, 2002b; Glisky et al., 1995; Glisky et al, 2001, 

Henkel et al., 1998; Schacter et al., 1991). In Experiment 2, performance may have been 

too close to chance to see a difference between these groups, but in Experiment 3 this 

was not the case. In previous research, Glisky et al. (2001) showed that older adults with 

low FL status were impaired in source memory relative to the young, but older people 

with high FL status had no deficit. In contrast, in Experiment 3 here, the high and low FL 

aged groups were indistinguishable from one another, and both were impaired relative to 

the young. It could be that something about the mix of neutral and emotional stimuli in 

the study lists in Experiment 3, or the instructions at the beginning of the study task that 

warned people they would be exposed to emotional items, may have reduced the 

performance of those in the high FL aged group, but exactly why this may have occurred 

is unclear. 

Although source memory in the older adults was not related to FL status, it was 

significantly affected by the emotionality of the source. The influence of emotional tone 



on source memory was the same in older people as in young people, and similar across 

all neuropsychological groups, suggesting that the mechanism(s) involved in this effect 

are affected little by aging or by declining FL or MTL status. As mentioned above there 

was little evidence in young people that emotion caused an item-source trade-off in 

memory. Although this was perhaps not surprising, there was also little evidence for such 

a trade-off in the older adults, even in those with low FL function (and, thus, greater 

problems with attention to, and integration of, item and source information; Glisky et al., 

2001; Hashtroudi et al., 1994; Naveh-Benjamin & Craik, 1996). Instead, the older people 

seemed to be affected in much the same way as the young. 

Emotion and source memory in the real world versus the laboratory 

This dissertation addressed two main questions regarding emotion and source 

memory in the real world versus the laboratory. The first was whether source memory is 

vivid and robust in flashbulb situations solely because of the emotional nature of the 

news. If this alone were the reason, then we might expect to have consistently seen that 

source memory was better for the emotional than the neutral stimuli in Experiments 2 to 

6, but as noted this was not the case. However, most models of flashbulb memory suggest 

that emotionality is a necessary but not sufficient condition for flashbulb memory 

formation, and must be accompanied by high levels of surprise, personal relevance, 

rehearsal, and other factors (e.g., Brown & Kulik, 1977; Conway et al, 1994; Finkenauer 

et al, 1998). 

The second, and more focal, question was whether emotion could attenuate the 

source memory deficit usually seen in older adults, especially in those with below-
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average FL function. In Experiment 1, older people (regardless of neuropsychological 

status) had no trouble relative to the young in remembering where, when, and from whom 

they heard about a flashbulb event (replicating Davidson & Glisky, 2002a). We had 

speculated that the emotional arousal the older adults experienced when first learning 

about the event may have boosted or enhanced the frontal lobe processes responsible for 

the encoding of source information, leading to better performance than normally 

expected. The evidence from Experiments 2 and 3 did not support this hypothesis. In 

neither of the laboratory studies did the older adults show superior source memory for 

emotional compared to neutral materials, and for both emotional and neutral stimuli their 

source memory performance remained inferior to the young group. Experiment 3 also 

explored whether the emotion of the source might differentially benefit older adults, 

particularly those with low FL status. Again, although source memory was significantly 

improved when the source was emotional, the benefit was equivalent across all 

neuropsychological groups. 

It therefore does not appear that emotion alone is the reason for better than 

expected flashbulb memory in older adults, but as mentioned above many additional 

factors, such as surprise, rehearsal, and meaningfiilness are usually also involved in FM 

formation. Determining whether some combination of these factors is responsible for the 

attenuation of the source memory problems usually found in older adults is an important 

goal for further research. Although examining how these variables might interact to 

influence item and source memory will be a challenge, more sophisticated studies in the 

real world and the laboratory may be able to yield answers in future. 
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Endnotes 

1. In previous studies examining source and item memory (e.g., Glisky et al., 1995), the 

source and item memory tests were identical 2-AFC recognition memory tests, which 

facilitated comparisons between the two. In pilot testing for the present research, 

however, using a 2AFC recognition memory test for the studied items led to ceiling-

level performance, even with long list lengths (up to 72 items), and therefore seemed 

unfeasible. The item memory advantage for emotional words seems to be independent 

of test type, however, appearing in cases of both recognition and recall, 

2. To examine the possibility that making the tone of voice emotional may have 

benefited item memory in speed if not accuracy, reaction time (RT) from stimulus 

offset was also examined here. A 2 (age group: young, old) X 2 (sentence type: 

emotional, neutral) X 2 (tone of voice: emotional, neutral) mixed ANOVA for RT to 

item hits showed only that the young were faster to respond than the old, F (1, 91) = 

28.66, MSE = 345256.44,/? < .001. In general, there was a high degree of variability 

in RT, but the pattern of the means did not suggest that a benefit was conferred by 

presenting sentences in an emotional versus a neutral tone (e.g., for neutral content, 

Ms = 665 ms and 586 ms, respectively; for emotional content, Ms - 541 ms and 536 

ms, respectively). This question could be examined more closely in a future study that 

attempted to reduce the variability in RT, for example by not giving participants 

unlimited time to make a response, or by measuring RT from stimulus onset instead 

of offset. 
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Abstract 

Flashbulb memories (FMs) are vivid, long-lasting memories for the source of surprising, 

arousing news. Laboratory studies have consistently found that older adults, especially 

those with below average frontal lobe (FL) function, are impaired in source memory 

relative to young. We tested memory for the source of news concerning the September 

1terrorist attacks in older adults with high or low frontal lobe function and in young 

people. We found no age differences in source memory a year after the event and no 

differences related to FL function. FM may be a special case of source memory because 

of its emotional content, personal importance, or social relevance. 



Flashbulb Memories for September 11*** are Preserved in Older Adults 

Flashbulb memories (FMs) are vivid recollections of the source of news about an 

emotionally arousing, shocking event (Brown & Kulik, 1977; for review, see Conway, 

1995). FMs are generally more durable than memories for everyday experiences (e.g., 

Christiansen, 1989; Davidson & Glisky, 2002a), and there has been considerable 

disagreement about whether FMs depend on the same cognitive and neural mechanisms 

as less emotional memories. If they do, then one might expect that FMs, like other source 

memories, might be particularly susceptible to aging and declining frontal lobe function. 

On the fece of it, studies of FM in the real world appear to be very similar to 

research on source memory in the laboratory ~ in both cases participants must recollect 

when, where, or from whom they learned information. In the laboratory, source memory 

declines reliably with aging (for reviews, see Spencer & Raz, 1995; Prull, Gabrieli, & 

Bunge, 2000). Furthermore, source memory problems occur primarily in older adults 

with below-average frontal lobe (FL) fiinction, as indicated by neuropsychological testing 

(e.g., Craik, Morris, Morris, & Loewen, 1990; Henkel, Johnson, & De Leonardis, 1998; 

Schacter, Kaszniak, Kihlstrom, & Valdiserri, 1991). For example, research in our lab has 

shown that older people with low FL function are poorer than young people at 

remembering the voice that said a word, the list in which a word was presented, or the 

room in which a chair appeared, whereas older adults with high FL function perform like 

young (Davidson & Glisky, 2002b; Glisky, Polster, & Routhieaux, 1995; Glisky, Rubin, 

& Davidson, 2001). 
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In FM situations, however, findings in older adults have not always followed this 

pattern, although results are inconsistent. First, although aging is usually accompanied by 

a significant decline in source memory in the laboratory, this has not always been the 

case for FM. In an initial study, Davidson and Glisky (2002a) asked young and older 

people to report how they learned of the deaths of Diana, Princess of Wales, and Mother 

Teresa of Calcutta. The older people were just as likely as the young to remember where, 

when, and from whom they learned this information (see also Wright, Gaskell, & 

O'Muirchearthaigh, 1998). In an earlier study, however, Cohen, Conway, and Maylor 

(1994) reported an age-related decline in memory for hearing about the resignation of 

Prime Minister Thatcher in England (see also Tekcan & Peynircioglu, 2002). Second, 

although in laboratory studies FL function has usually been related to source memory in 

older adults (e.g., Craik et al., 1990; Davidson & Glisky, 2002b; Glisky et al, 1995; 

2001; Henkel et al, 1998; Schacter et al., 1991), there was no such relation in our real 

world study of FM (Davidson & Glisky, 2002a); Surprisingly, older people with below 

average FL function retained slightly more about how they learned of the deaths of 

Princess Diana and Mother Teresa than those with above average FL function. We 

speculated that the emotional arousal associated with FM may have enhanced the frontal 

lobe processes important for the encoding of source information, leading to better source 

memory than normally expected in the older adults. 

The goal of the present study was to replicate our previous report (Davidson & 

Glisky, 2002a). We used a double assessment procedure to measure participants' 

retention of information over time: Soon after the September 11^ terrorist attacks on New 
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York City and Washington D. C., and then approximately one year later, participants 

were asked how they heard the news. We tested young people and older adults who were 

divided on the basis of FL function using a method similar to our laboratory studies of 

source memory (Glisky et al., 1995; 2001). People were also asked to rate several factors 

related to their encoding and rehearsal of the event, which have been related to FM in 

previous studies (see Conway, 1995). We hypothesized that if FM is just another instance 

of source memory, then it should be impaired in older adults, especially in those with low 

FL function, relative to the young. If, however, FM is special in some way, then these 

groups may not differ. We tested a larger sample than in our previous study, in order to 

increase statistical power and the likelihood of uncovering significant group differences. 

Also, although it could be argued that the events featured in our previous study (the 

deaths of Princess Diana and Mother Teresa) were not sufficiently emotional to qualify as 

true FMs, that objection seems not to apply here. 

Method 

Participants 

Forty-six young adults (mean age 22 years, mean education 14 years) and 43 

older adults (mean age 74 years, mean education 15 years) were each tested on two 

occasions, approximately one year apart. The young adults were recruited from 

undergraduate psychology classes at the University of Arizona, and either volunteered or 

were awarded course credit for completing the initial test, and were offered $6 for 

completing the retest. The older adults were recruited from our laboratory's pool of 

community-dwelling older people, and were free of depression and dementia. They had 
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previously completed neuropsychological screening, which was used to create a 

composite score thought to reflect FL function for each individual. The composite was 

uncovered in an earlier factor analysis of a normative group of 100 older adults, after 

removing variance in performance associated with age (see also Glisky et al., 1995; 

2001). It consisted of; the number of categories achieved on a modified Wisconsin Card 

Sorting Test (Hart, Kwentus, Wade, & Taylor, 1988), number of words produced in a 

phonemic fluency test (Spreen & Benton, 1977), Mental Arithmetic from the Wechsler 

Adult Intelligence Scale — Revised (WAIS-R; Wechsler, 1981), and Backward Digit 

Span and Mental Control from the Wechsler Memory Scale ~ HI (WMS-III; 1997). 

These measures were used to create an average z score describing FL function. Older 

adults were categorized as high or low in FL function, depending on whether their z 

scores were above or below the normative group mean. 

Table 1 shows the demographic and neuropsychological characteristics of the 

older adults. Nineteen scored above the mean on the FL factor, and 24 were below the 

mean on it. Separate independent sample t tests showed that, as expected, the high FL and 

low FL older adults differed reliably on the FL composite score, if (41) = 11.93, < .001. 

Although the two groups were similar in age (/ < 1), the high FL group had higher levels 

of education, ^ (41) = 2.49, p = .02, slightly higher Mini Mental Status Exam scores 

(MMSE; Folstein, Folstein, & McHugh, 1975), f (41) = 2.40, p - .02, and higher 

Vocabulary scores, ^ (41) = 3.44, p= .001, than the low FL group. 

Materials 

The questionnaire was similar to those used in previous studies (e.g., Cohen et al., 



1994; Davidson & Glisky, 2002a; Neisser & Harsch, 1992; and Pillemer, 1984). 

Questions concerned place (i.e., Where were you?), the participants' interrupted activity, 

the participants' ensuing activity, other people's presence, time of day, and the source of 

the news (i.e.. How did you hear the news, i.e., from what source?). Self ratings (from 1= 

very low to 5 = very high) of encoding (surprise, emotional intensity, the event's 

importance to the participant and to the world), and rehearsal (frequency of thoughts 

about, media exposure to, and discussion of the event) were also collected. 

We also asked questions about a control autobiographical memory (the most 

interesting event from the few days previous to September 11, 2001), which were 

analogous to those above, with the exception that this section did not include a specific 

question about source (i.e., it did not ask How did you hear about this interesting event?). 

Procedure 

Shortly after September 11, 2001 (i.e., between 3 and 21 days), participants 

completed the first questionnaire. Older adults were interviewed by telephone, were read 

the questions one at a time, and dictated their answers to us. Responses were recorded as 

close to verbatim as possible. Young adults were tested either individually or in groups of 

approximately 20; in both cases they wrote down their responses on a printed 

questionnaire. This difference in the procedure was necessary in order to collect initial 

reports as soon as possible after the event. All respondents, however, were encouraged to 

provide as detailed answers as possible. 

The surprise retest was completed approximately one year (i.e., between 11 and 

13 months) after the initial session, by telephone. The second questionnaire was identical 



to the first, with the exception of the control event section. For the control event, 

participants were first asked whether they could remember the most interesting event they 

had experienced in the few days previous to the terrorist attacks. If they could not, or 

recalled a different event from the one on the initial test, they were provided with a 

minimal cue (e.g., "a party" or "a movie") to help increase their chance of recalling the 

previously-reported event. 

Scoring 

On the initial test, participants were assigned a score of 0 if they did not provide 

an answer to a question, or a lif they did; therefore the maximum possible score for the 

FM event was 6; for the control memory it was 5. Because of the different number of 

questions for each event, scores were converted to proportions. 

On the delayed test, the consistency of each participant's responses over time was 

measured in a way similar to previous studies (e.g., Cohen et al, 1994; Davidson & 

Glisky, 2002a; Neisser & Harsch, 1992). Two naive judges rated how similar answers on 

the initial test were to those on the delayed test, using a scale of 0, 1, or 2 for each 

question. Judges assigned a 0 if an answer was not given on the delayed test or if it was 

incongruent with the initial test, 1 if the answer on the delayed test was somewhat 

consistent with or less specific than the initial test (e.g., "in my wife's car, turning off Elm 

Street" at the initial test, compared to "in a car" at retest), or 2 if it was very similar 

between tests. The raters agreed on 82% of the questions (in cases of disagreement the 

median rating was used). If a participant did not answer a question on the initial test, then 

that item was omitted from the congruence scoring. For each event, a summed 
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congraence score was derived, based on a maximum of 6 questions for the flashbulb 

event, and 5 questions for the control event, and converted to a proportion, to reflect how 

much information was retained over the 1-year delay. Ratings of the encoding and 

rehearsal variables were selected from the initial test. 

Results 

Retention ofFM 

Proportions recalled on the initial test and retrieved after the delay are shown in 

Table 2. All three groups scored at the ceiling in initial memory (Ms = 1.00 for each 

group). A year later, all three groups retained approximately 75-80% of the source 

information initially reported, and all individuals were able to remember at least some of 

the source details. A between groups ANOVA (young, high FL, low FL) showed no 

reliable difference among groups (F < 1.00). We also looked at retention of answers to 

the individual questions, which ranged from 71% (for what people did afterwards) to 

86% (for who they were with). Separate 3 (group) X 6 (question) mixed ANOVAs 

revealed no reliable differences among groups, and no interactions between group and 

question (p > .05). Finally, we examined whether FM was correlated with a composite 

measure of medial temporal lobe function, based on standard tests of item memory,' but 

there was no significant relation (r = .20). 

Encoding and Rehearsal Variables 

The three groups did differ in their ratings of two of the FM encoding variables 

and one measure of rehearsal, shown in Table 3. Separate one-way ANOVAs and 

subsequent Bonferroni t-tests indicated that, first, there was a difference in emotional 



intensity, F (2, 85) = 3.75, MSE = 1.13, p = .03: The low FL group (M = 4.63) reported 

significantly greater emotional intensity than the young group (M = 3.96;p = .04). 

Second, there was a similar pattern in personal importance, F (2, 85) = 5.19, MSE = .85, 

p = .007, with the low FL group (M= 4.62) indicating a greater level than the young (M= 

3.89; p = .007). Third, the amount of media coverage differed among groups, F (2, 85) = 

3.29, MSE = .92,p = .04, again with the low FL group (M = 4.58) experiencing more than 

the young (M= 3.98;p = .04). Importantly, however, no significant differences were 

found between the ratings of the high and low FL groups. 

Retention of the Control Event 

Unlike memory for the FM event, memory for the control event was quite poor: many 

participants could retain nothing at all about it after the one-year delay, despite each 

person being prompted with a specific cue. Only 42% of the older adults were able to 

retain any information at all about this event, compared to 65% of the young adults, a 

difference which was statistically significant, [1, N = 86] = 4.72, p< .05. 

Discussion 

Memory for how one learned about the September 11* terrorist attacks was 

examined in young people and two groups of older adults. People retained more than 

75% of this information over one year, a rate comparable to other FM studies using this 

procedure (see Cohen et al., 1994). Older adults performed just as well as young people, 

and the low FL older adults were just as likely to retain FM details as the high FL group. 

These findings are consistent with a previous report from our lab (Davidson & Glisky, 

2002a), but inconsistent with others (Cohen et al, 1994; Tekcan & Peynircioglu, 2002). 



82 

In particular, both of the latto" studies reported reduced FM in older people, and Cohen et 

al. speculated that the age deficit might be attributable to reduced frontal function in older 

adults. Our findings suggest that this is not the case, and that older adults with low FL 

function are just as likely as others to have FMs. 

What might account for the discrepant findings across studies of FM and aging? 

One possibility is that differences in encoding and rehearsal influence whether age effects 

are seen in FM. For example, in Tekcan and Peynircioglu's study (2002), the young 

adults reported greater amounts of rehearsal than the old people. Because rehearsal is 

generally associated with greater retention of FM information (for a review see Conway, 

1995; but see Neisser & Harsch, 1992), this may have accounted for the observed age 

differences in FM in that study. In the present study, the FM event was rated as more 

emotionally arousing, more personally important, and more often seen in media coverage 

by the low FL older adults than the young people. These factors may have obscured a 

possible difference between these groups in FM. Yet the low FL and high FL groups of 

older people did not differ on any of the encoding or rehearsal variables, and also showed 

equivalent levels of FM retention. As well, in a previous study Davidson and Glisky 

(2002a) found that when young and older adults made similar ratings of encoding and 

rehearsal variables, the groups were also equivalent on FM. 

The lack of influence of aging and reduced FL function on flashbulb memory 

appears to stand in contrast to memory for less emotional, everyday events. For example, 

in our previous study, we found that memory for another personal experience (e.g., 

attending a party, or seeing a film) that occurred around the same time as the flashbulb 
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event was correlated with our neuropsychological measures of FL and MTL function in 

older adults. Similarly, we have demonstrated in numerous laboratory studies that older 

adults from our low FL group show significant impairments in source memory (Davidson 

& Glisky, 2002b; Glisky et al., 1995; Glisky et al., 2001). In the present study, few older 

adults recalled anything about a personal experience from around the same time as 

September 11th, and those who did retained fewer contextual details than the young. 

Overall, people in our study retained less information about the control event than 

the FM event (as in Davidson & Glisky, 2002a). Although this comparison was not the 

main focus of our study, note that it stands in contrast to a recent finding by Talaraico and 

Rubin (2003), who actually reported better memory for the everyday event than the FM 

event. It is unclear what might account for the difference between our studies and theirs, 

but there were several methodological differences that could provide an explanation. For 

example, retention in the Talaraico and Rubin study was intentional, and people were 

instructed to generate their own descriptive cues to retrieve the event in the fixture. 

Overall their levels of retention across a seven month interval appear lower 

(approximately 65% of original details retained) than found in many previous FM 

studies, including ours (75-80% retention). 

Why might FM be unaffected by aging and reduced FL function, when other 

kinds of source memory are significantly impaired? We speculated previously that the 

emotional arousal associated with FM situations may boost or enhance in some way the 

FL processes involved in the encoding of source information (Davidson & Glisky, 

2002a). In a similar vein, Rahhal, May, and Hasher (2002) reported no age differences in 
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source memory when people were instructed to focus on emotional or socially relevant 

information about the sources (e.g., whether one of two speakers was truthful). Elevated 

levels of emotional arousal, social relevance, or personal importance associated with FMs 

may increase attentional processes such that contextual and source information are more 

likely to be encoded and integrated with the target event (e.g., Kahneman, 1973; Revelle 

& Loftus, 1992). Further study is thus required to assess the differences between 

flashbulb memory in the real world and source memory in the laboratory. To this end, we 

are currently investigating source memory for emotional events in the laboratory in 

young and older adults. Other studies are planned to explore how source memory is 

affected by such variables as personal importance and rehearsal, which are all likely 

associated more with everyday than laboratory events. 

The present report, along with Davidson & Glisky (2002a), has potentially 

identified boundary conditions on the influences of aging and FL function on source 

memory in older adults, and is consistent with other recent suggestions that age-related 

decline in episodic memory can be attenuated when people are presented with emotional 

materials (Carstensen & Turk-Charles, 1994), or are instructed to focus on emotional 

aspects of stimuli (Rahhal et al., 2002). Generalizations based on the present data, 

however, should be made cautiously, because of the drawbacks associated with studies of 

memory for real world events, such as FMs. Such studies are based on retrospective 

report, with little experimental control over variables (e.g., individual differences in 

reaction to the news) that may influence performance. As well, the context in which each 

person learns of a flashbulb event is unique to the individual and unknown to us. 
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requiring measures of consistency of participants' responses over time rather than 

accuracy. For these reasons, among others, it seems critical to continue studies of 

emotion, source memory, and aging in more controlled laboratory settings. 
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Footnotes 

1. The composite measure of medial temporal lobe fiinetlon (see Glisky et al., 1995, 

2001) was based on Logical Memory I, Faces I, and Verbal Paired Associates I from 

the WMS-in, Visual Paired Associates II from the Wechsler Memory Scale ~ 

Revised (WMS-R; Wechsler, 1987), and Long Delay Cued Recall on the CVLT 

(Delis et al., 1987). 
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Table 1 

Characteristics of Older Adults Participating in Immediate and 1-Year Delayed Test as a 

Function of Group 

HighFL(w= 19) LowFL(w = 24) 
M SD M SD 

Age (years) 74.58 4.54 73.96 4.50 

Education (years) 16.42 3.10 14.35 2.36 

MMSE(/30) 29.32 1.06 28.50 1.14 

Vocabulary' 71.63 5.59 64.50 7.55 

FL function score'* .54 .32 -.73 .37 

Note. "From the Wechsler Abbreviated Scale of Intelligence (1999). ''See text for 

explanation of score. 
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Table 2 

Proportion Recalled on Initial and Delayed Questionnaires as a Function of Group 

Young ffighrL LowFL 
Test M SD M SD M SD 

Immediate 1.00 .00 1.00 .00 1.00 .03 

One-year delay .78 .19 .75 .15 .77 .15 



Table 3 

Encoding and Rehearsal Variable Ratings (/5) as a Function of Group 

Young HighFL LpwFL 
M SD M SD M SD 

Surprise 4.70 .84 4.95 .23 4.88 .45 

Emotional Intensity 3.96 1.15 4.50 1.10 4.63 .82 

Personal Importance 3.89 .91 4.00 1.11 4.62 .77 

World Importance 4.96 .21 4.84 .38 4.88 .45 

Thought 3.93 .81 4.16 .77 4.08 1.06 

Media Exposure 3.98 1.10 4.05 .91 4.58 .65 

Discussion 3.29 .87 3.42 1.07 3.33 1.13 
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Appendix B 

Words Used as Stimuli in Experiments 2, 5, and 6 

Emotional Word List 1 Emotional Word List 2 Neutral Word List 1 Neutral Word List 2 

assault ambulance bland bird 
betray bomb chin cottage 
cash fun clouds dreary 
ecstasy horror cozy dustpan 
fire killer hairpin foot 
kiss nightmare indifferent gentle 
rage orgasm lazy kettle 
sex rape messy locker 
terrorist rollercoaster pencil nonchalant 
thief romantic pillow reserved 
vomit stress prairie secure 
whore terrified subdued sleep 
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Appendix C 

Sentences Used m Stimuli in Experiments 3 and 4 

Neutral List I 
He asked for the package to be sent to his home. 
She went to her bedroom to read a magazine. 
She wrote down her address for the receptionist. 
The apartment was in the town center. 
The book was aimed at people who were interested in fashion. 
She hung the sheet out on the line to dry. 
Their grandmother was immensely pleased with her steel cutlery. 
He got the meat out of the freezer to defrost it. 
The building had one main supporting column. 
The cousins lived in different cities. 
The hotel served breakfast from eight until ten in the morning. 
The kid delivered the papers every morning in the local neighbourhood. 
The mayor helped with the town planning and budgeting. 
The model had a lot of work that season. 

Neutral List 2 
The crew of the yacht were sent on a training course. 
The customer picked up a basket from by the door. 
The fiction section is on the second floor. 
They hung the drawing in the living room. 
The loaves of bread are in the third aisle in the supermarket. 
The man bought a cup from the supermarket. 
The put the guest in the spare room at the end of their hall. 
The set of pans were made of aluminium with plastic lids. 
The ship docked in the harbour. 
The shirt was made from cotton and had short sleeves. 
She loaded the box up with books. 
She poured the liquid into the container. 
She turned the handle and entered the room. 
She used to visit her uncle on a Thursday night. 

Neutral List 3 
The supermarket sells butter and other groceries. 
The symphony was written on manuscript. 
The tiny seed was a brown colour. 
The wagon transported the goods into the city. 
The waiter took the plates to the table. 
The weather that day was the same as usual. 
The young medics learned how the thyroid gland worked. 



96 

They fed the chicken by scattering bran and barley on the ground. 
They kept most of the grain in a store after Autumn. 
They moved to the capital after university for work purposes. 
She put a spoon of sugar into her tea and stirred. 
She put her hat on in the porch. 
The local museum had a fossil collection. 
The maid came on a Wednesday to help clean the house. 

Neutral List 4 
The boy drew in a margin before he began writing. 
The cattle grazed in the field for most of the day. 
They rehearsed the concert on a Tuesday evening. 
They rolled the wheel along the pavement. 
They showed a film in the evening. 
He put his hat and coat in the cloakroom. 
He went to the cloakroom to get his jacket from where he had hung it. 
She put the china in the cupboard.. 
She sat at the desk in the middle of the class. 
She sat on the rock and tied her shoelace. 
The mother bought lib of beef from the supermarket. 
The passage led from the master bedroom to the study. 
The used to go to the village on weekends. 
The whole of the herd were rounded up into the bam. 

Neutral List 5 
She took the same path to school everyday. 
They ate a piece of fruit everyday in the morning. 
A diplomat in Greece gave the speech. 
She pulled out a tissue and wiped her brow. 
She put a pan on the stove and turned on the gas. 
The Dalmatian walked at the heel of his master. 
The document contained information about the town's history 
The driver of the taxi was middle aged. 
The fine china was beautifully decorated. 
The frogs climbed onto the mud to catch flies. 
The girl ate a fig while reading her book. 
The head office contained a fan that was often on. 
The tailor measured his chest. 
She took her watch off before she washed the pots. 

Neutral List 6 
She used the dictionary to help with her spelling. 
She used to take a vitamin in the morning with some water. 
They walked over the hill and round a comer. 
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He got up to get a drink of water. 
The highlights of the golf tournament were being reported on the radio. 
She put the rice on to boil and set the time for 20 minutes. 
The pilot was thinking about retiring. 
The resident of the house walked down the hallway. 
The salad was both healthy and nutritous. 
The shoe was a perfect fit for his foot 
The starling looked for small insects. 
She put the ring on her dressing table. 
The stream was diverted under the road. 
The temple was in the old part of the town. 

Emotional List I 
He held the knife to her throat and slowly sliced it open. 
The milk poured out in lumps and smelt rancid. 
The museum was crammed with decaying war victims. 
The punch plastered his nose over his face. 
The sand dune collapsed burying the toddler. 
The soldiers from the academy were gunned down. 
There was a huge slug wriggling in her salad. 
They buried him alive in the snow. 
They clung to the bridge as it collapsed into the canyon. 
They injected sugar into his veins. 
They lived with their uncle who beat them frequently. 
He filled his studio with emaciated and diseased bodies. 
She stabbed the pen into her girlfriend's eye. 
He electrocuted her by throwing a television into her bath. 

Emotional List 2 
He died of a heart attack half way up the hill. 
He put a lock on her door so that she could not escape. 
Her skin was covered in sores and oozing scabs. 
No one suspected that the pianist was a rapist. 
She exceeded her credit limit and went bankrupt. 
Ten thousand people died when the concert was bombed. 
The congregation was killed when the temple collapsed.. 
The doctor molested the patient. 
The father fell off the ladder and was permanently paralysed. 
The king hated the symphony and cut off the composer's ears. 
He dragged her by her hair up the slope. 
He dragged her onto the porch and strangled her. 
He screamed as the mud enveloped his head. 
She ripped the ring off his nipple. 



Emotional List 3 
The child ran out into the oncoming traffic. 
The clouds of black suffocating smoke choked them. 
The girl was dragged off the path on her way to school. 
The glass from windows lacerated their faces when the bomb exploded. 
The message said that she would be raped. 
The orchestra were lined up and shot. 
The package exploded blowing off his hands. 
They stripped any gold off the murdered Jews. 
They were forced to stand naked in the rain for hours. 
They were found dead from hypothermia in the valley. 
The aircraft exploded and everyone on board was burned to death. 
The angry crowd tore the paedophiles limbs off. 
The inmate stabbed the guard through the hand with the pencil. 
They forced his head next to the speaker and his eardrum exploded. 

Emotional List 4 
Everyone aboard the ship died of typhus. 
He photographed the torture with his camera. 
He put the gun in the policeman's mouth and demanded the document. 
Maggots and flies crawled over the uncovered meat. 
She had a heart attack during the ballet. 
She slashed at her palm with the knife and watched it bleed. 
She took her daily vitamin and choked to death on it. 
The astronaut ran out of oxygen and asphyxiated. 
The baker was found frozen in the deep freezer. 
The bullies urinated over his uniform. 
During the fight the earring ripped through her ear. 
She ran over the toddler while parking. 
She tied the sheet around his head and suffocated him. 
They were made to dig their own graves on the shore. 

Emotional List 5 
Coffee manufacturers starve third world workers. 
He committed suicide by jumping off the highest platform. 
Her foot was blown off by the land mine. 
She froze when she saw the maniac's shadow in her garden. 
The bear sunk his teeth into the man. 
The boy was mangled when he fell into the engine. 
The burglars hung the lady of the manor from the banister. 
The bus crashed into the wall killing the children. 
The column fell onto the tourists crushing them to death. 
The dancer was raped as she returned home from a show. 
They were found dead from hypothermia on the mountain. 



The hijackers butchered the pilot and took over the plane. 
They stabbed the lawyer's eyes with needles. 
They tied him down and amputated his leg. 

Emotional List 6 
He hammered the tray against her head. 
He screamed as they ground salt into his wounds. 
He threw the woman down the stairs and watched her hit every step. 
He wrung her neck slowly until he heard it snap. 
The film showed the hostages being stripped naked and beaten. 
The husband frequently raped the maid. 
The mugger snatched her bag and stabbed her to death. 
The murderer found her address and hid there. 
The prince was castrated by his enemies. 
The tape contained a recording of the screams of the dead children. 
The teacher repeatedly molested the young boys. 
The village was hit by the black death and its inhabitants died. 
They clung to the boat as it sank into the ocean. 
They placed pieces of onion under his eyelids. 



Appendix D 

Item Hit and False Alarm (FA) Rates in Older Adults as a Function of Neuropsychological Group in Experiment 3 

High FL Low FL 
High MTL LowMTL High MTL Low MIL 

Hits FAs Hits FAs Hits FAs Hits FAs 
M SD M SD M SD M SD M SD M SD M SD M SD 

Neutral Tom 
Neutral Items .82 .11 .09 .08 .80 .14 .08 .08 .80 .14 .07 .08 .69 .19 .18 .13 
Emotional Items .96 .05 .15 .12 .93 .10 .11 .09 .90 .08 .08 .06 .79 .12 .21 .12 
Emotional Tone 
Neutral Items .79 .14 .06 .05 .75 .17 .08 .08 .88 .11 .09 .10 .71 .23 .13 .10 
Emotional Items .90 .07 .09 .08 .88 .17 .16 .11 .91 .07 .09 .10 .78 .15 .17 .13 
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APPENDIX E 

Alternative Analysis ofSomrce Memory from Experiment 3 

Source memory for the four kinds of stimuli was also analyzed in a 2 (age group; 

young, old) X 2 (sentence type: emotional, neutral) X 2 (tone of voice: emotional, 

neutral) X 2 (test phase order: emotional, neutral presented first) mixed ANOVA, in 

which both sentence type and tone of voice were within subjects variables and test phase 

order was a between subjects variable. When analyzed this way, the data look very 

similar to the results presented in Chapter 3: Source memory was better in the young 

group than the older group, F (1, 92) = 23.70, MSE = .03, p < .001. Source memory for 

the emotional sentences (M = .68) was worse than for the neutral sentences (M= .72), F 

(1, 92) = 4.47, MSE = .01, p = .04. However, source memory was reliably better when 

sentences were spoken in an emotional tone (M= .72) than in a neutral tone (M= .65), F 

(1, 92) = 13.32, MSE = .01,/? < .001. However, the interaction between tone of voice and 

test phase order was also reliable, F (1, 92) = 5.54, MSE - .02, p = .02: For participants 

who were exposed to the neutral tone block first, source memory was better when 

sentences were spoken in an emotional tone (M= .72) than in a neutral tone (M = .62), 

but for participants who were exposed to the emotional tone block first, source memory 

was similar in an emotional tone (M= .71) versus a neutral tone (M= .69). Thus, to rule 

out the influence of test order on source memory, the data were analyzed in the more 

conservative manner presented in Chapter 3. 
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