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ABSTRACT 

 

Previous research on emotional arousal and memory performance has demonstrated that 

acute stressors work to enhance memory consolidation while chronic, or unremitting, 

stress usually results in a decrease in memory performance.  Both of these alterations in 

memory performance are thought to be mediated by the stress hormones cortisol and 

norepinephrine.  While the bulk of the research in this area typically involves a male rat 

model of stress, natural stressors in humans is increasingly commonly used to investigate 

the potential effects of a stress response on memory performance.  However, since males 

(rats and humans) are most commonly used in stress research, it is currently unclear if 

there are gender differences in the influence of stress on memory performance.  

Moreover, the type of stressors used in human research includes both physical stressors 

(e.g. cold water immersion) and psychological stressors (e.g. public speaking in 

laboratory environment).  Although physical and psychological stress is mediated 

through unique neurological and endocrine pathways, they are not typically differentiated 

from each other in the literature. This study sought to use an academic examination as 

ethologically-relevant and natural stressor to investigate the influence of an acute 

psychological stress on memory performance in both males and females.    To that end, 

this study tested a total of 56 participants (46 with complete data, 16 males and 30 

females) in two sessions, the first took place three weeks prior to their examination and 

the second took place 15-minutes prior to their examination. As expected, compared to 

the baseline testing session, salivary cortisol levels significantly increased during the 

examination testing session with a concomitant significant increase in short term memory 

and non-significant increase in long-term memory.  Gender differences were found in the 

potential influence of stress on memory performance.  These results show that for 

females, but not males, increases in cortisol are associated with decreased memory 

performance.  For males, there was a non-significant trend for improved short- and long-

term memory performance independent of cortisol levels during the examination session 

compared to baseline testing session. Probable explanations and future directions are 

discussed.                   
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Sex Differences in Memory Performance in Response to an Examination 

Stressor 

CHAPTER 1: REVIEW OF THE LITERATURE 

MECHANISMS OF THE STRESS RESPONSE  

 

In response to a threat, the nervous system has two distinct but overlapping 

systems to hormonally respond to stress- the autonomic nervous system (ANS) and the 

hypothalamic pituitary adrenal (HPA) axis.  The ANS can be further divided into two 

subsections: the sympathetic nervous system (SNS) and the parasympathetic nervous 

system (PNS). As explained by Kolb and Whishaw (2004), the SNS serves the critical 

role in response to stress by releasing norepinephine (i.e. noradrenaline) through 

subcortical activation of the locus coeruleus. On the other hand, the hypothalamic-

pituitary-adrenal axis (HPA) is known for supplying the body with prolonged energy 

supply and targeting the immune system (Salposky, 2004).  

Automatic Nervous System Response: The Fast Response  

 The SNS has a mechanism which participates in the fight-or-flight response. This 

pathway supplies the body with enough energy to overcome an immediate stressor.  In 

response, the locus coeruleus norepinephrine (LC-NE) system uses the spinal cord to 

send electrical messages to the adrenal medulla (Panter-Brick & Worthman, 1999). These 

neural messages alert the adrenal glands to release catecholamines, such as epinephrine 

and norepinephrine, to immediately respond with a surge in carbohydrate resources to 

increase cellular activity. These hormones accelerate cellular metabolism and prepare the 

organism for an immediate threat (Panter-Brick & Worthman, 1999). Acceleration in 



Page | 2 

 

cellular metabolism alters important organ systems directly linked to survival. For 

instance, these hormones increase cardiovascular activity, enlarge the pupils, expand lung 

capacity for respiration, and constrict blood vessels in the extremities. Such increase in 

cellular activity results from the power of epinephrine to increase cellular metabolism and 

promote the liver to release carbohydrates. As a result, an increase in energy allows for 

quick energy consumption which is directly linked to survival (Panter-Brick & 

Worthman, 1999). Without this fast response, the body would take minutes to mobilize 

enough resources to respond to the threat, and this would not be evolutionarily 

advantageous. Additionally, the body has another hormonal mechanism which prepares 

the body for an extended usage of resources (Sapolsky, 2004).  

HPA Axis: Slow Response 

Stress can also activate a slower response which is mediated by the HPA axis. 

The HPA axis responds to stress by providing sufficient resources for prolonged periods. 

As the brain becomes aware of the stressor, as indicated by signals from the amygdala 

and higher cortex, the paraventricular nucleus of the hypothalamus begins to secrete 

higher quantities of corticotropin releasing hormone (CRH) (as reviewed in Greenberg, 

2009). CRH secretion from the hypothalamus to the anterior pituitary gland results in a 

release of adrenocorticotropin hormone (ACTH) into the bloodstream. An increase in 

ACTH in the blood activates sensitive receptor cells in the adrenal cortex to produce 

larger quantities of cortisol and also stimulates the liver to increase gluconeogenesis (as 

reviewed by Friedman, Charney & Deutch, 1995; Greenberg, 2009). Cortisol can also 

produce various neurological and lymphatic responses, such as an initial increase in 

immune functioning and alterations to learning and memory, respectively (Tsigos & 
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Chrousos, 2002; Lupien et al., 2007). In addition, cortisol also works as a 

neurotransmitter by increasing glucose usage in the brain. This increase in metabolism 

provides a sense of alertness, vigilance, and mental sharpness. 

Importantly, the HPA axis is a self-regulating system at all levels; the body 

mobilizes resources to counteract damaging effects associated with the chronic release of 

cortisol (Kolb & Whishaw, 2004). One component of the HPA axis negative-feedback 

regulation occurs when higher than normal levels of cortisol bind to the glucocorticoid 

receptors in the hippocampus.  This induces the HPA axis to regulate towards 

homeostasis; for instance, areas such as the pituitary gland and hypothalamus will 

decrease cortisol output (De Kloet et al., 1998). However, if the HPA axis becomes 

dysregulated, it will continue to release cortisol and elevated levels of cortisol damage 

neurons in the hippocampus (Salposkly, 2004). For instance, various studies have noted 

memory impairments among people with Cushing‟s disease, which is associated with 

heightened cortisol levels, and as a consequence, decreased hippocampal functioning 

(Forget, Lacroix & Cohen, 2002).  

Overall, cortisol provides and increases energy and mental activity for prolonged 

periods (Panter-Brick & Worthman, 1999). Even though a surge in glucose is theorized to 

help the body contends with stressors, chronic stress has been linked to various 

pathologies (Lupien et al, 2007). Pathologies associated with chronic stress include 

immune suppression, hippocampus shrinkage, cardiovascular disease, ulcerations in the 

intestinal walls and psychological depression (Toates, 1995; Friedman, Charney, Deutch, 

1995; Sapolsky, 2004).  
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STRESS AND MEMORY 

Frontal Lobe Functioning: 

 The frontal lobe is known to play an essential role in executive functions and 

initial memory encoding (Kandel et al., 2000). More specifically, the prefrontal cortex, a 

part of the frontal lobe, has been noted to have an increase in glucose usage when 

participants are asked to memorize a list of words (Kandel et al, 2000). On the other 

hand, activity in the left prefrontal cortex is associated with the retrieval of memories 

(Kandel et al., 2000).  

Additionally, the frontal lobe is responsible for executive functions which include 

future plans, attention, selection of appropriate behaviors, and short-term memory (Kolb 

& Whishaw, 2006). For this study, the frontal lobe is important because the articulatory 

loop, which involves the repetition of information subvocally, is involved in the first 

stage of memory processing (Kandel et al., 2000). During short-term memory tasks, 

participants engage in subvocal repetition of information until the information is written 

down. This is analogous to a person repeating a telephone number until he uses the 

information. Once the number has been dialed, this information is no longer accessible 

because attention has been shifted to another task.  

Animal studies have consistently found that acute, but not chronic, stress 

improves visual spatial memory performance on the Morris water maze (reviewed in 

Diamond et al., 2007). However, human studies use a variety of approaches to induce 

stress and assess memory which makes it difficult to translate the influence of stress on 

memory performance from animal to human research. In particular, some researchers 

prefer to induce stress using physiological stressors (e.g. the cold-press task) while others 



Page | 5 

 

use psychological stressors such as the Trier Social Stress Test and naturalistic stressors 

(e.g. examinations or bereavement) (reviewed in Bondi and Picardi, 1999). In addition, 

some studies assess both norepinephrine and cortisol, while others only use one 

biochemical measurement. Furthermore, this body of research with human participants 

has employed a multitude of memory tasks, all which are dependent on particular brain 

regions. Overall, some studies have found acute stress to enhance memory performance 

while others have found a decrease in performance (reviewed in Porcelli et al., 2008).  Of 

note to the present study, one study has revealed that a reduction in cortisol is linked with 

an enhancement of short-term memory in humans (Vedhara et al., 2000).   

 During stressful periods, the locus coeruleus becomes activated and this result in 

the release of norepinephrine to the prefrontal cortex (reviewed in Qin et al., 2009). 

Changes in the LC-NE pathway impact an area of the brain associated with temporary 

memory storage, the prefrontal cortex (PFC), due to its sensitivity to norepinephrine. One 

theory suggests that the LC-NE system modules PFC-dependent working memory in a U-

shaped relationship (reviewed in Qin et al., 2009). More importantly to the current study, 

an initial increase in norepinephrine during the examination week might be helpful for 

the short-term memory task. It is possible for norepinephrine and cortisol to be released 

during the examination period and produce various changes in pre-frontal activity 

simultaneously. For instance, Qin and colleagues (2009) found that psychological stress 

reduces working memory activity and this was correlated with a hypoactivity in the PFC. 

Overall, changes in the neurochemistry during the examination period could influence 

memory in both memory tasks.           
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Hippocampus Functioning  

In studies measuring the levels of concentration of cortisol in the brain, the 

hippocampus has been noted to have the highest concentration of mineralocorticoid and 

glucocorticoid cortisol receptors in comparison to other brain regions (as noted by 

Daimond & Kim, 2002). Such abundance of cortisol receptors in the hippocampus must 

be further investigated due to its significance in initial memory consolidation. For many 

decades, researchers have been using animal models to understand spatial navigation, a 

form of memory which involves navigating in the environment and it dependency on the 

hippocampus. For instance, Bear and colleagues (2001) have reported that rats with 

damage to their hippocampus have a decrease in performance when locating food in a 

radial arm maze. Others have noted that chronic stress negatively impacts performance 

on a spatial navigation task (Diamond et al., 2007). Based on these studies, investigators 

are beginning to untangle the impact of stress on memory formation through a variety of 

avenues. 

From the area of clinical neurology, a famous neurological patient H.M. made 

researchers realize the importance of the hippocampus in memory processes.  From this 

case study, which involved a man with complete removal of both temporal regions, 

Carlson (1999) summarizes the importance to the field of memory. Researchers found for 

long-term memories to not store in the hippocampus, short-term memory to be 

independent of the hippocampus, motor tasks to not dependent on the hippocampus 

functioning, and the importance of the hippocampus in memory consolidation. The case 

of H.M. has revealed that factual knowledge (explicit) is processed differently than motor 
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tasks (implicit) (Carlson, 1999). These discoveries have made researchers aware 

regarding the existence of two fundamentally distinct memory systems.  

Current research suggests that fundamentally different forms of memory are 

associated with different regions in the medial temporal cortex. For instance, recent 

studies have noted that explicit (facts and events) memories are stored in the association 

areas surrounding the hippocampus. These areas include the entrohinal, 

parahippocampus, and perirhinal cortices (Kolb & Whishaw, 2006). According to Kandel 

and colleagues (2000), the hippocampus is only a transitory station to more stable 

memory storage systems. This hypothesis has emerged due to the fact that patients with 

complete removal of both hippocampi are able to recall childhood stories, but unable to 

remember more recent information (Kandel et al., 2000). In addition, damage to these 

neighboring cortexes produces loss of memory (Kandel et al., 2000). Thus, explicit 

memories are important for accessing facts and appear to use the hippocampus for initial 

processing; declarative memories include knowing information such as the number of 

planets in the solar system (Kim & Diamond, 2002). Furthermore, patients with lesions to 

the parahippocampus and perirhinal cortices have difficulties recalling previously known 

facts and events (Kandel et al., 2000).  However, damage to these regions does not impair 

implicit memory systems, such as associative learning, priming, and procedural and 

motor skills. Combined, these findings support the idea that the hippocampus is a 

temporary station for eventual consolidation specifically for explicit, but not implicit 

memories (Toates, 1995).  
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Cognitive Memory Model 

Psychologists interested in cognitions have created models which seek to describe 

and clarify the human memory system. For the most part, many agree that learning 

involves the process of acquiring information, while memory refers to the retrieval of 

memories. Learning has been extensively studied in both humans and other animals 

(Diamond et al., 2007). In cognitive psychology, the widely known Atkinson and 

Shiffrin‟s Control Process model explains memory processing as involving three stages: 

sensory memory, short-term memory, and long term memory (Kandel et al., 2000). 

According to this model, rehearsal of the material is required for the information to have 

permanent storage in the long-term memory system. Current molecular evidence supports 

the idea of neurological changes to only occur during the consolidation from short-term 

to long-term memories (Kandel, 2000). To begin with, this model describes sensory 

memory (SM) as a simple memory system which involves remembering information for 

about one-twentieth of a second. Increasing in complexity, short-term memory process 

(STM) holds unrehearsed material for roughly twenty seconds and seven plus or minus 

two items; short-term memory is theorized to provide a stage ground for more permanent 

storage.  Furthermore, STM is typically confused with working memory; but, from the 

cognitive perspective, working memory uses previously known information and a visual-

sketch pad in order to process incoming information and uses previous knowledge (Bear 

et al., 2001). Moreover, working memory integrates current information with previously 

stored material from the long-term memory system (as reviewed by Terry, 2003).  In this 

study, participants are not retrieving information from the long-term memory. Hence, the 

memory task could best be described as short-term and dependent on frontal-lobe 
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processes. The most complex memory system is known as long-term memory (LTM). 

This concept describes our ability to hold unlimited amounts of information for longer 

periods of time and is known to require protein synthesis within the neurons (Stickgold & 

Walker, 2005). It is important to note that the Atkinson and Shiffrin model, also known 

as the three-stage processing, has various limitations such as the inability to account for 

the powerful effects of emotional memories (reviewed by Myers, 2007). For example, 

emotional memories do not require rehearsal and are more vivid than other personal 

events.   

Of note to the present study, many researchers have used distraction tasks, such as 

the Brown-Peterson distraction task, with the idea of interfering with the limited capacity 

of short-term memory (Fuchs & Melton, 1974). A variety of distraction tasks have been 

developed, for example, some researchers have participants count aloud back from a 

certain number while others have participants listen to music (reviewed by Meyers, 

2007). Interrupting the limited short-term memory system prevents accurate recall. For 

the current long-term memory task, participants were exposed to the long term memory 

words initially in order to have a variety of tasks in-between the encoding and retrieval 

part. More specifically, the participants in this study had to complete a demographic 

questionnaire, provide salivary samples, participate in a short term memory task, and 

even had to complete a self-report stress scale between the encoding and retrieval. Rather 

than using a distraction task, participants had to follow directions and their attention was 

distracted with other procedures. Based on this paradigm of long-term memory, 

participants had to use some effort to encode memories into their long-term memory 

storage system.  
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Emotional Memory 

Emotional responses are known to increase the vividness, intensity, and amount 

of details surrounding a highly stressful event. Individuals experiencing a highly stressful 

situation tend to remember more information about the event (Diamond et al., 2007).  

Biologically, the thalamus sends messages to the amygdala to prepare for an 

instantaneous emotional reaction (Myers, 2007).  Rather than communicating with the 

higher cortex, the stress response occurs without much appraisal or processing from the 

frontal cortex. For this research, the psychological stressor of examination requires higher 

cognition and thus it is not categorized as an emotional memory. Emotional memory has 

greater relevance to studies seeking to understand the impact of extreme forms of 

stressors, such as bank robbery or a natural disaster, leading to post-traumatic stress 

disorder and flashbulb memories.   

REVIEW OF THE RELEVANT RESEARCH 

 

Engineering: Defining ‘Stress’ 

 The concept of stress was originally borrowed from the field of engineering. In 

this field, stress is viewed as any physical pressure applied on a structure (Kim & 

Diamond, 2002). In biology, this concept describes any situation in which an organism 

has failed to achieve homeostasis. Moreover, the stress response is part of a survival 

system which seeks to overcome challenges, through a neuroendocrinological response, 

and return to homeostasis.  Here, stress is operationalized as an increase in cortisol levels 

due to the aversive psychological pressure to perform on a college examination.  

 



Page | 11 

 

Walter Cannon: Fight-or-Flight Response  

 In the early twentieth century, Walter Cannon coined the term fight-or-flight to 

describe the involvement of the ANS when exposed to a potential stressor in the 

environment (Cannon, 1934). Cannon further theorized that emotions are experienced for 

the duration of the physiological response (reviewed in LeDoux, 1996). In other words, 

individuals experience fear due to the physiological response to the stressor, resulting in 

an increase of heart rate and heightened alertness. Seeking to explain this phenomenon, 

he developed the Cannon-Bard theory of emotion which purports the importance of the 

hypothalamus as the hub of neural-endocrine communication. His theory provided 

groundwork for later research to further understand the effects of various stressors on a 

wide variety of areas including memory performance, immune functioning, 

cardiovascular activity, diabetes regulation and psychosomatic disorders (Sapolsky, 

2004). 

Hans Selye: General Adaptation Syndrome 

 Hans Selye was another pioneer in the area of stress research. His research began 

through serendipitous observations of the stress response in laboratory rats. While trying 

to understand the effect of „noxious agents‟ on the adrenal glands of these animals, he 

began to notice a wide variety of pathologies (Selye, 1978). From these observations, he 

later noted that compared to unstressed rats, stressed rats experienced a wider range of 

pathologies including adrenal hypertrophy, atrophy to various lymphatic systems, and a 

greater number of stomach ulcerations as a result from the release of a stress hormone 

(Selye, 1978). This resulted in Selye operationalizing stress as any demand which takes 

the body away from homeostasis. He later became widely known as the architect of the 
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general adaption syndrome (GAS) model (Selye, 1978). His theory was the first extended 

view of the stress response beyond the initial sympathetic system activation.  From a 

medical perspective, he believed the stress-response to be an important process because it 

terminates in a depletion of resources, and causes mental and physical exhaustion. More 

specifically, the initial phase in the GAS involves an alarm response; this is similar to the 

fight-or-flight response as proposed by Cannon, which promotes a cellular mobilization 

of resources to overcome a potential threat. The second phase involves a consistent 

elevated usage of bodily resources; this biochemical process continuously provides 

energy to overcome the perceived challenge. After a prolonged exposure to the stressor, 

resources become limited and chronic stress results in physiological and emotional 

exhaustion (Selye, 1978).  

Yerkes-Dodson Law: Arousal Levels and Performance 

 Another relevant concept to the present research is the Yerkes-Dodson Law. For 

many decades, the law was incorrectly interpreted as an inverted „U-shaped‟ relationship 

between arousal levels and memory performance (as reviewed in Diamond et al., 2007). 

This confusion about the correct interpretation of the discrimination avoidance task 

studies carried by Yerkes and Dodson has recently been revisited. The incorrect 

interpretation states that memory performance improves with an increment in arousal, to 

an optimal arousal; after that point, performance begins to decrease. In reality, the 

previous statement only applies to difficult tasks. For easier tasks, individuals continue to 

improve as arousal level increases (as reviewed in Diamond et al., 2007). In general, only 

relatively difficult tasks are affected when arousal level continues to increase after the 
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optimal period. Unfortunately, it is difficult to distinguish between easy and difficult 

tasks.  

Friedman & Rosenman: Individual Differences 

 Another serendipitous observation in stress research by Friendman and Rosenman 

prompted an interest in the connection between personality and stress-related pathologies; 

they revolutionized the field of stress by providing evidence linking personality traits and 

cardiopathologies (as reviewed in Greenberg, 2009). These researchers proposed the 

concept of Type A and Type B personalities. They noted most of their cardiac patients to 

have Type A characteristics; these personality traits included time urgency, hostility, 

aggression, competitive attitudes, and ambition. These patients were described to be 

literately on the “edge of their seat” while waiting in the reception area. On the other 

hand, Type B behavioral traits began to be used to describe individuals lacking most of 

the characteristics previously mentioned (as reviewed in Greenberg, 2009). As a result, 

current researchers are keenly attentive to individual variability in response to both 

physical and psychological laboratory stressors (Selye, 1978; Rabin, 1999). For instance, 

in laboratory experiments, some individuals are known to use the problem solving 

methods, while others use avoidance or denial; individuals using solution-focused 

techniques have been found to have a decrease in psychneuroendocrine activity in 

response to a stressor (Biondi & Picardi, 1999). Other studies have found that individuals 

perceiving themselves as less attractive, while experiencing low self-esteem and 

depression, were found to have higher levels of cortisol than with without these 

perceptions (as reviewed in Rabin, 1999). Furthermore, other studies have noted various 

factors such as genetic influence, childhood experiences, previous exposure to the 
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stressor, and coping mechanism to affects the physiological stress response (Selye, 1978; 

Sapolsky, 2004). Thus, rather than analyzing groups, the purpose here is to understand 

individual differences because individual variability uniquely affect their respective 

physiological response.  

Herman & Cullinan: Processive vs. Systemic Pathways 

 In addition, Herman and Cullinan (1997) have proposed the existence of two 

different forms of stressors, each with unique stress-activating pathways resulting in the 

activation of the HPA axis. More specifically, systemic (immediate threats) and 

processive (requiring higher cognitive processes) stressors have been shown to depend on 

different brain pathways. Processive stressors result from processes occurring in the 

prefrontal and limbic structures, such as the hippocampus and amygdala. In humans, 

processive stressors are noted for their usage of higher cognition, such as the anticipation 

of an upcoming evaluation. In contrast, systemic stressors mainly depend on neurological 

pathways leaving the hypothalamic PVN (Herman & Cullinan, 1997). This pathway is 

responsible for helping the organism survive an immediate biological threat, such as a 

lack of oxygen or a severe decrease in temperature. It has been noted that animals, with 

lesions to their limbic system, have a stress reaction while experiencing physiological 

stressors, such as a decrease in air supply, but not to systemic stressors, such as being 

introduced to a new environment (Herman & Cullins, 1997). In other words, the limbic 

system might only be involved with psychosocial stressors, such the pressure surrounding 

examinations, while the other responds to biological needs. Overall, rather than viewing 

the activation of the HPA axis as an uniform process for all forms of stressors, Herman 
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and Cullinan (1997) noted different structures and pathways to activate, and help 

regulate, an endocrine response. 

Research on Psychological Stress: Examination Stress 

 The research conducted by Herman and Cullinan has expanded an interest in both 

processive and systemic stressors. While some have been interested in using ways of 

activating the systemic pathway through the usage of the cold-press test (systemic), 

others have been investigating the effects of psychological (processive) stressors on the 

endocrine system (Pascualy et al., 1999). More specifically, contemporary researchers are 

using laboratory processive stressors, such as the Trier Social Stress Test, as well as real 

life stressors, such as bereavement and college examinations, to understand their 

respective effects on both the HPA and ANS response (Biondi & Picardi, 1999; Kelly et 

al., 2007). For instance, studies using examination as the stressor have mainly focused on 

hormonal activation, immune functioning, anxiety scores, sex hormone secretion, and 

even prefrontal-dependent executive functioning (Biondi & Picardi, 1999 & Oaten & 

Cheng, 2005).   

In one study, researchers were interested in self-control regulation between non-

examination and examination periods. The researchers sought to understand the effect of 

examination stress on frontal lobe-dependent executive functions.  Participants were 

asked to complete inventories with the intent of measuring self-care habits, appointment 

adherence, emotional control, and take part of the Stroop test; then, a comparison was 

made between baseline (4 weeks prior the examination) and the academically stressful 

period. Results suggest a decrease in self-regulatory behaviors, in both laboratory and 
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self-reported questionnaires, during the examination period; this supports the idea that 

examination stress causes impairments in executive function (Oaten & Cheng, 2005). A 

decrease in executive function, during the stressful period, is thought to be the reason 

why students spent more time with their friends, ate more junk food, exercised less, 

neglected house chores, and increased their caffeine intake. These findings have been 

supported by other studies which suggest that students tend to exercise less and smoke 

more during this period (reviewed in Oaten & Cheng, 2005). In other words, examination 

stress seems to impair students‟ ability to control their own behavior. These researchers 

refuted alternative explanations, such as those students might have spent less time taking 

part in these activities because they were spending more time studying. This alternative 

conclusion is not supported because students reported spending more time doing “non-

studying” behavior such as going out with friends (Oaten & Cheng, 2005). This study has 

some relevance to this current investigation because a decrease in frontal lobe 

functioning, as a result of stress, might impact short-term memory performance. Unlike 

this study, the current study seeks to evaluate potential gender differences in regards to 

the effect of frontal lobe functioning during a similar stressful situation.  

Another recent study sought to understand the impact of examination stress on 

thirty-one undergraduate dental students on a variety of measures. Students were tested 

before and after a written examination; as a group, these students had a significantly 

higher level of cortisol immediately before the written examination in comparison to 

immediately after the test. Similarly, students self-reported to be experiencing more 

„examination stress‟ before examination in comparison with post-examination follow-up. 

Also, there were no changes in salivary Immunoglobulin-A and Chromogranin-A 
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secretion (Ng et al., 2003). This study reveals the importance of collecting and analyzing 

both objective and subjective measures of stress.       

Overall, a review of the literature in the area of examination stress, Bondi and 

Picardi (1999) suggested contradictory results regarding the effect of examination stress 

on cortisol and ACTH levels. Five studies suggest that examinations significantly 

increase cortisol and ACTH while two studies found no significant difference between 

pre-examination and examination. These contradictory results could result from 

methodological differences (Bondi & Picardi, 1999).  For this reason, it has been 

suggested that the term “examination stress” should be used to denote the acute stress 

testing immediately before an examination and the term “academic stress” should be used 

to denote of the chronic stress of testing during an extended examination period (Stowell, 

2003). In addition, studies differ in regards their difficulty of the examination. Moreover, 

some studies have used high school students while others have tested graduate students; 

thus, a difference in examination difficulty might also impact students‟ physiological 

stress response (Stowell, 2003).   

Neglect of Gender Differences in Stress Research 

 Studies using psychological stressors typically report that women are more 

distressed with the task compared to males (Kelly et al., 2007). However, there is 

confusion in the literature regarding the impact of gender on the physiological stress 

response. While comparing both genders, it is important to differentiate between 

psychosocial, physiological, and psychological challenges when analyzing potential 

gender differences. For instance, laboratory stressors have produced significant increases 

in catecholamine, blood pressure, and cortisol in males compared to females 
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(Frankenhaeuser et al., 1978).  In anticipation to a stressor, preliminary evidence suggests 

gender differences exist in cognitive and emotional reaction to a stressor. For instance, a 

recent study found males have significantly higher levels of cortisol in anticipation of a 

public speaking task in comparison to females (Kirschbaum et al., 1992). Perhaps 

females respond to a stressor by “tend(-ing) and befriend(-ing)” while males perceive the 

situation as a potential threat to their self-esteem (Taylor et al., 2000). 

 According to Taylor and colleagues (2000), females have been neglected in both 

human and other animal studies seeking to understand stress. The overrepresentation of 

male participants in stress research exists due to the potential confound of the ovarian 

cycle impacting the endocrine stress response.  Despite the potential confound, more 

recent studies have begun to analyze the impact of gonadal hormones, testosterone and 

estrogen, on sympathetic nervous system arousal. For males, the fight-or-flight response 

to a psychological stressor is modulated by testosterone levels (Taylor et al., 2000). 

Testosterone has been linked to aggression and hostility- both of these factors are known 

to increase cortisol secretion. On the other hand, estrogen has been linked to the release 

of oxycotin during stressful periods. Various studies have linked higher levels oxycotin to 

a decrease in cortisol in females exposed to acute laboratory stressors (Taylor et al., 

2000). Research seems to suggest that females tend to affiliate more and mobilize social 

support during stressful situations while males have an increase in aggressive behaviors 

(Taylor et al., 2000). This gender difference has been evolutionally beneficial for females 

because of the need to protect their offspring and maintain a care-giving system. Overall, 

the “tend-and-befriend” theory seeks to explain a protective mechanism and indirectly 

reduces stress hormones (Taylor et al., 2000). This theory is supported by the finding that 
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social support reduces stress.  In particular, there is low “burnout” among students with 

greater extracurricular activities and social support (Jacobs and Dodd, 2003) and a 

positive correlation between social support groups and perceived stress among police 

officers (Cook, 1986).  Combined, the above findings prompted this investigation to 

analyze potential gender differences in response to an examination stressor.  

Operational Definition: Examination stress   

It is important to operationally define the usage of “examination stress” to further 

clarify the current confusion in the literature. Here, the concepts of examination stress or 

examination stressor are interchangeably used to describe the acute stress that occurs a 

few minutes before an examination. Conversely, those studies mentioning the term 

academic stress should be exclusively reserved to describe the pressure experienced by 

students during the week of examination. Using Bosch and colleagues‟ (2004) 

operational definition, examination stressor can be best categorized as an acute and 

ethologically-relevant stressor, because this study tests a few minutes prior to an 

examination, rather than a “chronic” stressor, which involves testing students during an 

examination period.   

In this study, the researcher is primarily interested in further understanding the 

impact of gender on HPA axis activation and its potential effect on memory performance. 

The literature has mixed conclusions about the effect of gender on HPA axis activation; 

some studies have noted gender differences in cortisol responsivity to psychological 

stressor while others have not found any difference (Kirschbaum et al., 2002). In 

addition, this study is interested in individual variations to examination stress; for 

instance, my lab has found it necessary to compare objective measures of stress (cortisol) 
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with self-report stress scores (Perceived Stress Scale) (Murphy et al., 2010). Since the 

Perceived Stress Scale has been used extensively used for studies using examination 

week as a natural stressor, the researcher is using this questionnaire to measure general 

stress rather than a measure of acute stress.  

Here it is predicted that, compared to baseline session, acute examination stress 

would result in a significant increase in cortisol.  Consistent with previous work on acute 

stress and memory, it is further predicted that compared to baseline performance, 

examination stress would enhance memory performance.  In line with previous work on 

gender differences in stress response, it is also hypothesized that compared to males, 

females would have less of a rise in cortisol before the examination (compared to 

baseline levels), and that as a consequence, males would demonstrate better memory 

performance. 
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CHAPTER 2: METHODS 

PARTICIPANTS   

Participants were recruited from the Nova Southeastern University‟s 

undergraduate program. Participants consisted of 55 undergraduate students, with 17 

males and 38 females participating.  From this sample, 46 participants (16 males, 30 

females) had complete data and were included in the analysis (See Table 5 for 

Demographics). Participants were asked to refrain from eating or drinking one hour 

before testing. Before the experimentation, participants had received written instructions 

about the study (See Appendix C for Participant Instructions). Participants were tested 

during two sessions. The first session was held exactly three weeks prior to either a 

midterm or final examination and the second was held fifteen minutes prior the 

examination. In order to minimize the influence of the circadian rhythm on cortisol 

levels, participants were tested at the same time during both periods. All participants 

were given an informed consent in accordance with the protocol as approved by the Nova 

Southeastern University‟s Institutional Review Board (See Appendix F for IRB 

Approval). 

EXPERIMENTAL PROTOCOL  

Both experimental sessions occurred fifteen minutes prior to one o‟clock.  

Participants were asked to sign an Informed Consent. Additionally, participants had to be 

at least eighteen years in age. For both sessions, participants were asked to view fifteen 

words from the RAVLT vocabulary list which was projected onto a screen for exactly 

thirty seconds (See Appendix D for RAVLT list). Next, the participants were asked to 
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complete a demographic questionnaire (See Appendix B for Demographics 

Questionnaire). Then, participants were given ninety seconds to complete the Perceived 

Stress Scale-10 (See Appendix A for Perceived Stress Scale). After that, participants 

provided a salivary sample. The saliva was collected through a straw which passed the 

saliva to a polyethylene tube. Additionally, participants took part in a short-term memory 

assessment (See Appendix E for Short-Term Memory Task). Letters were shown on an 

overhead monitor for three seconds. There were a total of six trials with increasing 

difficulty. The first trial consisted of two letters and the sixth consisted of nine letters. 

Lastly, participants engaged in free recall for ninety seconds from words presented during 

the initial part of the experiment.  

MEASURES 

Perceived Stress Scale-10 

The Perceived Stress Scale-10 (PSS-10) is a widely used 10-item questionnaire in 

the area of examination stress and it seeks to measure perceived stress. This psychometric 

tool was administered to measure background stress. The PSS-10 has questions such as: 

“In the past month, how often have you felt nervous and stressed-out?” on a Likert-type 

scale from “never” to “very often”. One study found the items in this scale to have a .77 

inter-item reliability (Cohen, 1983).The questionnaire was scored by reverse scoring 

items [4, 5, 7, and 8] and an aggregate score was recorded (See Appendix A for Perceive 

Stress Scale). Higher scores correspond to greater global stress.  Lastly, this questionnaire 

has been previously used as a global measure of stress during examination periods (as 

reviewed by Murphy et al., 2010). Other researchers have edited the scale to measure 

chronic stressors, such as during the examination week.  For instance, some researchers 
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have modified this scale to measure acute stress by replacing “In the last month” with “In 

the last week” (Steptoe et al., 1996; Oaten & Cheng, 2005).  

Salivary Cortisol   

Cortisol is released during stressful periods and saliva samples are the easiest and 

least intrusive collection method. Saliva samples have been shown to have a high positive 

correlation with serum cortisol (Kirschbaum & Hellhammer, 1994). This unobtrusive 

approach has been used in various studies to measure cortisol levels without creating an 

extra confounding variable (e.g. collecting urine or serum samples). For the current 

investigation, participants were asked to provide one saliva sample per session. Each 

saliva sample was collected by unstimulated passive drool into polyethylene tubes as 

provided by Salimetrics, LLC.  Samples were immediately stored in ice, transferred to a 

freezer, and frozen at -20C degrees.  All samples were later shipped to Salimetrics, LCC 

for cortisol quantification in duplicate.  

Short-Term Memory Task  

Short-term memory was assessed by displaying random pairs of letters on the 

screen, using PowerPoint, for three seconds and participants were then given ten seconds 

to recall from each trial. The slides were automatically timed for accurate measurement 

of elapsed time. There were six random trials in total, and each trial increased in 

difficulty. The first trial consisted of two letters, the second with four letters, the third 

with six letters, the fourth with seven letters, the fifth with eight letters, and the last trial 

had nine letters. These letters were randomly selected to avoid chunking and the 

possibility of creating words. Since this study tested participants during two occasions 

with three weeks in between, the same letters were presented during both sessions. It was 
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not expected for participants to have any carry-over effects since the letters were 

randomly selected and a three week interval passed (See Appendix E for Short-Term 

Memory Test).  

Long-Term Memory Task 

To test for long-term memory, participants were exposed to fifteen words for 

thirty seconds during the beginning of the experiment. The word lists for each session 

were selected from the RAVLT Word List A and B Subsection (as listed by Rickertand & 

Graeme, 1998). Here, it is operationally define long-term memory as a process which 

requires a delay period greater than a few minutes; participants were then asked to 

participate in several other tasks such as providing a saliva sample, taking part of the 

STM test, completing the Perceived Stress Scale, among other procedures. After all of 

these tasks, participants were asked to write down as many words as they could 

remember. Since the study tested participants on two different occasions, different words 

lists were displayed during each testing sessions, with identical procedures and the word 

lists were counterbalanced. The new words have also been taken from the RAVLT World 

List section (See Appendix D for Long-Term Memory Test). The words groups have 

been validated for difficulty and consistency from one testing session to another.   

Data Analysis 

Changes in salivary cortisol concentration, perceived stress and short- and long-

tem memory performance from baseline to examination testing sessions were analyzed 

using paired samples t-tests.  Chi square analysis was used to detect gender differences in 

stress (cortisol) between testing sessions.  All data analyses were conducted utilizing 

SPSS (version 17.0, SPSS Inc., Chicago, IL, USA) with an alpha level of 0.05. 
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CHAPTER 3: DATA ANALYSIS 

RESULTS 

As expected, compared to the baseline testing session, salivary cortisol levels 

significantly increased during the examination testing session (p = 0.04, see Figure 1A).  

The PSS-10, a measure of global (or background) stress, significantly decreased from 

baseline to examination sessions (p < 0.01), suggesting that the perception of background 

stress was decreased around the time of the examination (Figure 1B).  Of note, two 

statistical outliers were identified and removed from the PSS-10 analyses.  Analyses of 

short- and long-term memory performance from baseline to examination sessions showed 

that while both short- and long-term memory performances increased during the day of 

the examination, only short-term memory performance showed a significant increase (p < 

0.5, Figures 1C-D).   

To investigate potential gender differences in the influence of increased cortisol 

on memory performance, a secondary analysis was performed.  To analyze the covariate 

effect of cortisol on both short- and long-term memory, potential gender differences were 

explored in those who had a substantial increase in cortisol on the day of the 

examination; defined here as an increase of at least 50% from baseline to examination 

sessions.  Using this definition, gender differences in stress responsivity (as measured by 

a rise in cortisol) were found.   Specifically, only 20% of female participants showed a 

substantial rise in cortisol while 50% of male participants had a substantial rise in cortisol 

from baseline to examination testing sessions.   A Chi-Squared test showed that the 

reaction of cortisol under stress is dependent on gender.  Thus, the analysis allows 

cortisol and memory performance to be stratified by gender. 
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Gender differences were found in the potential influence of stress (i.e. cortisol) on 

memory performance.  These results show that for females, but not males, increases in 

cortisol are associated with decreased memory performance.  Compared to the baseline 

testing session, only females who did not show a rise in cortisol on examination day 

demonstrated significantly better short (p < 0.05) and long-term (p < 0.05) memory 

performance (Figure 2A).  For males, there was a non-significant trend for improved 

short-term (p = 0.69) and long-term memory (p=0.65) performance independent of 

cortisol levels during the examination session compared to baseline testing session 

(Figure 2B).   
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TABLES 

 

Academic Stress Measures 
Pre Examination Mean 

(SD) 

Examination Stress Mean 

(SD) 

P 

value 

Perceived Stress Scale -10 18.51 (6.91) 16.74 (7.77) <0.01 

Cortisol - Concentration 

(mnol/ml) 0.27 (0.14) 0.32 (0.17) <0.05 

Table 1. Mean values for salivary cortisol (n=46) and perceived stress (n=44 with two 

outliers removed.) 

 

Memory Task 
Pre Examination Mean 

(SD) 

Examination Stress 

Mean (SD) 
P value 

Short Term Memory 30.47 (3.25) 31.43 (3.22) <0.05 

Long Term Memory 6.69 (2.39) 7.02 (2.65) 0.44 

Table 2. Mean values of short-term and long term memory performance (n=46). 

 

Memory Task 
Δ Mean (Cortisol 

Increased) 

Δ Mean (Cortisol No 

Change) 
P value 

Short Term Memory -0.07 (3.01) 1.67 (2.06) < 0.05 

Long Term Memory -0.80 (0.66) 1.13 (0.91) < 0.05 

Table 3. Mean values of the change in memory for Female participants among those 

whose Cortisol increased from Pre-Examination to Examination (n=15) and those whose 

levels decreased (n=15). 

 

Memory Task 
Δ Mean (Cortisol 

Increased) 

Δ Mean (Cortisol No 

Change) 
P value 

Short Term Memory 1.50 (1.06) 0.83 (0.79) 0.69 

Long Term Memory 0.80 (0.65) 0.33 (0.99) 0.65 

Table 4. Mean values of the change in memory for Male participants among those whose 

Cortisol increased from Pre-Examination to Examination (n=10) and those whose levels 

decreased (n=6). 

   



Page | 28 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Demographics 

Participant 

Variables 
Number 

Age  

18 yrs old 10 

19 yrs old 6 

20 yrs old 12 

21 yrs old 12 

22 or more yrs old 15 

Class Distribution  

Freshmen 13 

Sophomore 6 

Junior 19 

Senior 17 

Ethnicity   

African American 9 

Asian Americans 6 

Hispanic 

Americans 

18 

White Americans 10 

Other Race or Mix 11 

 
 

Table 5. Demographic Questionnaire was collected 

from fifty-six participants 
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Figures 1A-1D. These graphs depict a significant increase in cortisol, a decrease in the 

perception of stress, an increase in STM performance, and no change in LTM 

performance from baseline to examination. (a) bar graph depicts a significant increase in 

cortisol between the pre-examination and examination session (p = 0.04). (b) bar graph 

depicts a significant decrease in perceived global stress between the pre-examination and 

examination session (p = 0.002).  (c) bar graph depicts a significant increase in short-term 

memory performance between the pre-examination and examination session (p < 0.05). 

(d) bar graph depicts a non-significant increase in long term memory performance 

between the pre-examination and examination session (p = 0.44). 

  

 

 



Page | 30 

 

 

 

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Rise in cortisol
from BL to Exam

No rise in cortisol
from BL to Exam

*

F
e
m

a
le

 C
h

a
n

g
e
 i
n

 S
T

M
 f

ro
m

 B
L

 t
o

 E
x
a
m

(n
u

m
b

e
r 

o
f 

le
tt

e
rs

 r
e
c
a
ll
e
d

)

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

Rise in cortisol
from BL to Exam

No rise in cortisol
from BL to Exam

*

F
e
m

a
le

 C
h

a
n

g
e
 i
n

 L
T

M
 f

ro
m

 B
L

 t
o

 E
x
a
m

(n
u

m
b

e
r 

o
f 

le
tt

e
rs

 r
e
c
a
lle

d
)

0

1

2

3

Rise in cortisol
from BL to Exam

No rise in cortisol
from BL to Exam

M
a
le

 C
h

a
n

g
e
 i
n

 S
T

M
 f

ro
m

 B
L

 t
o

 E
x
a
m

(n
u

m
b

e
r 

o
f 

le
tt

e
rs

 r
e
c
a
lle

d
)

0

1

2

Rise in cortisol
from BL to Exam

No rise in cortisol
from BL to Exam

M
a
le

 C
h

a
n

g
e
 i
n

 S
T

M
 f

ro
m

 B
L

 t
o

 E
x
a
m

(n
u

m
b

e
r 

o
f 

le
tt

e
rs

 r
e
c
a
lle

d
)

2A. 2B.

2C. 2D.

 

Figures 2A-2D. Females, but not males, with a rise in cortisol had a decrease in 

performance in both STM and LTM tasks. (a) Bar graph depicts females without an 

increase to experience a protective effect in the short-term memory task (p = 0.04). (b) 

Bar graph depicts those without an increase to experience a protective effect in the long-

term memory performance (p = 0.04). (c) Bar graph depicts no significant difference 

between the group with an increase (n=8) in comparison to those without a rise in cortisol 

(n=6). (d) Bar graph depicts no significant difference between the group with an increase 

(n=8) in comparison to those without a rise in cortisol (n=6). 
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CHAPTER 4: DISCUSSION 

Overview of Findings 

The findings of this study support the notion that examination stress can increase 

cortisol levels in comparison to a baseline period. Even though contradictory results 

appear in the literature, the current data robustly supports the major trend of studies in 

this area (see Bondi and Picardi, 1999). Also, the significant increase in cortisol for 

males, in comparison to females, between the baseline and examination period was 

expected based on previous studies. This finding has been partially supported by other 

research indicating males to have a stronger fight-or-flight response (Taylor et al., 2000). 

An over activation of the fight-or-flight response might be mediated by the hormone 

testosterone. Since the HPA axis and the gonad system that produces testosterone depend 

on similar pathways, the significant increase in cortisol might also be indirectly 

modulated. 

Additionally, the main focus here was to assess short-term and long-term 

performance for both genders. Results indicate a decrease in STM and LTM performance 

for females with a rise in cortisol between at examination compared to baseline testing 

session. However, both groups of males- those who showed a rise in cortisol as well as 

those who did not at the examination session compared to baseline showed an 

improvement in memory performance.  Here it has been demonstrated that examination 

stress induced an increase in cortisol levels. In addition, females with increase levels of 

cortisol had a decrease in performance in both the short-term and long-term memory task. 

This is in spite of the fact that compared to females, males had a significantly higher 

increase in cortisol from baseline to the examination stressor. It is important to mention 
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that previous studies have found gender differences in spatial navigation performance 

after exposure to a processive or systemic stress, but few studies have investigated a 

potential effect of acute stressors on declarative memory (Wolf et al., 2001).      

Limitations 

In total, there were fifty six participants take part in this study. From this sample, 

only forty-six participants had a complete data set and were used in the analysis. A larger 

sample size could allow for greater statistical power when stratifying a sample by gender. 

From this sample, only six out of thirty female participants had an increase in cortisol. 

Similarly, only eight out of sixteen male participants had an increase in cortisol levels 

between both periods. A larger sample size can increase confidence in data interpretation 

and decrease the possibility of Type I error.  

In this study, global stress was measured with the Perceived Stress Scale 

questionnaire. But, rather than only measuring global stress, it is suggested that future 

research administer a questionnaire more relevant to examination anxieties. Here, the 

study assessed acute stress by quantifying levels of cortisol. Future studies could use a 

questionnaire assessing acute examination stress with questions more relevant to the 

upcoming examination (Murphy et al., 2010 and Ng et al., 2003). For example, additional 

questionnaires could include items such as “How stressed are you about this 

examination” or “How important do you view this examination to be?” This could help 

formulate correlation analysis.   

Additionally, many researchers have administered a depression questionnaire, 

such as the Depression Anxiety Stress Scale (Oaten & Cheng, 2005), to remove 

participants with clinical depression. Since depression is correlated with deregulated 
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cortisol levels, depressed participants increase the statistical error in cortisol 

measurements. A depression score allows the researcher to carefully remove outliers 

whose performance on both memory tasks could have been influenced by depression and 

not the examination stress. For this study, having a depression index was not critically 

necessary since the paradigm was conducted as a within-participant design. In other 

words, a within-participant design compares individual scores between both periods; 

thus, someone with clinical depression is compared to the previous baseline results.        

Most researchers administer a standard demographics questionnaire to fully 

describe their participant sample. Here, the data analysis failed to permit students over 

the age of twenty two to record their exact age. This information could have been useful 

for a correlation analysis between age and other variables, such as cortisol and perceived 

stress. Even though the questionnaire failed to account for such variability, most of the 

participants were between the ages of eighteen and twenty-two.  

Furthermore, there seems to be some confusion in the literature regarding the 

effect of women‟s menstrual cycle on cortisol levels (Almeida et al., 2009). For this 

study, there was no collection of any information about the menstrual cycle. To avoid this 

confounding variable, future studies could collect information about their female 

participants and analyze any possible difference between the different periods in the 

ovulation cycle. Here, the current design allowed all females to participate in the current 

study. It is very possible for all of these females to be in different phases of their cycle.  

The field of sleep medicine has made recent advances in the role of sleep quantity 

and memory performance. More specifically, the frontal lobe and memory performance is 
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known to require alertness. Sleep researchers have also noted a link between sleep 

deprivation and a decrease in attention span (Walker, 2009). For instance, it has been 

noted that participants who are sleep deprived for one night tend to have impaired 

attention and alertness throughout the day. Indeed, a disconnection occurs between the 

mPFC (medial prefrontal cortex) and the amygdala after a night of sleep deprivation 

(Walker, 2009). The impact of such over-activation of the amygdala might have impaired 

participant‟s ability to focus on the various memory tasks. For instance, Oaten and Cheng 

(2005) have noted that students failed to maintain regular sleep patterns during the 

examination week. This finding begs various questions, for example, could it be possible 

that the female participants spent more time studying throughout the night and their 

concentration decreased performance during both memory tasks? This question could be 

answered through a simple question, such as “How many hours did you sleep last night?” 

As previously mentioned, even though sleep quantity is known to be reduced during the 

examination week for both genders, memory performance would have decreased in both 

genders, independent of cortisol levels.  

 Finally, epinephrine and norepinephrine are known to play a role in activating the 

fight-or-flight response. This fast response is known to become activated in response to 

an immediate threat. Measuring cortisol is still relevant because chronic stress has been 

known to increase during the examination period (Bondi and Picardi, 1999). In some 

studies, it has taken about thirty minutes after the start of the stressor to have a significant 

increase in cortisol (see Bondi and Picardi, 1999). Epinephrine could have been collected 

within the fifteen minutes prior to the examination. The possibility exists that the increase 

in STM performance in both genders could have been enhanced by epinephrine.  
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Future Directions 

The gender difference noted in this study provides some preliminary information 

regarding the impact of gender on memory performance during an examination period. 

Nonetheless, the gender differences noted in this experiment support the idea that females 

with an increased cortisol levels have a decrease in memory performance in comparison 

to those who do not show this increase. As previously noted, early studies interested in 

the connection between stress and memory performance was conducted with male rats. 

Diamond and colleagues (2007) have noted that female rats respond differently to acute 

stress. But, comparative neuropsychologists are beginning to analyze the results gathered 

from rodents and are testing them on human participants. For instance, new studies have 

begun to investigate the effect of psychological social stress, the Trier Social Stress Test 

(TSST), on visual spatial navigation in humans (Duncko et al., 2007). Some confusion in 

the literature which suggests with researchers to have found a gender difference in HPA 

axis activation and others failing to find such a difference (Kudielka & Kirschbaum, 

2005).    

In sum, the data demonstrates a significant increase in cortisol from the baseline 

to the examination stress. Even though there was a significant increase in cortisol, global 

stress significantly decreased between periods. Such a decrease in global stress indicates 

the lack of chronic extraneous stressor that could impact the examination stressor. Most 

importantly, examination stress negatively impacted memory performance in females 

with an increase in cortisol. This decrease in performance could have been impacted by 

other unaccounted variables. For instance, depression is known to deregulate the HPA 

axis and negatively impact memory, future studies could investigate the impact of 
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examination stress on memory performance among those with depression and anxiety. 

The prevalence of anxiety disorders and depression among females is higher than males 

(as reviewed by Taylor et al., 2000). Depression has been associated with reduced blood 

flow to the prefrontal cortex and this could impact short-term memory performance 

(Baudic et al., 2004). The current data has no evidence that this is the case, but such a 

link needs to be further explored.  
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APPENDIX A: PERCEIVED STRESS SCALE-10 

 

Participant # _______ 

 

The questions in this scale ask you about your feelings and thoughts during the last 

month. In each case, you will be asked to indicate by circling how often you felt or 

thought a certain way. 

0 = Never 1 = Almost Never 2 = Sometimes 3 = Fairly Often 4 = Very Often 

In the last month, how often have you been upset 

because of something that happened unexpectedly?  
0 1 2 3 4 

In the last month, how often have you felt that you were unable 

to control the important things in your life? 
0 1 2 3 4 

In the last month, how often have you felt nervous and “stressed”? 0 1 2 3 4 

In the last month, how often have you felt confident about your ability 

to handle your personal problems? 
0 1 2 3 4 

In the last month, how often have you felt that things 

were going your way? 
0 1 2 3 4 

In the last month, how often have you found that you could not cope 

with all the things that you had to do? 
0 1 2 3 4 

In the last month, how often have you been able 

to control irritations in your life? 
0 1 2 3 4 

In the last month, how often have you felt that you were on top of things? 0 1 2 3 4 

In the last month, how often have you been angered 

because of things that were outside of your control? 
0 1 2 3 4 

In the last month, how often have you felt difficulties 

were piling up so high that you could not overcome them? 
0 1 2 3 4 
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APPENDIX B: DEMOGRAPHICS QUESTIONNAIRE 

 

DEMOGRAPHICS QUESTIONNAIRE 

Please Circle One: 

 

Gender:   

Male  

Female 

 

Age: 

 18 

 19 

 20 

 21 

 22 or older 

 

Year in College: 

Freshman      Sophomore      Junior      Senior 

 

Race/ Ethnicity: 

African American 

Asian American 

Caucasian/ European American 

Hispanic American 

Native American 

Other 

 

Figure B. A demographics questionnaire was collected from all participants.  
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APPENDIX C: PARTICIPANT INSTRUCTIONS 

 

PARTICIPANT INTRUCTIONS: 

Procedures:  

1. Participants will be asked to turn-in their Informed Consent Form. (Only 

collected during the first testing period) 

2. You will then be presented with a memory assessment; in this test, you will 

view 15 words for 30 seconds, in the end you will be asked to recall as many 

words as you can remember.  

3. Once instructions have been given to open the folder, you will then be asked 

to complete a Demographics Questionnaire (only given during the first testing 

period) and the Perceived Stress Scale. 

4. Once completed, you will be asked to provide a saliva sample into a test tube 

using a 2-inch straw. 

5. Once we have completed this part, you will be presented with the brief 

memory assessment on PowerPoint; in this procedure, you will be asked to 

write down the letters presented in the screen after they have disappeared.  

6. Once this is completed, you will then be asked to write down all the words 

you can remember. 

7. You will then be asked to remove the number that is in your folder; you will 

need this number for the second testing period; if you were to lose this 

number, you will NOT be able to be re-tested.  

8. All the folders will then be collected; during the second testing period, you 

will be asked to write your name in a piece of paper in order to receive extra 

credit. 

 

Your Testing Dates Are:  Test 1: ________@_____   Test 2: _________@_____ 

 

Appendix C. Since you will be asked to provide two saliva samples during each testing 

period please do not drink or eat within a one hour of the experiment. You have the right 

to withdraw from the study at any point and you could then complete a two-page essay. 
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APPENDIX D: LONG TERM MEMORY ASSESSMENT 

 

Instructions for the Long-Term Memory Assessment: 

“Fifteen words will be presented for 30 seconds. Then you will be asked to provide a 

saliva sample. Once this is complete, you will be asked to complete a letter assessment. 

In the end, you will be asked to recall as many words as you can remember from this list” 

 

RAVLT List #1: 

 

Hat Farmer 

 

Nose 

 

Turkey 

 

Color 

 

House 

 

River 

 

Drum 

 

Curtain 

 

Bell 

 

Coffee 

 

School 

 

Parent 

 

Moon 

 

Garden 

 

   

RAVLT List #2: 

 

Cloud Gun  

 

Fish 

 

Bird 

 

Shoe 

 

Boat 

 

Pencil 

 

Desk  

 

Stove 

 

Glasses 

 

Lamb 

 

Church 

 

Ranger 

 

Mountain 

 

Towel 

 

 

Appendix D. These lists were counterbalanced from baseline to the examination period in 

order to avoid any carry-on effects.  
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APPENDIX E: SHORT TERM MEMORY ASSESSMENT 

 

Instructions for the Short term memory Assessment: 

“You are about to do a small short term memory test. A few letters will flash on your computer monitor for 

3 seconds. Your job is to write down as many letters as you can remember after they disappear.”  

 

Short term memory Assessment Task: 

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5 Trial 6 

U M T Z L N A J P W B D H B X U P R L K M Y O S G E F L R W H K B C Q T 

 

Figure E. Participants were exposed to these letters for three seconds, followed by ten seconds to free 

recall.  
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APPENDIX F: INSTITUTIONAL REVIEW BOARD APPROVAL 
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