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Abstract

Emotional stress in the form of fear, tension, or nervousness is ubiquitous to
daily life. Studies have been conducted to determine their effects on a wide
range of animals’ memory, showing an improvement to memory recall under
moderate stress while high stress impaired both memory formation and re-
call. This paper discusses the previous research done on this topic and the
significance of their results, along with important figures for comprehension.
3 studies were examined and other background information was researched
surrounding the topic of psychology, corticosteroids associated with stress,
and the role of the hippocampus and amygdala in memory. The paper argues
that an improved memory under stress evolved to better suit the needs of
primitive animals, while excessively stressful events are blocked out for pro-
tection. The paper is meant to illuminate the potential purpose of stress and
its effects on memory and concludes with applications in the real world and
future.
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1. Introduction

Psychological stress has both positive and negative effects on memory and learn-
ing in different circumstances. Stress releases corticosteroids which affect the
hippocampus, a key organ in memory formation. Chronic stress can severely
impede memory as a result of this harmful long-term effect on the hippocampus.
(Scott, 2021) However, stress does not always impede memory, as studies show
that fear and trauma heavily impact the way the brain remembers events, deeply

imprinting stressful memories (Vogel & Schwabe, 2016). Traumatic memories
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have been proven to be more vivid, long-lasting, and hard to modify, although
other studies have shown that fearful memories may also be blocked out com-
pletely afterward as a defense mechanism (Abercrombie et al., 2006). In the
brain, fear and traumatic experiences activate the amygdala, two almond-shaped
masses of gray matter on each side of the brain, which is integral to remember-
ing emotions such as fear (Cushman & Byrne, 2017). This system of having an
intense and vivid recollection of traumatic events evolved to protect humans
from threats, as remembering a stressful event can help in avoiding dangerous
stimuli. However, the way the brain works has also been shown to be fluid and
changeable, a concept is known as brain plasticity (Puderbaugh & Emmady,
2022). The brain can physically reorganize its structure and connections in re-
sponse to stimuli, leading to some stressful memories being completely changed
or inaccurate. The brain does this in response to experiences that necessitate
adaptation, or if the brain is injured and needs to move the function of one area
to another (Puderbaugh & Emmady, 2022). Deeply imprinted memories of fear
and brain plasticity are two contrasting concepts, as traumatic recollections are
not easily changed though the brain is known to be very adaptable. As such, it is
in this paper that the effect of fear on brain plasticity is tested.

This topic was chosen due to its relevance in both survival of primitive organ-
isms as well as learning and memory in the workplace or school. In stressful sit-
uations such as a job interview or important exam, the effects of the aforemen-
tioned stress could be extremely important for the results and progress of the
student or interviewee. Depending on the positive or negative effects of stress,
institutions could reduce stress to provide a better memory recall environment
and utilize the positive effects of stress and emotional arousal in certain situa-
tions. The results of these studies may also provide valuable insight into surviva-
listic instincts in the animal brain. Memory formation during stressful situations
is likely essential for survival against the multitude of threats in nature, such as
predators. Though the workings of the brain are extremely complex, this corre-
lation between stress and memory can be studied and applied to biology and the
real world.

One study tested stress and its effect on the hypothalamus, which in turn af-
fects corticotropin-releasing factor and arginine vasopressin hormone (Ness &
Calabrese, 2016). The stress tested in this study was inescapable and unpredicta-
ble stress to simulate stress found in daily lives. Stress generally impairs hippo-
campal-dependent memory tasks. The hippocampus is highly involved in form-
ing declarative/explicit memories. The main concept being studied in this paper
was the correlation between corticosteroids and stress. The results showed that
transient stress levels had a beneficial effect on hippocampal activity but ex-
tended periods of intense stress lead to harmful effects. This was highly tied to
Hans Selye’s theory (Jackson, 2014) that stressors produce physiological reac-
tions (known as the alarm reaction stage) resulting in an adaptive stage allowing

body chemicals to fight off external threats. Once the chemicals are depleted, the
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body enters an exhaustion stage. Overall, this was known as “general adaptation
syndrome.” (Kim et al., 2015)

Another study showed that the amygdala had a fundamental role in mediating
stress reactions (Roozendaal et al., 2009). Neurons located in the nucleus of the
hypothalamus synthesize and release a corticotropin-releasing hormone which
triggers the release of adrenocorticotropic hormone (ACTH) from the pituitary
gland into the bloodstream. ACTH affects the adrenal glands and begins the re-
lease of glucocorticoids from the adrenal cortices. Glucocorticoids alter the func-
tion of multiple body tissues in order to mobilize or store energy to meet the
demands of a stress challenge (Brennan, 1) (Roland, 2022). Emotionally signifi-
cant events are well-remembered and the amygdala plays a big role in this phe-
nomenon (Wright, 2020). Stress hormones and stress-activated neurotransmit-
ters are also highly involved in this process. Another study showed that response
bias memory was worse for negative items (Raffington et al., 2020). Girls tended
to show memory suppression for negative information. Their memory is also
more strongly modulated by stress and associated cortisol response. A higher
cortisol stress response was associated with better emotional memory in girls in
the stress condition, but memory was not associated with cortisol secretion in

boys.

2. Methods

Data Collection: Past experiments and reports relevant to the topic were identi-
fied from scientific or medical databases. Databases included the National Li-
brary of Medicine, the National Center for Biotechnology Information, Google
Scholar, and ScienceDirect. The results were searched for included any experi-
ment related to psychological stress and its physiological effects on memory or
brain function in a substantial way. Keywords included fear, stress, and their ef-
fects on memory and learning. “Effects of fear on memory” was searched in
these search engines. The three papers analyzed were Effects of stress on 6-to-
7-year-old childrer’s emotional memory differs by gender (Raffington et al.,
2020), Stress Effects on Working Memory, Explicit Memory, and Implicit Mem-
ory for Neutral and Emotional Stimuli in Healthy Men (Luethi et al., 2008), and
The Relation of Strengths of Stimulus to Rapidity of Habit Formation (Yerkes &
Dodson, 2009).

Data was usually gathered with human children or small mammals, with mem-
ory being tested through either learned behaviors, cortisol level, brain neuroimag-
ing, or memory retrieval testing. Most studies have shown that stress impairs
memory and in relation to hippocampal function. The hippocampus is most in-
volved in long-term memory while the amygdala assigns emotion to the memory,
leading to memories that are more permanent and easily accessed. (Fogwe et al.,
2021) However, when a person is stressed or experiencing negative emotions at the
moment, it has been shown that memory retrieval is hindered (Cushman & Byrne,

2017). Cortisol, commonly known as the stress hormone, is correlated with the

DOI: 10.4236/psych.2022.1312105

1687 Psychology


https://doi.org/10.4236/psych.2022.1312105

W. Liu

function of the hippocampus and memory due to the hindered cognitive func-
tion and memory formation associated with high cortisol levels (Mayo Clinic

Staff, n.d.). The results of each experiment were compared and corroborated.

3. Results

It has been proven that high levels of psychological stress impede memory recol-
lection in organisms at the moment but help establish new ones by associating a
strong emotional response with the memory that is formed. One study done in
the past measured learning in rodents when under psychological stress caused by
a painful shock (Yerkes & Dodson, 2009). It was intended to discover whether
the strength of the stress caused by a stimulus affected how quickly a mouse
learned a habit and what strength would facilitate the maximum speed for learn-
ing. Mice were given the option between two doors, one black, and one white,
and if they ever chose the black door and entered the black box they would be
shocked. This was known as the “discrimination box.” The wooden box was 94
cm long, 30 cm wide, 11.5 cm deep, and was divided into 3 parts: A nest box, an
entrance chamber, black and white electric boxes, and swinging doors back from
the nest to the alley. The floors of each box would have not circuited wires which
would become circuited upon a mouse’s foot touching two adjacent wires. Each
mouse undergoes ten tests. The orientation of the black and white boxes (whether
they are on the right or left) is random in each trial. However, the color and
orientation of the boxes are never the same for more than 4 trials. To encourage
the mouse to enter one of the boxes, an experimenter would insert a cardboard
piece and move it, restricting the movement of the mouse, and pushing it such
that eventually the mouse would be forced to enter one of the rooms. 40 mice
were tested and were only allowed to return to the nest room upon entering the
white box. Each mouse would undergo a test with a partner of the opposite
gender, and a mouse that could identify the correct box to enter on the first at-
tempt for 3 consecutive days was considered to have formed the habit and was
subsequently removed from the experiment. There were 3 strengths of stimulus,
weak, medium and strong, each corresponding to a different voltage. There were
also 3 sets of experiments done, set 1 had intermediate visually different boxes,
set 2 had greatly varied, and 3 had very slightly varied. For set 1, tests with weak
stimuli (small shocks) were done for 20 days and only one of the four individuals
tested developed a perfect habit of choosing the white box. The number of errors
made by each of the 4 mice generally decreased as the tests went on, but on the
18th day, only one of the mice had developed a habit, while the 3 others had
failed for all 20 days. On the other hand, mice undergoing a medium stimulus
showed much greater learning skills. By the 12th trial, all 6 mice had successfully
developed the habit of choosing the white box. However, the strong stimulus
showed results similar to the weak stimulus, in that habit formation took many
trials. While all 6 mice formed the habit after 23 trials, the first one was only

formed after 16 trials. This indicated that a medium stimulus would result in the
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best conditions for learning, with small and high stimuli being more difficult.
The results from test 2 actually contradicted the results from test 1, as the
stronger stimuli resulted in quicker learning even at the strongest shock levels.
Most mice developed the habit after 18 trials in the tests with the lowest voltage
compared with only 8 trials in the tests with the highest voltages. This indicated
that higher stimuli generally resulted in quicker habit formation, despite any
potentially harmful effects from the arousing stimuli. The results of set 3 were
similar to set 1, in that a medium stimulus resulted in the quickest learning while
a minimal or excessive stimulus resulted in hindered habit-forming. However,
the mice subjected to high voltage shocks were less careful and deliberate with
their decisions.

From Figure 1, this graph depicts the errors made by mice, which each con-
sisted of ten trials. W (top) shows weak stimulus, M (middle) shows medium
stimulus, and S (bottom) shows strong—Average errors made were in the y axis
while the amount of days needed were the x axis. Weak and strong resulted in
the mice taking much longer to learn than the medium stimulus (Adapted from
Yerkes & Dodson, 2009).
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Curves of learning. Ordinates represent series of ten tests each, and abscissae represent
the average number of errors for four mice in each series. W designates the error curve
for the individuals which were trained under the condition of weak electrical stimulation;
M, designates the corresponding curve for the medium strength of the stimulation; and S,
that for the strong stimulus.

Figure 1. Average number of errors for 4 mice throughout each series.
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From Figure 2, the system activates in response to stressful events. In a
stressful encounter, the autonomic nervous system is activated within seconds
and releases catecholamines (such as norepinephrine) from the adrenal medulla
and the locus coeruleus of the brainstem. Catecholamines are involved in the
fight-or-flight response, but they also have a significant impact on attention,
working memory, and long-term memory. Somewhat slowly, the hypothalam-
ic-pituitary-adrenal axis is activated, corticotropin-releasing hormone (CRH) is
released from the hypothalamus, and the anterior pituitary is stimulated to se-
crete adrenocorticotropic hormone (ACTH). ACTH then causes the adrenal
cortex to produce cortisol and release it into the bloodstream. Cortisol reaches
peak levels approximately 20 to 30 minutes after stress develops and quickly en-
ters the brain, affecting cognition and behavior. Cortisol feedback to the pitui-
tary gland, hypothalamus, and other brain regions (such as the hippocampus)
prevents the system from being disabled.

From Figure 3, a depicts a timeline of stress/control conditions and memory
tasks. B depicts examples of high negative stimuli (monster), low negative stimu-
li (ashtray), neutral (fish), low positive stimuli (lollipop), and high positive
(money) items placed on neutral backgrounds.

From Figure 4, long-term dysregulation of norepinephrine and Cortisol sys-
tems, and vulnerable areas of hippocampus, amygdala, and medial prefrontal
cortex that are affected by trauma. GC = glucocorticoid, CRF = corticotropin-
releasing factor, ACTH = adrenocorticotropin hormone, NE = norepinephrine,
HR = heart rate, BP = blood pressure, DA = dopamine, BZ = benzodiazapine,
GC = glucocorticoid

Overall, medium stimuli showed the best results and had the fewest average
errors and the quickest habit formation. This indicated that a stimulus that is
both memorable and noticeable as well as not too traumatic is the best for
forming habits and memories. How different the two boxes were in color also
played a major role in habit formation, as more distinct colored boxes allowed

for easier habit development. Of course, how easily something is remembered

Hypothalamus Hypothalamus )
CRH
Locus Coeruleus —— Pituitary gland L2,
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Adrenal medulla - ~ Adrenal cortex
Adrenaline Cortisol
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Figure 2. Systems activated in response to stress.
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Figure 3. Testing children’s responses to stressful, neutral, and positive stimuli.
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Figure 4. Cortisol systems and their effect on memory storage structures.
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also plays an important role in forming habits or memories. However, this study
only tested rodents, which are genetically convenient and physiologically similar
to humans, but most likely exhibit different behaviors (Bryda, 2013). In this case,
the stress was caused by the electrical shocks, and the memory was shown
through habit development.

A different study measured the physiological effects of stress caused by the
body’s natural response to stress. These studies were done based on Hans Selye’s
report (Jackson, 2014) that stressors produced common physiological effects,
such as adrenal gland enlargement or secretions, which eventually exhaust the
body. That hypothesis may have been inaccurated, however, as the scientists in
this study believed that the harmful effects on the body were actually caused by
sustained high neuroendocrine activity rather than the depletion of stress hor-
mones and immune function. Stress reactions are also closely correlated to hip-
pocampal function because of the high amount of receptors for corticosteroids
in the hippocampus (cortisol in humans) and thus it is susceptible to corticoste-
roid action (Roland, 2022). Some studies mentioned in their report that organisms
exposed to unavoidable stressors had impaired learning and escape-avoidance
responses, due to the helpless nature of their actions (Learned Helplessness,
n.d.). The majority of other studies have reported that exposures to stress or
high levels of corticosteroids impair the performance of memory tasks that are
dependent on the hippocampus. This has been studied in rats as well as humans.
Long-term potentiation, the process by which synapses are strengthened result-
ing in a more robust nervous response (Gruol, n.d.), is hindered by stress and
high cortisol levels (Jovanovic et al., 2010). It was hypothesized that feelings of
stress or helplessness saturate the hippocampal synapses, causing a decrease in
synaptic strength for long-term potentiation and memory retention (Pittenger &
Duman, 2007). An alternate model argues that stress causes synaptic plasticity to
favor long-term depression over long-term potentiation, effectively reducing
neuron effectiveness in a certain pathway (Pittenger & Duman, 2007). Traumatic
stress has also been known to cause morphological changes in the hippocampus
(Bremner, 2006). PTSD patients have smaller hippocampal volumes, which
causes deficits in verbal memory. Stress can cause many structural changes to
the hippocampus, corresponding with worsened spatial navigation and episodic
memory (memories of personal events and details). Intrahippocampal infusion
of corticosteroids caused PTSD-like memory impairment (Bentz et al., 2013).
However, high corticosteroid levels do not always mean high levels of stress, and
lowering corticosteroids during stress or raising it in calm situations could lower
or cause stress effects, respectively.

High corticosteroid levels caused by environmental stimulation, for example,
do not impair memory (Roland, 2022). The amygdala enhances glucocorticoid
secretion in response to stress and also changes during high levels of stress
(Roland, 2022). Amygdala lesions prevent stress responses in the body and be-

havior, such as gastric erosions, and can block the effects of stress on hippo-
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campal LTP and spatial memory, despite any increases in corticosteroid levels
(Wright, 2020). These experiments were only done on rats, however. Stress af-
fects many components of the body and is most likely not just changes in neu-
rochemical levels.

Another study was done to test the effect of showing positive, neutral, and
negative stimuli to young children and determining how memory formation was
impacted (Raffington et al., 2020). Positive stimuli included a jar of money and
lollipops, the neutral stimulus was a fish, and the negative stimulus was a
clown-like monster and a cigarette. Following a period of 24 hours, the children
tested were asked to identify if they had seen the stimuli provided before. The
stimuli were also presented on a neutral background to avoid skewed results.
Children reported their feelings by pointing to comic faces indicating 0 is happy,
1 is neutral, and 2 is upset. Saliva samples were also taken for assessment of cor-
tisol concentrations, stored at —80 degrees celsius for preservation and analyzed
after centrifugation through enzyme immunoassay. Calculations were done to
correlate cortisol response to stress and control variables and the mean cortisol
response slope indicated the average change in cortisol per 10 minutes. The
procedure for testing the children was as follows: Children were shown a fixation
cross for 1 second, the stimulus and background for 3 seconds, and were then
asked whether they would approach or avoid the stimulus within 4 seconds. The
following day, they saw 250 items and backgrounds in a random order, half of
which were previously seen while half were new. They were asked to indicate
whether each item was new or old. This was the stress test—there was also a
control task that was assigned to fewer children. Naturally, negative stimuli were
approached significantly less than neutral and positive stimuli. Positive stimuli
were also approached significantly more than neutral stimuli. Results showed
that girls avoided negative items and approached positive items more than boys,
though this may have been a result because of gender differences and item pre-
ferences. Girls also reported higher subjective stress and higher cortisol stress
responses. Items that were highly arousing vs low arousing were also differen-
tiated by girls, but not by boys. 73.88% of children identified previously seen
items correctly and 15.9% of new items were inaccurately identified as old. Re-
sults showed that low arousing negative items were remembered less than usual
in boys, and amplified in girls. Negative items in general were remembered less.
Girls also had better emotional memory for highly positive stimuli but not low.
As such, higher cortisol responses were related to better memory for girls in re-
sponse to highly positive and slightly negative stimuli, while it was unrelated to
boys’ memory. It was hypothesized that the amygdala interacts with the hippo-
campus to increase arousal for remembering experiences, which was seen in this
experiment. Highly arousing stimuli, positive or negative, generally resulted in
better memory, but some negative stimuli that were not highly arousing actually
hindered memory. From this, it was suspected that young children, especially

girls, may attempt to block out negative memories. The lack of memory for low
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arousing negative content may have been because those memories were easier to

process and regulate.

4. Conclusion

Overall, it is clear that stress and the resulting emotional response play a large
role in memory in a variety of ways. In the first experiment mentioned, asso-
ciating stress with learning helped rats form a habit of choosing the correct box
to enter. The painful shock served as the stress inducer and increasing its inten-
sity generally increased the speed at which test subjects developed the habit.
However, it is also important to note that increasing the pain caused by the
shock also hindered learning after crossing a certain threshold—from this, it can
be guessed that stress improves memory and habit formation, but excessive,
traumatizing stress does the opposite, hinders learning and potentially blocks
out the memory of the moment. This was supported in the experiment where
children were tested to determine the effects of stress (measured in cortisol le-
vels, a good indicator of stress) on memorization of positive, neutral, and nega-
tive stimuli. The results reported that arousing stimuli, positive or negative, were
generally remembered better than neutral stimuli. However, highly negative
stimuli were reported to be remembered less in girls, indicative of the desire to
avoid stressful memories and the potential blocking out of memories. In the
other study, it was revealed that stress response is highly connected with the
amygdala and can have large effects on the hippocampus, a brain structure
highly involved in memory formation. Stress may saturate hippocampal syn-
apses and prevent long term potentiation as well as memory formation—
hippocampal deformation also impairs memory in neurological diseases. The
evolutionary advantage would likely explain the correlation between stress and
memory—in nature, stressful situations would be remembered in order to avoid
future similar dangers. However, this also contradicts stronger stressors which
worsen memory. This could be explained through psychology as a defense me-
chanism against painful memories, though the biological advantage of this is
unknown. In conclusion, the effect of stress on memory is notable and should be
investigated further. In real world situations, stress should be utilized and mini-
mized when needed. In schools, test-taking environments should be as calming
as possible, to prevent the memory recall effects of stress. However, emotional
arousal during class can also be utilized to form longer lasting memories. For
example, an excitable and positive teacher who creates engaging and fun activi-
ties during class may prove to be much more efficient than traditional textbook
learning. It is imperative to recognize both the positive and negative effects of
stress on the brain and memory, and adapt to it in a way that maximizes effi-

ciency and learning.
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