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ABSTRACT 

The primary aim of this dissertation is to clarify how stressful experiences impact 

the formation of emotional memory.  The first portion reviews historical evidence that 

numerous emotional memory phenomena, as well as conceptualizations thereof, span 

multiple cultural traditions and extend to ancient art and literature.  Emotional memory 

phenomena involving stress-induced amnesia, such as psychogenic amnesia and 

recovered memories of trauma, is found to be less ubiquitous.  The review of historical 

conceptualizations of emotional memory is followed by a review of modern research and 

theory, much of which is informed by animal models and cognitive neuroscience.  These 

reviews provide a variety of testable hypotheses that are addressed by the three original 

experiments reported here.  The first involved inducing stress in human subjects before 

they encoded emotional or neutral material, then assessing long-term memory and its 

relationship with salivary cortisol concentrations.  The second involved administering 

different doses of cortisol to human subjects immediately before they encoded emotional 

or neutral material, then assessing long-term memory and its relationship with salivary 

cortisol concentrations.  The third involved inducing stress in human subjects while 

presenting a combined memory encoding and fear conditioning task.  Long-term episodic 

and fear memory were tested and compared with salivary cortisol concentrations.  The 

experimental results indicated that mildly emotional stimuli formed stronger memories 

than indifferent stimuli, but that emotionally stressful experiences partially impeded the 

formation of memories about the experience, even while facilitating emotional learning 

(fear conditioning) during the experience.  The results also indicated that the stress 
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hormone cortisol was likely not responsible for the stress-induced memory alterations, 

disaffirming some popular theories and animal models.  Rather, cortisol appeared to 

produce independent effects that dose-dependently promoted the storage of particular 

aspects of memory.  The neurobiological underpinnings of these results and how the 

findings fit with historical and modern conceptualizations of emotional memory is 

discussed. 
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GENERAL INTRODUCTION 

Being prepared for future challenges is instrumental for survival.  Although the 

future is ultimately unknowable, it can be generally predicted from past experiences.  

Memory, in its various forms, helps organisms prepare for the future by allowing past 

events relevant for survival to exert an enduring influence on behavior.  The survival 

pressures encountered during such events will fatigue and stress regular physiological 

systems and, consequently, trigger hormonal stress responses that alter the physiological 

environment in which memory is formed.  Events such as threats to one‘s life or social 

standing, for example, produce a variety of stress hormones whose function is the 

widespread modulation of physiological systems (Chrousos & Gold, 1992).  It is not yet 

clear whether, or to what extent, memory is one of the systems susceptible to these 

alterations. 

Indeed, there is debate as to whether emotion-induced physiological changes in 

humans can alter the processes of memory formation and, thereby, alter memory‘s 

strength and persistence.  Some authors cite psychiatric disorders such as posttraumatic 

stress disorder (PTSD) as examples of how hormonal stress responses alter memory 

formation to produce abnormally strong and persistent memory (Charney et al., 1993).  

Others cite disorders like dissociative amnesia as examples of how stress responses alter 

memory formation to produce the opposite effect: memory loss (albeit temporary) 

(Joseph, 1998).  Still others suggest that stress responses do not alter the formation of 

memory in any significant way (Shobe & Kihlstrom, 1997).   
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Determining whether stress responses alter memory formation is also important in 

evaluating the applicability of certain types of memory research.  Translational research 

using non-human subjects, for example, commonly studies memory in the context of 

emotional responses, which are produced by standard procedures to motivate the animals.  

If these responses are shown to significantly alter memory formation, then such studies 

may not be applicable to normal, non-emotional, types of memory.  Just as importantly, 

more than a century of memory research with unemotional humans may not be applicable 

to clinically-relevant, emotional, types of memory.   

Emotional memory in its numerous forms is the most clinically-relevant type of 

memory and, therefore, the primary type discussed in this dissertation.  Emotional 

memory is here defined as the process of registering, learning, and/or storing information 

that elicits any level of emotional arousal.  Thus, the recollection of seeing a drawing of a 

snake, of playing with a rubber snake, of hearing a lecture on snakes, of seeing a movie 

about snakes on a plane, of being startled by a live snake, of being bitten by a snake, and 

of being tossed into a pit of snakes, are all forms of emotional memory because the 

original objects of memory each elicited some degree of emotional arousal.  Importantly, 

some of the more intense examples would undoubtedly produce additional stress on 

physiological and psychological functioning.  The general aim of this dissertation is to 

clarify how stressful experiences impact the formation of emotional memory.   

The first part of this dissertation will provide historical evidence that numerous 

emotional memory phenomena, as well as conceptualizations of emotional memory, span 

multiple cultural traditions and extend to ancient art and literature.  The historical 
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analysis will also be used to argue that emotional memory phenomena involving stress-

induced amnesia, such as psychogenic amnesia and recovered memories of trauma, are 

less ubiquitous.  The review of historical conceptualizations of emotional memory in Part 

I is followed by a review of modern research and theory in Part II, much of which is 

informed by animal models and cognitive neuroscience.  These reviews provide a variety 

of testable hypotheses that are addressed by three original experiments presented in the 

empirical portion of the dissertation, Part III.  Based on the experimental findings, I will 

argue that mildly emotional stimuli form stronger memories than indifferent stimuli, but 

that emotionally stressful experiences can partially impede the formation of memories 

about the experience, even while facilitating emotional learning during the experience.  I 

will additionally provide evidence that the stress hormone cortisol was likely not 

responsible for the stress-induced memory alterations, disaffirming some popular theories 

and animal models.  Rather, cortisol appeared to produce independent effects that dose-

dependently promoted the storage of particular aspects of memory.  The discussion will 

focus on the neurobiological underpinnings of these findings and how the results fit with 

historical and modern conceptualizations of emotional memory.   
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PART I.  HISTORICAL ANALYSIS 

1. INTRODUCTION 

The way in which we characterize the interaction between emotion and memory 

has significant implications for society at large.  The truth of this statement is exemplified 

by the social consequences of the recovered memory movement and the ensuing 

controversy, which are described in more detail at the end of Part I.  In short, the belief 

that memory for emotional events can be lost and then recovered has resulted in 

thousands of litigations, hundreds of millions of dollars in court awards and settlements, 

psychological and monetary reparations for victims of abuse, and untold numbers of 

families torn apart by uncorroborated accusations (McNally, 2003).  Skeptics of the 

recovered memory phenomenon claim that a different, more accurate, conceptualization 

of emotional memory could have prevented such consequences.  Although the recovered 

memory movement has waned, it is still not entirely clear whether memory for emotional 

events is especially susceptible to being lost and then recovered.   

The psychiatric diagnosis dissociative amnesia is central to the recovered memory 

debate.  It is usually characterized as a temporary inability to recall ―extremely stressful 

events,‖ however its validity and prevalence are controversial (DSM-IV-TR).  A recent 

article presents an interesting argument against the validity of dissociative amnesia:   

Natural human psychological phenomena, such as delusions, hallucinations, 

depression, anxiety and dementia, appear in written works throughout the ages. . .  

Therefore, we reasoned that if dissociative amnesia were also a natural 

phenomenon, an innate capacity of the brain, then it, too, should appear in written 
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works throughout history.  In other words, our ancestors would inevitably have 

witnessed dissociative amnesia for traumatic events in themselves or others, and 

then portrayed this phenomenon in non-fictional works or in fictional characters 

(Pope et al., 2006, p. 226). 

Despite its logical fallacies, this argument has intuitive appeal and introduces the idea 

that historical analysis might serve as evidence in evaluating psychological hypotheses.  

Ideally, such an analysis would fit within a larger collection of evidentiary methods used 

to evaluate a theory.  McNally (2003) succinctly describes similar methods used in 

validating another controversial diagnosis involving emotion and memory, namely 

PTSD: 

It has been haunted by a reputation for being little more than an idiom of distress 

shaped by social and political factors.  PTSD researchers have sought to dispel 

this impression by arguing that PTSD has been discovered in nature by astute 

clinicians, not invented by them.  More specifically, they have sought to 

document its biological basis, its occurrence in diverse cultures throughout the 

world, and its occurrence throughout history (p. 282). 

By analogy, a historical analysis of emotion‘s effect on memory could provide 

preliminary evidence for or against the validity of various emotional memory 

phenomena.  Part I of this dissertation will use such an analysis to generate specific 

hypotheses about the interaction of emotion and memory, to provide a preliminary 

evaluation of the validity of the hypotheses, and to place within an historical context the 

empirical tests of such hypotheses (Part III). 



22 

 

2.  KEY CONCEPTS 

Memory 

Aristotle recognized memory to be a multifaceted process composed of at least 

two separate mnemenic
1
 functions, a distinction that has historically survived (De 

memoria; Sachs, 2001).  For consistency, I will follow this tradition in this part of the 

dissertation, referring to the two functions as memory formation and recollection.  

Memory formation mostly includes encoding and storage processes occurring during and 

soon after inputting, or training (in the learning tradition), stimulus information.  

Recollection includes retrieval processes occurring immediately before the encoded and 

stored information is brought to ―mind‖ (conscious awareness) or brought to ―action‖ 

(used to respond, with or without awareness).  Impairment of recollection, depending on 

the focus and extent, can result in anterograde and retrograde amnesia, an inability to 

recall information that could once be recalled.  

The process of memory formation begins with sensory encoding, the neural 

activation of the thalamus and sensory cortexes in response to stimulus information 

received from the sensory organs.  Importantly, there are also ―top-down‖ connections, 

originating from brain areas such as the amygdala complex (AC), that can facilitate, 

inhibit, or otherwise alter the sensory encoding process (Glascher et al., 2007).  

Happening concurrently, mnemenic encoding, is a process that primarily involves 

information that will have some persistent representation.  Here the hippocampal 

complex (HC) and prefrontal cortex presumably integrate information from a variety of 

other brain areas, including the sensory cortices (for information about the stimuli), the 
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AC (for excitatory input related to significance), and other cortical and subcortical areas 

involved in working memory processing, conscious attention, cognitive elaboration, etc.  

Synaptic long-term potentiation (LTP) is the primary molecular model of this memory 

process.  Thus, mnemenic encoding is a complex process leading to a complex result with 

an ironically simple name: the memory trace (i.e., the code that represents the 

remembered stimuli and experience).  To be sure, the memory trace is not really an end 

nor even an entity, but an evolving array of neural assemblies, synchronized neural firing 

frequencies, and synaptic changes.  I will tend to avoid using the noun memory to refer to 

some discrete entity that is ―stored‖ in the mind, because memories, as such, do not 

appear to exist.  Yet, I will use this meaning occasionally because of its historical 

significance and because, in a metaphorical sense, it seems to adequately describe the 

subjective experience of recollection in humans.   

The final phase of memory formation, referred to as storage or consolidation, is a 

relatively recent discovery that will not be discussed until Part II.   

 Amnesia refers to a relative impairment, whereas hypermnesia refers to a relative 

facilitation, of any phase of memory.  Anterograde amnesia is a reduced ability to form 

new memories following an amnesia-inducing event.  Individuals with complete 

anterograde amnesia could recall life events that occurred up to the time amnesia was 

induced, but would not be able to recall those that occurred afterwards.  Retrograde 

amnesia is a reduced ability to recollect information encoded before an amnesia-inducing 

event.  Individuals with complete retrograde amnesia would not be able to recall any 

events that occurred before the time amnesia was induced, but could recall normally 
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those that occurred afterwards.  The loss of memory for an isolated event will be referred 

to as localized amnesia.  Individuals with complete localized amnesia would not be able 

to recall the affected event or that the affected event had even occurred.  The extreme 

forms of the amnesias described above are certainly uncommon, but will serve as useful 

prototypes to which the historical analysis will refer. 

 

Emotion 

Historically, concepts like the passions or the will approximated our current 

understanding of emotion (Gardiner et al., 1997).  Recent research has given us important 

scientific insights into emotions; however, it is still not clear that our terminology and 

conceptualization carves nature ―where the natural joints are‖
2
.  Most of the field agrees 

that there are at least some ―natural types‖ of emotions, of which fear is the most certain, 

and that these differ from other types of cognitive phenomena in their unique association 

with phylogenetic behaviors and physiological responses (Panksepp, 2000; but see 

Barrett, 2006).  However, there are a number of other states, including hunger, pain, lust, 

curiosity, etc., that seem to fit this general definition but are not currently considered 

emotions.  Most would agree, both currently and historically, that these states at least 

have an emotional or affective component.   

Due to varying conceptualizations of emotion over time, the historical part of this 

dissertation (Part I) will use the broadest sense of the term emotion to mean any state 

involving what we would currently call feelings, emotions, moods, desires, impulses, 

motivation, and the like.  Although emotional phenomena experienced as pleasant or 
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positive are included in this broad definition of emotion, as they often were in historical 

conceptualizations of the passions, it will be the unpleasant or negative emotions that are 

of most interest in this dissertation.  Whereas a broad sense of the word emotional is 

warranted in the historical analysis, partly because the concept of  passions did not 

necessarily make fine distinctions between positive and negative valence, a more refined 

usage is warranted in the review of current research because the research does 

consistently distinguish at least between positive and negative.  Thus, after the historical 

review, the narrower sense of the term emotional will be used to describe mostly negative 

emotional phenomenon.   

Furthermore, the primary negative emotion on which this dissertation will focus is 

fear, because most would agree that fear is an emotion (for a notable exception see 

Barrett, 2006), that it is the most understood emotion physiologically and across species, 

that it plays a central role in survival and, therefore, evolution, that it plays a central role 

in many psychiatric disorders, and that it is relatively easy to evoke and measure in the 

laboratory.  Other emotional or affective concepts, namely stress, will also be a central 

focus.  The distinction between negative emotional phenomena, like fear, stress, and 

anxiety, will be addressed later.   
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3. ANCIENT MEMORY 

Epic Poetry 

The oldest remaining work of European literature, Homer‘s Iliad, reveals little 

distinction between what we would currently consider emotional versus intellectual 

faculties.  Phenomena resembling modern emotions are typically depicted as performance 

enhancers, like courage and rage, which motivate warriors to battle.  However, these 

pseudo-emotions are rarely in conflict with other mental activities, and, unlike later 

conceptualizations, they are apparently not the cause of madness (Green & Groff, 2003).  

Memory for emotional events is depicted a number of times throughout the Iliad and 

Odyssey as a tool used to evoke current emotions, thus attesting to the strength of such 

memories (Crotty, 1994).  The most memorable testimony to the power of emotional 

memory is portrayed in Achilles and in his extreme grief when he has difficulty 

forgetting the death of his friend and mentor.  It could even be argued that ―Achilles‘ 

Heel‖, that is to say his crucial weakness, is, in essence, his inability to forget past 

affronts.  Although in some of the earliest extant European writings, emotions were not 

distinct from other intellectual faculties like memory, phenomena resembling emotion 

were shown, if anything, to increase mental functioning, sometimes to an unhealthy 

degree.  This view of emotion and memory will be encountered a number of times and is 

the core of current conceptualizations of PTSD.  Thus, according to Shay (1994), the 

validity of PTSD as a psychiatric diagnosis is supported by the fact that the oldest 

remaining work of European literature depicts its symptoms. 
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Greek Tragedy 

Two to three hundred years after Homer, a new understanding of the mind 

emerged along with the phonetic alphabet and the performance of tragic drama as the 

preferred social art form (over the recitation of epic poetry).  According to Canadian 

author Derrick de Kerckhove (1981), the result of these related advances is that, ―The 

nature of memory must have changed: you did not memorize sounds and images, you 

memorized a code which gave you instant and permanent access to those sounds and 

images‖ (p. 23).  The complex and abstract memory processes required of orators, 

storytellers, and actors is evidenced by the growing popularity of mnemonic techniques, 

collectively referred to as the art of memory.  Cicero, as well as countless authors after 

him, described how the art of memory was invented by the lyrical poet Simonides of 

Keos, who was summoned away from a banquet hall that collapsed moments later, killing 

the other dinner guests: 

And when their friends were desirous to inter their remains, but could not possibly 

distinguish one from another, so much crushed were the bodies, Simonides is 

said, from his recollection of the place in which each had sat, to have given 

satisfactory directions for their interment.  (De oratore, II. LXXXVII. 352) 

Upon realizing that the order of places gives distinctiveness to memory, Simonides 

discovered that memory could be artificially enhanced by ordering the things one wants 

to remember in imaginary places.  Thus, he invented the first mnemonic technique, 

eventually called the method of loci.  Relating this technique to the advent of Greek 

tragedy, de Kerckhove remarks of Simonides: 
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He may have been the first Greek thinker to conceptualize the interiorization of a 

visual space patterned upon the model presented to all Athenians by the stage, and 

to use it as the framework of memory, reflection and mental information 

processing (pp. 24-25).   

Just as computer technology of the late twentieth century provided a metaphor that 

transformed the understanding of cognitive phenomena, so too Greek tragedy provided 

the spatial metaphor, in terms of a stage and interacting characters, that helped transform 

the classic understanding of the mind.  The new understanding is exemplified in the 

method of loci, which is important, for our purposes, primarily because it originates a 

rich tradition of memory discourses that discuss the role of emotions (discussed below in 

Chapter 4).   

The Greek tragedies have been described as being ―more explicit than Homeric 

epic in distinguishing between intellect and emotion while exploring their vital 

interrelationship‖ (Simon, 1978).  Indeed, they are well known for their portrayals of 

psychological conflict.  One of the more common conflicts, harkening back to Homer‘s 

Achilles, is the recollection of a horrifying event and an inability to suppress the resulting 

emotional reactions.  Although the tragedies are like the Iliad in showing how emotional 

events can strengthen memory formation and torment the recollection, two of Euripides‘ 

tragedies introduced an additional, historically important element: before recollecting 

their violent pasts, Agave from Bacchae and Heracles from Heracles were stricken first 

with bouts of localized amnesia.  These may be the earliest artistic portrayals of 

dissociative amnesia and recovered memory.  Pope et al. (2007) argue that the plays 
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portray delirium rather than the emotion-induced memory loss usually found in 

dissociative amnesia.  Whatever the diagnosis, they are some of the earliest depictions of 

temporary amnesia following an intensely emotional event and are, therefore, important 

to the history of emotional memory.   

 

Philosophy 

Plato flourished during the Golden Age of Greek Drama, presenting a 

philosophical parallel to the dramatizations of the psyche.  Refining ideas from 

Pythagoras, the Sophists, and his teacher Socrates, Plato introduced a hierarchical 

structure of the mind that explicitly pitted logic against emotion.  His tripartite psyche 

places rationality at the immortal pinnacle of the soul, often in conflict with the more 

base aspects, which included the animalistic appetites and desires.  In between these 

extremes resides the will or passions, which can be enlisted to motivate either the highest 

mental functions, resulting in intelligence and temperance, or the lowest mental 

functions, resulting in ignorance or madness.  Memory to Plato was metaphorically the 

impression of our thoughts and sensations on a wax tablet, and was therefore not located 

in any one part of the tripartite psyche.  It is also the source of pure emotions and 

knowledge, therefore memory is inseparable from both emotional and cognitive functions 

(1975). 

The Stoics continued Plato‘s tradition of contrasting reason with the ―irrational‖ 

passions by portraying all passions as an ―excessive‖ and ―violent‖ perturbation that 

causes ―perversity of Intellect‖ (Stanley, 1701).  Aristotle also perpetuated this tradition, 
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however, he is best known to psychologists for introducing a functional account of the 

mind, delineating discrete mental faculties.  Using philosophical, psychological, and 

physiological levels of analysis, he offers detailed descriptions of ―three sorts of mental 

facts,‖ including the faculties, passions, and habits.  He suggests that the faculties, much 

like cognitive functions, are real entities of the psyche but the passions are the ways in 

which faculties are affected (Gardiner et al., 1937).  The novel distinction he made 

between different aspects of mind allowed him to give one of the first explicit statements 

about the relationship between emotions and memory: ―. . . in those who are strongly 

moved owing to passion, or time of life, no mnemonic impression is formed‖ (De 

memoria et reminiscentia; 1908).  Although this idea had been suggested in the Greek 

tragedies, the more prominent view up to this point has been that emotion and memory 

are mutually facilitative.  The quote also indicates that, according to Aristotle, emotion 

interferes primarily with the formation of memory, rather than recollection.  The 

distinction between formation and reminiscence is another of Aristotle‘s innovations and 

will become particularly important when modern research on emotional memory is 

discussed in Part II.   
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4. THE ART OF MEMORY 

Roots 

Aristotle‘s views on reminiscence led him to appreciate the art of memory and 

espouse mnemonic techniques in the tradition of Simonides.  The Roman orator, Cicero, 

introduced Greek rhetoric and mnemonics to the Latin world during the first century 

BCE.  Cicero‘s Roman contemporary, an unknown teacher of rhetoric, compiled a text 

entitled Rhetorica Ad Herennium (Caplan, 1964) containing the earliest extant treatise on 

the art of memory.  This textbook on rhetoric was the mold for countless other books on 

the art of memory spanning the next eighteen centuries (Yates, 1966).  For our purposes, 

Rhetorica Ad Herennium is particularly noteworthy because it is one of the earliest and 

most influential texts to explicitly describe emotion‘s influence on memory and, based on 

the description, introduce an important innovation to the art of memory.  It reads as 

follows: 

When we see in everyday life things that are petty, ordinary, and banal, we 

generally fail to remember them, because the mind is not being stirred by 

anything novel or marvelous. . . .   Nor could this be so for any other reason than 

that ordinary things easily slip from the memory while the striking and novel stay 

longer in mind. 

It goes on to suggest that, in addition to using Simonides‘ method of loci to remember 

items, one should associate the items with novel mental images: 

 We ought, then, to set up images of a kind that can adhere longest in memory.   

And we shall do so if we establish similitudes as striking as possible; if we set up  
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images that are not many or vague but active . . . or if we somehow disfigure  

them, as by introducing one stained with blood or soiled with mud or smeared  

with red paint, so that its form is more striking . . . that, too, will ensure our  

remembering them more readily. 

Using horrifically absurd images and emotional arousal to facilitate memory were 

to be controversial mnemonic techniques, especially during the middle ages when the 

contents of the mind were believed to reflect the contents of the soul and, therefore, to be 

witnessed by God.  But even modern sensibilities appear to be uncomfortable with it.  

Friedrich Nietzsche calls techniques in this tradition ―terrible‖ and ―strange‖ and relates 

mankind‘s hurtful indiscretions to the art of memory, because, according to him, it 

prescribes that, ‗A thing must be burnt in so that it stays in the memory: only something 

which continues to hurt stays in the memory‘ (1887/1994, p. 41).  Even the sensibilities 

of Francis Yates, the 20
th

 century authority on the art of memory, appear to be 

surprisingly offended by this method: she calls it ―curious,‖ ―peculiar,‖ ―shocking,‖ 

―baffling,‖ ―most strange,‖ and, ―cumbrous and useless for practical mnemonic purposes‖ 

(Yates, 1966).   

 

Applications 

Perhaps the art of memory has had a negative impact on society.  In his Lectures 

on the Mind (1811), the "Father of American Psychiatry" Benjamin Rush describes how 

pleasure and pain enhance memory by way of a wonderfully disturbing example called 



33 

 

―Beating the Bounds‖ (1981).  A Dictionary of English Folklore describes the English 

tradition:  

It was imperative that the exact parish boundaries be generally known, agreed, 

and, most important of all, remembered from generation to generation. The 

custom of perambulating the parish boundaries, or Beating the Bounds as it is 

usually called now . . . grew up whereby the boys were bumped on to boundary 

stones or whipped at key points, ‗to make sure they remember‘ (2003). 

According to one author, the general ceremony began in Rome around the seventh 

century BCE, but acquired the method of ―bumping‖ in England during the Middle Ages 

(Page, 1895).  As we will see, the art of memory was certainly popular in the later middle 

ages, especially in monasteries.  So, it is not a far stretch to believe this ritual was 

informed by the art of memory and perhaps even by the story of Simonides and its focus 

on spatial memory.  Another interesting example was described in a British news column 

entitled ―A Striking Instance of Mnemonics‖: 

[A] Marshal of France . . . was to be burnt alive at the stake.  The day appointed 

was October 23, 1440, ―a date,‖ says the historian, ―about which there can be no 

doubt, for all the people of Anjou and Maine, by common consent, whipped their 

children on that morning, so as to impress the precise date on their memory.‖  

This strange mnemonic process is still a favourite with the peasants of Anjou and 

Brittany (Plat, 1881). 

So, the application of the ancient art of memory espoused by Rhetorica Ad Herennium, 

especially of its conviction that emotionally exciting stimuli make more enduring 
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impressions on memory than unexciting stimuli, appears to have had a significant, albeit 

controversial, effect on society.  It is also interesting to note that the source of the art of 

memory tradition is the well-remembered story of Simonides and the death of his fellows, 

a story that is itself an emotionally arousing stimulus. 

 

Medieval Branches 

Rome at the turn of the millennium appeared to have temporarily lost interest in 

Rhetorica Ad Herennium and eventually in the art of memory altogether.  Pliny the Elder 

was a natural philosopher in the Roman rhetorical tradition of Cicero and Seneca.  

Although he is believed to have been familiar with the art of memory espoused in the 

Rhetorica Ad Herennium, none of his extant writings mention it (Yates, 1992).  In 

Naturalis Historia (1855/77 CE), he describes the interaction of emotion and memory 

more like Aristotle than like Rhetorica Ad Herennium: ―Nothing whatever, in man, is of 

so frail a nature as the memory; for it is affected by disease, by injuries, and even by 

fright; being sometimes partially lost, and at other times entirely so‖ (p. 165).  By 

describing memory as ―frail‖ and able to be ―lost,‖ it appears that Pliny is referring to 

previously stored memories whose retention or retrieval is susceptible to fright.  Aristotle, 

in contrast, was referring to the deleterious effect of emotion on encoding or storage (―no 

mnemonic impression is formed‖).  This is important because it is one of the first in the 

rhetorical tradition to emphasize emotion-induced impairment of recollection, a trend that 

will continue to modern day.   
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In the fifth century CE, Martianus Capella included a brief rendition of Ad 

Herennium that was to be the last vestige of the art of memory for nearly 800 years.  In 

twelfth century CE, for example, Hugh of St. Victor and Boncompagno da Signa wrote 

moralistic, religious, and even mystical formulations of the art of memory that appear to 

be only partly informed by Ad Herennium (Carruthers, 1990; Yates, 1992).  These 

medieval works are, nonetheless, significant because, in reviving the art of memory, they 

include an innovation that continues be influential more than six centuries afterward.  

Specifically, the works introduced aspects of the medical tradition that emphasized, as 

did Pliny in much less detail, the emotional and physical factors contributing to better or 

worse memory.  For example, Boncompagno was one of the first in the rhetorical 

tradition to note that health habits and emotions can have deleterious effects on memory: 

The principal impediments to remembering are useless worries, greedy ambitions, 

anxieties about those dear to us, ties to women, drink other than in moderation, 

and an excess of eating.  For whenever food and drink are consumed unnaturally, 

they cannot be digested owing to a lack of natural heat.  For this reason, a harmful 

vapor rises up like a whirlwind, and heading for the brain overfills its membranes; 

consequently sense perception is impeded and the memory changer is obscured.  

These also pose obstacles: anger, pride, rage, sadness, fear, harmful play, 

clattering, noise, avarice, misery, domestic worries, overwork, excessive 

copulation, meals that generate thick and viscous humors, moldy wine, bad air, 

stench, excessive wakefulness or sleep . . . (2002) 
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Not only that, but there are additional paragraphs on the humors, celestial constellations, 

illnesses, and elixirs that are claimed to have varying effects on memory!   

Boncompagno and his contemporaries began using the topic of memory as 

leverage to impart proper morals and health habits.  Although an extremely valued and 

distinctly human function, memory had been nonetheless considered a corporeal part of 

the mind since Hippocrates and Aristotle.  Carruthers agrees in The Book of Memory that, 

―This conception of the essentially somatic nature of the memory‘s images continued 

through the middle Ages‖ (1990, p. 50).  Thus, morals and health habits could be argued 

on the basis of saving one‘s spiritual as well as one‘s corporeal being.   

 In addition to Boncompagno‘s novel focus on detriments to memory and on 

moralistic interpretations of medical advice, his writings revived Ad Herennium’s 

original exaltation that, as he puts it, ―Offensive acts and unexpected events cling more 

fervently to the memory‖ (2002, p. 115).  Boncompagno‘s moralistic interpretations of 

Ad Herennium includes an interesting example: ―Women, of course, remember those who 

beat them and afflict them through mistreatment, and forget those others who cherish and 

honor them‖ (2002, p. 115).   

The full Ad Herennium legacy finally re-emerged in the thirteenth century when 

Saint Albertus Magnus (one of my intellectual relatives according to www.neurotree.org) 

and his student, Saint Thomas Aquinas, formalized a religious and moral translation of 

the art of memory.  The scholastic and monastic version of rhetoric perpetuated Ad 

Herennium‘s idea that emotionally arousing information was more easily remembered.  

This branch of the art of memory extended into the Renaissance and began involving 
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more complex systems of logic, often with a mystical edge and a scholastic fixation on 

order.  However, this branch may have extinguished itself as the Christian tradition 

condemned the occultist revisions by Lull, Bruno, etc (Carruthers, 1990).   

Another branch of the art of memory surfaced in 15
th

 century books that blended 

the popular medical literature, in the tradition of Boncompagno, with the newly gained 

scholastic heritage.  The result was a self-help genre that commonly discussed mnemonic 

techniques, health habits supporting and undermining memory, and a litany of 

therapeutics and recipes for ―curing‖ memory ailments.  In addition to espousing classic 

mnemonic techniques and Ad Herennium‘s take on emotional memory, these books also 

described conditions, like Boncompagno, that impede and facilitate memory functioning.  

One popular example is Guglielmo Gratarolo‘s The castel of memorie (1562), in which 

he describes emotional phenomena that impede memory: ―Feare doth oppresse the 

Memorie, or endurynge sadness . . . . Also to see or heare things that please not the 

mynde; and such lyke simptomata or griefes of the minde‖ (Chap. 3, para. 13). 

 

Summary 

From the dramatic, philosophical, and rhetorical traditions of ancient Greece and 

Rome, three different types of hypotheses about the interaction of emotion and memory 

have emerged.  The hypothesis that intense emotions can disrupt memory formation or 

storage derives from the Greek tragedies and Aristotle, as well as from philosophical 

traditions depicting passions as foils of intellect.  The hypothesis that intense emotions 

can disrupt memory retention or recollection, dates at least to Pliny the Elder.  Finally, 
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the hypothesis that emotions facilitate memory appears to have two different versions and 

corresponding sources.  Depictions of enduring effects, such as pathologically strong 

memory and madness, which result from intensely emotional events, dates at least to 

Homer, whereas descriptions of the memorability of emotionally arousing information 

emerged primarily from the rhetorical tradition. 
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5.  THE MEDICAL TRADITION  

Galen was one of the most influential physicians in history, although not modern 

history.  He was responsible for ―unifying the psychiatric knowledge that had 

accumulated from the fifth century B.C. to the second century A.D. into a comprehensive 

system‖ (Roccatagliata, 1986, p. 193).  His views on psychopathology were acclaimed 

and unchallenged for nearly 1500 years despite being erroneously based on concepts like 

the soul, spirits (pneuma), humors, vapors, temperature, moistness, etc.  He was also one 

of the earliest authors from the medical tradition to write about the interaction of emotion 

and memory.  When describing the causes of forgetfulness, he insightfully identifies a 

number of similar factors that have one underlying cause: 

Those who through fear or drunkenness or from some similar cause do not have 

the least memory of what they did in those conditions.  The cause of this 

forgetfulness is, I believe, that they did not apply the full attention of their mind to 

these actions. . . .  Thus in anger, in deep mediation, drunkenness, madness, fear, 

and in general in all strong affections of the soul, one cannot later recall anything 

of what one did while in those states (1854). 

Thus, Galen elaborates on Aristotle‘s emotional memory argument, asserting that 

inattention is the root cause of the impairment.   

In accordance with the art of memory tradition beginning in the middle ages, 

authors in the medical tradition have often described emotion-induced retrograde 

amnesia.  In Curiosities of Medical Experience (1839), John Gideon Millingen remarks 

about memory, ―Sudden fright has also obliterated this faculty‖ (p. 418), then proceeds to 
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give an example that was a popular one in the medical tradition.  Although there is 

evidence that the tale dates to about 180 BCE, the earliest accounts I could find were 

from Renaissance physicians, including Johannes Schenck von Grafenberg and Andréas 

Laurentius, who were fond of writing about mental and physical oddities.  Here is brief 

rendition of the tale: ―Artemidorus the Grammarian, having seene a Crocodile, was taken 

with such a feare, as that he forgot all that ever he had knowne‖ (Laurentius, 1599, p. 

102).  Unlike the types of memory impairment reported in the art of memory tradition, 

the story goes on to say that his condition was permanent.  Intensely fearful experiences, 

which were often reported to cause long-term psychological problems, eventually became 

known as mental shock or, later, as mental trauma. 

Forbes Winslow, a contentious 19
th

 century psychiatrist, recounts numerous cases 

of ―insanity from a mental shock‖ in his book On the Obscure Diseases of the Brain and 

Disorders of the Mind (1868):  

A lady of rank experienced a severe shock consequent upon receipt of the 

melancholy intelligence of the sudden death of an only and much-beloved child. . 

. .  For many months afterwards, her memory exhibited a singular defect.  She 

appeared to have no recollection of the cause of her illness, and of the severe loss 

she had sustained (p. 331). 

Another example, about a woman who awaited the return of her fiancé, shows how such 

memory loss can be pathological:  

An old friend announced to her the death of her lover. . . .  From that fatal 

moment, for fifty year, has this unfortunate female daily, in all seasons, traversed 
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the distance of many miles to the spot where she expected her future husband to 

alight from the coach, uttering, in a plaintive tone, ‗He is not come yet—I will 

return to-morrow‘ (p. 331). 

These examples, and that of Artemidorus the Grammarian, show the deleterious impact 

of intensely emotional experience on recollection of already-encoded information.  Each 

depicts a different form of retrograde amnesia, but the most interesting aspect of these 

examples is that each describes not only loss of episodic memory, but also loss of 

knowledge.  A similar notion is central to the recovered memory movement, which 

claims intensely emotional experiences can cause loss of memory for the emotional 

episode as well as loss of knowledge that the episode actually happened.    

Other data from the medical tradition, however, suggest exactly the opposite: 

intensely emotional experiences can enhance the formation of memories, sometimes to a 

pathological degree.  Surgeon John Eric Erichsen (1875) reports on cases of uninjured 

railroad accident victims that the ―shock to the mind‖ as ―the result of terror, of the horror 

of the situation‖ (p. 207) enhanced their memories: ―Indeed the concomitant 

circumstances of the accident which has occasioned it are usually most strongly, 

minutely, and indelibly impressed on the memory‖ (p. 207).  The impact of this and 

similar works on the development of the mental trauma tradition will be described later in 

greater detail. 

Alexander Bain (1870), an early and influential psychologist, similarly speaks of 

the pathological persistence of emotional memory:   



42 

 

We are often haunted for life by some great and painful shock persisting in the 

memory in virtue of its intensity. The extreme instance of irrational and morbid 

persistence is shown in Fear. . . .  Everything that has ever been accompanied with 

the perturbation of fear has contracted an undue persistence (p. 353). 

His is an apt description of the central symptoms of mental shock, what will later be 

known as PTSD.  The initial examples in the medical tradition, as well as later traditions, 

including the recovered memory movement, focused on the repression of emotional 

memory in mental shock.  Although pre-dating these ideas, Bain (1870) gives an account 

of emotional memory that directly opposes them: 

A disgusting spectacle cannot be at once banished from the recollection, merely 

because it gives pain . . . . But the very fact that it has caused an intense or strong 

feeling gives it a persistence, in spite of the will.  So any powerful shock, 

characterized either by pleasures or by pain, detains the mind upon the cause of it 

for a considerable time, and engrains it as a durable recollection, not because the 

shock was pleasurable, but merely because it was strong (p. 346). 

Thus in opposition to later advocates of repressed memory and in opposition to the early 

examples given in the medical tradition (e.g. amnesia for the death of a loved one), Bain 

argues against the ability to suppress emotional memory.   

In Herbert Spencer‘s The Principles of Psychology (1870), one of the earliest and 

most influential psychology textbooks, he extends Bain‘s argument to include emotional-

enhancement of minute details from an emotional experience:  
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Impressions of trivial things in which no particular interest was taken, often 

survive in memory when impressions of much more important or imposing things 

fade away; and, on considering the circumstances, it will frequently be found that 

such impressions were received when the energies were high . . .  that at times 

when strong emotion has excited the circulation to an exceptional degree, the 

clustered sensations yielded by surrounding objects are revivable with great 

clearness, often throughout life (p. 235). 

A similar observation has been made of patients suffering from PTSD, whose symptoms 

are often triggered by seemingly trivial details that remind them of their horrific event. 

  Thus, in the medical and early psychology traditions there were two opposing 

views about the impact of intense emotions on memory: 1) strong emotions can induce 

retrograde amnesia, possibly due in part to a lapse in attention, and 2) strong emotions 

can induce hypermnesia that sometimes becomes pathological.  Bain (1870) offers a 

simple resolution to these conflict opinions.  He states, ―Intensity of excitement is 

favourable to impressiveness; while in extreme degrees, the intellectual functions are 

paralyzed‖ (p. 29).  According to this account, pleasure and pain generally facilitate 

memory formation, but when fear or strong passions are extreme enough to divert 

attention, no strong impression will be formed making it difficult to remember the event. 
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6.  FREUD  

Everyday Memory 

The Freudian perspective revolutionized our thinking about psychology at the 

beginning of the 20
th

 century.  Since that time, most discussions of emotion and memory, 

whether modern or historical, have either taken a Freudian perspective, discussed the 

topic in terms of that perspective, or have focused primarily on arguing against that 

perspective.  Only recently, with advances in cognitive neuroscience, have research and 

review articles on this topic extricated themselves from the pandemic influence of 

Freud‘s legacy.   

With Sigmund Freud we have, unlike most other thinkers reviewed here, 

hypotheses pertaining to both the normal as well as the pathological interaction of 

emotions and memory.  This is a potentially enlightening distinction to make regarding 

the hypotheses encountered so far and, as such, will be used to organize the conclusion of 

the historical analysis section.  Even in his earliest theorizing, Freud strove to explain 

both normal and pathological processes of the mind.  In an early and inappropriately 

titled paper, Project for a Scientific Psychology (1895/1966), he proposes a complex 

theory of normal and pathological mental processes that reminds one of a mix between 

Descartes‘ Treatise of Man and 20
th

 century cognitive theories like logogen theory 

(Morton, 1964, 1969).  In, The psychopathology of everyday life (1901/1960), a large 

portion is dedicated to the interaction of emotion and memory in everyday, non-

pathological, circumstances.  In this work, he admits that the mechanisms he proposes are 

the same as ―the conditions of memory reproduction and forgetting assumed by other 



45 

 

psychologists.‖  What is novel about his account, however, is that these conditions have 

―another motive,‖ namely, that of repression (p. 10).  He describes the normal process of 

repression of emotional memories, whose ―first repetitions continue to arouse affect and 

also unpleasure, till in time they lose this capacity‖ (p. 380).  He defines repression here 

as the exclusion of mental contents (e.g., thoughts, memories, images, impulses, conflicts 

etc.) from consciousness—specifically unpleasant contents or other mental contents that 

are associated with the unpleasant ones (pp. 11, 52-53).  Thus he says, ―The recollection 

of distressing impressions and the occurrence of distressing thoughts are opposed by a 

resistance‖ (p. 146).  In essence, recollection is blocked by emotions, or their avoidance.  

This, indeed, is a novel perspective in the history of this problem.   

 Generally similar ideas, that emotion can impair recollection, are found in the 

medical tradition, from which Freud hails, the medieval art of memory, and even Greek 

tragedies.  What is novel about Freud‘s interpretation is that the emotion is generated by 

the memory, so that the person avoids recollecting it to avoid experiencing the emotion.  

In most other accounts, it is externally induced emotion that disrupts recollection.  

However, some previous examples, upon a Freudian re-interpretation, appear to support 

this perspective.  The women described above, who could not recall the deaths of their 

loved ones, for example, could be described from a Freudian perspective as avoiding 

(repressing) the emotional recollection.  At the time, however, these cases were 

considered instances of emotion-induced impairment of mnemenic formation which 

could never be undone.  A noteworthy corollary of the Freudian perspective is that the 
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veil of repression can eventually be lifted and the memories can then be recollected, like 

those of Agave and Heracles from the Greek tragedies.   

Freud knew that he was proposing a global theory of forgetting, which was being 

formulated at the same time by experimental psychologists, so he was sure to temper it 

with a number of exceptions.  In fact, he says that in non-pathological individuals, 

repression of this sort may be rare and that normal forgetting mechanisms may be 

operative under most conditions (1901/1960, p. 11).  He even recognizes the tradition of 

the art of memory and endorses its traditional viewpoint, which was in direct opposition 

to his own.  That is, he admits the art of memory ―rule that the unimportant is forgotten, 

while the important matter is guarded by memory,‖ (p. 331) and that, ―One often enough 

finds it impossible . . . to get rid of distressing memories that pursue one, and to banish 

distressing affective impulses like remorse and the pangs of conscience‖ (p. 153).  He is 

quick to note that his observations are based on cases in which something should be 

remembered but is not.  From these observations, he notes that, ―The forgetting in all 

cases is proved to be founded on a motive of displeasure‖ (p. 138). 

 

Psychopathological Memory 

So, what about the pathological cases?  He admits again that ―the most distressing 

memories, which must necessarily arouse the greatest unpleasure (the memory of remorse 

over bad actions), cannot be repressed [completely] . . . sexual ideas are alone subjected 

to [complete] repression.‖ (1895/1966, p. 356)  He explains that even though the memory 

has been repressed to unconsciousness, it will later become associated with sexual 
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feelings which can be activated, made conscious, and lead to pathological behavior.  

Thus, the emotions associated with a memory, at least one sexual in nature, can 

simultaneously block recollection and produce psychopathology.  His view on nonsexual 

traumatic memories is unclear, partly because the focus of his early work was on hysteria, 

which he believed is always related to childhood sexual experiences, and partly because 

he renounced his memory-based theories by the time non-sexual traumas became 

culturally significant, during and after World War I.   

Around 1897, Freud repudiated his theory that neuroses stem from traumatic 

memories of childhood sexual abuse and, instead, placed the etiology in childhood sexual 

impulses and fantasies.  It is commonly believed that the switch of etiological focus was 

from reality to fantasy, that is, the source of pathology was moved from real traumatic 

sexual experiences to traumatic sexual fantasies.  However, a closer reading of 

translations reveals that a more accurate description of the switch is from memory to 

fantasy.  That is, in Freud‘s early writings, neuroses derive from traumatic memories of 

real sexual experiences—experiences which, themselves, may not have been traumatic at 

the time.  Affective memory, and its role in psychopathology, was discussed frequently 

throughout Freud‘s early writings; whereas, his later writings rarely mention memory and 

focus, rather, on the role of impulses and fantasies in psychopathology.  Thus, in 

abandoning the ―seduction theory‖ of neuroses, Freud abandoned the role of memory, not 

the role of real childhood sexual experiences, in the development of neuroses.  His 

continued interest in real sexual experiences is evident even in one of his last writings, An 
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Outline of Psychoanalysis (1940/1949), where he writes about their role in the etiology of 

neuroses: 

Our attention is first attracted by the effects of certain influences which do not 

apply to all children, though they are common enough—such as the sexual abuse 

of children by adults, their seduction by other children (brothers or sisters) 

slightly their seniors . . . .  It is easy to confirm the extent to which such 

experiences arouse a child‘s susceptibility and force his own sexual urges into 

certain channels from which they cannot afterwards depart (p. 68). 

In the later writings, such as this, it is the instinctual demands arising from these events, 

not the memories, that will produce neuroses:  

The neuroses are, as we know, disorders of the ego; and it is not to be wondered 

at if the ego, so long as [in childhood] it is feeble, immature and incapable of 

resistance, fails to deal with tasks which it could cope with later with the utmost 

ease.  In these circumstances instinctual demands from within, no less than 

excitations from the external world, operate as ‗traumas‘. . . .  Our observation 

shows us invariably, so far as we can judge, that the excitations that play [a] 

pathogenic part arise from the component instincts of sexual life. . . (p. 65).    

Compare this to his earlier description from The Aetiology of Hysteria (1896/1962), the 

paper that first defined the seduction theory, in which he argues that it is the memories 

that ―operate as ‗traumas‘‖: ―Analysis has arrived at the proposition that hysterical 

symptoms are derivatives of memories which are operating unconsciously‖ (p. 212), and, 

―The memory of infantile sexual experiences produces such an enormous pathogenic 
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effect, while the actual experience itself has none‖ (p. 213).  So, whereas Freud‘s early 

writings focused on trauma-induced memories, his later writings focused on trauma-

induced urges (instinctual demands) and fantasies (not addressed here).  The implications 

of it being emotional memory, not sexual abuse, that occupied a central role in Freud‘s 

abandonment of the seduction theory, must be saved for another time. 
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7.  THE MENTAL TRAUMA TRADITION 

Railway Accidents 

Responses to psychological shock had been documented in the medical tradition 

since ancient times, as mentioned above.  The growing popularity of psychiatry, 

neurology, and psychology in the 19
th

 century found an unfortunate opportunity in the 

treatment of railway accident victims.  A wealth of patients became available with an 

unprecedented number of neurological and pseudo-neurological symptoms resulting from 

traumatic brain injury, closed-head trauma, and mental trauma (without obvious physical 

injuries).  Most of the information presented in this section had accumulated a short time 

before Freud popularized the notion of repressed memory and a long time before the 

recovered memory movement popularized the notion of transient, emotion-induced, 

localized amnesia.  Therefore, historical reports from the railway accidents provide an 

opportunity to preliminarily assess the validity and prevalence of emotion-induced 

memory loss before it became a fashionable diagnosis. 

The railway accidents brought to light difficulties in determining the etiology of 

symptoms like amnesia.  For example, in an accident victim with no physical (or 

neurological) evidence of injury, amnesia could be the result of mild brain trauma or 

mental trauma.  Usually, if there is evidence of head impact, or a loss of consciousness, 

then brain trauma is assumed and concussion is the diagnosis.  If there is no evidence of 

head impact (or other neurological damage), however, then mental trauma was assumed 

to be the source of the amnesia.  As mentioned in the Medical Tradition section, Erichsen 

was one of the first to report on railway accident patients.  Erichsen was a surgeon who 
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was unaccustomed to such patients and was, therefore, criticized for his methods and 

analysis.  One criticism, for example, was that he preferred his own hypothetical 

diagnosis, the undetectable concussion of the spine, rather than the standard diagnoses of 

concussion or mental trauma. 

Erichsen‘s reports, as opposed to his interpretations, were valuable in that they 

represented the first record in history of the physical and mental effects of a large-scale 

disaster.  Memory impairments were found in about half of his patients, which he took as 

pathognomonic symptoms of brain or spine trauma.  In this subset of patients, the type of 

amnesia he described was similar to the retrograde amnesia that is now known to result 

from concussion: 

This loss of memory of events immediately antecedent to, as well as those 

actually connected with, the infliction of the injury, is a very remarkable 

circumstance, and may be taken as a positive proof that the brain-substance has 

sustained a severe commotion or physical lesion.  The chain of memory is broken 

abruptly . . . and the gap left can never be filled up by any mental effort on the 

part of the patient (1875, p. 206). 

Erichsen believed that another subset of his patients was affected by ―shock to the mind, 

and not from physical lesion of the brain structure.‖  These mental trauma patients had an 

exceptionally strong memory—or hypermnesia rather than amnesia —for the events 

surrounding their injury: 

This . . . differs from physical insensibility not only in not being immediate, and 

in occurring a few moments after the accident, but especially in not being 
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followed by the obliteration of all recollection of the event.  Indeed the 

concomitant circumstances of the accident which has occasioned it are usually 

most strongly, minutely, and indelibly impressed on the memory.   

Therefore, Erichsen‘s observations led him to believe that retrograde amnesia is only 

produced by brain trauma, whereas hypermnesia is the result of mental trauma.   

Herbert Page, a surgeon having a much more extensive experience with railway 

accidents, was one critic who claimed that many of Erichsen‘s cases of spinal concussion 

were actually cases of ―nervous shock,‖ a condition that he stated is caused by ―fright‖ or 

―great fear and alarm,‖ but not by organic injury (1883, p. 162).  This type of disorder 

came to be known as traumatic neurosis.  Furthermore, he found retrograde amnesia for 

the accident to be rare in these patients; whereas anterograde amnesia was quite common: 

It is strange how common is the complaint of ―loss of memory,‖ and yet the 

phrase is an exceedingly inappropriate one to convey an accurate description of 

that which the patients usually mean thereby.  The ―loss of memory,‖ of which we 

have here to speak, is not an inability to recall the events and incidents of past life, 

but rather an incapacity for sustained thought, and for continued application to the 

work which may be taken in hand (1883, p. 181). 

Thus, Page‘s observations indicated that mental trauma primarily produced anterograde 

amnesia, but not retrograde amnesia or hypermnesia. 

 Oppenheim (1889) wrote an influential summary of 33 German victims of 

accidents who presented with no external injuries.  All were diagnosed with traumatic 

neurosis; however, some reported a loss of consciousness from the accident, indicating to 
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modern readers that closed-head brain injury was probable.  Even in these somewhat 

severe cases of trauma Oppenheim, like Page, found little evidence of retrograde memory 

loss: ―It often happens that the patient may have lost consciousness, but retains his 

recollection of the events‖ (p. 79).  He also noted that anterograde memory problems in 

many cases may have been caused, or at least exacerbated, by attentional deficits: 

The intelligence, in the majority, is not affected, beyond the concentration . . . so 

that impressions in general are not readily received, and as names, dates, etc., 

through inattention are not recalled, a new complaint is afforded them, that of 

memory failure (p. 85). 

Like Erichsen, Oppenheim (1889) also reported a number of cases of hypermnesia for the 

accident: 

Another striking peculiarity is that the events of the injury should be so well 

remembered, and prominent in recollection is the thought of having been severely 

hurt.  The remembrance seems to be a continued prolongation of the original 

suffering (p. 85). 

In addition to cognitive deficits and reexperiencing the trauma through vivid memory, a 

number of other symptoms that reflect the modern diagnosis of PTSD were also detailed 

by Oppenheim (1889): 

The patients . . . prefer to be left alone to their depression and to brood over the 

memory of the events of the accident, which afford a centre for all their thoughts.  

The rememberance of this is so acute that thinking and feeling is dominated 

thereby, and constitutes their impressions a pathological condition (pp. 83-84). 
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Overall, anterograde amnesia and hypermnesia for the accident were the most observed 

memory problems from the initial accounts of mass mental trauma caused by railway 

accidents in the late 19
th

 century.  Retrograde amnesia was observed less frequently and 

was often attributed to an organic rather than psychological source. 

 

World War I 

World War I offered another tragic context in which to study traumatic neuroses.  

Occurring after the advent of psychoanalysis and after the popularization of repressed 

memory, the reports from WWI may be expected to portray the memory effects of mental 

trauma in a manner more consistent with these views.   

Psycho-analysis and the War Neuroses was a collection of essays by leading 

psychoanalysts that reviewed different psychoanalytic conceptualizations of the neuroses 

resulting from war.   Similar to the observations derived from railway accidents, Sándor 

Ferenczi (1921) observes the central role of hypermnesia in traumatic neurosis: 

―Symptoms develop only after the state of a transitory disturbance of consciousness has 

disappeared and the men who have suffered the shock re-experience in memory the 

dangerous situation‖ (p. 10).  He further notes that Breuer and Freud‘s conclusion that 

―hysterics suffer from reminiscences,‖ based on Charcot‘s observations, can be aptly 

applied to many cases of war neurosis.  Indeed, like hysterics, theirs is a disease of 

memory.  Despite this argument, the official psychoanalytic position purported a primary 

role for ―sexual factors in the formation of symptoms of the traumatic neuroses‖ (p. 18).  
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Ferenczi admits that the sexual factors are ―less easily apparent‖ and have lead some to 

believe that the psychoanalytic formulation ―has been conclusively disproved‖ (p. 17).   

Since the conscious persistence of trauma memories, reported in both the railway 

accidents and WWI, is incongruent with the psychoanalytic notion of repression, some 

psychoanalysts chose to focus on more congruent symptoms, including retrograde 

amnesia.  According to the essay By Ernst Simmel (1921, p. 40): 

One of the most frequent war psycho-neurotic symptoms [loss of memory] . . . . 

may extend over a limited period of the war or over the whole of it, or even to 

pre-war times.  The whole memory is blotted out in order that definite things 

should not be brought to mind. 

However, in WWI and throughout history, retrograde amnesia was often described in 

relation to ―an especially frequent symptom in the war neuroses—the convulsive 

attacks‖.  For example, ―Westphal recorded several cases where railway accidents 

induced epilepsy with frenzy and memory loss, etc., as well as pure convulsive attacks 

with unconsciousness‖  (Clevenger, 1889, p. 87).  Despite its association with seizures, 

this type of amnesia was considered by psychoanalysts to be the results of ―strongly 

repressed affects.‖  For example, Ernst Simmel stated, ―The loss of consciousness during 

the convulsive attack and the subsequent amnesia is that beneficent not-knowing into 

which the neurotic person flies before the memory of that all too horrible situation . . . 

brings him into grave danger‖ (1921, p. 38).  It is now well-known that emotionally 

arousing events can trigger real seizures of a biological origin (epilepsy) as well as 

pseudo-seizures of a psychological origin (hysteria or conversion).  Thus, without an 
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extensive examination, it is unclear whether cases of post-ictal amnesia represent the 

psychological effects of emotion on memory (via hysteria) or the effects of epileptic 

discharges in the brain.  Indeed, since ancient times writers have noted that emotional 

situations, epileptic seizures, and amnesia often coincide.  I have avoided discussing the 

history of such observations, as have I avoided discussing that of amnesia resulting from 

conditions like head trauma, because these examples do not represent the main effects of 

emotion, rather the acute effects of gross neuronal dysfunction.   

 A recent paper summarized the evidence for the existence of posttraumatic 

amnesia and dissociative symptoms during WWI (van der Hart et al., 1999).  Time limits 

my ability to analyze their sources thoroughly; however, I present here a brief analysis of 

their report.  Although posttraumatic amnesia is not defined, statements in the paper 

imply that the authors are referring to the temporary or permanent loss of memory for 

―details of the traumatic experience.‖  This includes ―memory gaps from the moment 

preceding the shock to the point of hospital presentation, often weeks later,‖ but could 

also include an inability to recall ―important aspects of their entire life‖ and ―non-

traumatic personal information.‖  They found fourteen publications reporting cases of 

posttraumatic amnesia in WWI combatants.  However, the ―amnestic soldiers‖ in only 

three of these publications ―did not suffer from head injury or concussion.‖  Thus, eleven 

publications reported amnesia cases of probably organic origin. Given these reports, there 

appears to be minimal evidence from WWI for the existence of non-organic 

posttraumatic amnesia resulting purely from mental trauma.  Nonetheless, the authors 

conclude, ―Even with severe head injury, evidence accrued for the predominantly 
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functional origin of posttraumatic amnesia.‖   Despite their methods and title, Trauma-

induced Dissociative Amnesia in World War I Combat Soldiers, they described their 

findings ―as an historical cross-validation of posttraumatic amnesia in all populations, 

including those subjected to childhood sexual abuse.‖   

Freud never formalized a theory for the traumatic neuroses, partly because 

repression could not explain the common symptom of hypermnesia and partly because 

his theory was based on sexual fantasies and wishes, none of which were easily 

identifiable in victims of mental trauma.  As shown above, his hesitance did not stop 

other psychoanalysts from using repression to describe the phenomenon.  Pierre Janet, a 

neurologist and psychologist contemporary of Freud, similarly based his theory of 

traumatic neurosis on defense.  However, he posited that dissociation of consciousness, 

rather than repression, was the primary defense mechanism.  He believed that memories 

for emotional events could become dissociated from consciousness as a defense against 

their emotional effects: 

I have shown on numerous occasions that the characteristics which have been 

acquired by education and moral development may suffer a complete change 

under the influence of emotion. . . .  Forgetting the event which precipitated the 

emotion . . . has frequently been found to accompany intense emotional 

experiences in the form of continuous and retrograde amnesia. . . .  They are an 

exaggerated form of a general disturbance of memory which is characteristic of 

all emotions (1909/1987, p. 285). 
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Janet‘s conclusions were based primarily on hypnosis techniques he used on purported 

victims of mental trauma.  His resulting theory of traumatic neurosis was more influential 

than Freud‘s but shared with Freud‘s a focus on amnesia rather than hypermnesia.  Thus, 

both theories asserted that intensely arousing events, whether from childhood abuse or 

accidents in adulthood, led to mental trauma which was characterized by temporary 

impairment of recollection.  Importantly, both theories indicated that memories for the 

traumatic event could eventually be recovered, usually through hypnosis.  The 

conclusions derived from techniques like hypnosis and psychoanalysis are particularly 

striking given lack of retrograde amnesia noted in interview techniques accounts of 

railway accidents that were derived from simple.   

 

Recovered Memory 

The recovered memory movement began in the 1980‘s and was believed to be 

based on, or at least to be very similar to, Freud‘s early seduction theory.  In words 

strikingly similar to Freud‘s, Alice Miller stated that, ―For some years now, it has been 

possible to prove, thanks to the use of new therapeutic methods, that traumatic 

experiences in childhood are stored up in the body and, although remaining unconscious, 

exert their influence even in adulthood‖ (1997, p. 131).  Proponents of recovered memory 

therapies claimed, as did Freud early in his career, that repressed memories of childhood 

sexual abuse produce identifiable symptoms of psychopathology in adults, but cannot be 

recollected until recovered through therapy, only after which will the symptoms improve.   
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It is generally believed that Freud abandoned his seduction theory partly because 

he came to realize his techniques were suggestive and that the reports he took as evidence 

of childhood sexual abuse were implausible and unverifiable.  For example, Freud makes 

revealing remarks in a letter about a psychoanalyst and friend Ferenczi, who was 

rediscovering Freud‘s seduction theory: 

His source is what patients tell him when he manages to put them into what he 

himself calls a state similar to hypnosis.  He then takes what he hears as 

revelations, but what one really gets are the fantasies of patients about their 

childhood, and not the [real] story.  My first great etiological error also arose in 

this very way (Freud & Fliess, 1985). 

Thus, Freud foresaw the flaws in the recovered memory movement and continued to 

renounce its methods.  Indeed, critics of the movement, energized by fierce battles in the 

courtroom, believed that many of the recovered memories were produced by therapists‘ 

suggestive techniques (like hypnosis) and, therefore, were most likely false or distorted.  

This was certainly evident in some patients who recovered memories of impossible 

events, such as alien abductions and past lives.  Research studies supported critics‘ 

conclusions by revealing that the methods used to recover memories of supposed abuse 

could just as easily produce false memories (reviewed in McNally, 2004). 

 APA made a public statement in 1995 regarding the recovered memory debate.  

Rather than taking a definite stance, the statement epitomized the split in the field.  That 

is, the wording was constructed in such a way as to recognize the flaws of recovered 

memory therapy and, yet, still condone it.  Indeed, the committee formed to investigate 
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the phenomena was evenly split in its conclusions.  Currently, a vast majority of scientists 

and a number of clinicians believe that recovered memory therapies should be avoided 

because it is ―impossible, without other corroborative evidence, to distinguish a true 

memory from a false one‖ (APA), and it probably harms at least some of the patients 

(Lilienfeld, 2007). 

 Despite the currently well-known problems with recovered memory therapies, 

there continue to be psychologists and psychiatrists, most of whom are psychoanalytic, 

who encourage the memory recovery in therapy.  For example, Harold Blum, a physician 

and the Clinical Professor of Psychiatry at New York University School of Medicine, 

promotes psychoanalytic reconstruction of a patient‘s historical and psychic past with the 

use of, among other things, ―disconnected thoughts, memories, and feelings.‖  Blum 

(2005) notes that reconstruction requires memory recovery.  He presents a clinical case in 

which, ―The recovery of dissociated, forgotten, and repressed memories reciprocally 

facilitated reconstruction‖ (p. 305).  Moreover, he mentions without further elaboration 

that the recovered memories in the case included those of ―physical abuse.‖  He 

concludes: 

In clinical situations where there has been massive psychic trauma, there may be 

ego regression and damage to cognitive and affective process.  What the patient 

cannot remember and articulate has to be laboriously reconstructed. . . .  

Reconstruction may contribute to the retrieval and reorganization of fragmented, 

distorted, memories, as well as filling in memory gaps (2005, p. 307). 
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A psychoanalyst from Germany, Werner Bohleber, recently wrote, 

―Remembering and reconstructing past events from the patient‘s life history have been 

marginalized and classified as of secondary therapeutic importance in most current 

conceptions of the treatment‖ (2007, p. 334).  He, in contrast, agrees with Blum that, ―It 

is necessary to remember and reconstruct the traumatic events in the analytic treatment‖ 

(p. 347).  Thus, according to Freud and current psychoanalysts espousing memory 

recovery, emotional memories for early life events—which may or may not have been 

emotionally arousing at the time—can impair conscious recollection (until recovered in 

therapy), yet manifest themselves unconsciously in behaviors, thoughts, feelings, dreams, 

etc.  This hypothesis about the etiological role of emotion in recollection and 

psychopathology is an extension of Freud‘s view of normal memory processes, which 

was, in essence, that emotional memory blocks recollection.   

 

Modern Theories 

 Novel hypotheses regarding memory for emotionally arousing events have 

emerged from the recent mental trauma tradition, which includes research and theory 

about recovered memory and posttraumatic stress disorder.  The following two 

hypotheses represent the most common and enduring ones from this tradition.  First of 

all, the most common general assertion is that emotionally arousing events can disrupt the 

formation of conscious memories, which are explicit forms of memory that can 

potentially be consciously recollected.  Proponents of a strong version of this hypothesis 

suggest that amnesia for the event is a natural human response to extreme emotional 
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arousal.  Around the turn of the 19
th

 century, a number of cases, usually of hysterical 

patients, had been presented in which memory was temporarily lost for particularly 

emotional events.  Some of these cases were reviewed earlier.  Even the American 

Psychiatric Association‘s Diagnostic and Statistical Manual (DSM-IV-TR) of Mental 

Disorders appears to support this idea, with the inclusion of dissociative amnesia. 

 A number of mechanisms for emotion-induced amnesia have been proposed, 

including repression and dissociation during the precipitating event.  The repression 

hypothesis was discussed above.   Dissociation is a concept derived primarily from Pierre 

Janet, a neurologist and psychologist contemporary of Freud.  Janet believed that 

memories for emotional events could become dissociated from consciousness as a 

defense against their emotional effects: 

Forgetting the event which precipitated the emotion . . . has frequently been found 

to accompany intense emotional experiences in the form of continuous and 

retrograde amnesia. . . .  They are an exaggerated form of a general disturbance of 

memory which is characteristic of all emotions (1909/1987, p. 285). 

A number of authors in the early 20
th

 century noted that in cases of emotion-

induced transient amnesia, the lack of memory for the emotionally arousing events 

resembled the lack of memory for events occurring during dissociations of consciousness, 

like during dreams or hypnotic states.  It was primarily David Spiegel (1986) who 

popularized the idea that emotionally arousing events can be experienced in dissociated 

ways, as ―an immediate defense, protecting patients against the overwhelming pain and 

fear that accompanies trauma‖ (p. 124).  Examples of dissociative experience that defend 
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―against the overwhelming experience of trauma as it is inflicted‖ include out-of-body 

experiences, depersonalization, derealization, and distorted perception of time (p. 124).   

Although Spiegel describes the ―adaptive aspects of the dissociative defense 

against trauma,‖ he also acknowledges its drawbacks (p. 130): 

It protects individuals against the effects of trauma but may later set up a pattern 

of dissociation which can contribute to a posttraumatic stress disorder, with 

specific dissociative symptoms such as psychogenic amnesia, fugue, or multiple 

personality disorder . . . . [and] it may serve as an obstacle to the important 

therapeutic process of acknowledging, bearing, and putting in perspective 

traumatic experience. 

So, according to Spiegel, dissociation of consciousness during potentially traumatic 

events can adaptively obstruct the experience of overwhelming emotions; however, it can 

also obstruct the therapeutic retrieval and re-processing of the memory.  The contribution 

of his theory to the recovered memory movement is apparent in his clinical 

recommendation for the treatment of trauma victims: ―Make conscious previously 

repressed or dissociated material.  The goal is to allow this dissociated material 

connected with trauma to emerge into consciousness‖ (p. 131).   

Spiegel‘s theory implied that dissociative experiences during an emotionally 

arousing event could have significant consequences for the resulting memory.  However, 

it was primarily van der Kolk (1987, p. 185) who explicitly made the connection:  

―Except when related to brain injury, dissociation always seems to be a response to 

traumatic life events.  Memories and feelings connected with the trauma are forgotten and 
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return as intrusive recollections.‖  Furthermore, van der Kolk describes how the 

dissociations of consciousness and perception can result in these uniquely intense 

emotional memories.  He proposes, ―During periods of stress, people tend to revert to 

[developmentally] earlier modes of representation‖ (1988, p. 282).  Therefore, ―It is 

plausible that in situations of terror, the experience does not get processed in 

symbolic/linguistic forms, but tends to be organized on a sensorimotor or iconic level—

as horrific images, visceral sensations, or fight/flight reactions‖  (1987, p. 193).  van der 

Kolk‘s theory appears to rely more on dissociations of perception and cognition than on 

the classic dissociations of consciousness described by Spiegel.  Nonetheless, van der 

Kolk arrives at conclusions very similar to Spiegel‘s: 

Clinical experience shows that many traumatized people are aware of fragments 

of the traumatization but unable to recall specifics of the trauma, which often can 

be retrieved under hypnosis, during sodium amytal interviews, and after 

prolonged psychodynamic psychotherapy (1987, p. 194). . . .  Once a patient can 

start remembering the trauma and is able to under the connections between the 

events and subsequent emotional experiences, there is a gradual reduction in the 

intensity and frequency of the intrusive nightmares, reenactments, or anxiety and 

panic states. (1987, p. 188) 

These theories epitomize the primary hypothesis that emerged from the mental trauma 

tradition and the recovered memory movement.  Namely, intensely emotional 

experiences can uniquely modify the formation of emotional memories, making them 
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more susceptible to fragmentation and altogether forgetting (amnesia), yet amenable to 

recovery.   
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PART II. MODERN RESEARCH & THEORY 

1.  RESEARCH REVIEW 

Emotional Constructs 

Emotional Arousal 

Before discussing modern research and theory, it is necessary to draw finer 

distinctions in the concepts related to emotional arousal.  The term emotional arousal 

usually refers to the general activation of any emotion-related system and is differentiated 

from emotional valence.  Thus, emotional arousal can be of a positive nature, such as in 

the experience of pleasure, or can be of a negative nature, such as in the experience of 

fear.  In this part of the dissertation, I will use the term emotional arousal to indicate the 

arousal of negative emotional responses, particularly when the certainty of a more 

specific description is questionable.  Stimulus materials, for example, will often be 

referred to as emotionally arousing, because it is clear they arouse emotional responses, 

however it is debatable whether the responses represent outright fear. 

 

Fear 

Fear usually refers to a defensive response to a threatening stimulus, terminating 

soon after the stimulus is removed (Lang, Davis, & Ohman, 2000; Ohman & Mineka, 

2001).  Fear conditioning is the primary way that most species learn which stimuli are 

threatening and it is the primary procedure for studying fear in experimental settings 

(LeDoux, 2000).  Put simply, when a new stimulus is associated (usually temporally) 

with a threatening stimulus, the new stimulus becomes able to elicit fear.  A corollary of 



67 

 

the associative nature of fear is that stimuli representing something threatening may 

activate the brain‘s fear system even though the representations themselves are not 

feared.  For example, photographs of snakes have been shown to evoke 

psychophysiological responses indicative of fear; however most people would certainly 

not report fear of the picture itself.   

Fear can be measured physiologically (e.g., sympathetic nervous system activity), 

behaviorally (e.g., freezing in rats), and subjectively (e.g., self-reports in humans).  

However, correlations between types of measurement are notoriously weak (Lang et al., 

1998).  This is exemplified by studies indicating that activation of physiological and 

behavioral fear responses can elude conscious awareness (Ohman & Mineka, 2001).  

Objective measures of fear in humans primarily include skin conductance response 

(SCR), a non-specific response indicative of any emotional arousal, eye blink startle 

response, whose potentiation is more specific to negative emotional arousal, and 

neuroimaging measures of amygdala response (Lang, Davis, & Ohman, 2000).  The 

amygdala proper is believed to be the primary brain area involved in fear because 

amygdala alterations (e.g. drug infusions, ablations, lesions, etc.) modulate the entire 

array of fear-related responses (Davis, 1997; Dolan & Morris, 2000; Fanselow, 1994; 

LeDoux, 1998; Ohman & Mineka, 2001).  Norepinephrine activity in amygdala is the 

central neurochemical mechanism involved in fear. 

 

Anxiety 

Anxiety usually refers to a prolonged fear-like state of general distress, which 
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need not be triggered by the presence of a threatening stimulus.  Clinical literature often 

refers to the source of anxiety as the anticipation of future threat, whose occurrence is 

perceived as unpredictable and uncontrollable (Barlow, 2002).   Animal models identify 

as sources of anxiety the immediate presence of contextual stimuli like bright light or 

open space, which may be indicative of unpredictable and uncontrollable future threat.  

Anxiety is difficult to measure, partly because it is not consistently associated with any 

organized functional behavior as is fear.  Human research typically uses self-report 

measures, but occasionally uses psychophysiological measures, such as prolonged 

changes in heart rate or muscle tension.  Distinct brain areas and neurochemicals 

differentiate fear from anxiety, at least in animal models (Lang, Davis, & Ohman, 2000).  

Corticotropin releasing hormone (CRH) activity in the bed nucleus of the stria terminalis 

(BNST) is central to putative measures of anxiety in these models, but not to measures of 

fear (Davis, 1998).  Animal models are beginning to receive support from studies in 

humans showing, for example, that phobic anxiety is associated with BNST activity 

(Staube et al., 2006).  Importantly, the study also showed that subjective ratings of 

anxiety, the standard method of measuring anxiety in humans, was related to dorsal 

anterior cingulate cortex (ACC) but not BNST activity.  Thus, the subjective experience 

of anxiety is associated with different brain areas than the other aspects of anxiety. 

 

Stress 

Very intense levels or extended durations of emotional arousal can impose a stress 

on physiological functioning.  Although other activities, even pleasant emotions, can 
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produce similar effects, the stress associated with negative emotions is the focus of this 

dissertation.  The most common stress induction procedures in both human and animal 

models involve prolonged elevations of anxiety (Kirschbaum et al., 1993).  Stress is 

primarily measured physiologically, by assessing levels of stress hormones whose release 

is partly dependent on the means of induction (e.g., emotional arousal) and partly on the 

strain to physiological systems. 

Emotional arousal in response to cognitive effort (e.g., mental arithmetic), the 

perception of significant stimuli (e.g., pictures or stories of mutilation), as well as to more 

intense events (e.g., public speaking, skydiving, combat, etc.), triggers the sympathetic 

adrenal medulla system (SAM) (Chrousos & Gold, 1992).   Activation of the sympathetic 

nervous system, which is designed to prepare an organism for action and defense, results 

in an immediate release of the catecholamines epinephrine (E) and norepinephrine (NE) 

from the adrenal medulla.  Plasma concentrations of E and NE peak within five to ten 

minutes of onset of the arousing event and recover within ten minutes of offset (Richter 

et al., 1996; Schommer et al., 2003).  Peripheral catecholamines have been shown to 

modulate the central nervous system (CNS), including memory function, by inducing the 

release of central NE in the amygdala (McGaugh, 2004).  Since stress is often induced by 

emotional arousal, the release of SAM system stress hormones is one important class of 

stress responses, albeit a relatively non-specific one. 
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Glucocorticoids 

Characteristics of Glucocorticoids 

As the energy requirement of emotional arousal increases past normal limits, an 

organism‘s metabolism must be altered.  Thus, a hallmark of stress is the release of 

hormones involved in modulating glucose metabolism, namely glucocorticoids from the 

hypothalamic-pituitary-adrenal cortex system (HPAC).   Cortisol is the primary 

glucocorticoid in humans, whereas corticosterone is principal in rats.  The HPAC stress 

response is slower and longer-lasting lasting than that of the SAM.  Emotionally arousing 

events that are perceived as uncontrollable (e.g., public speaking, skydiving, combat, etc.) 

are especially capable of activating HPAC stress responses, which involve the release of 

CRH from the hypothalamus, adrenocorticotropic hormone (ACTH) from the pituitary, 

and cortisol from the adrenal cortex (Dickerson & Kemeny, 2004; Biondi & Picardi, 

1999; Richter et al., 1996; Singh et al., 1999).  Peripheral cortisol concentrations, as 

measured in either plasma or saliva, peak within thirty minutes of stressor onset and 

recover within one to two hours of stressor offset (Richter et al., 1996; Schommer et al., 

2003; Dickerson & Kemeny, 2004).  Idealized examples of salivary cortisol stress 

responses  are depicted in Figure 1.   

In the absence of stress, healthy humans produce about 10 mg of cortisol a day, 

which is released in a circadian rhythm (Esteban et al., 1991).  The trough of the rhythm 

occurs at night, while the peak occurs in the morning (see hypothetical example in Figure 

2).  Accurate assessment of the circadian rhythm is difficult, however, due to a large 

cortisol response to awakening.  As shown idealized in Figure 2, the cortisol  
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Figure 1. Estimated salivary cortisol concentrations in humans following exposure 

to a stressor in the morning or afternoon, or after an oral dose of 5 mg cortisol. 

 

Figure 2. Idealized circadian and diurnal rhythm of salivary cortisol in humans. 
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concentrations peak 30 to 45 minutes after awakening, returns to normal levels within 

about two hours, and gradually decline throughout the rest of the day (Clow et al., 2004; 

Lovallo & Thomas, 2000).  Notice in Figure 1 that, due to naturally high concentrations 

in the morning, cortisol measures of stress response will have an elevated baseline that 

flatten the response curve. 

 

Receptor Characteristics 

In addition to glucose metabolism, glucocorticoids can modulate brain 

functioning in two primary ways.  Genomic modulation is mediated by receptors located 

in the nuclear compartment of cells, requires protein synthesis, and usually produces 

measurable effects after an hour or more.  This is a well established mechanism of 

traditional steroid action and most investigations of receptor binding and distribution are 

based on these nuclear receptors (de Kloet & Reul, 1987).  More recently, nongenomic 

methods of glucocorticoid action have been discovered, yet much less is known about 

them.  Nongenomic modulation is mediated mainly by membrane-bound receptors, does 

not require protein synthesis, and is usually measurable within seconds.  There may also 

be nonspecific mechanism of nongenomic action that involve the glucocorticoid 

dissolving in the membrane rather than binding to receptors (Losel et al., 2003).    

There are two types of nuclear receptors in the brain that bind glucocorticoids.  

Mineralocorticoid receptors (MRs) have a high affinity for glucocorticoids and are 

localized in the neocortex (notably prefrontal cortex), the hippocampal complex (HC), 

and all subfields of the hippocampus proper.  Glucocorticoid receptors (GRs) in the brain, 
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despite their name, have a relatively low affinity for glucocorticoids and are localized, in 

order of greatest density, in the hypothalamus, neocortex (notably the prefrontal cortex), 

the HC (esp. cortical & dentate gyrus), and the amygdala complex (AC) (Patel et al., 

2000; Sanchez et al., 2000).   

Glucocorticoids preferentially occupy MRs.  They bind to GRs mainly when MRs 

in the area are near saturation, such as during the circadian peak or following a stressor 

(de Kloet & Reul, 1987).  de Kloet & Reul proposed that GRs come into play chiefly 

when ―tonic influences of corticosterone are exerted via hippocampal MR, while the 

additional occupancy of GR with higher levels of corticosterone mediates feedback 

actions aimed to restore disturbances in homeostasis‖ (1987, p. 84).  It is important to 

note, however, that both receptor types are significantly activated by stress and have 

stress-related effects on hippocampal function and memory performance, as described in 

the next section. 

A recent set of studies assessed the effects of circadian rhythm, stress (forced 

swim), and corticosterone injection (3 mg/kg IP) on nuclear GR activation in the 

hippocampus and prefrontal cortex of rats (Ketchner et al., 2004).  The results are 

summarized in the first six columns of Table 1.  The last two columns are estimations 

based on classic studies by Reul & de Kloet (1987).  During basal conditions, at the 

trough of the circadian rhythm, 70-90% of MRs and 5-10% of GRs are occupied in the 

hippocampus.  Note that, during the circadian peak, plasma corticosterone rose 

substantially as in humans.  The circadian surge was associated with a 350% increase of 

GR activation in the prefrontal cortex and a 750% increase in the hippocampus.   
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Table 1. Corticosterone concentrations and estimated binding to GRs and MRs 

 
a The first six columns adapted from Ketchner et al. (2004) 
bAdapted from Reul & de Kloet (1987) 

Exposure to a stressor at the circadian trough produced similar increases in 

corticosterone and similar, but smaller, increases in GR activation.  They also reported 

that extracellular corticosterone concentrations increased by 800% in both the 

hippocampus and prefrontal cortex after the stressor.  It is estimated that during the 

circadian peak or following stressors, 50% of hippocampal GRs are activated while 95% 

of MRs are activated.  The injection produced increases in plasma corticosterone and GR 

activation about twice as large as those following the stressor.   

Finally, regarding the timing of these changes, they found that the stressor 

maximally increased plasma corticosterone, extracellular corticosterone, and GR 

activation at approximately the same time, about 30 min after the onset.  This 

corresponds to the timing of maximal hippocampal MR binding (de Kloet & Reul, 1987).  

A similar concordance in timing was found 60 min after the injection.   

If the findings with rats can be generalized to humans then, taken together, they 

suggest that exposure to stressors 1) increases glucocorticoid concentrations in the 

plasma, hippocampus, and prefrontal cortex, 2) increases nuclear GR binding in these 

brain areas, 3) modestly increases nuclear MR binding in the hippocampus, and 4) 

produces these effects synchronously, within 30 min of onset.  Likewise, exogenous 

MR Activation
b

Time

to Peak

Plasma
(μg/100mL)

Time

to Peak

Prefrontal Cortext
(% Increase)

Hippocampus
(% Increase)

Hippocampus

(% Activated)
b

Hippocampus

(% Activated)
b

Basal -- 1.5-2.0 -- -- -- 5 75

Circadian Peak -- 21 -- 350 750 50 95

Moderate Stressor +30 min 25 +30 min 200 300 50 95

Cort Injection (3 mg/kg) +60 min 45 +60 min 400 900 65 >95

Experimental

Condition

Corticosterone Nuclear GR Activation
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glucocorticoids produce proportional effects within 60 min of administration.  One 

important caveat, though, is that the findings reviewed in this section apply primarily to 

nuclear receptors that produce slow genomic effects.  Recent studies have begun to 

identify a number of nongenomic effects that are most likely produced by membrane-  

 

Figure 3.  Summary of MR and GR characteristics 

 

 

MR (mineralocorticoid receptor): 

 High affinity for glucocorticoids (cortisol and corticosterone) 

 Localized in the HC (much more than GRs) and frontal cortex 

 70-90% hippocampal occupation during basal conditions 

 ~100% hippocampal occupation at circadian peak or after stressor 

 Especially noteworthy: stress significantly increases MR activation to produce 

a number of MR-dependent effects 

GR (glucocorticoid receptor): 

 ~10 times lower affinity for glucocorticoids (cortisol and corticosterone) 

 Localized in the hypothalamus, frontal cortex, HC, and AC 

 5-10% hippocampal occupation during basal conditions 

 ~50% hippocampal occupation at circadian peak or after stressor 

 Especially noteworthy: GRs are significantly activated during basal conditions 

and not only when MRs are saturated 
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bound receptors (Karst et al., 2005; Venero & Borrell, 1999; Wiegert et al., 2006; Sajadi 

et al., 2006; Morsink et al., 2007; Korz & Frey, 2003).  Much less is known about these 

receptors.  In fact, only GRs have been found in the membrane of some amygdala cells, 

while membrane-bound MRs have yet to be discovered (Karst et al., 2005; Johnson et al., 

2005).   

 

Glucocorticoids and the Rodent Hippocampus 

A number of studies indicate that acute stressors and glucocorticoids alter 

hippocampal functioning in rats.  A recent set of studies investigated the effect of stress 

and corticosterone on long-term potentiation (LTP) in hippocampal CA1 cells (Maggio & 

Segal, 2007).  Their findings suggest the following implications: 1) MRs respond to 

stress and corticosterone administration within an hour of onset, 2) resulting in 

facilitation of molecular memory (LTP), 3) localized exclusively in the ventral part of the 

hippocampus, which is involved in behavioral inhibition during anxiety (Bannerman et 

al., 2004); 4) the same levels of stress and corticosterone simultaneously activate GRs, 5) 

resulting in suppression of molecular memory (LTP), 6) localized exclusively in the 

dorsal part of the hippocampus, which is more involved in a variety of memory 

functions.  A similar pattern of MRs enhancing and GRs impairing LTP has also been 

found in the dentate gyrus of the hippocampus (Avital et al., 2006).   

Because these effects were measured about 1 hr after stressor (or corticosterone) 

onset, it is unclear whether they represent genomic or nongenomic changes.  Recent 

reviews suggest that stress and corticosterone exert facilitative effects on hippocampal 
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function for 30-60 min, due in part to nongenomic glucocorticoid mechanisms; but, after 

60-90 min, their effects reverse to suppression of hippocampal function, due in part to 

genomic glucocorticoid mechanisms (Diamond et al., 2007; Joëls et al., 2006).  So, the 

mnemenic effects of stress and glucocorticoids on hippocampal memory function are 

temporally-dependent. 

However, there is also evidence that the genomic effects are not wholly 

facilitative, but are dose-dependent.  Because MRs are mostly facilitative, GRs are 

mostly suppressive, yet presence of glucocorticoids is necessary for memory function, an 

inverted-U function dose-response curve has been thought to describe the relationship 

between stress/glucocorticoid levels and memory functions (both behavioral and 

molecular)(Lupien & McEwen, 1997).  In short, absence of glucocorticoids impairs 

memory; moderate stress or glucocorticoids activate MRs (due to affinity) to facilitate 

memory; high stress or glucocorticoids additionally activate GRs to impair memory.  So, 

the mnemenic effects of stress and glucocorticoids are both temporally- and dose-

dependent.   

To further complicate the matter, recent findings indicate that the dose-response 

curves do not completely fit an inverted-U shape, but may depend on the brain area 

involved (Joëls, 2006).  The relationship between corticosterone concentrations and 

function of CA1 hippocampal cells can be described by a quadratic U-shaped function, 

for example.  Whereas, the relationship can be described by an exponential function in 

dentate gyrus cells, and a negative linear function in cells of both the hypothalamus and 

raphe nucleus (Joëls, 2006).  The location of cells moderates not only these relations, but 
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also alters the temporally-dependent effects of stress and glucocorticoids.  Specifically, 

the ~30 min window of facilitative effects mentioned above is proposed to be larger for 

amygdala functioning rather than hippocampal functioning.  Thus, the rodent data 

suggest that the effects of stress and glucocorticoids on memory functioning depend on 

the brain area involved, the treatment dose, the timing of the treatment, and the relative 

ratio of MR to GR receptors. 

 

Glucocorticoids and Human Memory Impairment 

“Blessed are the forgetful, for they get the better even of their blunders.”  

Nietzsche‘s (1886, Vii:217) mixed blessing is quoted in the film ―Eternal Sunshine of the 

Spotless Mind‖ by an associate who helps clients remove unwanted memories.  In both 

contexts, the quoted passage alludes to the potential benefit of selective memory loss.  In 

theory, memory removal could be accomplished by pharmacological agents that block 

memory formation, although the selectivity required for a practical treatment is unlikely 

to be realized.   

Glucocorticoids, for instance, are regularly prescribed to treat conditions such as 

asthma, rheumatic disease, dermatological disorders, multiple sclerosis, and organ 

rejection in transplant patients.  But, in each case, they produce memory impairments that 

may eventually subside after cessation (Hájek et al., 2005; Brown et al., 2003; Bermond 

et al., 2005; Brunner et al., 2005; Bender et al., 1991).  Chronically high circulating levels 

of endogenous glucocorticoids, as found in Cushing‘s syndrome, are associated with 

memory impairments and HC changes, both of which are alleviated when glucocorticoid 
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levels are normalized (Starkman et al., 1992, 1999, 2001, 2003; Bourdeau et al., 2002; 

Hook et al., 2007).  Acute glucocorticoid treatment in healthy humans also causes HC-

dependent retrieval deficits for a wide range of stimuli, including words, pictures, spatial 

locations, and autobiographical episodes (Kirschbaum et al., 1996; de Quervain et al., 

2003; Buss et al., 2003; Schmidt et al., 1999).  Stress-induced cortisol elevations are 

often associated with impaired retrieval of HC-dependent memories (Kirschbaum et al., 

1996; Takahashi et al., 2004; Wolf et al., 2001; Lupien et al., 1997; Domes et al., 2004).   

Noting the inverse correlations found between memory and stress-induced 

cortisol elevations, recent studies have explored the direct effects of cortisol 

administration on various memory tasks.  An exceptional study investigated the impact of 

cortisol administered before each memory stage (de Quervain et al., 2000).  Surprisingly, 

stress-level cortisol treatment only impaired memory at retrieval, but not before encoding 

or consolidation.  A number of studies have since replicated the retrieval finding and 

have further revealed detrimental effects of cortisol exposure on the retrieval of 

autobiographical memories (Kuhlmann et al., 2004; de Quervain et al., 2003; Buss et al., 

2004).  These findings led Aerni et al., (2004) to treat three PTSD patients with cortisol 

in an attempt to suppress the retrieval of memories related to the trauma.  Though 

preliminary, results seemed to suggest that a month of cortisol treatment reduced the 

number of intrusive memories of the overwhelmingly emotional event.   Given the 

consistency of these findings, the detrimental effects of glucocorticoids described in the 

previous paragraph may be best explained as retrieval impairments. 

While the retrieval of memories appears to be indiscriminately impaired by 
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glucocorticoids, the formation of emotional memories may be affected differently.   For 

example, a biphasic action for glucocorticoids has been found in the storage of 

conditioned fear in male rats (Hui et al., 2004).  As mentioned above, some reviews 

conclude that glucocorticoid activation of MRs facilitates specific cognitive functions, 

whereas high levels of glucocorticoids activating GRs receptors suppress those functions 

(Lupien & McEwen,1997; Sapolski, 2000).  According to this model, the storage of 

emotional memories which is facilitated by low-to-moderate glucocorticoid doses should 

be impaired with high glucocorticoid doses (Yehuda & Harvey, 1997).   

 

Glucocorticoids and the Human Hippocampus 

Some authors have proposed that cortisol-induced memory impairments are the 

results of impaired HC functioning (Elzinga & Bremner, 2002).  In support of this claim, 

de Quervain et al., (2003) found that a stress-level dose of cortisol concurrently decreased 

memory performance and cerebral blood flow in the parahippocampal gyrus during 

retrieval of a word list.  In rats, chronic or extremely high cortisol elevations not only 

impair HC functioning but can also directly damage hippocampal neurons (Bisagno et al., 

2000; Sapolsky et al., 1985).  This finding led a number of studies to attempt to measure 

hippocampal volumes in humans who have experienced extensive stress or cortisol 

exposure.  A highly replicated finding that individuals with PTSD have smaller 

hippocampi than trauma-exposed individuals without PTSD seemed to suggest that stress 

exposure causes hippocampal damage in a subset of people (Hull, 2002).  This notion 

was supported by research on bronchial patients undergoing chronic treatment with 
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exogenous cortisol and Cushing‘s patients who chronically produce excessive levels of 

endogenous cortisol, showing that both groups have exceptionally small hippocampi 

(Brown et al., 2004; Starkman et al., 1992).  In the Cushing‘s patients, hippocampal 

shrinkage is correlated with high cortisol concentrations and memory deficits.  After 

treatment, normalization of cortisol correlates with normalization of hippocampal 

volume, an effect that is associated with better memory performance (Starkman et al., 

1999; Starkman et al., 2003).   

Despite the intuitive appeal of interpreting these findings in terms of cortisol-

induced hippocampal damage, recent twin studies provide strong evidence that a number 

of factors once believed to be the result of stress and cortisol elevations may actually 

predate the stressful experiences and, rather, represent genetic vulnerabilities (Pitman et 

al., 2006).  Factors that now appear to be more related to heredity and pre-trauma 

functioning than to the experience of traumatic stress include neurological soft signs, 

reduced hippocampal volume, general intelligence, configural cue processing, as well as 

memory, executive, and visuospatial functioning (Gilbertson et al., 2002, 2006, 2007; 

Parslow & Jorm, 2007; Gurvits et al., 2006). 
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Stress and Encoding: Studies with Humans 

Stress and Immediate Memory 

In support of stress having a negative impact on memory formation, a recent 

meta-analysis concluded that, overall, exposure to stressors impairs memory functioning 

(Sauro et al., 2003).  For example, exposure to a social stressor before encoding impairs 

immediate recall of words (Lupien et al., 1997).  There have, however, been failures to 

replicate which may be related to the relatively weak stress inductions used, compared to 

those used with animals or those encountered in traumatic situations (Wolf et al., 2002; 

Hoffman & al‘Absi, 2004; Domes et al., 2002).  Indeed, more intense stressors, such as 

skydiving or survival training school in the military, have been consistently shown to 

impair memory formation (Cavenett & Nixon, 2005; Morgan et al., 2004).  Although 

studies with mild psychological stressors may find no main effect of stress, an inverse 

relationship between stress-induced cortisol elevations and memory function can 

oftentimes be detected (Kirschbaum et al., 1996; Wolf et al., 2001; Takahashi et al., 

2004).   

Most of the studies above investigated the effects of pre-encoding stress on 

immediate memory, or at least after a short (< 30 min) delay, thus convolving the 

encoding and retrieval stages.  In other words, by testing memory soon after the stress 

manipulation, such designs allow stress to affect both encoding and retrieval.  The 

problem with this is that there is consistent evidence showing that stress and cortisol have 

deleterious effects on retrieval processes alone.  Thus, the mixed results from studies 

convolving the encoding and retrieval stages could be due to the effects of stress on 
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Table 2. Experiments investigating the effects of pre-encoding stress or cortisol on long-term memory
a
  

Sex  Time 

of Day 
Treatment Stimuli  Valence  Encoding 

Task  
Delay   Memory 

Test(s) 
Stress 

Effect  

Cortisol 

Cor./Effect 

Source 

M PM  TSST Words 
Neg 

Pos 

Neut  
Intentional  1 day  

Recog 

F-Recall  
 

Posb  
  Domes et al., 2004  

M 

F 
AM  TSST Words Neut  Intentional  

Immed 

1 day  
F-Recall 

 
Subset of 

Words/1 dayb 

 
Subset of 

Words/1 dayb 
Smeets et al., 2007 

M 
AM 

PM  
TSST Story1 

Neg 

Neut  
Incidental  1 wk  F-Recall    

AM/Negb  
Maheu et al., 2005 

M 

F 
AM 

PM  
TSST Story1 

Neg 

Neut 
Incidental  1 wk  

F-Recall 

Recog 
 

Recogb  
Payne et al., 2006

c
  

M 

F 
PM  TSST Story3 

Neg (s) 

Neut (s) 
Incidental  1 wk  

F-Recall 

Recog 

 
Negb 

 
Neutb 

  Payne et al., in press 

M AM  TSST Words Neut  Intentional  4 wks  F-Recall  no control   Wolf et al., 2002  

F PM  TSST 

Words 

Verbal 

Spatial 

Neg 

Neut  
Intentional  1 day  

F-Recall 

C-Recall 

Recog  
no control 

 
Words/Neg/   

C-Recallb 
Elzinga et al., 2005  

M 

F 
PM  20 mg Photos 

Neg 

Pos  

Neut 

Incidental  1 wk  

F-Recall 

C-Recall 

Recog 
 

 
Neg+Pos/ 

C-Recallb 

Buchanan & Lovallo, 

2001 
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M PM  30 mg Photos 

Neg 

Pos  

Neut 

Incidental  
Immed 

1 day 

F-Recall 

Recog  

 
Neg+Pos/1 day/ 

F-Recallb 

 
Neut/1 day/ 

F-Recallb 

Kuhlmann &Wolf, 2006 

M PM  
20 mg 

40 mg 

Words 

Photos 
Neg 

Neut 
Incidental  

< 1 hr 

1 wk  

F-Recall 

Recog  

 
Photo/1 wk/ 

Recogb 

 
20 mg/ 

Word/1 wk/ 

Recogb 

Abercrombie et al., 2005 

M 

F 
PM  25 mg Story2 

Neg (s) 

Neut (s) 
Incidental  1 wk  

F-Recall 

Recog  

 
Neg/F-Recallb 

 
Neut/F-Recallb 

Rimmele et al., 2003 

a
Only studies administering stress or cortisol before encoding and measuring memory after a delay (> 2 hr) are included. 

b
Significant effect applied only for this subset of subjects/stimuli/measures.  

c
Based on a re-analysis including only long-term memory data from subjects on no prescription medication. 

Terminology: Sex = sex of subjects participating in study, M = males, F = females; Time of Day = when study was conducted; Stimuli = to-be-remembered stimuli, 

Words = list of words, Verbal = Weschler Memory Scale III – Logical Memory subtest, Spatial = memory for spatial location of items described verbally, Story1 = story 

presented with photos and a narrative, including emotional and neutral phases,  Photos = from the International Affective Picture Set (IAPS), Story2 = stories presented 

with photos and a neutral or emotional narrative, including emotional and neutral phases; Valence = emotional valence of the to-be-remembered stimuli, Neut = 

emotionally neutral stimulus material, Neg = negatively arousing stimulus material, Pos = positively arousing stimulus material, Neg(s) = story with negative narrative, 

Neut(s) = story with neutral narrative; Encoding Task = instructions given to subjects during encoding, Intentional = instructions to remember stimulus material, 

Incidental = no instructions or deceptive instructions; Treatment = type of stress induction procedure or dose of cortisol administered, TSST = Trier Social Stress Test (or 

similar procedure); Delay = delay between encoding and testing; Memory Test(s) = type of memory test(s) administered, Recog = recognition, F-Recall = free recall, C-

Recall = cued recall; Stress Effect = direction of any statistically significant effects of stress with qualifications noted beneath,  = stress significantly increased memory, 

 = stress significantly decreased memory, no control = no control group was included to compare with stress group; Cortisol Cor./Effect = direction of any statistically 

significant correlation between cortisol and memory or effect of cortisol treatment on memory, with qualifications noted beneath,  = cortisol significantly increased 

memory,  = cortisol significantly decreased or was associated with decreased memory,  = no significant correlation or effect found. 
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memory retrieval, memory formation, or both.  Indeed, any of the deleterious effects 

detected in the studies above could be due solely to retrieval deficits. 

 

Stress and Long-Term Memory 

The studies in Table 2, however, tested long-term memory after a significant 

delay; thus, the manipulations could directly target memory formation without affecting 

memory retrieval.  Table 2 summarizes all studies, to my knowledge, that have 

administered stress or cortisol before encoding and measured the effects on long-term 

episodic memory.  All studies inducing stress used the Trier Social Stress Test (TSST), a 

procedure based on anticipatory anxiety and social anxiety (public speaking and 

calculation) that has been shown to consistently elevate stress hormone concentrations 

and self-reported anxiety.  The stress studies using experimental designs administered the 

TSST or control procedure before the encoding task, consisting of emotional and 

unemotional to-be-remembered information (primarily verbal), and then tested long-term 

memory after a day or a week.  Each of the studies except one found that stress impaired 

some aspect of memory.  However the type of information that was most affected by 

stress differed between studies.  Depending on the study, a stress-induced impairment 

was found for positive but not negative or neutral words (Domes et al., 2004), negative 

but not neutral aspects of a story (Maheu et al., 2005), negative and neutral aspects of a 

story (Payne et al., 2006), and an unemotional but not an emotional story (Payne et al., in 

press).   

The studies in Table 2 suggest that if stress has any effect on memory it will most 
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likely be a detrimental one.  This general pattern of findings is consistent with a recent 

theory, the Temporal Dynamics Model of Emotional Memory Processing, which suggests 

that stress only facilitates memory when it is initiated during or immediately before 

encoding, but impairs memory when a longer duration separates it from encoding 

(Diamond et al., 2007).  The time between the initiation of stressors and the encoding 

tasks ranged from 16 to 40 minutes in the studies above.  Since this duration is relatively 

long, the Temporal Dynamics Model of Emotional Memory Processing accurately 

predicts that stress, in these studies, should mainly impair memory formation.  

Interestingly, the one study finding a stress-induced enhancement of memory and no 

impairment had the shortest duration between stressor onset and encoding (16 min; 

Smeets et al., 2007).  Thus, according to the theory, encoding may have been within the 

window of time during which memory is facilitated.  The theory additionally states that 

the window of time is longer for AC-based forms of memory.  This might explain why 

Payne et al. (in press) found a selective facilitation of emotional memory.   

 

Involvement of Cortisol 

Measurement of cortisol in the saliva is preferred over plasma measures because 

salivary cortisol is a better indicator of the biologically active concentrations that are 

available to tissue (Kirschbaum & Hellhammer, 1994).  To determine whether cortisol 

was related to the effects of stress on memory, five of the stress studies assessed 

correlations between stress-induced salivary cortisol elevations and subsequent memory.  

One detected a significantly positive correlation (Smeets et al., 2007), one a significantly 
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negative correlation (Elzinga et al., 2005), and three detected no significant relationship 

(Domes et al., 2004; Payne et al., in press; Wolf et al., 2002). Thus, when retrieval effects 

are avoided, the data overall provide little consistent evidence for cortisol involvement in 

the deleterious effects of stress on subsequent memory formation. 

To more directly test the effects of cortisol on long-term memory formation, four 

studies elevated cortisol concentrations before encoding by administering exogenous 

cortisol, and then tested long-term memory after a delay (1 day or 1 week).  Each of the 

studies found that cortisol treatment enhanced some aspect of memory, which is in direct 

opposition to the negative effects of stress found in the previously described studies.  

Again, the affected stimuli differed between studies: two studies found enhancement of 

memory for emotional but not neutral photographs (Kuhlmann &Wolf, 2006; Buchanan 

& Lovallo, 2001), one study found enhancement of both emotional and neutral 

photographs (Abercrombie et al., 2005), and a final study found enhancement of neutral 

but not emotional aspects of a story (Rimmele et al., 2003).  Two of the studies found that 

cortisol additionally impaired memory for other stimuli, however, the type of stimuli 

were diametrically opposed between the studies.  That is, Kuhlmann &Wolf (2006) found 

that cortisol treatment enhanced recall of emotional information but impaired recall of 

neutral information; whereas Rimmele et al. (2003) found that cortisol impaired recall of 

emotional information and enhanced recall of neutral information.  On the whole, cortisol 

administered before encoding mainly facilitates memory formation, although additional 

detrimental effects have also been found.   
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Circadian Influence 

There is has been speculation about how circadian rhythms may moderate the 

effects of stress or cortisol on memory.  Maheu et al. (2005) addressed this issue by 

testing the effects of stress in the morning vs. afternoon.  They concluded that stress is 

more likely to impair emotional memory in the morning time, because the stress-induced 

cortisol elevations are more likely to activated GRs when the MRs are saturated by the 

circadian peak of cortisol release (within two hours of awakening).   

A closer look, however, reveals little empirical support in humans for their 

conclusion.  First of all, there was no evidence in the study that cortisol was related to 

memory.  For example, the only time cortisol concentrations differed between the 

morning and afternoon groups was at baseline, 40 min prior to encoding.  Thus, cortisol 

concentrations did not differ during the stressor, after the stressor, during encoding, or 

after encoding.  One would expect group differences in cortisol concentrations at least at 

one of these times if ―differential involvement of the two corticosteroid receptors‖ 

(Maheu et al., 2005, p. 1286) caused the differential effects of stress in the two groups.  

Furthermore, no correlations between cortisol concentrations and memory performance 

were reported.   

Second, there is scant evidence in the literature that cortisol is responsible for the 

effects of stress on memory in humans.  In fact, as reviewed above, cortisol has been 

shown to mainly facilitate, not impair, memory in humans (see Rimmele et al., 2003 for 

an exception).  Therefore, its circadian fluctuation is potentially irrelevant to the 

detrimental effects of stress on human memory.  Even if it was found to be the 
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mechanism by which stress impairs memory, there is no research in humans indicating 

that circadian influences moderate the effects of cortisol on memory.   

Third, due to limitations in inferential logic, null findings such as those in Maheu 

et al‘s study, do not indicate an absence of an effect, rather they indicate that there was a 

lack of evidence to conclude otherwise.  In fact, although Maheu et al. failed to find an 

effect of stress in the afternoon condition, three other studies conducted during the 

afternoon have found deleterious effects of stress on some aspect of memory, and one of 

those found an effect on emotional memory (see Table 2).  Thus, a more parsimonious 

explanation of Maheu et al‘s failure to find a stress effect in the afternoon is that, like 

most of the other studies in Table 2, the effects of stress were weak and limited to only a 

subset of the data.  The weight of the evidence in humans, thus far, indicates that 

fluctuations in cortisol in general, and circadian fluctuations in particular, do not 

moderate the effects of stress on memory. 

 

Conclusion 

Results from these studies consistently show that stressor exposure before 

encoding impairs long-term memory formation for some stimuli, and that stress-induced 

cortisol elevations are not likely responsible for the effect.  In fact, acute cortisol 

administration consistently enhances long-term memory.  Even though both cortisol and 

the stress procedure were administered before encoding, it is not clear whether the 

manipulations in these studies affected encoding processes or consolidation processes, 

which occur soon after encoding.  Because the timing of the manipulations allowed stress 
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and cortisol to potentially influence both processes, these studies did not discriminate 

between the effects, if any, on encoding vs. consolidation.  This observation is 

particularly applicable to the studies using cortisol, which can remain elevated for hours 

after administration.   
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Stress and Consolidation: Studies with Humans 

Memory Consolidation 

 Memory formation can be split into encoding processes, as described earlier, and 

storage processes, including short-term (molecular) and long-term (systems) 

consolidation.  Consolidation occurring in the first seconds to few hours after encoding is 

believed to involve molecular and cellular changes in particular neurons activated during 

encoding (Izquierdo et al., 2006).  A number of different molecular cascades are involved 

in consolidation at different times following encoding.  Most of the molecular cascades 

participating in the consolidation of a simple form of emotional memory, passive 

avoidance, have been discovered in hippocampal cells.  In contrast, the same molecular 

events in amygdala cells, do not appear to be involved in consolidation (Izquierdo et al., 

2006).  This may indicate that although molecular cascades occur in amygdala cells, the 

cascades are different from those in the hippocampus and have yet to be discovered.  Or, 

it may indicate that the amygdala‘s role in consolidation involves modulating 

hippocampal cascades. 

Relatively little is known about this important process in humans, partly because 

it is primarily a molecular process with no known psychological or behavioral 

manifestations.  What is known has been inferred from treatments and procedures 

administered after memory encoding.  Any effects these manipulations have on memory 

can arguably be attributed to post-encoding consolidation processes.  Alternative 

explanations, however, include the possibility that post-encoding manipulations have a 

cognitive influence on retrieval cues. 
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Emotional Arousal and Memory Consolidation 

Manipulations administered before encoding can affect both encoding and 

consolidation process.  When stress and stress hormones are elevated during encoding 

and consolidation, it is difficult to determine which process was affected by the 

manipulation.  So, it is unclear whether the studies reviewed above indicate that stress 

impairs subsequent encoding or subsequent consolidation.   

Only a handful of human experiments have addressed this issue by selectively and 

directly targeted memory consolidation.   These studies, all of which are reviewed below, 

have administered either behavioral or pharmacological treatments after the encoding of 

to-be-remembered material.  Most of the manipulations have generally involved 

emotional arousal or pharmacological treatments, like cortisol, that are associated with 

emotional arousal.   

A set of studies by Nielson et al., (1996; 2005; Neilson & Bryant, 2005; Neilson 

& Powless, 2007) indicates that emotional arousal unrelated to the memory task 

facilitates both short-term (30 min) and long-term (1 to 7 days) memory for words.  The 

effect is produced when the arousal occurs within 45 min after encoding the wordlist, and 

when emotion is aroused either by physical effort (e.g. intense gripping) or by watching 

arousing movie clips, which can be either positively or negatively valenced.  Thus, 

relatively mild emotional arousal after encoding appears to facilitate the consolidation of 

memory for unrelated, unemotional information. 
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Table 3. Experiments investigating the effects of stress and cortisol on consolidation of long-term memory
a
 

Sex  Time 

of Day 
Stimuli  Valence  Encoding 

Task  
Treatment Delay  Memory 

Test(s) 
Stress 

Effect  

Cortisol 

Cor./Effect 

Source 

M 

F  
PM  

Film 

Verbal1 
Neut  Intentional  TSST 2 day  

Recog 

F-Recall  
 

Film/Recogb  

  
Film/Recog/ 

across groupsb 
Beckner et al., 2003  

M 

F  
PM  Photos  

Neg 

Pos 

Neut  
Incidental  Cold 1 wk  F-Recall  

 
Females/ 

Neg+Posb  
  Cahill et al., 2003  

M 

F  
PM  Verbal2  Neut  Incidental  Cold 1 wk  F-Recall    

Malesb 
Quadratic 

across groups  
Andreano & Cahill, 2006  

M PM  Photos  
Neg 

Pos 

Neut  
Incidental  TSST 2 day  

F-Recall 

Recog 
no control 

  
Neg/F-Recall/ 

high distressb 
Abercrombie et al., 2006  

M 

F  
? Words  Neut  Intentional  25 mg 1 day  

F-Recall 

Recog  
  De Quervain et al., 2000  

a
Only studies administering stress or cortisol after encoding and measuring memory after a delay (> 1 hr) are included. 

b
Significant effect applied only for this subset of subjects/stimuli/measures. 

Terminology: Sex = sex of subjects participating in study, M = males, F = females; Time of Day = when study was conducted, ? = time of day not reported; Stimuli = to-

be-remembered stimuli, Film = film of dinner party, Verbal1 = Weschler Memory Scale III – Logical Memory Story B, Photos = from the International Affective Picture 

Set (IAPS), Verbal2 = Bartlett‘s ―War of the Ghosts‖ story, Words = list of 60 unrelated nouns; Valence = emotional valence of the to-be-remembered stimuli, Neut = 

emotionally neutral stimulus material, Neg = negatively arousing stimulus material, Pos = positively arousing stimulus material; Encoding Task = instructions given to 

subjects during encoding, Intentional = instructions to remember stimulus material, Incidental = no instructions or deceptive instructions; Treatment = type of stress 

induction procedure or dose of cortisol administered, TSST = Trier Social Stress Test (or similar procedure), Cold = cold pressor (submersion of arm in cold water); 

Delay = delay between encoding and testing; Memory Test(s) = type of memory test(s) administered, Recog = recognition, F-Recall = free recall; Stress Effect = 

direction of any statistically significant effects of stress with qualifications noted beneath,  = stress significantly increased memory, no control = no control group was 

included to compare with stress group; Cortisol Cor./Effect = direction of any statistically significant correlation between cortisol and memory or effect of cortisol 

treatment on memory, with qualifications noted beneath,  = cortisol correlated positively with memory, across groups = significant correlation only found when stress 

and control groups were analyzed together,  = no significant correlation or effect found, Quadratic = relationship between cortisol and memory was quadratic (i.e., 

inverted-U), high distress = subjects reporting high levels of negative affect after stress procedure. 



94 

 

Stress and Memory Consolidation 

Others have explored the effects of more intense emotional arousal on memory 

consolidation.  The studies that investigated the effects of post-encoding stress and 

cortisol on memory are summarized in Table 3.  One study, for example, investigated the 

effects of stress induced within 30 min after encoding a story and a film, neither of which 

was itself emotionally arousing (Beckner et al., 2006).  The TSST stressor significantly 

elevated cortisol concentrations, unlike what would be expected from the manipulations 

used by Nielson et al., above.  Two days later, recognition, but not free recall, testing 

indicated that the stressful event facilitated consolidation of the film, but not the story.  In 

addition, there was some evidence that cortisol elevations across the stress and control 

groups were associated with better memory. Two similar studies used a cold pressor task 

(submersion of hand in cold water) to induce stress and elevate cortisol concentrations 

immediately following encoding (Cahill et al., 2003; Andreano & Cahill, 2006).  

Encoded materials included emotionally arousing and neutral photographs for one study, 

or a mildly negative story for the other.  One week later, free recall was tested in both 

studies.  The stressor facilitated consolidation of memory for the emotional materials, but 

primarily in females for one study, and primarily in males for the other.  In addition, one 

study found no significant correlation between cortisol stress response and memory; 

whereas the other study found an inverted-U shaped relationship across the stress and 

control groups, suggesting that moderate elevations facilitated memory consolidation, 

whereas higher elevations did not.   
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A final study used a public speaking stress induction after encoding, but included 

no control group (Abercrombie et al., 2006).  Memory testing 2 days later indicated that 

total cortisol concentration, but not cortisol response (i.e., not an elevation from 

baseline), was positively correlated with recall, but not recognition, for negative 

photographs, but not positive or neutral ones, but only in a subgroup of subjects with 

particularly high negative affect.  In summary, the effects of stress in these studies, 

although circumscribed, is consistently in the direction of facilitating emotional memory 

consolidation.  The evidence for cortisol involvement is weak, but when detected the 

correlations were generally in the positive direction. 

 

Cortisol and Memory Consolidation 

Two studies used pharmacological treatments of exogenous cortisol to more 

directly determine the independent impact of cortisol on memory consolidation.  

Administration of 25 mg after encoding an unemotional wordlist had no effect on recall 

or recognition memory tested on the following day (compared to placebo treatment; de 

Quervain et al., 2000).  The other study (see Table 3) administered a 30-mg dose 20 min 

before the end of encoding emotionally arousing and neutral photographs (Kuhlmann & 

Wolf, 2006).  The timing of the dose proved to be too soon to target consolidation 

selectively, since cortisol was found to be already elevated before the encoding task.  

With this limitation, memory testing 1 day later indicated that cortisol treatment 

facilitated emotional free recall, but not recognition, by reducing recall of neutral 

photographs and enhancing recall of the emotionally arousing (both negatively and 
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positively valenced) photographs.  Because no effect was found in an immediate recall 

test, which would have been able to detect any effects on encoding, the authors argue that 

the effect was based on the impact of cortisol on consolidation.  These results are 

generally consistent with another study reporting that cortisol administered before 

encoding facilitated long-term but not short-term memory (Abercrombie et al., 2003).  

However, the facilitation in this study was found for recognition, but not free recall, and 

for negative as well as neutral stimuli.   

Thus, evidence for the involvement of cortisol in modulating memory 

consolidation in humans is weak but suggestive.  If anything, cortisol may selectively 

facilitate consolidation of emotional memory, but more research directly targeting 

consolidation is necessary.  In animal models, the well documented effects of 

glucocorticoids on memory consolidation are dose-dependent.  Thus, the lack of evidence 

that a particular dose can facilitate consolidation in humans may only suggest that a wider 

range of doses should be tested.   

 

General Considerations 

It is important to note that the studies administering exogenous cortisol obtained 

cortisol concentrations that were 4 to 25 times the concentrations of endogenous cortisol 

obtained in the stress studies.  Cortisol concentrations after exogenous administration in 

some studies became elevated well above what would be expected even under severe 

stress (i.e., supraphysiological levels).  Therefore, regarding the role of cortisol, the 

endogenous and exogenous cortisol studies are difficult to compare.  Experiment 2 in Part 
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II of this dissertation tests the effects of exogenous cortisol at stress-levels, like those 

obtained in stress studies, as well as at supraphysiological levels, like those obtained in 

the exogenous cortisol studies or after therapeutic treatment doses. 

Since the facilitative effects of stress and emotional arousal on memory 

consolidation may not be explained by cortisol elevations, perhaps the SAM hormones E 

and/or NE are responsible.  An initial study investigated this possibility in an emotional 

memory test that depends on NE activity at beta-adrenergic receptors in the brain 

(O‘Carroll et al., 1999; van Stegern et al., 1998).  Central beta-adrenergic blockade 

before encoding was known to inhibit the memory advantage for emotionally arousing 

aspects of a story.  Blockade following encoding, however, had no effect on the resulting 

emotional memory advantage, suggesting that superiority of emotional memory is due to 

NE involvement in encoding rather than consolidation (van Stegeren et al., 2002).  A 

second study using the same memory test stimulated NE activity with administration of 

yohimbine following encoding.  Although the treatment did not elevate NE in all 

subjects, correlations indicated that increased NE was associated with better long-term 

memory for the emotionally arousing story (Southwick et al., 2002).  A final study 

administered E after encoding emotionally arousing and neutral photographs, then tested 

free recall a week later.  E treatment only affected consolidation and consequent recall of 

the first three photographs, regardless of their emotionality (Cahill & Alkire, 2003).  

Thus, evidence for E and NE involvement in human memory consolidation is also 

limited. 
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Summary 

There is clear evidence that stress experienced before encoding can impair long-

term memory formation.  These studies, however, cannot pinpoint whether the 

deleterious effects stress are caused by modulation of encoding, consolidation, or both.  

Studies administering manipulations after encoding provide clear evidence that stress and 

emotional arousal can facilitate consolidation of long-term emotional memory.  Since 

stress has facilitative effects on consolidation, the deleterious effects of pre-encoding 

stress are likely due to modulation of encoding processes.  Taken together, the human 

data suggest that when a stressor precedes encoding it has opposing effects on the 

different processes involved in subsequent memory formation, impairing encoding yet 

enhancing consolidation.  Furthermore, the deleterious effects on encoding must 

outweigh the facilitative effects on consolidation, because the resulting memory is 

impaired rather than enhanced.   

These conclusions create puzzles to be addressed in future research.  For example, 

if modulation of HC functioning is the source of stress-induced memory effects, then it is 

puzzling that stress has opposing effects on encoding and consolidation, which are both 

HC-dependent processes.  Neuroimaging studies, investigating the brain areas involved in 

these effects, could help to elucidate these mysteries.   

In conclusion, the exhaustive review of data from humans suggests that stress 

before encoding generally impairs some aspect of long-term memory formation, likely by 

altering encoding processes.  Stress-induced elevations in cortisol do not appear to be the 

source of this effect.  Stress and emotional arousal after encoding generally facilitates 



99 

 

some aspect of memory consolidation in humans.  There is limited but suggestive 

evidence that stress-induced elevations of cortisol, NE, E, and/or glucose are the source 

of this effect (Manning et al., 1992; Soetens et al., 1995).  More research targeting 

consolidation is needed to elucidate these phenomena.   
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2.  MODERN THEORIES & SUPPORT 

Jacobs et al. 

 W. Jake Jacobs and colleagues Lynn Nadel and Janet Metcalfe have developed 

several proposals related to stress and memory with some common underlying features 

(Jacobs & Nadel, 1985; Jacobs & Nadel, 1998a; Jacobs & Nadel, 1998b; Metcalfe & 

Jacobs, 1998; Metcalfe & Jacobs, 2000).  I will synthesize and briefly review the features 

most relevant to this dissertation and refer to it as the theory of Jacobs et al.  The essence 

of the theory is the following statements and their implications:  

As stress levels increase, the ‗hot‘ emotional-amygdala system becomes 

increasingly responsive whereas the ‗cool‘ episodic-hippocampal system initially 

becomes more responsive, but at high stress levels becomes less responsive. . . .  

At traumatic levels of stress, the cool system is notably disregulated, leaving the 

hot system to dominate both immediate responding and memory encoding 

(Metcalfe & Jacobs, 1998, pp. 214-215). 

Evidence for the theory is based primarily on animal data suggesting that stress 

and stress hormones linearly increase AC functioning, but have an inverted-U-shaped 

effect on HC functioning, increasing it at minimal elevations but impairing it at maximal 

elevations.  The facilitation of AC functioning is based primarily on the monotonic 

effects of central norepinephrine.  The effect on HC functioning is based partly on 

minimal elevations of glucocorticoids activating primarily MRs, which facilitate the HC, 

and maximal elevations of glucocorticoids additionally activating GRs, which suppress 

the HC (Lupien & McEwen, 1996; Sapolski, 2000).   
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Implications of this model include the following effects on episodic memory, 

primarily due to HC impairment:  

Traumatic levels of stress . . . [leads] to the storage of emotional information 

unconnected to the context within which the relevant events occurred . . . . can 

produce disorganized, fragmented, and perhaps incomprehensible sense 

impressions and emotional memories. . . . can cause amnesia for the 

autobiographical context of the stressful event[s] and hypermnesia for the 

emotional memories produced by them  (Jacobs & Nadel, 1998b, pp. 1114-1115). 

Thus, the formation of emotional memory is impaired, resulting in retrograde amnesia for 

aspects such as spatiotemporal context, but hypermnesia for emotionally arousing 

fragments of the event.  Along similar lines, they argue and provide evidence elsewhere 

that memory for neutral information is impaired, while memory for emotional 

information is spared (Payne et al., 2006).   

Other implications of this model include the following effects on fear-based 

memories: ―If stress disabled the cool system at the time of encoding, and control 

devolved onto the hot system, a strong fear response, accompanied by little knowledge 

about the origin, or episodic source of the events, should result‖ (Metcalfe & Jacobs, 

1998).  Indeed, it is apparent that the emotional and physiological reactions found in a 

subset of trauma victims partially arise from fear associations formed during traumatic 

stress.  For example, the fear experienced by an automobile accident victim may become 

associated with the intersection in which the accident occurred.  If the memory for the 

emotional association is strong enough, the sight of the intersection will elicit similar 
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physiological fear reactions when it is encountered again.  This form of emotional 

memory is called fear conditioning and it is how most species learn to fear potentially 

threatening stimuli.   

Though beneficial in most situations, fear conditioning occurring during traumatic 

stress is proposed to be the root of many emotional and physiological symptoms of 

PTSD.  Theoretic accounts, like those of Jacobs et al., have proposed that traumatic 

stress, due to its effects on the AC, can strengthen the conditioned associations formed 

during the traumatic event, strengthen their storage, and facilitate their retrieval.  An 

accumulation of research indicates that the AC is essential for acquisition, storage, 

retrieval/expression, and the extinction of conditioned fear (Armony & LeDoux, 1997).  

The HC is involved in the aspects of fear conditioning that rely on contextual 

information.  A context, rather than a discrete cue, can become a conditioned stimulus 

(CS) that eventually elicits conditioned responses (CR), or can become an ―occasion 

setter‖ that constrains when and where a discrete CS can elicit a CR (Sanders et al., 2003; 

Corcoran & Maren, 2004).  Since extinction is context-dependent, the HC is also 

involved in extinction processes (Corcoran & Maren, 2004). 

The proposal from Jacobs et al. is consistent with a number of other accounts of 

PTSD that propose exposure to stress and stress-induced neuromodulators can enhance 

aspects of fear conditioning by facilitating the AC and/or impairing the HC.  Initially, 

exposure to traumatic stress may facilitate the acquisition (i.e., encoding) of conditioned 

fear.  Along these lines, Orr et al. (2000) suggest that stress exposure may facilitate 

―conditionability‖.  Others suggest that the catecholamine stress response indirectly 
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enhances the acquisition of conditioned fear, perhaps via AC activation (Metcalfe & 

Jacobs, 1998; Elzinger & Bremner, 2002).  These ideas are consistent with studies in 

male rats showing that exposure to acute stress facilitates long-term potentiation (LTP) in 

the AC and facilitates acquisition of conditioned responses via the AC (Shors, 2004; 

Vouimba et al., 2004; Yaniv et al., 2003).  NE release in the AC has been shown to be 

necessary for the acquisition of fear conditioning and, in humans, central blockage of 

beta-adrenergic receptors impairs the acquisition of contextual conditioning (Schulz et 

al., 2002; Grillon et al., 2004).   

There is some evidence to suggest that CORT plays a role in facilitating the 

acquisition of conditioned fear.  Studies with male rats, for example, have shown that 

CORT (corticosterone in rats) is necessary and sufficient to facilitate the acquisition of 

aversive eyeblink conditioning (Shors, 2004).  Recent evidence in humans confirm that 

stress can facilitate the acquisition of conditioned fear, at least in men, and suggest that 

cortisol might be the source of the effect (Jackson et al., 2006; Zorawski et al., 2005; 

Zorawski et al., 2006).   

Some theoretical accounts of memory for intensely emotional events also propose 

that exposure to traumatic stress facilitates the storage of conditioned fear associations 

formed during the trauma.  It is well established in animal models that immediately after 

a learning experience elevations of catecholamines, or other chemicals capable of 

enhancing AC functioning, will enhance memory when tested at least 24 hr later 

(McGaugh, 2004).  Such findings indicate that chemicals released during stress can 

selectively affect memory at the storage stage.  Studies in rats have shown that intra-
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amygdala NE, for example, enhances retention of contextual fear conditioning when 

infused immediately after acquisition (LaLumiere et al., 2003).  These results support 

Pitman‘s (1989) suggestion that PTSD is related to a process he dubbed 

―superconditioning‖, by which the stress-induced release of neuromodulators causes 

conditioned fear associations to become ―overconsolidated‖.  In the immediate aftermath 

of traumatic stress, however, catecholamine concentrations have not been found to 

consistently predict acute or chronic alterations of memory or the development of PTSD 

(Delahanty et al., 2000; Yehuda et al., 1998).  Nevertheless, treatment with the 

catecholamine receptor antagonist propranolol in the week following traumatic stress 

shows promise in preventing the development of PTSD and reducing physiological 

responses to trauma-related stimuli (Pitman et al., 2002; Vaiva et al., 2003).  

There is some evidence to suggest that stress-induced CORT elevations also play 

a role in facilitating the storage of conditioned fear.  For example, systemic 

administration of CORT to male rats immediately after acquisition of conditioned fear 

increased conditioned responses 24 h later (Hui et al., 2004).  In the acute aftermath of 

traumatic stress, however, an opposite pattern has emerged.  Studies of motor vehicle 

accidents indicate that victims with lower concentrations of CORT within hours of the 

trauma develop more symptoms of PTSD, including intrusive memories (Delahanty et al., 

2000).  These findings led Schelling et al., (2004) to treat patients with stress-levels of 

CORT for 24 hr after they emerged from potentially traumatic cardiac surgery.  Their 

findings indicate that the CORT treatment, compared to placebo, significantly decreased 

chronic symptoms of PTSD.  Thus, the affects of stress and cortisol on the storage of 
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conditioned fear is, as of yet, unclear. 

In summary, Jacobs et al. propose and provide evidence that stress and stress 

hormones impair aspects of episodic memory function via HC inhibition, yet enhance 

conditioned fear memories via AC facilitation (Kim & Diamond, 2002; Sapolsky, 2003).  

This phenomenon is believed to occur during and after traumatic stress and, 

consequently, may lead to the development of memory-related symptoms in a subset of 

vulnerable individuals who develop PTSD.  
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Roozendaal et al. 

Roozendaal and a number of colleagues, including McGaugh and de Quervain, 

have provided and summarized evidence for a very different view from that of Jacobs et 

al.  The evidence derives mostly from animal models, primarily from McGaugh‘s 

laboratory, but recent experiments in humans have also been offered as support.  I will 

briefly review the proposal and supporting research, referring to them together as the 

theory of Roozendaal et al.,  The essence of their view is summarized by the following 

statements: 

Glucocorticoids dose-dependently enhance the consolidation of long-term 

memory, but impair processes of memory retrieval and working memory. . . .  The 

effects appear to depend critically on training-induced BLA [basolateral nuclei of 

the amygdala] activation and noradrenergic [NE] neurotransmission within the 

BLA. (Roozendaal et al., 2006a) 

Their lab has shown that glucocorticoids, only at moderate doses administered 

after training, can enhance consolidation of a variety of memory tasks, including fear 

conditioning and less emotionally arousing object recognition.  Consolidation of many 

memory tasks is known to occur primarily in the HC and activation of receptors in the 

HC is required for glucocorticoids to enhance consolidation.  Nonetheless, NE activity in 

the AC is required for glucocorticoids to affect the HC.  The implications of this are 

apparent in a set of studies showing that glucocorticoids only facilitate consolidation of 

object recognition memory when the animal is emotionally aroused and the arousal 

activates NE receptors in the AC (Okuda et al., 2004; Roozendaal et al., 2006b).  Studies 
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with humans showing that stress or cortisol only facilitate memory for emotionally 

arousing material are taken as support for the necessity of AC activation in the stress-

induced enhancement of HC-based memory (Buchanan & Lovallo, 2001; Cahill et al., 

2003).   

 Another important finding is that consolidation of fear conditioning is enhanced 

by post-training glucocorticoid treatment or emotional arousal (Hui et al., 2004; Hui et 

al., 2006).   This effect is also dependent on NE activity in the AC (Roozendaal et al., 

2006c). 

 It is also important to note that the enhancement of memory consolidation is 

based on glucocorticoid activation of GRs, a view in opposition to the view of GR-based 

impairment of HC functioning espoused by Jacobs et al.  In addition, all the effects of 

glucocorticoids reported by Roozendaal et al., follow an inverted-U-shaped function: 

moderate elevations facilitate memory consolidation, whereas larger and smaller 

elevations do not.  This is particularly interesting because the downward slope of the 

inverted-U is typically associated with the deleterious effects of GR activation.   

However, in studies from Roozendaal et al., GR activation is associated with the peak of 

the curve.  Examining these discrepancies will further our understanding of stress-

induced modulation of memory formation. 
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PART III.  ORIGINAL RESEARCH 

 Figure 4 presents a general outline of the procedures and timing (in minutes) for 

the three original experiments reported in this section. 

 

Figure 4. General summary of procedures and timing (in minutes) for Experiments 

1, 2 and 3
a
. 

 
a
 Experimental manipulations are highlighted 

T

I

M

E

   EXPERIMENT 1
T

I

M

E

   EXPERIMENT 2
T

I

M

E

   EXPERIMENT 3

0
Introductory procedures

0
Introductory procedures

0
Introductory procedures

15
Cortisol & Anxiety sample 1

15
Psychophysiology Preparation

20
Stress or Control procedure

15
Cortisol & Anxiety sample 1

50
Cortisol & Anxiety sample 2

20
Cortisol: 0 or 5 mg or 40 mg

35
Cortisol & Anxiety sample 1

ENCODING 55
Emotional or Neutral Story

21
Emotional or Neutral Story

45
Stress or Control procedure

60
Cortisol & Anxiety sample 3

26
Questionnaires

80
Cortisol & Anxiety sample 2

60
Cortisol & Anxiety sample 2

85
Questionnaires

90
Cortisol & Anxiety sample 3

1-WEEK DELAY

0
Questionnaires

0
Questionnaires

0
Questionnaires

15
Cortisol & Anxiety sample 4

15
Cortisol & Anxiety sample 4

20
Control procedure

50
Cortisol & Anxiety sample 5

55
Questionnaires

60
Cortisol & Anxiety sample 6

65
Free Recall

10
Free Recall

20
Free Recall

77
Cued Recall

17
Cued Recall

27
Cued Recall

84
Recognition

24
Recognition

34
Recognition

V
IS

IT
 1

V
IS

IT
 2

PRE-ENCODING

MEMORY TESTING

POST-ENCODING



109 

 

1.  EXPERIMENT 1
3
  

Introduction 

 The role of emotions and stress in the formation of memory is an issue relevant to 

the diagnosis and treatment of psychiatric disorders, as well as to society at large.  A 

number of hypotheses regarding emotion and memory have been formulated from recent 

theories and historical analysis.  Those of interest to this dissertation involve predictions 

about how the experience of intense emotional stress affects the formation of memory in 

general, and emotional memory in particular.   

Most modern theories of stress and memory designate a central role to the effects 

of cortisol.  Recent research from our lab confirmed that stress can modulate memory for 

emotional episodes, but the source of the effect was unclear (Payne et al., in press).  The 

contribution of cortisol in this area of research, though central to most arguments, has 

been particularly elusive, possibly due to methodological problems.  One potential 

problem is the variability arising from the inclusion of subjects with characteristics, such 

as oral birth control use, other medication use, psychiatric disorders, etc., that are known 

to affect cortisol stress responses.  A second source of variability arises from testing 

subjects throughout the glucocorticoid circadian rhythm, which can produce decreases in 

cortisol of more than 50% from morning to evening.  Related problems exist for the 

measurement of cortisol stress response, which are usually calculated as the change in 

cortisol from baseline concentrations.  Subjects tested in the morning, for example, will 

have larger baseline cortisol concentrations due to the circadian peak upon wakening.  

Thus, the use of a control visit, which occurs at the same time of day as the experimental 
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visit but includes no manipulation, is the preferred method of obtaining a baseline for 

cortisol changes.  The present study addresses each of these methodological issues with 

the aim of more accurately assessing the involvement of cortisol in the effects of stress on 

emotional memory. 

Long-term episodic memory is one of the most clinically relevant forms of 

emotional memory in humans.  Much of the research investigating the effects of stress 

and stress hormones on emotional memory, however, has investigated short-term 

memory, which is usually measured within an hour or two of encoding.  These results 

cannot likely be generalized to long-term memory, because the unique strength of 

emotional memory has often been shown to arise only after 24 hours.   To test long-term 

emotional memory, the present study includes a week delay before memory testing.  

Recent research on stress and long-term memory cannot be generalized to episodic 

emotional memory, because studies have manipulated the emotionality of items within 

the same episode rather than the emotionality of the episode itself.    Thus, to determine 

how stress affects the formation of emotional vs. unemotional episodic memory, the 

present study compares an emotional encoding episode to a truly neutral one. 

   The primary aim of the present study is to investigate experimentally the impact 

of stress and cortisol on the formation of long-term, episodic, emotional memory.  In so 

doing, the study tests a variety of modern and historical hypotheses.  Specifically, the 

following questions will be addressed: 
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1. Is a mildly emotional episode remembered better than an unemotional one; 

and, if so, are only the emotional aspects of the experience remembered 

better, or does the memory advantage apply to all aspects? 

2. Does stress modulate the formation of memory for emotional experiences 

and emotional aspects of experiences differently than for unemotional 

experiences and unemotional aspects of experiences? 

3. Is cortisol responsible for the effects of stress on memory? 
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Method 

Participants 

Seventy-five undergraduates between the ages of 18 and 37 were recruited from 

an introductory psychology course and received class credit for participation.  The 

advertisement stated participants should be free from current prescription medication use 

(including birth control), histories of psychiatric disorders, and severe medical illnesses.  

Twenty-three subjects were excluded after participation for reporting on a demographics 

questionnaire that they did not meet these criteria.  Nine additional subjects did not return 

for their second visit.  Of the resulting 43 healthy subjects included in this report (25 

females, 18 males), one had invalid recognition memory data due to a technical error, and 

two had no story ratings for unknown reasons.  Table 4 compares demographic and 

baseline measures of included and excluded subjects.  Excluded subjects were 

significantly older, more anxious (significant for trait anxiety, trend for state anxiety), 

and studied later in the morning. 

Table 4. Demographic information for subjects excluded from Experiment 1. 

 Excluded Subjects 

n=32 

(mean  SE) 

Included Subjects 

n=43 

(mean  SE) 

Sex (% female) 56% 58% 

Stress group (% receiving stressor) 60% 49% 

Story presented (% receiving emotional story) 48% 49% 

Age (yrs) 20.6  .98** 18.8  .25 

Study time (hrs after midnight) 9.7  .26** 9.0  .18 

Baseline subjective anxiety (SSAI) 38.3  1.9 34.2  1.4 

Subjective trait anxiety (STAI)*  21.1  1.3** 18.3  .67 

* Only subjects returning for the second visit have STAI data. 

** Means/percentages significantly different from included subjects at α = .05. 



 

 

After receiving a complete description of the study, volunteers provided written 

informed consent.  All procedures were in accordance with HIPAA guidelines and with 

the ethical standards of the Human Subjects Protection Program at the University of 

Arizona and the Helsinki Declaration of 1975/1983. 

 

Materials 

  A series of 11 color photographs were arranged to depict a story about a young 

boy going with his mother to visit his father at work.  Each photograph was presented for 

20 seconds on a computer monitor and was accompanied by a recorded narration 

presented over headphones.  For the four middle photographs (5-8), designated as Phase 

2 of the story, two different versions of the narration were recorded.  The emotional 

version stated the boy was hit by a car and rushed to the hospital, where his legs were 

reattached.  The neutral version stated the boy saw a minor car accident and then visited 

the hospital during a mock drill that included actors made-up to look like accident 

victims.  Thus, the two different stories (Emotional and Neutral) contained the same 

visual stimuli and differed only in the narration of Phase 2.  The visual stimuli and 

narration during Phase 1 (photographs 1-4) and Phase 3 (photographs 9-11) were 

identical between the Emotional and Neutral versions of the story.  These materials, 

designed by Cahill (Cahill & McGaugh, 1995; Cahill et al., 1994; van Stegeren et al., 

1998) and patterned after Heuer & Reisberg (1990), have been used extensively to 

examine emotional memory (Papps et al., 2002; Cahill & McGaugh, 1995; van Stegeren 

et al., 2002; Rimmele et al., 2004).   
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Design and Procedure 

In a 2 (Stress group: Stress vs. Control) by 2 (Story: Neutral vs. Emotional) 

between-subjects factorial design, 11 participants (5 female, 6 male) were randomly 

assigned to the Stress-Emotional condition, 10 (7 female, 3 male) to the Stress-Neutral 

condition, 10 (6 female, 4 male) to the Control-Emotional condition and 12 (7 female, 5 

male) to the Control-Neutral condition.  To maximize cortisol concentrations, which are 

highest in the morning, but to reduce the circadian variation in cortisol concentrations, all 

test sessions began between 8 am and 11 am.   

Stress group. 

Participants in the stress conditions were exposed to a variant of the Trier Social 

Stress Test (TSST) (Kirschbaum et al., 1993), a procedure that reliably elicits moderate 

psychological stress in laboratory settings (Kirschbaum et al., 1996).  Participants were 

told to prepare a speech that was to be delivered under intense lighting to two live judges 

and an additional experimenter behind a one-way mirror.   Participants were given the 

following instructions: 

Soon you will be given 5 minutes to prepare a speech as to why you are the best 

candidate for a job position. It can be any job position; the main point is that we 

really want you to try to sell yourself while you are delivering your speech. The 

only stipulation is that you must sell yourself using only truthful personal 

information, no fabrications or exaggerations.  There is an experimenter behind 

the two-way mirror and two judges who will be sitting here in front of you.  All of 
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them are specially trained in evaluating verbal and non-verbal performance.  

Throughout your speech, a voice frequency analyzer will record the tone and 

inflections in your voice, and video cameras will record your movements, 

gestures, and facial expressions. All of these measures will be used to evaluate 

you both during and after your speech. 

After preparing for five minutes with pencil and paper, participants delivered the 5-min 

speech without their notes.  In reality, there were no investigators behind the mirror and 

participants‘ speeches were neither recorded nor evaluated.  Following the speech, 

participants were asked to remain in front of the cameras, lights, and mirror and count 

backward from 1,873 by 17‘s as quickly as possible for 5 min.  If a mistake was made, 

the experimenter bluntly stated, ―No, that is wrong.  Start over with 1,873.‖     

Control group. 

Participants in the control conditions performed three tasks meant to parallel the 

stress procedure, but without inducing stress or anxiety.  First, control participants were 

given a sheet of sentences with a word missing and read the following instructions: 

At the end of each of these sentences there is a blank line. Your job is to read each 

sentence carefully and fill in the blank with the ―correct‖ word.  Try to answer as 

many as you can in 5 minutes.  I will let you know when time is up. If you finish 

before time is up start over again coming up with different words.  

After 5 min had elapsed, control participants were given the following instructions for the 

second control task: 

For the next 5 minutes you will read the sentences that you just completed aloud 
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to yourself. If you finish before the 5 minutes is up start over again from the 

beginning.  

After 5 min had elapsed, control participants were given a sheet of simple math problems 

and read the following instructions for the third control task: 

Your job is to solve as many of these math problems as you can in 5 minutes. 

Write your answers down.  I will let you know when time is up. If you finish 

before time is up check your answers.  

Story presentation. 

Ten minutes after completion of the stress or control procedure, participants sat at 

a computer and two galvanic skin response electrodes were attached to their fingers.  To 

conceal the fact that we were interested in testing their memory, participants were told 

that physiological measurements were being taken to assess their response to the 

Emotional or Neutral story.  Participants were given the following instructions: 

For this next task, we are interested in understanding the physiological responses 

that occur in response to a variety of different visual and auditory stimuli and 

situations.  So, we will measure your heart rate and electrodermal response while 

you observe a number of photographs.  To do this, we need only place two 

sensors on your fingers. Each photograph will be presented for approximately 20 

seconds to allow us to measure any physiological changes and to allow us to re-

establish a stable baseline before presentation of the next photograph. 

Next, participants were told to carefully attend to each photo for the duration of its 

presentation and that they might find some photographs pleasant, some unpleasant, and 
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some neutral.  This procedure lasted approximately 5 min.  Following the presentation, 

subjects were asked to rate how emotional the story was on a scale from 1 (―Not at all 

emotional‖) to 10 (―Extremely emotional‖). 

Measures of stress response. 

Measures of stress response were collected three times during the first visit: 15 

min after entry, immediately following the stress or control procedure, and 10 min 

following the stress or control procedure (immediately after the story presentation).  The 

Spielberger State Anxiety Inventory (SSAI; Spielberger, 1983) was used to collect self-

reported subjective anxiety, while participants provided saliva samples with Salivette 

collection devices (Sarstedt Inc., Germany).  Instructions for the anxiety measurement 

following the story presentation (sample 3) asked subjects to rate how they felt during the 

story; whereas instructions during all other measurements asked subjects to rate how they 

currently felt.  10 min before the first saliva sample participants rinsed their mouth.  A 

commercial laboratory assayed saliva samples for cortisol content.   

Because cortisol stress responses are sometimes difficult to detect when 

superimposed on the circadian decline in cortisol concentrations, a control visit, during 

which no stress manipulation occurred, was used as a comparison.  The control visit 

occurred 1 week after the first visit, at the same time of day.  The procedure for most of 

the control visit exactly paralleled that of the first visit, except all subjects participated in 

the control tasks, then completed memory tests rather than the story presentation.  For use 

in correlational analyses, cortisol and anxiety stress responses were calculated for the two 

measurement times following the stress (or control) procedure on Visit 1 (i.e., sample 2 
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and sample 3).  Control visit measures of stress response, collected at the same times as 

on the first visit, were used as baselines with which first visit responses were compared.  

Thus, the first method for deriving stress response scores was to calculate the difference 

between the stress response sample and the corresponding sample from the control visit.  

Traditional change scores were also derived from calculating the difference between the 

stress response sample and the baseline sample taken upon entry. 

Memory testing. 

Tests of incidental memory for the Emotional or Neutral story were administered 

on the second visit, 1 week after the story presentation, about 10 min after participants 

completed the control tasks.  The memory assessment consisted of free recall, cued recall, 

and recognition tests.  First, free recall was assessed by asking participants to recall all 

they could about the story (Heuer & Reisberg, 1990; Cahill et al., 1994).  All responses 

were written.  Initially, the experimenters formed a list of 140 elements of information 

about the story contained in the photographs and narration.  Some elements included 

details, such as ―the father worked at the hospital‖ and ―the boy had blonde hair,‖ that 

were not central to the plot of the story.  Other elements included gist information, such 

as ―they were going to visit the father‖ and ―they went to the hospital,‖ that was central to 

the plot of the story.  Participants were credited with recalling a story element if it was 

mentioned in their responses.  If a participant recalled an element that was not originally 

on the list, then the element was added to the list.  If an element originally on the list was 

not recalled by any participant (e.g. ―name of the hospital was Victory Memorial‖), then 

it was removed from the list.  Thus, the final list consisted of 125 story elements, each of 
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which was recalled by at least one participant.  The detail and gist elements recalled were 

summed separately for each story phase.   

Next, participants were reminded that they had seen a total of 12 photographs, and 

were asked to remember each photograph in as much detail as possible.  All responses 

were written.  Cued recall responses were scored for the number of photographs correctly 

recalled.  Participants were credited with remembering a photograph if they reported 

information that could only be known from having viewed that particular photograph.  If 

a participant‘s cued recall response included an ambiguous description, like ―there was a 

photograph with a car‖, then the free recall response was consulted for verification.  The 

photographs recalled were summed separately for each story phase.   

Following free recall, participants were given a four-alternative forced-choice 

recognition questionnaire that included eight questions per photograph.  The questions 

and answer choices were presented on a computer screen and participants responded 

using a keyboard.   

 Statistical analysis. 

Repeated measures of cortisol and subjective anxiety were analyzed using a 2 x 2 

x 2 x 2 x 3 repeated measures ANCOVA with Sex (male vs. female), Stress group (stress 

vs. control), and Story (emotional vs. neutral) as between-subjects factors and with Visit 

(1
st
 visit vs. control visit) and sample Time (3 measurements) as within-subject factors.  

Memory data were analyzed using a 2 x 2 x 2 x 3 repeated measures ANCOVA with Sex, 

Stress group, and Story as between-subjects factors, with story phase (3 levels: phase 1, 

phase 2, phase 3) as the within-subject factor.  All ANCOVAs included trait anxiety and 
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time of day as covariates.  Probability values were corrected with the Geenhouse-Geisser 

coefficient when Mauchly's test of sphericity indicated that the sphericity assumption was 

violated.  Significant effects detected with ANCOVA were followed post-hoc with 

uncorrected pairwise comparisons of the marginal means.  The relationship between 

continuous variables was analyzed with Pearson correlations, using trait anxiety and time 

of day as covariates.  All analyses used an alpha of .05.   

 



 

 

Results 

Table 5. Estimated marginal means (±SEM) with pairwise comparisons between  

stress and control groups in Experiment 1
a
. 

 

a Data taken from ANCOVAs described in Statistical Analysis subsection.  p values significant at .05 alpha level are in bold 
b p values for pairwise comparisons of Stress vs. Control subjects overall  
c p values for pairwise comparisons of Stress vs. Control subjects who received the emotional story 
d p values for pairwise comparisons of Stress vs. Control subjects who received the neutral story  

Stress 

(n=21)

Control 

(n=22) Sig.
b

Stress 

(n=11)

Control 

(n=10) Sig.
c

Stress 

(n=10)

Control 

(n=12) Sig.
d

Sex (% female) 48.8 51.2 .90 52.4 47.6 .51 45.5 54.5 .57

Age (yrs) 19.1 ± .38 18.6 ± .36 .33 19.4 ± .50 18.4 ± .54 .21 18.9 ± .57 18.8 ± .49 .90

Study start time (hrs after midnight) 9.1 ± .26 9.0 ± .26 .78 8.9 ± .36 8.7 ± .38 .73 9.4 ± .41 9.3 ± .36 .95

Subjective trait anxiety (STAI) 17.2 ± 1.0 19.4 ± .98 .14 17.2 ± 1.4 20.3 ± 1.5 .13 17.3 ± 1.6 18.4 ± 1.3 .57

State Anxiety (SSAI): 

  Visit 1 - Time 1 (baseline)
31.9 ± 2.0 36.5 ± 1.9 .12 33.2 ± 2.6 39.3 ± 2.9 .13 30.6 ± 3.0 33.8 ± 2.5 .42

State Anxiety (SSAI): 

  Visit 1 - Time 2 (after stress/control)
50.1 ± 2.0 36.8 ± 2.0 <.001 53.1 ± 2.6 40.3 ± 2.9 .003 47.0 ± 3.0 33.4 ± 2.5 .002

State Anxiety (SSAI): 

  Visit 1 - Time 3 (after story)
39.4 ± 2.7 43.0 ± 2.6 .37 46.5 ± 3.5 50.5 ± 3.9 .46 32.3 ± 4.1 35.4 ± 3.4 .56

State Anxiety (SSAI): 

  Visit 2 - Time 1 (baseline)
36.0 ± 1.6 33.7 ± 1.5 .33 38.4 ± 2.0 35.3 ± 2.3 .33 33.5 ± 2.4 32.1 ± 2.0 .65

State Anxiety (SSAI): 

  Visit 2 - Time 2 (after control)
36.1 ± 2.0 42.6 ± 1.9 .03 35.6 ± 2.5 44.9 ± 2.8 .02 36.6 ± 2.9 40.3 ± 2.4 .35

State Anxiety (SSAI): 

  Visit 2 - Time 3 (before memory tests)
34.8 ± 1.6 36.8 ± 1.5 .39 34.6 ± 2.0 38.6 ± 2.2 .20 35.1 ± 2.3 35.1 ± 1.9 .99

Salivary Cortisol (nmol/L): 

  Visit 1 - Time 1 (baseline)
19.9 ± 2.3 16.6 ± 2.2 .23 19.7 ± 2.9 16.3 ± 3.4 .36 20.1 ± 3.5 16.9 ± 2.8 .39

Salivary Cortisol (nmol/L): 

  Visit 1 - Time 2 (after stress/control)
19.8 ± 1.7 13.1 ± 1.6 .005 20.9 ± 2.2 13.5 ± 2.5 .03 18.9 ± 2.6 12.7 ± 2.1 .05

Salivary Cortisol (nmol/L): 

  Visit 1 - Time 3 (after story)
22.1 ± 1.7 9.9 ± 1.7 <.001 26.0 ± 2.2 10.8 ± 2.5 <.001 18.9 ± 2.6 9.2 ± 2.1 .002

Salivary Cortisol (nmol/L): 

  Visit 2 - Time 1 (baseline)
18.7 ± 2.8 17.8 ± 2.7 .82 19.0 ± 3.5 17.2 ± 4.1 .74 18.3 ± 4.2 18.4 ± 3.4 .99

Salivary Cortisol (nmol/L): 

  Visit 2 - Time 2 (after control)
18.3 ± 2.4 14.5 ± 2.3 .22 22.6 ± 3.1 13.1 ± 3.5 .04 14.8 ± 3.6 16.0 ± 2.9 .75

Salivary Cortisol (nmol/L): 

  Visit 2 - Time 3 (before memory tests)
14.5 ± 1.9 10.6 ± 1.8 .13 17.2 ± 2.4 10.2 ± 2.7 .07 12.2 ± 2.8 11.0 ± 2.3 .72

Recognition (% correct): 

  Story Phase 1 (neutral info)
48.9 ± 2.7 48.1 ± 2.5 .83 46.9 ± 3.5 50.8 ± 3.9 .48 50.8 ± 4.1 45.4 ± 3.4 .30

Recognition (% correct): 

  Story Phase 2 (emotional info)
48.4 ± 3.7 56.1 ± 3.4 .14 51.3 ± 4.7 66.0 ± 5.3 .05 45.4 ± 5.5 46.3 ± 4.6 .91

Recognition (% correct): 

  Story Phase 3 (neutral info)
48.2 ± 2.5 42.6 ± 2.3 .12 50.3 ± 3.2 47.4 ± 3.6 .55 46.1 ± 3.7 37.8 ± 3.1 .09

Cued Recall (# correct photos): 

  Story Phase 1 (neutral info)
1.6 ± .28 2.0 ± .25 .27 1.0 ± .43 1.7 ± .38 .20 2.1 ± .44 2.3 ± .36 81

Cued Recall (# correct photos): 

  Story Phase 2 (emotional info)
1.7 ± .26 2.0 ± .23 .41 1.5 ± .40 2.4 ± .35 .07 2.0 ± .41 1.6 ± .33 .44

Cued Recall (# correct photos): 

  Story Phase 3 (neutral info)
.83 ± .19 1.1 ± .17 .39 .75 ± .29 1.4 ± .25 .11 .92 ± .29 .75 ± .24 .63

Free Recall of Details (# correct): 

  Story Phase 1 (neutral info)
6.5 ± 1.1 7.4 ± 1.0 .54 4.8 ± 1.4 6.2 ± 1.5 .49 8.2 ± 1.6 8.6 ± 1.3 .85

Free Recall of Details (# correct): 

  Story Phase 2 (emotional info)
6.2 ± 1.0 5.8 ± .97 .79 6.2 ± 1.3 6.5 ± 1.5 .92 6.1 ± 1.6 5.1 ± 1.3 .63

Free Recall of Details (# correct): 

  Story Phase 3 (neutral info)
3.9 ± .75 5.3 ± .7 .18 3.7 ± .96 6.2 ± 1.1 .09 4.0 ± 1.1 4.4 ± .94 .82

Free Recall of Gist (# correct): 

  Story Phase 1 (neutral info)
2.5 ± .17 2.5 ± .16 .86 2.5 ± .22 2.3 ± .24 .62 2.6 ± .26 2.6 ± .22 .80

Free Recall of Gist (# correct): 

  Story Phase 2 (emotional info)
2.3 ± .19 2.1 ± .18 .49 2.9 ± .24 2.7 ± .27 .50 1.7 ± .28 1.6 ± .24 .74

Free Recall of Gist (# correct): 

  Story Phase 3 (neutral info)
1.1 ± .24 1.4 ± .22 .31 1.1 ± .31 1.8 ± .34 .15 .99 ± .36 .99 ± .30 .99

 Sample (n=43) Emotional Story (n=21) Neutral Story (n=22)
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Table 6. ANCOVA results for memory data in Experiment 1: effects involving Stress 

factor or Story factor. 

 

Stress and Memory  

Means for memory measures are listed in Table 5.  ANCOVA results are 

summarized in Table 6.  A significant interaction between Stress and story Phase 

indicated that, compared to the control group, the stress group answered correctly fewer 

questions about the story phase containing emotional stimuli relative to the phases 

containing neutral stimuli.  Figure 5 illustrates the means for the recognition memory 

task.  Inspection of the means indicated that memory performance in the stress group 

inclined away from the emotional phase of the story and towards the unemotional last 

Stress-Related Effects Effect df Error df F p Eta
2

Story-Related Effects Effect df Error df F p Eta
2

Stress 1 32 .02 .89 .00 Story** 1 32 4.84 .04 .13

Stress x Story 1 32 2.41 .13 .07 Phase 2 31 .04 .96 .00

Stress x Phase** 2 31 3.59 .04 .19 Story x Phase* 2 31 2.55 .09 .14

Stress x Story x Phase 2 31 .39 .68 .03

Stress-Related Effects Effect df Error df F p Eta
2

Story-Related Effects Effect df Error df F p Eta
2

Stress 1 32 1.48 .23 .05 Story 1 32 .25 .62 .01

Stress x Story* 1 32 2.94 .10 .09 Phase 2 31 .04 .96 .00

Stress x Phase 2 31 .16 .86 .01 Story x Phase** 2 31 3.29 .05 .18

Stress x Story x Phase 2 31 .56 .58 .04

Stress-Related Effects Effect df Error df F p Eta
2

Story-Related Effects Effect df Error df F p Eta
2

Stress 1 32 .41 .53 .01 Story 1 32 .21 .65 .01

Stress x Story 1 32 .06 .80 .00 Phase 2 31 .04 .96 .00

Stress x Phase 2 31 .77 .47 .05 Story x Phase** 2 31 4.53 .02 .23

Stress x Story x Phase 2 31 .08 .93 .01

Stress-Related Effects Effect df Error df F p Eta
2

Story-Related Effects Effect df Error df F p Eta
2

Stress 1 32 .04 .84 .00 Story** 1 32 5.71 .02 .15

Stress x Story 1 32 .07 .80 .00 Phase 2 31 .04 .96 .00

Stress x Phase 2 31 .93 .41 .06 Story x Phase** 2 31 13.46 .00 .47

Stress x Story x Phase 2 31 1.01 .38 .06

* Trend at .10 α  level.

** Statistically signifcant at .05 α  level.

Recognition Questions

Cued Recall of Photos

Free Recall of Details

Free Recall of Gist Elements
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phase of the story.   Accurate recognition memory for the middle phase, which contained 

emotional photographs, was 56.1% in control group compared to 48.4% in stress group; 

whereas accuracy for the last phase, which contained unemotional photographs, was 

42.6% in the control group compared to 48.2% in the stress group.  Although the 

interaction was statistically significant, the effects of stress on individual story phases did 

not reach significance when data from the neutral and emotional versions of the story 

were analyzed together.  Separate pairwise comparisons for each story, however, 

indicated that the stress group had worse recognition memory scores only for the 

emotional phase of the emotional story (see Figure 5).   

 

Figure 5. Recognition memory across story phases in Stress and Control groups in  

Experiment 1  
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No other statistically reliable effects involving stress were found for any of the 

other memory measures.  The ANCOVA of cued recall means, however, did detect a 

trend indicating an interaction between stress group and story.  Pairwise comparisons in 

Table 5 indicated that the stress group, as compared to the control group, recalled fewer 

emotional photographs from the emotional story, although this did not reach conventional 

statistical significance (p = .07).  Thus, recognition and cued recall indicate that the stress 

group had worse long-term episodic memory for emotional aspects of an emotional 

event.     

 

Memory and Stress Responses 

 To investigate the involvement of cortisol in the effects of stress on memory, 

planned correlational analyses were conducted with the stress group (results presented in 

Table 7).  Cortisol stress response difference scores, especially those based on the sample 

taken directly after the stressor (i.e., sample 2), correlated positively with memory for the 

story phases containing no emotional information.  Specifically, the magnitude of stress-

induced cortisol responses were significantly associated with better recognition for phase 

3 of the story, and better cued recall and free recall of gist for phase 1 of the story.  

Analyses detected no significant relationship between the magnitude of stress-induced 

cortisol responses and any measure of memory for the emotional middle phase of the 

story.  Thus, stress-induced elevations of cortisol were related to better memory for the 

least emotional aspects of the story.  



125 

 

Table 7. Correlations between memory scores (by phase) and stress response scores 

(cortisol and anxiety) in Experiment 1 (df = 16). 

 

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

r .06 .15 .64 .12 .25 -.15

p .83 .54 .00** .63 .32 .56

r .22 -.08 .47 .15 .35 -.14

p .39 .74 .05** .56 .15 .59

r -.12 .18 .42 .06 -.11 .11

p .63 .46 .09* .82 .67 .65

r .12 .19 .48 .06 .11 .08

p .63 .44 .05** .80 .65 .74

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

r .49 .17 .27 .37 .60 -.05

p .04** .51 .28 .13 .01** .83

r .55 .09 .29 .27 .64 -.04

p .02** .71 .25 .29 .005** .87

r .00 .10 .02 .09 -.15 .10

p 1.00 .70 .93 .72 .57 .70

r .23 .18 .15 -.01 -.02 .05

p .36 .48 .56 .96 .95 .83

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

r .35 .16 .18 .32 .12 .14

p .15 .54 .48 .19 .65 .57

r .44 -.01 .14 .26 .18 .18

p .06* .98 .58 .29 .48 .48

r .05 .11 .01 .04 -.06 .21

p .85 .67 .96 .87 .82 .41

r .27 .19 .12 -.01 .08 .23

p .28 .45 .62 .96 .75 .36

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

r .44 .15 .38 -.21 .43 .12

p .07* .56 .12 .40 .07* .65

r .48 -.06 .34 -.22 .50 .12

p .05** .80 .16 .38 .04** .63

r .21 .33 .18 .25 .34 .25

p .39 .18 .49 .31 .16 .32

r .40 .26 .29 .14 .49 .22

p .10* .29 .24 .59 .04** .37

* Trend at .10 α  level.

** Statistically signifcant at .05 α  level.

Free Recall: Gist

Anxiety

Recognition

Cued Recall

Free Recall: Details

Cortisol

Sample 2: Δ from Baseline

(Visit 1 Sample 2 - Visit 1 Sample 1)

Sample 2: Δ from Control Visit

(Visit 1 Sample 2 - Visit 2 Sample 2)

Sample 3: Δ from Baseline

(Visit 1 Sample 3 - Visit 1 Sample 1)

Recognition

Cued Recall

Free Recall: Details

Free Recall: Gist

Stress Response

Difference Scores

Sample 3: Δ from Control Visit

(Visit 1 Sample 3 - Visit 2 Sample 3)

Sample 3: Δ from Baseline

(Visit 1 Sample 3 - Visit 1 Sample 1)

Sample 2: Δ from Baseline

(Visit 1 Sample 2 - Visit 1 Sample 1)

Sample 2: Δ from Control Visit

(Visit 1 Sample 2 - Visit 2 Sample 2)

Sample 3: Δ from Baseline

(Visit 1 Sample 3 - Visit 1 Sample 1)

Sample 2: Δ from Baseline

(Visit 1 Sample 2 - Visit 1 Sample 1)

Sample 2: Δ from Control Visit

(Visit 1 Sample 2 - Visit 2 Sample 2)

Sample 3: Δ from Control Visit

(Visit 1 Sample 3 - Visit 2 Sample 3)

Sample 3: Δ from Control Visit

(Visit 1 Sample 3 - Visit 2 Sample 3)

Sample 3: Δ from Baseline

(Visit 1 Sample 3 - Visit 1 Sample 1)

Sample 2: Δ from Baseline

(Visit 1 Sample 2 - Visit 1 Sample 1)

Sample 2: Δ from Control Visit

(Visit 1 Sample 2 - Visit 2 Sample 2)

Sample 3: Δ from Control Visit

(Visit 1 Sample 3 - Visit 2 Sample 3)
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Correlational analysis within the control group may be informative in determining 

how basal levels of anxiety and cortisol relate to memory performance.  Correlations with 

raw anxiety and cortisol scores indicated that higher anxiety ratings following the control 

procedure on the first visit were associated with better cued recall (r = .46, p = .04) and 

free recall of gist (r = .61, p = .004), but only for the emotional phase of the story.  More 

anxiety reported during the story was also associated with better memory for only the 

emotional phase, evident from all memory measures (recognition: r = .53, p = .02; cued 

recall: r = .52, p = .02; free recall of details: r = .42, p = .07; free recall of gist: r = .46, p 

= .04).  No other correlations involving anxiety and none of the cortisol correlations were 

statistically significant. 

To investigate the involvement of subjective anxiety in the effects of stress on 

memory, planned correlational analyses were conducted with the stress group (results 

presented in Table 7).  Anxiety stress response difference scores, especially those based 

on the measurement taken directly after the stressor (i.e., sample 2), correlated positively 

with memory for the story phases containing emotional information (i.e., emotional 

photographs).  Specifically, stress-induced elevations in anxiety were significantly 

associated with better cued recall and free recall of gist, but only for phase 2 of the story.  

Analyses detected no significant relations among subjective anxiety and any measure of 

memory for the neutral phases of the story (i.e., phases 1 and 3).  Thus, stress-induced 

increases in anxiety were related to better memory for the emotional aspects of the story. 
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Figure 6. Memory across story phases in Stress and Control groups of Experiment 1  

 

 

 

Emotional Arousal and Memory 

ANCOVAs of cued recall, free recall of details, and free recall of gist each 

detected significant Story by Phase interactions; for recognition memory the interaction 

was a trend (see Table 6).  Significant main effects of story were also found for 

recognition and free recall of gist.  Pairwise comparisons for these two memory 

measures, presented in Figure 6, indicated that the emotional story was remembered 

better than the neutral story primarily because the emotional middle phase was 

remembered significantly better.  The significant interactions in the other two memory 

measures were less clear, because none of the pairwise comparisons reached statistical 
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significance.  Inspection of the means in Figure 6, however, revealed that the first phase 

of the emotional story appeared to be remembered less well than that of the neutral story.  

Thus, the emotional enhancement of memory for this task was limited to recognition and 

free recall of gist. 

Figure 7. Salivary cortisol and subjective anxiety during the 1
st
 and 2

nd
 visits of 

Experiment 1 
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Anxiety and Cortisol Stress Responses 

The ANCOVA of cortisol data showed a main effect of Stress (F[1,33] = 5.06, p 

= .03, ηp
2
 = .13) as well as significant interactions with measurement Time (F[2,32] = 

14.78, p < .001, ηp
2
 = .31) and Visit (3-way interaction: F[2,32] = 3.33, p = .05, ηp

2
 = 

.10).  Pairwise comparisons between means indicated that the stress procedure 

successfully elicited higher cortisol concentrations than the control procedure, evident 

immediately and 10 min following the stressor.  Inspection of means in Table 5 reveals 

that cortisol concentrations in the stress group remained steady over the first visit, while 

those in the control group declined likely due to relaxation and the expected circadian 

reduction in cortisol output.  Therefore, cortisol concentrations in the stressed subjects 

did not significantly elevate above baseline concentrations (p‘s > .33); rather, by 10 

minutes after the stressor, they had elevated above the corresponding sample from the 

control visit (F[1,33] = 15.62, p < .001, ηp
2
 = .32).  No significant interactions involving 

Sex or Story were detected, although it is worth noting that pairwise comparisons of 

means showed that stressed subjects who received the emotional story on the first visit, 

ended up having significantly higher cortisol concentrations than control subjects on the 

second visit (see Table 5). 

The ANCOVA of anxiety data detected significant interactions between Stress, 

measurement Time (2-way interaction: F[2,33] = 3.57, p = .04, ηp
2
 = .10), and Visit (3-

way interaction: F[2,32] = 16.51, p < .001, ηp
2
 = .33), indicating that the stress procedure 

successfully elevated anxiety only in the stress group and only immediately after the 
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stressor (see Figure 7).  Interestingly, the subjects in the control group who received the 

emotional story on the first visit had a much smaller yet significant elevation in anxiety 

during the last visit, possibly because they were anticipating something more arousing 

following the control procedure or because they reacted to the control procedure for some 

reason.  There was also a significant interaction between Visit, Time, and Story (F[1,33] 

= 3.55, p = .07, ηp
2
 = .10), indicating that subjects reported being more anxious during the 

emotional story than the neutral one (means: neutral = 33.8 ± 2.6, emotional = 48.5 ± 2.6; 

pairwise comparison: F[1,33] = 16.0, p < .01, ηp
2
 = .33).  Thus, the emotional story was, 

indeed, an emotional arousing event compared to the neutral story.  No other significant 

interactions involving Sex or Story were detected.  Subjects‘ ratings of story emotionality 

(neutral story mean = 1.3 ± .54, emotional story mean = 4.3 ± .52) confirmed that the 

story with the emotional narrative was perceived to be much more emotional than the 

story with the neutral narrative (F[1,31] = 16.0, p < .01, ηp
2
 = .33).  This ANCOVA 

detected no other significant effects of Stress, Sex, or Story. 
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Discussion 

The results of Experiment 1 indicated that, compared to an unexposed group, the 

group exposed to a stressor before an emotional story had worse memory (recognition 

and cued) for only the emotional part of the story when tested 1 week later.   Consistent 

with other studies in this area, the effects were limited to primarily one measure of 

memory in only a subset of subjects (the emotional story condition).  One interpretation 

of this finding is that stress selectively impaired emotional memory. This is consistent 

with the general pattern of findings repeatedly described in similar studies: stress induced 

before encoding impairs some aspects of long-term memory formation.   

Though the deleterious effects of stress on subsequent encoding are consistent, 

they are often limited by the type of information being encoded and the type of memory 

test (see Table 2).  As mentioned in Part II, results are mixed as to whether there are 

differential effects of stress on emotional information.  Some studies have shown 

preferential enhancement of memory for emotional information, whereas others have 

shown preferential impairment.  The results of the present study are consistent with the 

latter.   

The present results, however, are inconsistent with a similar study from the same 

lab showing a stress-induced preferential facilitation of emotional memory (Payne et al, 

in press).  Although the two studies were very similar, the few differences between them 

may prove to be important.  First, the previous study included groups of subjects 

excluded by the current study, namely individuals taking various medications (including 

oral birth control), those with certain psychiatric disorders (including attention deficit 
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disorder), etc.  Many of these variables are known to affect stress responses and/or 

cognitive functioning.  Second, the previous study was conducted during the afternoon, 

whereas the present study was conducted primarily in the morning.  The questionable 

importance of such a time difference is discussed in Part II (pp. 88-89) .   

Another important methodological difference between these studies involves the 

control task, which was administered twice to control subjects (once during the first visit 

instead of the stressor and once during the control visit) and once to stress subjects 

(during the control visit) in this study.  Inclusion of a control task on the second visit, as 

well as the activity involved in the task itself, was unique to the present study.  In the 

previous study, only control subjects received the control procedures, which involved 

relaxing while browsing magazines.  In the present study, the task was updated to more 

accurately parallel the experimental procedures, only without inducing stress.  Although 

simple, the verbal and arithmetic control task in the present study was relatively active, 

requiring concentration and problem solving.  As a result, anxiety stayed level following 

the active control task in this study (mean before task = 36.5 ± 1.9, mean after task = 36.8 

± 2.0), whereas anxiety levels decreased significantly following the relaxing control task 

in the previous study (mean before task = 35.1 ± 1.1, mean after task = 28.0 ± 1.1).   

The relationship between subjective anxiety and emotional memory was 

confirmed by correlational analyses showing that larger raw anxiety ratings in the control 

group were related to better memory for the emotional phase of the story.  Anxiety 

following the control procedure was elevated in this study compared to the previous 

study and correlated with better emotional memory, suggesting that the more arousing 
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control task may have inflated emotional memory in the control group.   This also 

provides an alternative interpretation of the primary finding that the stress group had 

worse emotional memory than the control.  The stress procedure, therefore, may not have 

reduced memory in the stress group, rather, the control procedure may have inflated 

memory in the control group.    

Elevations in subjective anxiety in the control group were also associated with 

better emotional memory, indicating that anxiety likely was not responsible for any 

negative effects of stress on emotional memory.  However, its relationship with memory 

coupled with its inextricable connection to the stress procedure and the emotional story, 

indicate that anxiety may have confounded our ability to detect truly independent effects 

of stress.  Differences in subjective anxiety within control groups and experimental 

groups may prove to be important factors in clarifying the discrepancies found 

throughout this literature.  Comparison between studies is currently difficult, however, 

because many studies do not measure anxiety, measure it in different ways, or measure it 

at different times.   

 

Relation to Jacobs et al. 

Jacobs et al. suggest that stress increases AC-based forms of memory linearly, 

while its effects on HC-dependent forms of memory can be detrimental at high levels.  If 

stress impaired emotional memory in the present study, then the results would not be 

consistent with their predictions.  On the other hand, if anxiety was responsible for 

facilitating memory in both the control and stress group, then the results may be partially 
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consistent with their predictions.  Neuroimaging research suggests that emotional stimuli 

activate the AC and that their memory advantage involves AC activation at the time of 

encoding.  In this study, only phase 2 of the story involved emotional visual and auditory 

stimuli and evidenced a memory advantage.  Therefore, the AC was probably activated 

during phase 2 of the story, and probably more so during phase 2 of the emotional story.  

Indeed, this was the phase most affected by either stress or anxiety, depending on the 

interpretation.  The pronounced presence of anxiety, and its potential for modulating AC 

function, therefore, confounds our ability to truly determine the independent effects of 

stress and cortisol on emotional memory.  Experiments 1 and 2 will attempt to remedy 

this problem. 

Next, because all forms of explicit memory in humans, to our knowledge, 

involves the HC, even AC-dependent memory for the most emotional aspects of an event 

depends on the HC to some extent.  It is, therefore, a mistake to equate explicit memory 

of emotional information solely with the AC and a mistake to interpret Jacobs et al. 

theory as suggesting that high stress will facilitate this type of memory yet impair other 

forms of HC-dependent memory.  If stress affects these brain areas differently (one 

linearly and one biphasically), as Jacobs et al. suggest, then the effects of stress on 

memory that involves both areas would be complex and would depend on a number of 

factors, including the level of stress (i.e., higher levels may affect the HC differently than 

lower levels), the levels of ambient AC activity or responsiveness, the relative 

contribution of each brain area to the memory in question, and how different 

combinations of brain involvement affect the resulting memory (assuming that the effects 
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are not simply additive).   

According to Jacobs et al., stress-induced elevation of cortisol concentrations is 

one central mechanism by which stress may affect the memory functions of the HC and 

AC.  Cortisol concentrations in this study, however, were not related to emotional 

memory and did not appear to mediate the effects of stress or anxiety. Specifically, 

cortisol stress responses were associated with better memory, primarily for the least 

arousing aspects of the subsequent event.  Thus, the relationship found between cortisol 

response and memory were much different than the effects of stress or anxiety in this 

study.   

The deleterious effects of cortisol are believed to be based primarily on GR 

activation, which occurs primarily after cortisol elevations saturate MRs.  Stress-induced 

cortisol elevations within the circadian peak, within two hours of awakening, would be 

the most likely time to activate GRs.  Although the present study was conducted near the 

circadian peak, there was no elevation of cortisol concentrations with respect to baseline.  

Therefore, it is likely that GR activation did not change from pre-stress levels.   At best, 

stress exposure extended the circadian peak, but certainly did not surpass it enough to 

significantly activate GRs.  Nonetheless, the stress group had higher cortisol 

concentrations compared to the control group and, therefore, may have had more 

receptors activated relative to controls.   

 

Relation to Roozendaal et al. 

The correlational results of the current study are not consistent with Roozendaal et 
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al., who conclude, ―Glucocorticoids do not uniformly modulate memory for all kinds of 

information but, rather, preferentially influence the consolidation and retrieval of 

emotionally arousing information‖ (Roozendaal et al., 2006, p. 907).  Indeed, most 

theories of glucocorticoids and memory posit a crucial role for the AC, especially in the 

facilitative effects of glucocorticoids (e.g., Metcalfe & Jacobs, 1998).  The current study, 

however, found that cortisol elevations were related mostly to memory that does not 

involve the AC.  In fact, it was the emotionally neutral information in the current study 

that appeared to be preferentially influenced.  A causal inference, however, cannot be 

confidently drawn from correlational results; rather, a direct manipulation of cortisol is 

required to make a causal claim about the relationship between cortisol and memory in 

humans.  Although such a study has yet to be reported in humans, Experiment 2 was 

designed to address this issue more directly.    

 

Conclusions 

The results of Experiment 1 are potentially consistent with hypotheses, like those 

from the mental trauma tradition, that highly emotional events can impair the formation 

of emotional memories.  In this study, stress may have reduced memory for the emotional 

elements of a subsequent emotional event.  Taken together, the results of Experiment 1 

may provide evidence that stress biases memory formation away from emotional 

elements and cortisol biases memory formation toward neutral elements.    If both effects 

work in conjunction, a stressful situation that significantly elevates cortisol may, 

therefore, inhibit the development of emotional memory for a subsequent event.   
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The results of the present study are also consistent with the hypothesis found in a 

number of historical sources, including the art of memory tradition, that emotionally 

arousing information is retained better than unexciting information.  The memory 

advantage, however, only applies to emotional information and not to neutral elements of 

an emotional event.   

There are a number of problems that must be addressed before the conclusions 

above can be stated with more certainty.  First of all, the effect of stress was limited to 

one type of information on one measure of memory.  Although this limitation is 

ubiquitous in studies of this type (see Table 2), it indicates that the finding was not a 

robust one.  Second, there appeared to be no relation between the mnemenic effects of 

stress and the measures of cortisol response.  Again, this is consistent with similar 

studies, but provides no further evidence that stress actually affected memory.  Third, the 

effects of anxiety in both the control and stress groups cannot be ruled out as an 

explanation of the current findings.  Our findings appeared to indicate that cortisol, 

anxiety, and stress each had independent effects on memory.  But due to the relatedness 

and shared variance of these variables, it was difficult for this study to determine their 

independent contributions to memory alteration.   

The inextricable overlap of variables, including the stress manipulation, cortisol, 

subjective anxiety, and the emotional story, made it difficult to determine their 

independent effects.  Thus, two follow-up studies were conducted to parse out these 

effects.  Since anxiety proved to be a significant variable, yet stress and cortisol were the 

constructs of most theoretic interest, the following studies attempted to hold anxiety 
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constant across experimental groups while cortisol (Experiment 2) and stress (Experiment 

3) were manipulated independently.   

 

Figure 8.  Expected group differences in stress, anxiety, and cortisol at different 

phases of memory in Experiments 1-3. 

 

 

Phase: Pre-Encoding Encoding

Experiment 1

Manipulation: 
Stress

or Control

Neutral or 

Emotional Story

Stress? *
Increased Anxiety? * *
Increased Cortisol? * *

Stress

Control

Time (m) ≈ 0 55 60

Experiment 2

Manipulation: 
Placebo, 5,

or 40 mg Cortisol

Neutral or 

Emotional Story

Stress? 

Increased Anxiety? *
Increased Cortisol? * 40 mg

5 mg

Placebo

Time (m) ≈ 0 21 26

Experiment 3

Manipulation: 
Stress

or Control

Stress? *
Increased Anxiety? 

Increased Cortisol? *
Stress

Control

Time (m) ≈ 0 45 80

Post-Encoding

Expected Cortisol Levels: 

Expected Cortisol Levels: 

Expected Cortisol Levels: 
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The timing of the stress manipulation Experiment 1, before encoding, limits the 

generalizability of the findings.  Thus, it was not a true test of hypotheses, like those from 

the mental trauma tradition, that refer to the effects of an intensely emotional experience 

on memory for that experience.  Besides, the effect of stress on memory for a subsequent 

event is much less clinically relevant than the effect of stress on memory for the stress-

provoking event itself.  Manipulating stress before encoding in Experiment 1 also made it 

difficult to determine which stage of memory formation was affected, because the 

stressor and resulting stress responses occurred before the story and, therefore, could 

have impacted either encoding or consolidation.   

The two follow-up studies were designed to reduce the effects of overlapping 

variables on the encoding process and to better differentiate effects on encoding versus 

consolidation.  This was accomplished by manipulating cortisol (Experiment 2) and stress 

(Experiment 3) during encoding, rather than before.  Due to the sluggish response of the 

HPA axis, cortisol concentrations would only become elevated after encoding and would, 

therefore, be unable to affect encoding processes and unlikely to confound other stress 

effects on encoding.  Any effect of cortisol on memory could then be attributed to the 

modulation of consolidation processes that follow encoding.  Figure 8 graphically depicts 

the differences in cortisol and anxiety expected during each phase of memory in the 

present experiments.  Note the group differences in anxiety and cortisol during multiple 

stages in Experiment 1, making it difficult to parse out the effects of stress.  Also note 

that, in Experiment 2, anxiety differences are limited to encoding (i.e., during the 
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emotional vs. neutral story), while the cortisol differences are limited to the post-

encoding consolidation phase. 
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2.  EXPERIMENT 2
4
 

Introduction 

Experiment 1 indicated that stress-induced cortisol elevations were associated 

with better memory for primarily unemotional information.  However, because cortisol 

was not independently manipulated and overlapped with anxiety, inference of a causal 

relationship could not be made.  It was also unclear which stage of memory was related 

to cortisol elevations.  Therefore, Experiment 2 experimentally manipulated cortisol 

concentrations at consolidation (post-encoding) while holding stress and anxiety constant 

across groups.  In this experiment, placebo-controlled, randomized, and double-blind 

administration of cortisol was timed so that concentrations would only become elevated 

after story encoding, during memory consolidation.   

In this experiment, three treatments were prepared: placebo, 5 mg hydrocortisone, 

and 40 mg hydrocortisone.  A 5-mg dose of hydrocortisone was chosen to produce 

cortisol concentrations comparable to those found after moderate stressors.  The higher 

dose of hydrocortisone was administered to obtain a dose-response curve and to 

correspond with doses used in other studies with humans (see Table 2).  40 mg of 

hydrocortisone is a pharmacological dose producing supraphysiological cortisol 

concentrations that are effective in reducing inflammation in certain medical conditions 

(e.g., asthma, rheumatic disease, dermatological disorders, multiple sclerosis, etc.).  

Therapeutically, 5 mg/day is considered to be a low dose that occupies less than 50% of 

nuclear GRs, and 40 mg/day a medium dose that occupies over 50% of nuclear GRs 

(Buttgereit et al., 2002; de Kloet & Reul, 1987).  Both of these doses are estimated to 



142 

 

saturate nuclear MRs, according to rodent models (de Kloet & Reul, 1987).  The large 

dose also permitted evaluation of theories predicting, like Jacobs et al., that activation of 

a significant portion of GRs will impair memory functioning, as well as theories 

predicting, like Roozendaal et al., that GR activation will facilitate emotional memory. 
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Method 

Participants 

One hundred fifty-three undergraduates between the ages of 18 and 32 were 

recruited from an introductory psychology course and received class credit for 

participation.  The advertisement stated participants should be free from current 

prescription medication use (including birth control), histories of psychiatric disorders, 

severe medical illnesses and health conditions that could be affected by hydrocortisone 

treatment (e.g., high blood pressure).  The advertisement also asked potential participants 

to avoid intense physical activity, stressors, large meals, and cigarette smoking before 

their study appointment, and to avoid drinking alcohol within 24 hrs of their appointment.  

Thirty-two subjects were excluded after reporting on a demographics questionnaire that 

they did not meet one or more of the inclusion criteria.  Twenty-three additional subjects 

did not return for the second visit.  Twenty-eight additional subjects were exposed to 

experimental conditions not included in this dissertation.  Of the 81 healthy subjects 

included in this report (44 females, 37 males), three were missing recognition memory 

data due to computer errors, and one was missing cortisol data due to technical problems 

analyzing the sample.   

All procedures were in accordance with HIPAA guidelines and with the ethical 

standards of the Human Subjects Protection Program at the University of Arizona and the 

Helsinki Declaration of 1975/1983. 
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Materials 

  The to-be-remembered materials were the same as in Experiment 1, namely two 

versions of a 3-phase story: one with an emotional narrative during phase 2 and the other 

with a neutral narrative during phase 2.   

Figure 9. A) Absorption rates from plasma for 20 mg doses of cortisol in humans; B) 

Plasma concentrations of cortisol over time after 20 mg doses in humans
a
. 

  
aFrom Patel et al. (1984) with permission 

Treatment 

Cortisol tablets contained hydrocortisone encapsulated with lactose.  Placebo 

tablets contained only lactose.  Hydrocortisone is chemically identical to the endogenous 

hormone cortisol, but the alternative name is often used to indicate an exogenous origin.  

To avoid confusion, however, the word cortisol will be used here to indicate the cortisol 

chemical, regardless of its source.  After oral administration, cortisol is readily absorbed 

from the gastrointestinal tract into circulation and enters all tissue freely, including easily 

A  B 
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crossing the blood–brain barrier (Lovallo & Thomas, 2000; Patel et al., 1984).  Thus, 

plasma concentrations are good approximations of brain concentrations, as is also the 

case of corticosterone in rats (see Table 1).  Figure 9A shows the rate of absorption of a 

20 mg dose.  Cortisol begins being detectable in plasma about 10 min after dosing and 

reaches maximum plasma concentrations within 1 hr (Patel et al., 1984; Toothaker et al., 

1982).  Figure 9B shows the plasma cortisol concentrations measured over time 

following 20 mg doses in humans.  Measurements from saliva produce similar results and 

are believed to be better indicators of the free, non-protein bound concentrations that are 

biologically active (Derendorf et al., 1991; Tunn et al., 1992).  Dosing of 5 mg or 40 mg, 

respectively, has been shown to have an elimination half-life of 1.2 to 1.7 hr in plasma 

and to elevate concentrations over baseline for 8 to 12 hr after dosing (when endogenous 

cortisol release is suppressed) (Toothaker et al., 1982).  Notably, the duration of 

glucocorticoid elevation after treatment in humans (8-12 hr) is much longer than in rats 

(< 2 hr).   

The placebo group received two placebo tablets; those in the 5 mg group received 

one placebo and one 5 mg dose of hydrocortisone; and those in the 40 mg group received 

two 20 mg doses of hydrocortisone.  To ensure that the participant and the experimenter 

remained blind to the assigned condition throughout the experiment, pharmacists 

enclosed each participant‘s group assignment in a sealed envelope and provided that 

envelope to the experimenter.  The envelope remained unopened until the participant 

completed the study.  All tablets looked similar and could not be distinguished without 

close inspection.  Subjects were instructed to swallow them quickly without looking and 
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wash them down with water. 

  

Design and Procedure 

Refer to Figure 4 for a general summary of procedures and timing for the 

experiments.  In a 3 (Treatment group: placebo vs. 5 mg vs. 30 mg) by 2 (Story: neutral 

vs. emotional) between-subjects factorial design, 12 participants (6 female, 6 male) were 

randomly assigned to the Placebo-Emotional condition, 17 (9 female, 8 male) to the 

Placebo-Neutral condition, 9 (5 female, 4 male) to the 5 mg-Emotional condition,  11 (9 

female, 2 male) to the 5 mg-Neutral condition, 18 (7 female, 1 male) to the 40 mg-

Emotional condition, and 14 (10 female, 4 male) to the 40 mg-Neutral condition.  To 

reduce the circadian variation in cortisol concentrations, all test sessions began between 

11 am and 1 pm.     

Baseline samples of saliva and subjective anxiety were taken at the beginning of 

the first visit, after participants provided consent.   Measures of stress response (i.e., 

Spielberger State Anxiety Inventory and salivary cortisol) were identical to Experiment 1.  

Next, immediately before the encoding task, placebo or hydrocortisone treatment was 

administered as described above.  This timing was chosen to produce cortisol elevations 

only after encoding (5 min after dosing), thus targeting the consolidation phase rather 

than the encoding phase.  Immediately following dosing, instructions for the story 

presentation began.  The instructions and story presentation, which lasted a total of 5 min, 

were identical to Experiment 1.  A 50 min absorption period followed, during which 

participants completed personality questionnaires.  This duration was chosen based on 
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research indicating that peak plasma concentrations are reached within an hour, 

independent of dose (Toothaker et al., 1982).  See Figure 9A for an example of the 

absorption rate of 20 mg doses.  After the absorption period, samples of saliva and 

subjective anxiety were taken.  One week later, participants returned for memory testing, 

identical to that in Experiment 1.   

Repeated measures of cortisol and subjective anxiety were analyzed using a 2 x 2 

x 2 x 3 repeated measures ANOVA with Sex (male vs. female), Treatment group (3 

levels: placebo, 5 mg, 40 mg), and Story (emotional vs. neutral) as between-subjects 

factors, and with measurement Time (3 levels: baseline, end of 1
st
 visit, and beginning of 

2
nd

 visit) as the within-subject factor.  Memory data were analyzed using a 2 x 3 x 2 x 3 

repeated measures ANOVA with Sex, Treatment group, and Story as between-subjects 

factors, with story phase (3 levels: phase 1, phase 2, phase 3) as the within-subject factor.  

Probability values were corrected with the Geenhouse-Geisser coefficient when 

Mauchly's test of sphericity indicated that the sphericity assumption was violated.  

Significant effects detected with ANOVA were followed post-hoc with uncorrected 

pairwise comparisons of the estimated marginal means.  The relationship between 

continuous variables, such as stress response and memory, was analyzed with Pearson 

correlations, using sex and time of day as a covariate.  All analyses used an alpha of .05.   
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Results 

Table 8. Estimated marginal means (±SEM) of memory data from Experiment 2, 

with significant differences between placebo and treatment groups indicated
a
 

(increases in memory highlighted). 

 

Placebo 5 mg 40 mg

Recognition

 (% correct)
47.2 ± 2.3 54.9 ± 4.0* 47.8 ± 2.6

Cued Recall

 (# photos)
1.7 ± .24 2.8 ± .34** 2.2 ± .28

Free Recall: Details

 (# correct)
7.5 ± 1.4 13.8 ± 2.3** 11.1 ± 1.6

Free Recall: Gist

 (# correct)
2.7 ± .13 3.0 ± .21 2.6 ± .13

Recognition

 (% correct)
44.0 ± 2.8 56.0 ± 4.8** 56.5 ± 3.1**

Cued Recall

 (# photos)
1.6 ± .26 1.7 ± .38 1.3 ± .31

Free Recall: Details

 (# correct)
5.5 ± 1.1 4.8 ± 1.7 6.5 ± 1.2

Free Recall: Gist

 (# correct)
1.8 ± .20 1.8 ± .33 1.6 ± .20

Recognition

 (% correct)
40.3 ± 2.7 49.4 ± 4.7* 40.9 ± 3.1

Cued Recall

 (# photos)
.84 ± .19 1.6 ± .27** 1.0 ± .22

Free Recall: Details

 (# correct)
5.0 ± .96 7.6 ± 1.5 6.7 ± 1.1

Free Recall: Gist

 (# correct)
1.0 ± .23 2.0 ± .38** 1.3 ± .24

Recognition

 (% correct)
54.7 ± 2.8 38.9 ± 4.1** 54.6 ± 2.2

Cued Recall

 (# photos)
2.4 ± .28 2.1 ± .27 3.0 ± .26*

Free Recall: Details

 (# correct)
10.8 ± 1.7 10.7 ± 1.9 12.7 ± 1.4

Free Recall: Gist

 (# correct)
2.5 ± .15 2.3 ± .18 2.8 ± .12

Recognition

 (% correct)
56.4 ± 3.3 53.7 ± 5.0 61.0 ± 2.7

Cued Recall

 (# photos)
2.2 ± .31 2.0 ± .31 2.5 ± .29

Free Recall: Details

 (# correct)
6.3 ± 1.3 8.6 ± 1.5 9.6 ± 1.1**

Free Recall: Gist

 (# correct)
2.5 ± .23 2.7 ± .28 3.0 ± .18*

Recognition

 (% correct)
48.2 ± 3.3 52.2 ± 4.9 46.0 ± 2.6

Cued Recall

 (# photos)
1.4 ± .22 1.2 ± .22 .88 ± .20*

Free Recall: Details

 (# correct)
7.5 ± 1.1 7.0 ± 1.3 6.5 ± .94

Free Recall: Gist

 (# correct)
2.0 ± .27 1.3 ± .33 1.5 ± .21

a 
Data taken from ANCOVAs. 

* Mean is different from placebo group: trend at .10 α  level.

** Mean is statistically different from placebo group at .05 α  level.
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Table 9. ANCOVA results for memory data from Experiment 2: effects involving 

Treatment or Story factors. 

 

Cortisol Treatment and Memory 

Means for memory measures are listed in Table 8.  ANCOVA results are 

summarized in Table 9.  Results indicated that there were no significant main effects of 

cortisol treatment, rather there were reliable interactions with Story and Phase that were 

consistent across memory measures.  Therefore, cortisol treatment consistently affected 

memory; but particular dosages affected memory for the various emotional and 

unemotional stimuli differently.  Pairwise comparison of the placebo group to the 

treatment groups indicated that the 5 mg dose of cortisol consistently increased memory, 

Treatment-Related Effects Effect df Error df F p η p
2

Story-Related Effects Effect df Error df F p η p
2

Treatment 2 64 .85 .43 .03 Story 1 64 2.16 .15 .03

Treatment x Story* 2 64 3.06 .06 .09 Phase** 2 63 3.73 .03 .11

Treatment x Phase** 4 128 4.47 .002 .12 Story x Phase** 2 63 3.89 .03 .11

Treatment x Story x Phase* 4 128 2.17 .08 .06

Treatment-Related Effects Effect df Error df F p η p
2

Story-Related Effects Effect df Error df F p η p
2

Treatment 2 67 .53 .59 .02 Story** 1 67 4.29 .04 .06

Treatment x Story** 2 67 3.23 .05 .09 Phase** 2 66 5.07 .01 .13

Treatment x Phase* 4 134 2.08 .09 .06 Story x Phase** 2 66 3.83 .05 .05

Treatment x Story x Phase 4 134 2.17 .12 .05

Treatment-Related Effects Effect df Error df F p η p
2

Story-Related Effects Effect df Error df F p η p
2

Treatment 2 67 1.87 .16 .05 Story 1 67 1.99 .16 .05

Treatment x Story 2 67 .43 .65 .01 Phase** 2 66 7.23 .001 .18

Treatment x Phase 4 134 1.32 .27 .04 Story x Phase 2 66 1.89 .16 .05

Treatment x Story x Phase** 4 134 2.40 .05 .07

Treatment-Related Effects Effect df Error df F p η p
2

Story-Related Effects Effect df Error df F p η p
2

Treatment 2 67 .11 .90 .00 Story** 1 67 1.31 .03 .07

Treatment x Story 2 67 2.26 .11 .06 Phase 2 66 1.22 .30 .04

Treatment x Phase 4 134 .35 .84 .01 Story x Phase** 2 66 17.12 .000 .34

Treatment x Story x Phase* 4 134 2.24 .07 .06

** Statistically signifcant at .05 α  level.

Recognition Questions

Cued Recall of Photos

Free Recall of Details

Free Recall of Gist Elements

* Trend at .10 α  level.
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but mainly for information that had no association with emotional content, i.e., the 

unemotional phases of the unemotional story (Table 8).  All measures of memory for this 

information reflected some increase following the 5 mg dose.  Recognition memory for 

the middle phase of the neutral story was also facilitated; whereas recognition memory 

for the first phase of the emotional story was impaired.  Thus, moderate elevations of 

exogenous cortisol, comparable to stress-level elevations, facilitated memory 

predominantly for information with no emotional association.   

Pairwise comparison of the placebo group to the treatment groups also indicated 

that the 40 mg dose of cortisol facilitated memory for information associated with 

emotional content (Table 8).  Specifically, following the 40 mg dose, cued recall of the 

first phase of the emotional story and free recall of details and gist from the middle phase 

of the emotional story were all increased. Recognition memory for the phase of the 

neutral story containing emotional photographs was also increased by the 40 mg dose.  

Notably, memory for the unemotional phases of the unemotional story, which was 

enhanced by 5 mg cortisol, was unaffected by 40 mg cortisol.  Thus, very high elevations 

of exogenous cortisol, comparable to those obtained in similar studies and in therapeutic 

contexts, selectively facilitated memory for information associated with emotional 

content. 
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 Table 10. Estimated marginal means (±SEM) with pairwise comparisons between 

Emotional and Neutral story conditions in Experiment 2
a
. 

 

Emotional Arousal and Memory 

 Means are displayed in Table 10.  Similar to Experiment 1, memory for only the 

middle phase of the story was facilitated by the emotional narrative.  All memory 

measures reflected this pattern, although the interaction between Story and Phase was not 

significant for recognition memory (see Table 9).   

 

 

Emotional 

(n=39)

Neutral 

(n=42) Sig.
b

Recognition (% correct): 

  Story Phase 1 (neutral info)
49.4 ± 1.8 50.0 ± 1.8 .80

Recognition (% correct): 

  Story Phase 2 (emotional info)
58.4 ± 2.3 51.2 ± 2.3 .03

Recognition (% correct): 

  Story Phase 3 (neutral info)
49.0 ± 2.1 43.4 ± 2.1 .06

Cued Recall (# correct photos): 

  Story Phase 1 (neutral info)
2.5 ± .16 2.2 ± .17 .26

Cued Recall (# correct photos): 

  Story Phase 2 (emotional info)
2.2 ± .17 1.6 ± .18 .01

Cued Recall (# correct photos): 

  Story Phase 3 (neutral info)
1.1 ± .12 1.1 ± .13 .97

Free Recall of Details (# correct): 

  Story Phase 1 (neutral info)
11.4 ± 1.0 10.8 ± 1.0 .67

Free Recall of Details (# correct): 

  Story Phase 2 (emotional info)
8.2 ± .74 5.6 ± .79 .02

Free Recall of Details (# correct): 

  Story Phase 3 (neutral info)
7.0 ± .65 6.4 ± .69 .53

Free Recall of Gist (# correct): 

  Story Phase 1 (neutral info)
2.5 ± .09 2.8 ± .09 .07

Free Recall of Gist (# correct): 

  Story Phase 2 (emotional info)
2.7 ± .13 1.7 ± .14 .000

Free Recall of Gist (# correct): 

  Story Phase 3 (neutral info)
1.6 ± .16 1.5 ± .17 .62

a
Data taken from ANCOVAs.

b
p values for pairwise comparisons; bold if significant at .05 alpha level.
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Figure 10. Salivary cortisol concentrations before and after dosing in Experiment 2. 

 

Anxiety and Cortisol 

 A lack of any significant group effects indicated that subjective anxiety did not 

differ across groups or measurement times.  Figure 10 plots the cortisol data on a 

logarithmic scale.  ANCOVA of cortisol data detected significant main effects of 

Treatment and Time, and a significant interaction between Treatment and Time (all p‘s < 

.001).  Pairwise comparisons indicated that the treatment groups had significantly 

different cortisol concentrations 45 min following treatment (F[2,66] = 123.6, p < .001, 

ηp
2
 = .79), but not at baseline (F[2,66] = 1.06, p = .35, ηp

2
 = .03).  Specifically, the 

placebo group experienced a decrease in cortisol concentrations from baseline, 5 mg 

group had moderately elevated cortisol concentrations, and 40 mg group had markedly 
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elevated concentrations.  As a comparison, mean concentrations of endogenous cortisol 

after the stressor in Experiment 1 peaked at 22.1 nmol/L, which is comparable to the 

concentrations reached following treatment with 5 mg of exogenous cortisol (30.9 

nmol/L). The cortisol concentrations resulting from the 40 mg dose (218.8 nmol/L) are 

comparable to similar treatment studies (e.g., Kuhlmann & Wolf, 2006 reported a peak 

mean of 213.5 nmol/L).  

 

Table 11. Correlations between cortisol elevations and memory scores in  

Experiment 2 

 

 To get a broader sense of the relationship between emotional memory and a large 

range of cortisol elevations, correlations between cortisol elevations and memory scores 

were conducted across groups.  Cortisol difference scores (sample 2 – sample 1) were 

highly skewed in a positive direction.  Therefore, scores were normalized using a log10 

transformation before including in correlational analyses (Cleveland, 1984).  Table 11 

Phase 1 Phase 2 Phase 3

r -.06 .17 -.09

p .70 .31 .60

r .20 -.24 .01

p .21 .14 .94

r .25 -.01 -.03

p .12 .93 .85

r -.11 -.11 .03

p .50 .50 .86

r .13 .30 -.02

p .45 .08* .92

r .37 .33 -.04

p .03** .05** .83

r .34 .47 .21

p .05** .004** .22

r .40 .44 -.22

p .02** .01** .20

a
df  = 32

c
df = 37 * Trend at .10 α  level.

b
df  = 34

d
df  = 38 ** Statistically signifcant at .05 α  level.

Recognition
a

 (% correct)

Cued Recall
b

 (# photos)

Free Recall
b 

Details (# correct)

 (# correct)Free Recall
b

Gist (# correct)

Recognition
c

 (% correct)

Cued Recall
d

 (# photos)

Free Recall
d 

Details (# correct)

 (# correct)

Neutral

Story

Emotional

Story

Free Recall
d

Gist (# correct)
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presents the results, which show significant correlations only with memory for the 

emotional story.  Across most measures of memory, cortisol elevations were associated 

with better memory for phases 1 and 2 of the emotional story, but not for the neutral 

story.  Figure 11 shows the scatter plots for log-transformed cortisol elevations against 

memory scores for the emotional phase of the emotional story.   

 

Figure 11. Scatter plots for correlations between cortisol elevations (log-

transformed) and different measures of memory for the emotional phase of the 

emotional story. 
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Correlational analysis within the control group may be informative in determining 

how basal levels of anxiety and cortisol relate to memory performance.  As in 

Experiment 1, raw anxiety scores near encoding (6 min before encoding) significantly 

correlated with memory for only the emotional phase of the story (cued recall: r = .36, df 

= 25, p = .07; free recall of details: r = .48, df = 25, p = .01; free recall of gist: r = .52, p = 

.01).  No other correlations involving anxiety and none of the cortisol correlations were 

statistically significant. 
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Discussion 

Overall, this study showed that elevated cortisol concentrations, in a dose-

dependent manner, facilitated long-term episodic memory for a preceding event.  

Memory for emotional information appeared to be especially facilitated by higher cortisol 

elevations.  Specifically, administration of 40 mg of cortisol facilitated free recall of the 

emotional phase of the emotional story, cued recall of the first phase of the emotional 

story, and recognition memory for the phase of the neutral story containing emotional 

pictures.  Thus, the 40 mg dose appeared to selectively facilitate measures of emotional 

memory.  Indeed, for the sample as a whole, higher cortisol elevations were associated 

with better memory for most of the emotional story (phase 1 and phase 2), but not for the 

neutral story.  Since significant cortisol elevations could only have occurred after 

encoding, the enhancement of emotional memory was likely due to the facilitation of 

molecular memory consolidation.   

Other studies of exogenous cortisol have not examined emotional memory or 

have elevated concentrations during both encoding and consolidation.  Nonetheless, the 

present findings are generally consistent with the general pattern of those results.  Three 

out of four of the studies investigating exogenous cortisol and emotional memory found 

that cortisol treatment enhanced emotional memory, and two of them found that the 

enhancement was for emotional and not unemotional information.  Since each of those 

studies elevated cortisol at encoding and consolidation, they were unable to pinpoint the 

source of the effects.  Experiment 2 produced similar results by targeting the post-
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encoding period, thus, suggesting that cortisol facilitates emotional memory by 

modulating consolidation processes.   

The high concentrations of cortisol produced in the present study likely increased 

activation of MRs and GRs during the consolidation of emotional memory which is 

known to involve the AC (Buttgereit et al., 2002; de Kloet & Reul, 1987).  Thus the 

resulting memory enhancements were consistent with Roozendaal et al., who suggest that 

activation of GRs and AC involvement are necessary for glucocorticoid enhancement of 

memory consolidation.  The results were also consistent with Jacobs et al., who argue 

that stress and cortisol facilitate AC memory functioning. Indeed, a wealth of data from 

animal models indicate that glucocorticoid activation of GRs in the AC facilitates 

consolidation of emotional memory.  This study is the first direct evidence that cortisol, 

in concentrations high enough to increase GR activation, facilitates the consolidation of 

emotional memory in humans.   

The results also indicated that elevations in exogenous cortisol comparable to 

endogenous concentrations produced by laboratory stressors, facilitate memory 

consolidation for information devoid of emotional association.  Larger elevations, 

however, appear not to affect unemotional memory.  The one study that administered 

cortisol after encoding in humans, found that 25 mg had no effect on memory for 

unemotional words (De Quervain et al., 2000).  This may be consistent with the present 

study that suggests only smaller doses should produce such an effect.  Published studies 

have yet to investigate the effects of such a low dose of cortisol on the formation long-

term memory.  Studies using stress to elevate endogenous cortisol after encoding have 
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had mixed findings.  Consistent with the present study, Beckner et al., (2006) found that 

stress-induced cortisol concentrations after encoding an unemotional film were associated 

with better recognition memory.  They did not, however, test emotional memory.  In 

contrast, Abercrombie et al., (2003) found that, after encoding emotional and 

unemotional photographs, stress-induced cortisol elevations were associated with  better 

recall of only the negative emotional ones.  Finally, in a similar study, Cahill et al., found 

no correlations between post-encoding cortisol elevations and memory for emotional or 

unemotional photographs. 

The results of the present study are also consistent with those found in 

Experiment 1, where stress-induced cortisol elevations were primarily related to better 

memory for unemotional aspects of a subsequent event.  If results of this experiment are 

generalizable to Experiment 1,  they suggest that the relationship between cortisol and 

memory in Experiment 1 may have been causal and based on the modulation of 

consolidation rather than encoding processes.  Thus, taken together, the results of 

Experiments 1 & 2 are consistent with the notion that moderate elevations of cortisol, 

such as those found after a moderate stressor, facilitate memory consolidation so that 

unemotional aspects of an event are better remembered.  

There are, however, potentially important differences between the exogenous 

cortisol concentrations obtained in Experiment 2 and the endogenous concentrations 

obtained in Experiment 1 and in similar experiments.  First of all, the differences between 

endogenous and exogenous means of cortisol elevation are unknown.   One could only 

speculate about how cortisol elevations in the absence of other stress hormones may act 
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differently than those accompanying other hormones.  Second, the stressor in Experiment 

1 did not necessarily elevate cortisol concentrations with respect to pre-stressor 

concentrations.  Rather, cortisol concentrations remained constant, while the control 

group‘s declined.  Therefore, the stressor likely produced no change in cortisol receptor 

activation compared to baseline. Experiment 2, in contrast, significantly elevated cortisol 

from baseline concentrations to concentrations surpassing those reached in Experiment 1.  

As a result, there was likely an increase in both MR and GR binding.  The time of day 

during which the studies were conducted also differed.  Experiment 1 was conducted 

early in the morning, within two hours of waking (on average), and therefore during the 

circadian peak of cortisol.  Experiment 2, however, was conducted in the late morning 

and early afternoon, well after the circadian peak in cortisol.  This difference, however, 

likely had little more bearing than what has been discussed above.  That is, the stressor in 

Experiment 1 did not elevate cortisol but probably extended the circadian peak without 

further (or perhaps any) activation of receptor; whereas Experiment 2 significantly 

increased cortisol to a higher concentration which most likely activated GRs.  Given the 

numerous differences between Experiment 1 and 2, the similarity of the cortisol findings 

in the studies are striking.   
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3.  EXPERIMENT 3
5
 

Introduction 

Experiment 1 revealed independent effects associated with stress, cortisol, and 

anxiety.  Clarification of the cortisol effects was the aim of Experiment 2, whereas 

clarification of the stress effects was the aim of Experiment 3.  To this end, Experiment 3 

manipulated stress while attempting to minimize the effects due to subjective anxiety and 

cortisol.  Instead of eliminating anxiety, which would have been difficult following a 

stress induction, Experiment 3 attempted to keep it consistently elevated across groups.  

Holding anxiety constant by consistently elevating it helped to minimize its effect on the 

experimental manipulation and, counterintuitively perhaps, may have also helped to 

minimize the effects of cortisol.  That is, if the results from the previous two studies are 

to be trusted, memory for information associated with an anxiety-provoking event, i.e. the 

emotional story, does not appear to be influenced by stress-levels of cortisol.  Thus, the 

effects of cortisol in Experiment 3 were expected to be minimal because anxiety was kept 

consistently high during encoding.  Refer to Figure 8 for a summary of the potential 

influence of stress, anxiety, and cortisol at different phases of memory in each of the 

experiments.  

 Most hypotheses developed from the historical analysis in Part I refer to the 

effects of strong emotions on memory for the event in which the strong emotions were 

experienced.  Similarly, the most clinically-relevant situations when stress could affect 

memory encoding are when they occur concurrently.  A traumatically stressful event, for 

example, is the source and object of the intrusive emotional memories experienced by 
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individuals with PTSD.  What are intrusively remembered in PTSD are not the events 

that followed the stressor, but the details of the stressor itself.  Experiment 1, and nearly 

all other experiments of stress and memory encoding, involved an encoding task that 

followed the stressor and did not test memory for aspects of the stressor itself.  Although 

cortisol concentrations were still elevated during in encoding in these studies, a number 

of other stress responses were probably no longer active, including NE and E from the 

SAM system.  A procedure was developed for Experiment 3 in order to invoke stress and 

concurrently encode important information about the stressful event.  This approach is 

also useful in pinpointing the phase of memory potentially affected by stress-induced 

cortisol concentrations.  Due to the sluggish response of the HPA axis, cortisol 

concentrations could not affect encoding, thus any significant relationships with cortisol 

could be attributed to its effects on consolidation.  To my knowledge, this experiment is 

the first study to investigate the effects of concurrent stress on the formation of emotional 

memory in humans. 

 Experiment 1 found no evidence to support the postulate from Jacobs et al. that 

stress facilitates AC-based forms of memory.  However, the type of memory that was 

tested, episodic memory for an emotionally arousing situation, was dependent to a large 

part on the HC.  Episodic memory tasks, therefore, are not very useful in discriminating 

differential effects of stress on AC and HC.  As discussed in Part II, fear conditioning to a 

cue is based more exclusively on AC functioning and is more the sort of memory that 

Jacobs et al. propose should be facilitated by stress (e.g., Metcalfe & Jacobs, 1998).   
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My colleagues and I recently showed that stress facilitates the acquisition of 

conditioned fear in men, when the stressor occurs an hour before conditioning (Jackson et 

al., 2006).  Importantly, we and others have found that cortisol elevations correlate with 

better acquisition and retention of fear conditioning (Jackson et al., 2006; Zorawski et al., 

2005; Zorawski et al., 2006).  To my knowledge, Experiment 3 is the first to 

experimentally test the effects of stress on both acquisition and subsequent retention of 

conditioned fear.   

It is well-known that there is a mnemenic advantage for emotionally arousing 

stimuli that have typically acquired their arousing properties from a lifetime of 

experiences.  Besides a relatively small set of stimuli that may be genetically coded to 

elicit arousal, most of the stimuli that acquire arousing properties are believed to have 

done so through one or more forms of emotional learning, of which fear conditioning is a 

prime example.  Fear conditioning is known to engender in a stimulus the ability to 

arouse emotion, and such ability is known to impart a memory advantage; however, very 

little research has connected fear conditioning to memory in order to examine how 

stimuli gain their emotional memory advantage.  That is to say, it is not known whether 

fear conditioning can create memorable stimuli in the laboratory like it does to outside 

the laboratory.  The fear conditioning task developed for this study is unique in that it 

conditioned subjects to a complex stimulus, similar to what is encountered in everyday 

life, which was composed of a number of individual photographs in a collage-like array.   

This is in contrast to the simple stimuli used in traditional fear conditioning tasks.  The 
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complex stimulus allowed for later memory testing for its features (i.e., the photographs), 

which, together, had become emotionally arousing via conditioning.   

The procedure, which was developed specifically for this study, also allowed 

stress-induction, fear conditioning, and encoding of episodic memory to all take place 

concurrently, as they would in normal stressful experiences.  These unique features of the 

procedure allowed this experiment to better test hypotheses from Jacobs et al. and also 

those from the mental trauma tradition suggesting that stress impairs explicit memory but 

not other forms of emotional memory like fear conditioning.   
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Method 

Participants 

One hundred and nineteen healthy undergraduates between the ages of 18 and 28 

were recruited from an introductory psychology course and received class credit for 

participation.  The advertisement stated participants should be free from current 

prescription medication use (including birth control), histories of psychiatric disorders, 

and severe medical illnesses.  Twenty-four subjects were excluded after participation for 

reporting that they did not meet these criteria.  Ten additional subjects exercised their 

right of early withdrawal from the study due to its aversive nature, while thirteen others 

did not return for their second visit.  Four more subjects were dismissed due to 

experimenter and/or equipment errors. Of the 68 subjects included in this report (32 

female, 36 male), two were missing recognition data, one was missing cortisol data, one 

was missing anxiety data, one was missing psychophysiology data due to equipment 

error, and five had memory data but were missing some psychophysiology data due to 

early withdrawal during the second visit.  Table 12 compares demographic and baseline 

measures of included and excluded subjects.  No significant group differences were 

detected.  After receiving a complete description of the study, volunteers provided written 

informed consent.  All procedures were in accordance with HIPAA guidelines and with 

the ethical standards of the Human Subjects Protection Program at the University of 

Arizona and the Helsinki Declaration of 1975/1983. 
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Table 12. Demographic information for subjects excluded from Experiment 3
a
. 

 Excluded Subjects 

n=51 

(mean  SE) 

Included Subjects 

n=68 

(mean  SE) 

Sex (% female) 28.2% 47.0% 

Stress group (% receiving stressor) 41.0% 45.6% 

Age (yrs) 19.0  .17 19.1  .19 

Study time (hrs after midnight) 11.0  .28 11.7  .23 

Baseline subjective anxiety (SSAI) 38.7  1.2 36.4  .95 

Subjective trait anxiety (STAI) 21.6  .70 19.9  .55 

a 
No significant difference were detected with t tests or chi-square. 

 

Materials 

Photographs from the International Affective Picture Set (IAPS) were used to 

create three complex, collage-like stimuli that were used during the conditioning task.  

Each of the three complex stimuli were composed of eight pictures arranged as illustrated 

in Figure 12 below, four chosen to have standardized ratings of high arousal and 

negativity, and four to have ratings of low arousal and neutral valence.  Two sets of 

complex stimuli were created and counter-balanced across stress group (i.e., one set was 

used in the conditioning task and the other was unused in conditioning).  Pictures from 

the set of complex stimuli used in the conditioning procedure served as targets for later 

memory tests (24 pictures in all: 12 emotionally arousing, 12 neutral).  Pictures from the 

unused set of complex stimuli were used as distracters in the recognition memory test (24 

additional pictures: 12 emotionally arousing, 12 neutral).   
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Figure 12.  Example of a complex stimulus used in Experiment 3. 

 

 

Design and Procedure 

In a 2-group (Stress group: stress vs. control) between-subjects design, 31 

participants (14 female, 17 male) were randomly assigned to the stress condition and 37 

(18 female, 19 male) to the control condition.  To reduce the circadian variation in 

cortisol concentrations, all study sessions began between 10 am and 12 pm.   

 Stress and control procedures. 

 Stress subjects were told they would participate in ―a performance-based 

intelligence test‖ that predicts success in finances, academics, relationships, and mental 

health.  That they would be judged on their accuracy and speed during a math task, on 

how they responded emotionally to a variety of ―distracters,‖ and on how well they 

learned to predict aversive stimuli.  Control subjects were told that they would be doing 

an easy version of the test that would not count, in order to better understand what part 

anxiety plays in the IQ test. 
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 Figure 13 depicts the stress procedure.  Stress subjects stood in front of a video 

monitor showing them video feedback of themselves, a microphone that gave them audio 

feedback of their voice (through headphones), a mirror, a two bright floodlights, and two 

judges (one male and one female) with white laboratory coats and clipboards.  Control 

subjects experienced none of these features.  Induction of stress was caused mainly by the 

context and by the difficulty of the math task. 

Figure 13.  Depiction of stress procedure in Experiment 3. 

       

 Subtraction task. 

Trials of a subtraction task alternated with trials of the conditioning task.  During 

subtraction trials, subjects were shown two numbers for thirty seconds, during which time 

they were to count backwards aloud from the first number by increments of the second 

number.  Stress subjects had very difficult numbers to subtract (e.g. from 2099 by 17‘s) 

and were told to work as quickly and accurately as they could because they were being 

judged by the on-looking judges.  Control subjects had much easier numbers (e.g. from 

2875 by 25‘s), which still required attention and mental effort.  They were also 

encouraged to be leisurely and were told the experimenter (behind a partition) would not 
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be listening to see how accurate they were, he/she would only listen in occasionally to 

make sure that they were doing the task.   

 After each 30-s trial, the judges would take notes, and instructions on the 

computer screen told subjects to take a 15 s second break.  There were 18 subtraction 

trials in all, 6 at the beginning of the procedure were described as practice, and then 12 

alternated between conditioning trials.   

 Fear conditioning procedure. 

 All subjects were led to believe that the subtraction and all parts of the 

conditioning procedure, including ―distracters,‖ ―predictions,‖ pictures, and sounds, were 

all part of the same procedure.  Subjects were instructed beforehand that they would see 

sets of pictures and that some sets would be followed by very loud noise and some sets 

would not.  They were told that their job was to ―figure out the pattern‖ of when the loud 

noises would come by paying attention to the pictures.  Each time a picture set was 

shown to them, they should indicate their ―prediction‖ by saying aloud, ―yes‖ or ―no‖, as 

to whether or not they expected the noise to come immediately following the offset of the 

set.  They were also told that they should watch the computer monitor for the full 

duration because their physiological responses to the pictures were being recorded.  

Stress subjects were additionally told that the worse they did on the subtraction, the 

louder the noises would be.  Importantly, it was emphasized that their performance did 

not determine the timing of the noises, just their amplitude.    

 Conditioning trials include 3 complex stimuli (see Figures 12 and 14 for 

examples).  The first stimulus was used as a pseudo-habituation stimulus, presented 6 
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times, for 10 s each, alternating between the subtraction ―practice‖ trials, with intervals 

between trials of 15 s to 20 s (randomly by computer program).  The practice trials were 

discarded from all analyses because they were used to habituate subjects to the procedure, 

answer questions, and correct behavior, often being interrupted.  One of the remaining 

two complex stimuli was designated as the reinforced conditional stimulus (CS+) and the 

other was designated the non-reinforced control stimulus (CS-).  Each was presented 6 

times between subtraction trials, just as described for the practice trials.  The order of 

presentation was pseudo-random and counterbalanced between groups.  Immediately 

following the offset of the CS+, each of the six times it was presented, white noise (105 

db) was played over headphones for 2 s as the unconditional stimulus (UCS).   

Finally stress subjects were given the following instructions as a summary and 

reminder: 

1.  Loud ‗pops‘ will be played at random times.  Just ignore them. 

2.  Test trials will begin with two numbers appearing on the screen. 

3.  When you see the numbers, count backwards into the microphone. 

4.  Be as fast and accurate as you can, the judges will be evaluating you. 

5.  During the break, the judges will rate your speed and accuracy. 

6.  After the break, a set of photos will be shown on the screen, and then a sound 

may be played in the headphones.   

7.  Keep still and keep your eyes on the screen, your body‘s responses to the 

photos and sounds will be recorded.  

8.  Figure out the pattern between the photos & sounds and use each photo set to 
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predict whether or not the sound will come. 

9.  While a photo set is on the screen, say ‗YES‘ into the microphone if you think 

it will be followed by a sound, OR say ‗NO‘ into the microphone if you  do not. 

10.  In addition to your performance, the judges will also be evaluating your 

emotional responses on a number of dimensions. 

For control subjects, reminder number four read, ―Don‘t worry about your accuracy,‖ and 

reminders number five and ten were omitted. 

 Psychophysiology.  

 Skin Conductance (SC) was be acquired with Biopac‘s galvanic skin response 

(GSR) amplifier that applied a constant voltage of .5V to two Ag-AgCl reusable 

electrodes with an 8 mm sensor diameter (In Vivo Metric E224N-HP).  The signal was by 

amplified by 5 μS/V, digitized at a rate of 200 Hz and acquired with AcqKnowledge 

acquisition software.  An online filter removed the DC component of the signal because 

changes in SC (i.e., skin conductance responses) were the only component of interest.   

After consent, initial instructions, and stress response measures, subjects were 

taken to the sink to wash their hands with soap and water before electrode placement.  To 

control the size of the skin surface contact, adhesive collars with 8 mm (diameter) holes 

were attached to the palmar sides of the medial phalanges of the first and second fingers 

on the non-writing hand.  Two additional collars were affixed to the electrodes that were 

filled with .05 molar NaCl electrode gel (Discount Disposables TD-246) as suggested by 

Venables & Christie (1980).  The electrodes were then affixed to the fingers and secured 

with self-adherent wrap (Coban, In Vivo Metric E442).  This extra precaution was taken 
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because subjects would wear the electrodes for 90 min while moving between sitting and 

standing positions.    

 The acquired SC data appeared to be corrupt because of a faulty electrode.  Since 

it was only one of two measures of conditioning, these data were discarded. 

Electromyogram (EMG) signals were acquired with Biopac‘s EMG amplifier 

attached to two Ag-AgCl reusable electrodes with a 4 mm sensor diameter (In Vivo 

Metric E263A-LJ).  The signals were amplified, digitized at a rate of 1000 Hz, and 

acquired with AcqKnowledge acquisition software.    

The skin above the obricularis oculi muscle beneath the left eye was prepped with 

abrasive cleanser (NuPrep) on a cotton swab.  A cotton swab with distilled H20 was used 

to remove cleanser residue, then skin preparation gel (Prep n‘ Stay, In Vivo Metric E454) 

was applied to the electrode sites to increase electrode adherence.  Two adhesive collars 

with 4 mm (diameters) holes were attached to the electrodes and were cut with scissors 

on the tops to allow the electrodes to be affixed closer to the eyelids.  The electrodes were 

filled with 0.5% saline isotonic electrode paste (Signagel, Biopac GEL101).  Finally, one 

electrode was affixed on the obricularis oculi muscle directly beneath the left eye with the 

other electrode affixed directly next to it, leaving a 1 cm distance between the sensors. 
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Figure 14. Example of timing of events and measurements during a CS from the 

fear conditioning procedure in Experiment 3. 

 

95 dB (A) bursts of white noise (wav files) with instantaneous rise times were 

presented by DMDX binaurally for 40 ms through stereo headphones (Sony) as startle 

probes.  They were described to subjects as ―distracters,‖ which they should simply 

ignore.  To elicit fear-potentiated startle responses, startle probes were presented on each 

presentation of a CS at either 6 s, 7 s, or 8 s (pseudo-randomly chosen order) following 

stimulus onset.  As a control, probes were also presented during half of the ITI‘s. 

The signal was filtered, smoothed, and scored according to the recommendations 

of Berg & Balaban (1999).  The eyeblinks were scored if their onset was within a latency 

window of 21-120 ms following probe onset.  Once an eyeblink was identified, the peak 

amplitudes occurring within a latency window were measured.  The magnitude of the 

startle response was expressed as the difference between the peak amplitude and the 

mean EMG activity in the 50 ms before probe onset.  Startle response scores for each 
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subject were converted to standard scores based on the mean and standard deviation of all 

the subject‘s responses.  Trial blocks of startle responses for each CS were created by 

averaging two consecutive acquisition trials, resulting in three trial blocks at acquisition. 

Differential fear conditioning, measured as differential startle responses during CS+ vs. 

CS-, was calculated by subtracting CS- startle response trial blocks from the coinciding 

CS+ startle response trial blocks.  This same procedure was followed using subjects UCS 

expectancies to obtain differential expectancy scores. 

 Episodic memory testing. 

 Free recall for the pictures contained in the complex stimuli was measured 1 week 

later, on the second visit.  Written responses were scored liberally (e.g., ―there was a 

snake‖ would count as an accurate recall of a picture of a snake).  Next, recognition 

memory was tested by presenting each of the target (from the conditioning task) and 

distracter (from the un-used complex stimuli) pictures on a computer screen and asking 

subjects whether or not they were recognized from their first visit. 

 Retention of fear conditioning. 

 Following episodic memory testing, subjects were prepared for and attached to 

psychophysiological equipment using the same procedure followed on the first visit 1 

week earlier.  Subjects then sat in front of a computer screen with headphones, told they 

would do ―a similar task as last time,‖ but they were assured that there would be no IQ 

testing, no subtraction problems, and no judgments made.  The instructions lead them to 

believe that the UCS could come again, but any further questioning was answered with: 

―the task will be similar to last time.‖ 
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 The retention procedure consisted of 12 extinction trials for each of the complex 

conditional stimuli, during which each stimulus was presented for 10 s, followed by an 

ITI varying pseudo-randomly from 20 s to 30 s.  Startle probes were presented with the 

specifications as on the first visit.  Each time a stimulus was presented, subjects were 

again asked to make predictions about their UCS expectancy.  Trial blocks of startle 

responses for each CS were created by averaging two consecutive extinction trials, 

resulting in three trial blocks at retention testing.  Eyeblink startle responses and UCS 

expectancies were used again to calculate differential conditioning scores for each of the 

three trial blocks.  

Anxiety and Cortisol. 

Anxiety and cortisol measures were collected at three times during the first visit: 

upon entry, immediately following the stress or control procedure, and 10 min following 

the stress or control procedure.  Self-reported subjective anxiety was measured with the 

SSAI, while participants used Salivette collection devices to provide samples of their 

saliva.  10 min before the first saliva sample participants rinsed their mouth.  A 

commercial laboratory assayed saliva samples for cortisol content.  Maximum cortisol 

response (cortisol Δmax) and maximum anxiety response (anxiety Δmax) were calculated 

by taking the maximum post-manipulation measure and subtracting the baseline measure.   

 Statistical analysis. 

Repeated measures of cortisol and subjective anxiety were analyzed using a 2 x 2 

x 4 repeated measures ANCOVA with Sex (male vs. female) and Stress group (stress vs. 

control) as between-subjects factors, and with measurement Time (4 levels: baseline, 
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immediately after stress/control task, 10 min after stress/control task, and at beginning of 

2
nd

 visit) as the within-subject factor.  Memory data were analyzed using a 2 x 2 x 2 x 2 

ANCOVA with Sex and Stress group as between-subjects factors, and with Picture 

emotionality (emotional vs. neutral) and CS source (from the CS+ complex stimulus vs. 

from the CS- complex stimulus) as within-subject factors.   

The acquisition of both UCS expectancy and conditioned startle responses on the 

first visit was analyzed using a 2 x 2 x 2 x 3 repeated measures ANCOVA, with Sex and 

Stress group as between-subjects factors, and with CS (CS+ vs. CS-) and Trial block (3 

blocks of two consecutive trials) as within-subject factors.  The retention of both UCS 

expectancy and conditioned startle responses on the on the second visit was analyzed 

using a 2 x 2 x 2 x 3 repeated measures ANCOVA, with Sex and Stress group as 

between-subjects factors, and with CS and Trial block (3 blocks of three consecutive 

extinction trials: early vs. middle vs. late extinction) as within-subject factors.   

All ANCOVAs included trait anxiety and time of day as covariates.  Probability 

values were corrected with the Geenhouse-Geisser coefficient when Mauchly's test of 

sphericity indicated that the sphericity assumption was violated.  Significant effects 

detected with ANCOVA were followed post-hoc with uncorrected pairwise comparisons 

of the estimated marginal means.  The relationship between continuous variables, such as 

stress response and memory, was analyzed with Pearson correlations, using trait anxiety 

and time of day as covariates.  All analyses used an alpha of .05.   
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Results 

Table 13. Estimated marginal means (±SEM) with pairwise comparisons between 

stress and control groups in Experiment 3
a
. 

 
a
 Data taken from ANCOVAs.   

b
 p values for pairwise comparisons of Stress vs. Control (values significant at .05 alpha level are in bold) 

 

 

Stress 

(n=31)

Control 

(n=37) Sig.
b

Sex (% female) 45.2% 48.6% .77

Age (yrs) 19.0 ± .25 18.0 ± .30 .89

Study start time (hrs after midnight) 11.5 ± .38 12.0 ± .37 .41

Subjective trait anxiety (STAI) 19.2 ± .92 18.9 ± .79 .81

Subjective State Anxiety (SSAI): 

  Time 1 (baseline)
37.2 ± 1.3 36.9 ± 1.2 .83

Subjective State Anxiety (SSAI): 

  Time 2 (immediately after stress/control)
53.6 ± 2.1 53.1 ± 1.9 .85

Subjective State Anxiety (SSAI): 

  Time 3 (10 min after stress/control)
44.4 ± 1.6 41.3 ± 1.4 .14

Salivary Cortisol (nmol/L): 

  Time 1 (baseline)
10.2 ± 1.1 9.2 ± 1.0 .49

Salivary Cortisol (nmol/L): 

  Time 2 (immediately after stress/control)
17.4 ± 1.6 9.7 ± 1.5 .001

Salivary Cortisol (nmol/L): 

  Time 3 (10 min after stress/control)
18.2 ± 2.0 11.0 ± 1.8 .01

Recognition (% hits-false alarms):

  Total
45.6 ± 3.5 58.5 ± 3.1 .01

Recognition (% hits-false alarms):

  Emotional Photographs
56.7 ± 3.9 66.5 ± 3.5 .07

Recognition (% hits-false alarms):

  Neutral Photographs
34.5 ± 4.8 50.4 ± 4.2 .02

Free Recall (% correct):

  Total
29.6 ± 2.0 34.9 ± 1.8 .05

Free Recall (% correct):

  Emotional Photographs
36.7 ± 2.6 42.2 ± 2.4 .12

Free Recall (% correct):

  Neutral Photographs
22.5 ± 3.4 27.5 ± 3.1 .28

 Sample (n=68)
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Episodic Memory 

Means for memory measures are listed in Table 13.  ANCOVAs of both free 

recall and recognition memory detected significant main effects of Stress (free recall: 

F[1,62] = 16.30, p < .001, ηp
2
 = .21; recognition: F[1,60] = 7.39, p = .01, ηp

2
 = .11), but 

no significant interactions between Stress and Picture emotionality or Stress and CS (p‘s 

> .34).  Inspection of means in Table 13 reveal that stress impaired free recall and 

recognition of all photographs encountered during the stressor.  A main effect of Picture 

emotionality was also detected (free recall: F[1,62] = 3.86, p = .05, ηp
2
 = .06; recognition: 

F[1,60] = 16.98, p < .001, ηp
2
 = .22), indicating that the oft-found memory advantage for 

emotional pictures was robust for both free recall (neutral mean = 25.0 ± 2.3, emotional 

mean = 39.4 ± 1.8) and recognition memory (neutral mean = 42.6 ± 3.2, emotional mean 

= 61.8 ± 2.6).  No significant effects involving CS were detected, indicating that fear 

conditioning did not instill a memory advantage for the photographs comprising the 

complex CS‘s (all p‘s > .34).  

 Correlational analyses of cortisol and anxiety measures detected no significant 

associations with any memory measure (all p‘s > .23).  
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Figure 15.  Acquisition & retention of UCS expectancies during presentations of the  

CS+ and CS- in Experiment 3. 

 

UCS Expectancies 

 Figure 15 shows means of UCS expectancies reported during the CS+ and CS-

presentations across acquisition (visit 1) and retention (extinction trials on visit 2) trial 

blocks.  ANCOVA of UCS expectancies during acquisition indicated that subjects, on 

average, learned the contingencies during the first trial block (main effect of CS: F[1,62] 

= 57.9, p < .001, ηp
2
 = .48).  Larger UCS expectancy rating during the CS+ than during 

the CS- were continued to be reported throughout acquisition.  No effects of stress were 

detected (all p‘s > .29).  ANCOVA of UCS expectancies during retention testing 

(extinction trials) were adjusted for differential UCS expectancy during acquisition.  

Results indicate that the stimulus contingencies were remembered, because expectation 

of the UCS continued to be higher for the CS+ than the CS-, although the magnitude of 

the difference lower than during acquisition (main effect of CS: F[1,58] = 6.71, p = .01, 

ηp
2
 = .10).  Again, no effects of stress were detected (all p‘s > .31). 
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Figure 16. Acquisition and retention of conditioned fear in Experiment 3: eyeblink  

startle magnitudes during CS+ and CS- presentations. 

 

Conditioned Fear 

 Figure 16 plots the mean startle responses measured during the CS+ and CS- 

presentations during acquisition and retention.  ANCOVA of startle eyeblink EMG 

magnitudes during acquisition showed a potentiation during the CS+ relative to the CS-, 

indicating that conditioned fear was successfully acquired (main effect of CS: F[1,61] = 

6.00, p = .02, ηp
2
 = .09).  Figure 17 plots the mean startle response for males and females 

in the stress and control groups.  As found in our previous work, stress facilitated the 

acquisition of conditioned fear in males (Stress by Sex by CS interaction: F[1,61] = 4.81, 

p = .03, ηp
2
 = .12).  Pairwise comparisons indicate stress increased differential responding 

during the CS+ vs. CS- in males, but not in females (Males: F[1,61] = 4.05, p = .05, ηp
2
 = 

.06; Females: F[1,61] = 1.37, p = .25, ηp
2
 = .02).  Analysis of startle responses during 

ITI‘s revealed no significant effects (all p‘s > .52). 
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Figure 17. Acquisition and retention of conditioned fear in males and females from  

Experiment 1: eyeblink startle magnitudes during CS+ and CS- presentations.   

 

ANCOVA of startle eyeblink EMG magnitudes during retention showed that, for 

the group as a whole, responses were significantly potentiated during the CS+ as 

compared to the CS-, indicating that conditioned fear was successfully retained over the 

week delay (main effect of CS: F[1,56] = 11.59, p = .001, ηp
2
 = .17).  No significant 

effects of stress were found for the retention of conditioned fear.  Analysis of startle 

responses during ITI‘s revealed no significant effects (all p‘s > .37). 

 Correlational analyses with the fear conditioning measures showed that anxiety in 

the stress group (anxiety Δmax) was positively associated with differential conditioned 

startle during retention (r = .44, df = 20, p = .04), but not during acquisition (r = .05, df = 

23, p = .83).  Interestingly, cortisol stress responses (cortisol Δmax) were negatively 
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associated with retention of conditioned startle (r = -.513, df = 20, p = .02) and 

differential UCS expectancies (r = -.531, df = 23, p = .01). 

Figure 18. Salivary cortisol and subjective anxiety during Experiment 3 

 

Cortisol and Anxiety 

ANCOVA of cortisol data showed a significant main effect of Stress (F[1,60] = 

8.64, p = .01, ηp
2
 = .13) as well as a significant interaction with measurement Time 

(F[3,58] = 4.72, p = .02, ηp
2
 = .07).  Pairwise comparison of means indicated that the 

stress procedure successfully elevated cortisol concentrations compared to the control 

procedure, as evidenced immediately and 10 min following the stressor.  Inspection of 

means in Figure 18 shows that stress elevated cortisol over baseline concentrations, 

unlike Experiment 1.   

 Although anxiety was significantly elevated by the study procedures overall 

(Time: F[3,59] = 12.67, p < .001, ηp
2
 = .39), there was no significant difference between 

the stress and control groups.  Thus, the procedures successfully kept anxiety uniformly 

elevated across groups. 
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DISCUSSION 

 In Experiment 3, a stressful event elevated anxiety and cortisol concentrations and 

interfered with the formation of long-term memory for visual stimuli encountered during 

the event.  This demonstration of stress‘s effect on emotional memory is particularly 

compelling for several reasons.  First, the stressor was administered concurrently with the 

memory encoding task, thus, allowing memory to be tested for information encountered 

during the stressor.  Most, if not all, experimental investigations of stress and memory to 

date have administered the stressor before encoding.  It is often assumed that the findings 

can be generalized to memories formed during stressful events; however, the present 

study is the first to directly test and confirm this notion.  Concurrent stress and memory 

encoding more closely resembles genuine, clinically-relevant stressors.  Indeed, the 

memories encoded during a stressor, not those encoded afterwards, are the specific type 

of memories at the center of the recovered memory debate.  Furthermore, encoding 

memories during times of high anxiety, as was the case in the present study, is a 

particularly good representative of emotional memory.  In contrast, most studies, like 

Experiments 1 and 2, have measure emotional memory for relatively mundane 

circumstance.   

 Second, unlike most stress-induction studies, Experiment 3 was able to dissociate 

stress from anxiety by keeping levels of anxiety balanced while manipulating only stress.  

Significant cortisol elevations demonstrated that stress was successfully induced, despite 

there being no group differences in subjective anxiety.  The deleterious impact of stress 

on memory in this study, therefore, could not be attributed to anxiety.  One of the primary 
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problems with Experiment 1 was its inability to parse out the effects potentially 

attributable to stress, anxiety, and/or cortisol.  Experiment 3 avoided the problems 

associated with both anxiety and cortisol.  Cortisol stress responses were initiated prior to 

encoding in Experiment 1, permitting them to impact both encoding and consolidation 

processes.  Stress-induced cortisol elevations in Experiment 3 were initiated during 

encoding thus targeting their effects primarily on consolidation.  Nonetheless, no 

association between cortisol responses and subsequent memory were found.  This pattern 

of results is consistent with similar laboratory stress studies, which often find detrimental 

effects of stress on encoding but rarely find evidence for the involvement of cortisol.  

Instead, the memory impairments in this and similar studies are likely due to other 

physiological stress responses.  The lack of association between cortisol and memory in 

this study was also predicted by the results of Experiments 1 and 2, which found 

moderate concentrations of cortisol to only impact memory for unemotional information 

encountered in unemotional contexts.  As discussed earlier, and as attested by the 25% 

attrition rate, this study produced a distinctly emotional context for nearly all participants.  

Thus, the dissociation of cortisol and emotional memory in Experiment 3 was consistent 

with similar dissociations in Experiments 1 and 2. 

Third, Experiment 3 found relatively robust effects of stress on episodic memory 

across stimulus type, memory test, and sex.  Experiment 1 detected stress effects on only 

one measure of memory and on only one type of information.  These sorts of weak results 

are shared with most research in this area (see Table 2).  In contrast, stress in Experiment 

3 impaired, on the whole, both recognition and recall of all stimuli.  As Roozendaal et al., 
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predict, this may be due to the increased anxiety and, hence, AC activation related to a 

more anxiety-provoking procedures.  Unlike their predictions, however, there was no 

evidence that cortisol was involved with the memory modulation. 

Fourth, unlike most studies investigating stress and memory, both episodic 

memory and conditioned fear memories were evaluated.  Fear conditioning is a relatively 

neglected form of memory in human research, especially given its clinical relevance. 

Believed to be a central mechanism in most anxiety disorders, fear conditioning and the 

retention of conditioned fear were unique and important aspects of Experiment 3.  

Whereas the formation of emotional episodic memory was impaired by stress, the 

acquisition of conditioned fear was facilitated by stress, at least in males.  After 

facilitating fear learning, however, stress had no further effect on its retention.  Therefore, 

as suggested by Jacobs et al. stress was found to selectively impair the more HC-

dependent form of memory, while leaving the more AC-dependent form of memory 

intact.   
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GENERAL DISCUSSION & CONCLUSIONS 

Memory and Emotional Arousal 

One significant conclusion derived from this work is that emotional arousal, to a 

certain degree, facilitates the formation of most types of memory; whereas excessive 

arousal, to the degree of inducing physiological stress, impairs episodic memory 

formation.  Salutary emotional arousal in the present studies was elicited by the to-be-

remembered stimuli and facilitated episodic memory, consistent with findings from past 

studies.  Specifically, photographs and story elements that were emotionally arousing 

were remembered better than unemotional ones.  It is relatively clear that this class of 

stimuli was remembered better, but how do we know they were emotionally arousing?  In 

this set of studies, emotional arousal to the stories (Experiments 1 and 2) was only 

measured by subjective ratings, and emotional arousal to the individual phases was not 

measured.  Nonetheless, the emotional story overall was rated as being more emotional 

and anxiety-provoking than the neutral story.  In addition, previous studies indicate that, 

relative to the neutral version of the story, the emotional version—especially the 

emotional middle phase—produces changes in heart rate, blood pressure, and subjective 

ratings indicative of emotional arousal (Van Stegeren et al., 2002).  It was this phase that 

was remembered consistently better in Experiments 1 and 2.  Although emotional arousal 

associated with the individual photographs in Experiment 3 was not directly measured, 

the stimuli were specifically chosen because they have been shown in previous studies to 

elevate subjective and psychophysiological measures of negatively valenced arousal 

(Lang et al., 1993; Bradley et al., 1993).  The stimuli known to be emotionally arousing 
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in the present experiments were remembered better, across memory tests, than those 

known to arouse no emotional response.   

Experiments 1 and 2 also evaluated whether the memory superiority of 

emotionally arousing information can spread to associated information.  For example, it 

could be hypothesized that an emotionally arousing event, compared to an unemotional 

one, will improve memory for the event as a whole, including both the emotional and 

unemotional parts.  On the other hand, it could be argued that the enhancement will only 

apply to the emotional parts, leaving the unemotional parts remembered no better than 

those from an unemotional event.  Both experiments 1 and 2 found evidence for the 

latter: memory for only the emotional phase of the emotional story was enhanced 

compared to the neutral story (see Figure 6 and Table 10).   

 

Mather’s Model 

These results are consistent with a model recently posited by Mather (2007).  She 

provides theoretic and empirical support for the notion that emotional arousal facilitates 

within-object memory binding but not between-object binding.  That is, emotional 

arousal elicited by an object will enhance memory for that object and its features (within-

object binding), but not for other objects associated with the emotional one (between-

object binding).  In these terms, the emotional arousal elicited by the middle phase of the 

emotional story (from Experiments 1 and 2) facilitated the binding of information 

contained therein, resulting in better memory for that information.  Binding between the 
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emotional phase and the other phases, on the other hand, was not facilitated by emotional 

arousal.   

The limitations of this approach are evident, however, when the source of 

emotionality in Experiments 1 and 2 is examined more closely.  Remember, the 

emotional and neutral versions of the story contained the same photographs and only 

differed in the narration during the middle phase.  Thus, to be more precise, it is the 

narrative that would be considered the emotionally arousing object in Mather‘s model, 

while the photographs are clearly other objects separate from the narrative.  According to 

the model, emotion should not facilitate between-object binding; nonetheless, the 

emotional narrative facilitated the binding of information contained in the narrative with 

information contained in the photographs.  This was exemplified in Experiment 2 by the 

superior cued recall of the photographs occurring during the emotional narrative.  One 

could argue that the difference is semantic and that subjects perceived the photographs to 

be the emotionally arousing objects.  My point is only that rather than using within-object 

and between-object as objective characteristic, a looser description embracing more 

subjectivity may be beneficial.  Rather than stating that emotional arousal facilitates 

within-object binding, for example, a broader interpretation would state that emotional 

arousal facilitates binding of information that is perceived to be integral to the source of 

emotional arousal. 
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Stress and Memory 

Reformulation of Mather’s Model 

Mather‘s theory primarily describes the effects of discrete emotions, such as fear 

and disgust, but stops short of describing how memory is affected by longer and stronger 

forms of emotional arousal, such as anxiety and stress. The reformulation stated above is 

better suited for such a purpose and can now be applied to sources of emotional arousal 

that are more context- than object-based.  For example, predictions can now be made for 

the effects of laboratory stressors on memory.  Specifically, the model now predicts that 

stressors will facilitate binding of information that is perceived to be integral or related to 

the stressor, but will impair binding of other information.  Most work in this area, 

reviewed in Part II (pp. 70-77), has involved encoding tasks that are unrelated to the 

stressor; thus the stress-induced memory impairments found in these studies provide 

partial support for latter half of the prediction (i.e., stress will impair binding of unrelated 

information).  Indeed, the encoding tasks in Experiments 1 and 3 contained information 

unrelated to the stressor, so memory for them was impaired by stress, albeit partially (see 

below for further discussion). 

Very few investigations of stress and memory have used memory tasks that were 

related to the stressor in some way.  Events such as mock crimes, although inducing 

questionable levels of stress, often enhance witnesses memory of  the criminal‘s weapon, 

a stimulus clearly integral to the stressor.  However, memory appears to be impaired for 

other information that is arguably integral to the stressor, e.g. the face of the criminal 

(Deffenbacher et al., 2004).  A recent study investigated how skydiving affected memory 
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for words relevant and irrelevant to skydiving (Cavenett & Nixon, 2006).  One group was 

given 10 min to learn the words in the plane immediately before skydiving; the other 

group had 10 min to learn them on the ground about an hour before skydiving; both 

groups were tested about 20 min after encoding.  Results indicated that skydiving 

impaired memory (recognition and free recall) for only the irrelevant words, while it 

slightly enhanced recognition of the relevant words.  Another recent study adapted the 

speech task within the TSST so that the topics of the speeches were either related to 

memory or personality.  Subjects were then presented with two word lists to be 

remembered: one semantically related to memory, the other semantically related to 

personality.  The only significant memory results in the study indicated that the 

personality-related stressor facilitated memory for personality-related words.  Thus, there 

is preliminary evidence supporting the prediction that stressors will facilitate binding of 

information perceived to be integral or related to the stressor. 

 

Stress at Encoding & Memory  

Experiment 3 provided evidence that higher levels of emotional arousal can 

inhibit the formation of emotional memories.  In Experiment 1, stress was induced prior 

to encoding a moderately emotional event and had a weak and limited effect on 

emotional memory; whereas, in Experiment 3, stress was induced while the highly 

emotional event was being encoded and had a robust effect on multiple measures of 

emotional memory.  These results are consistent with a vast literature indicating that 

stress at encoding impairs memory formation.  A recent meta-analysis of studies 
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involving eyewitness memory for crimes concluded that relatively moderate levels of 

stress ―negatively impact both accuracy of eyewitness identification as well as accuracy 

of recall of crime-related details‖ (Deffenbacher et al., 2004, p. 699).  A recent meta-

analysis of stress studies using human and animal models concluded that ―stress was 

associated with glucocorticoids activation and declarative memory decline‖ (Sauro et al., 

2003, p. 235).  Although most of the studies in these meta-analyses involved short-term 

memory and, therefore, conflated encoding and retrieval effects, a review of long-term 

memory studies in Part II (pp. 70-77) revealed the same pattern: stress before encoding 

impairs some aspects of emotional and unemotional memory.   

Although generally reliable, the detrimental effects of laboratory stressors are 

often relatively weak, consistent with those found in Experiment 1, and are often only 

found for a limited subset of subjects, stimuli, or memory measures.  Indeed, the 

detrimental effects of stress vary inconsistently with stimulus type, stimulus emotionality, 

memory test, sex of subjects, and time of day.  Given that the stress effects in Experiment 

3 were larger and more extensive than those in Experiment 1, the differences between the 

experiments may give us a clue about the reason for the inconsistent effects.  Experiment 

3 occurred later in the day, included a more intensely emotional encoding task that was 

concurrent with the stressor, involved arrays of items not united by a narrative context, 

and involved interactions with anxiety in the stress and control group.  More research 

should be devoted to factors, such as these, that may explain the inconsistent finding in 

the extant literature on stress and memory. 
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Relation to Theories  

The results of Experiment 3 are relevant to a number of theories due, in part, to 

the concurrent nature of the stressor and encoding task.  Both the Temporal Dynamics 

Model of Emotional Memory Processing (Diamond et al., 2007) and a theory introduced 

by Joëls et al. (2006) propose that stress (and cortisol) will facilitate LTP and memory 

encoding that occurs during or immediately after the stressor.  Longer intervening 

durations, like in Experiment 1 (35 min), will cause stress to impair LTP and memory.  

Joëls et al. (2006, p. 152) succinctly proposes: 

Stress will only facilitate learning and memory processes: (i) when stress is 

experienced in the context and around the time of the event that needs to be 

remembered, and (ii) when the hormones and transmitters released in response to 

stress exert their actions on the same circuits as those activated by the situation, 

that is, when convergence in time and space takes place. 

Since the memory task occurred simultaneously with the stressor in Experiment 3, the 

theories predict a stress-induced facilitation of memory.  In fact, memory was even more 

impaired by stress in Experiment 3 than in Experiment 1, despite the overlap of stress and 

encoding.  Therefore, the present set of experiments provide no support for these theories 

temporal-based theories.   

Regarding the reformulation of Mather‘s model discussed above, the information 

encoded in Experiment 3 was arguably related to the stressor.  Besides occurring 

concurrently with the stressor, the to-be-remembered photographs comprised the complex 



192 

 

stimuli that predicted the occurrence of an unpleasant noise (the UCS), which presumably 

contributed to the stressfulness of the procedure.   Thus, the reformulation of Mather‘s 

model would suggest that stress should enhance the related information, which it did not.  

Both formulations of the model also predict that the emotional arousal elicited by the 

CS+ should have facilitated binding of the within-object elements, i.e. the photographs 

comprising it.  However, the photographs comprising the CS+ were remembered no 

better than those comprising the CS-, despite evidence that the CS+ elicited more 

emotional arousal (conditioned fear potentiated startle). 

 The results indicating that moderate emotional arousal is associated with 

enhanced memory, while stress-levels of arousal reverse the emotional memory effect are 

consistent with the proposal from Jacobs et al. that stress has a biphasic effect on HC-

based memory functioning, facilitating it at moderate levels, but impairing it a high 

levels.  Although complete amnesia following a stressful event is likely an exaggerated 

response or a social construction, this research provides evidence that stress can impair 

memory formation for information about an emotional event.   

 

Mechanisms 

The results of the present studies reaffirm the facilitative effects of low levels of 

arousal (deriving primarily from the to-be-remembered stimuli) and the detrimental 

effects of stress at encoding.  Low levels of arousal are believed to produce effects on 

encoding processes involving hippocampal binding, attention, and perceptual processing 

(Mather, 2007; Glascher et al., 2007; Phelps et al., 2006).  In addition, the emotional 
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facilitation of memory is dependent on NE and amygdala activation at encoding and not 

at consolidation (van Stegeren et al., 1998; van Stegeren et al., 2002; van Stegeren et al., 

2005). 

Most theoretic accounts of the effects of stress on memory espouse mechanisms 

involving stress-induced elevations in cortisol, especially during consolidation (Diamond 

et al., 2007; Joëls 2006; Roozendaal et al., 2006; Metcalfe & Jacobs, 1998).  Each of 

these theories derive support mainly from animal models indicating that glucocorticoids 

are responsible for stress-induced modulation of memory.  Despite finding stress-induced 

memory impairments Experiment 3 found no evidence for a relationship with cortisol.  In 

fact, Experiment 1 found a positive, albeit weak, association between stress-induced 

cortisol and memory.  Indeed, these results are consistent with a thorough review of 

relevant human research in Part II (pp. 70-77) revealing little evidence that cortisol is the 

source of consistently detrimental effects of stress at encoding. 

To directly determine the effects of cortisol on consolidation, Experiment 2 

administered cortisol so that concentrations ranging from stress-levels to therapeutic 

levels were induced only after encoding.  Results indicated that cortisol had mainly 

facilitative effects on memory consolidation, consistent with most other studies of 

exogenous cortisol reviewed in Part II (pp. 78-84).  Thus, contrary to most theories, the 

data from these and other human studies suggest that cortisol elevations may not be the 

source of stress-induced memory impairments in humans.   

What, then, could be the source?  The present results are more applicable to ruling 

out specific hypotheses than to suggesting novel ones.  Nonetheless, acute stress causes 
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release of CRH and cholecystokinin (CCK) in limbic areas including the hippocampus 

and amygdala.  Activity of these neuropeptides, especially within the hippocampus, is 

associated with memory modulation (Gülpınar & Yegen, 2004).  In addition, even mild 

stressors activate central catecholamine neurons, including dopamine, serotonin, and 

norepinephrine (Goldstein et al., 1996).  A wealth of data indicate that acute stress-

induced dopamine and norepinephrine activity has an inverted-U effect on frontal lobe 

functions such as attention and working memory (Arnsten & Li, 2005).  Studies 

involving intentional learning under stress would be particularly susceptible to these 

catecholamine effects.   

 

Cortisol and Memory 

Experiment 2 directly tested the effects of cortisol on the consolidation of 

emotional memory by elevating cortisol concentrations after encoding.  Based on animal 

models, theories of Roozendaal et al., predict that cortisol will activate GRs and interact 

with AC activation to selectively enhance consolidation of emotional memories.  Indeed, 

the findings generally indicated that higher concentrations of cortisol, presumable 

accompanied by greater activation of GRs, predominantly facilitated emotional aspects of 

memory.   Lower concentrations of cortisol induced by 5 mg treatment also facilitated 

memory, but unexpectedly, for primarily unemotional information.  Although some of the 

cortisol concentrations produced in the study were supraphysiological, the findings may 

suggest that high concentrations occurring during traumatically stressful events could 

facilitate the formation of emotional memory, perhaps leading to the intrusive memories 
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found in individuals with PTSD.  If traumatized individuals are, indeed, found to have 

excessive cortisol responses, then treatments inhibiting the release of cortisol could 

inhibit the development of PTSD.   

 

Stress and Fear Conditioning 

Results of Experiment 3 indicated that exposure to a psychological stressor 

impaired formation of episodic memory, yet facilitated acquisition of conditioned fear, at 

least in males.  These results are consistent with a recent study from the same lab 

showing that stress facilitated fear conditioning in males an hour after the stressor 

(Jackson et al., 2005).  Unlike recent findings, though, cortisol was unrelated to fear 

conditioning in Experiment 3 (Jackson et al., 2005; Zorawski et al., 2005; Zorawski et al., 

2006).  Moreover, a stress-induced facilitation of fear conditioning was not evident a 

week later, indicating that stress did not facilitate processes involved in long-term fear 

memory.  This was potentially due to the relatively weak levels of conditioning produced 

by the procedure.  These results are partially consistent with the proposal from Jacobs et 

al. that stress impairs the HC functions such as episodic memory, while facilitating, or at 

least sparing, AC functions such as fear conditioning. The implications are that, 

following a stressful experience, details about the experience may be difficult to recall 

but the emotional responses associated with the experience and with reminders of the 

experience remain strong.  Indeed, a similar pattern is found in individuals with PTSD, 

who often cannot recall particular details about their traumatic event, but can easily be 

made to feel the feelings experienced during the event. 
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Although it is tempting to generalize the current findings to the pathogenesis of 

PTSD, given the presumed involvement of fear conditioning in the development and 

maintenance of this disorder (e.g., Bonne et al., 2004); there are a number of factors that 

limit such a generalization.  First, theoretic accounts of PTSD that predict a stress-

induced facilitation of fear conditioning do not predict sex differences in this effect.  In 

addition, the pattern of sex differences found in Experiment 3 does not reflect the 

development of PTSD, which is twice as prevalent in females as in males (Breslau et al., 

1997; Kessler et al., 1995).  If this study accurately reflected the pattern of sex difference 

found in PTSD, then fear conditioning in the female participants should have been more 

facilitated by stress than conditioning in the males.  Second, this study found no long-

term effects of stress on conditioned fear, as is predicted by Jacobs et al. and other 

approaches linking fear conditioning to trauma memory.  Finally, compared to typical 

traumatic stressors, the stressor used in this study was more social in nature, relatively 

mild, and produced relatively small CORT elevations.  By ethical necessity, however, 

any attempts to model PTSD in the laboratory will be limited in similar ways.   

 

Conclusion 

Questions about the impact of emotions on memory have had a long, and 

sometimes dramatic, history.  The answers have far-reaching implications for a number 

of areas including psychiatric diagnosis, psychological treatment, eyewitness testimony, 

etc.  This dissertation has reviewed a number of historical hypotheses about emotion and 

memory and concludes that most of them are at least partially accurate.  That is to say, 
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this work shows that low levels of emotional arousal facilitate memory encoding; 

whereas excessive stress-levels of arousal selectively impair episodic memory formation 

while leaving behavioral types of emotional memory intact or enhanced.  Exploring the 

boundary between facilitative and suppressive degrees of arousal, including the 

physiological changes and mechanisms, is a logical next step to a more complete 

understanding of emotional memory processes.  This work corroborates other research in 

humans, indicating that cortisol may not be responsible for the deleterious effects of 

stress on episodic memory encoding.  Correlations with cortisol suggest its relationship 

with memory is independent and different from that of stress.  More directly, 

administration of stress-levels of cortisol facilitated only unemotional aspects of memory, 

an effect very unlike that of stress, but interesting in its own right.  Although much has 

been made about the impact of glucocorticoids on consolidation in animal models, the 

study reported here is the first to directly test the effects of cortisol on the consolidation 

of emotional memory in humans.  The findings highlight the deficiencies in current 

theories that rely on cortisol as a mechanism in stress‘s effect on memory. 
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Footnotes 

1. This word, pronounced nĭ-měń ĭk, is an adjective meaning ―relating to memory‖.  

I use this medical term because the alternatives, mnemonic and memorial, have 

additional meanings that could reduce clarity. 

2. From Plato‘s Phaedrus: ―That of dividing things again by classes, where the 

natural joints are, and not trying to break any part, after the manner of a bad 

carver.‖ (265 E)  Plato. Plato in Twelve Volumes, Vol. 9 translated by Harold N. 

Fowler. Cambridge, MA, Harvard University Press; London, William Heinemann 

Ltd. 1925. 

3. Notes on Contribution to Experiment 1: This study was co-designed and co-run 

by the author and Siobhan Hoscheidt.  The author additionally scored and 

analyzed all data, and wrote the report contained herein.  Ms. Hoscheidt 

additionally trained and coordinated all research assistants.  Subjects were 

primarily run by undergraduate research assistants, with occasional help from the 

author and Mrs. Hoscheidt.  Financial support was provided by Lynn Nadel and 

W. Jake Jacobs. 

4. Notes on Contribution to Experiment 2: The author designed and coordinated all 

aspects of Experiment 2 with his advisor, W. Jake Jacobs.  Subjects were run by 

the author and the undergraduate research assistants he trained.  Stephen Paul, 

MD was the supervising physician who helped make decisions about subject 

inclusion.  The Campus Health Services Pharmacy at the University of Arizona 
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helped deliver the medication and keep the experimenters blind to the group 

assignments.  Financial support was provided by Lynn Nadel and Jake Jacobs. 

5. Notes on Contribution to Experiment 3: The author designed and coordinated all 

aspects of Experiment 2 with his advisor, W. Jake Jacobs.  Subjects were run by 

the author and the undergraduate research assistants he trained.  Financial support 

was provided by Lynn Nadel, Jake Jacobs, and the following grants awarded to 

the author: American Psychological Association (APA) Dissertation Research 

Award, American Psychological Foundation (APF) Council of Graduate 

Departments of Psychology (COGDOP) Scholarship, and Student Research 

Scholarship from the Social and Behavioral Sciences Research Institute at the 

University of Arizona.  

 



200 

 

References 

 

Abercrombie, H. C., Kalin, N. H., Thurow, M. E., Rosenkranz, M. A., & Davidson, R. J. 

(2003). Cortisol variation in humans affects memory for emotionally laden and 

neutral information. Behavioral Neuroscience. 117 (3), 505.  

Abercrombie, H.C., Speck, N.S., & Monticelli, R.M. (2006). Endogenous cortisol 

elevations are related to memory facilitation only in individuals who are 

emotionally aroused. Psychoneuroendocrinology. 31 (2), 187-96. 

Aerni, A., Traber, R., Hock, C., Roozendaal, B., Schelling, G., Papassotiropoulos, A. et 

al., (2004). Low-dose cortisol for symptoms of posttraumatic stress disorder. Am J 

Psychiatry, 161(8), 1488-90. 

al'Absi, M., Hugdahl, K., & Lovallo, W. R. (2002). Adrenocortical stress responses and 

altered working memory performance. Psychophysiology, 39(1),  95-9. 

Andreano, J. M., & Cahill, L. (2006). Glucocorticoid release and memory consolidation 

in men and women. Psychological Science. 17 (6), 466-470. 

Aristotle (1908). The Parva naturalia De sensu et sensibili, De memoria et reminiscentia, 

De somno, De somniis, De divinatione per somnum. (J.L. Beare & G.R.T. Ross, 

Trans.). Oxford: Clarendon Press. 

Armony, J. L., & LeDoux, J. E. (1997). How the brain processes emotional information. 

Ann N Y Acad Sci, 821, 259-70. 



201 

 

Arnsten, A. F. (2000). Through the looking glass: differential noradenergic modulation of 

prefrontal cortical function. Neural Plast, 7(1-2),  133-46. 

Arnsten, A.F., & Li, B.M. (2005). Neurobiology of executive functions: catecholamine 

influences on prefrontal cortical functions. Biological Psychiatry. 57 (11), 1377-

84. 

Avital, A., Segal, M., & Richter-Levin, G. (2006). Contrasting roles of corticosteroid 

receptors in hippocampal plasticity. The Journal of Neuroscience. 26 (36), 9130-

9134. 

Bain, A. (1870). Mental Science; A Compendium Of Psychology, History Of Philosophy 

Designed As A Text-Book For High-Schools And Colleges. New York: D. 

Appleton and Company. 

Barlow, D. H. (2002). Anxiety and its disorders the nature and treatment of anxiety and 

panic. New York: Guilford Press. 

Bannerman, D. M., Rawlins, J. N. P., Mchugh, S. B., Deacon, R. M. J., Yee, B. K., Bast, 

T., et al. (2004). Regional dissociations within the hippocampus-memory and 

anxiety. Neuroscience and Biobehavioral Reviews. 28 (3), 273-283. 

Barrett, L. F. (2006). Are Emotions Natural Kinds? Perspectives on Psychological 

Science. 1 (1), 28-58.  



202 

 

Beating the Bounds. (2003). A Dictionary of English Folklore.  London: Oxford 

University Press. 

Beckner, V. E., Tucker, D. M., Delville, Y., & Mohr, D. C. (2006). Stress facilitates 

consolidation of verbal memory for a film but does not affect retrieval. 

Behavioral Neuroscience. 120 (3), 518. 

Bender, B.G., Lerner, J.A., & Poland, J.E. (1991). Association between corticosteroids 

and psychologic change in hospitalized asthmatic children. Annals of Allergy. 66 

(5), 414-419. 

Berg, W. K., & Balaban, M. T. (1999). Startle Elicitation: Stimulus parameters, recording 

techniques, and quantification. In Dawson, M. E., Schell, A. M., & Böhmelt, A. 
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introduction ou étude biographique, littéraire et scientifique sur Galien. 
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