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The Effects of the Cold Pressor Task on Memory Recall
Hayden Lerner
Wilkes University
Abstract
Neurotransmitters that are released in response to stress can disrupt the prefrontal cortex creating an impairing effect on attentional processes
leading to a hindering of memory recall (Arnsten, 2009). Participants were taken from an Intro to Psychology course from a small liberal
arts college in Northeastern Pennsylvania. Participants immersed their hand in either ice-cold or warm water while listening to 20 nouns.
In this present study, participants showed memory recall impairment after they received stress induced from the cold pressor task only
during learning, and after a short delay consisting of a short distracter math test.

Introduction
Memory is the process of receiving,
storing, retaining and retrieving information,
and it can be influenced by multiple factors.
One factor that can affect memory is aging.
Memory decline in aging can result from
factors that influence the executive function
and the medial temporal lobe memory
system (Buckner, 2004). Disruption of the
medial temporal lobe memory system leads
directly to memory impairment (Buckner,
2004). On the other hand, factors, such as
stress, pose a threat to memory performance
(Kail & Hall, 2001). There are factors
related to stress that will determine how
much memory is affected such as: the nature
of the stressor, the emotional response to the
stimulus, sex of the individual, and the
interactions of these factors (Buchanan &
Tranel, 2008).
Stress can be divided into two
categories: eustress, which is good stress,
and distress, which is bad stress. Stress as
defined by the American Psychological
Association, is the psychological and
physical response that an organism makes to
a stimulus or changing condition, real or not,
that alarms the organism and outweighs its
ability to deal with the stimulus or changing
condition ("Stress," n.d., para. 1). In one
study, stress only assisted the learning and
memory process when stress was
experienced during the learning process and
around the same time that the learning needs

to be remembered (Joels, Pu, Wiegert, Oitzl,
& Krugers, 2006).
Certain structures of the brain that are
important for memory function and are
affected by stress include the hippocampus,
amygdala, hypothalamus, and the prefrontal
cortex (de Kloet, Oitzl, & Joels, 1999).
Stress triggers two systems: the sympathetic
nervous system (SNS), which results in the
release of catecholamine's, and the
hypothalamic-pituitary- adrenal axis (HPA),
which results in the release of
glucocorticoids (Elzinga, Bakker, &
Bremner, 2005; Quesada, Weimers,
Schoofs, & Wolf, 2011). The
glucocorticoids use their effects through
expedient delayed genomic pathways (Joels
et al., 2006). The hormones and
neurotransmitters that are released from the
adrenal glands due to the response of stress,
such as glucocorticoids and catecholamines
provide a mechanism for the relationship
between stress and memory (Elzinga et al.,
2005; Tollenaar, Elzinga, Spinhoven, &
Everaerd, 2008). Neurotransmitters that are
released rapidly in response to stress can
disrupt the prefrontal cortex structure and
function, and hippocampal encoding
process, leading to an impairing effect of
stress on attentional processes and learning
(Arnsten, 2009; Schwabe & Wolf, 2010).
Delayed genomic glucocorticoid actions
would suppress neural activity and reduce
the processing of new information (Joels et
al., 2006). It has been shown that a stress
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given after learning has a memory
enhancing effect (Wolf, 2008), while it has
been shown that stress given shortly before
testing has negative effect on memory
(Schwabe & Wolf, 2010). Tollenaar and
colleagues, (2008), studied the effects on
long-term memory retrieval during and after
stress. Results of their study showed an
association between memory impairment
and when stress was given during and after
learning. Results showed that there was
more of a significant association with
memory impairment when stress was given
during learning (Tollenaar et. al, 2008). For
purposes of this study, the stress will be
given during learning and not during recall.
One procedure used to induce stress is
the cold pressor task. This task is frequently
used in stress research and has been shown
to cause a significant activation of the SNS
and the HPA (McRae et al., 2006). The cold
pressor stress task is a short term, usually
three minutes or less, mildly painful
stimulation on the participant as a result of
submersing their hand into a tub of ice cold
water (Duncko, Johnson, Merikangas, &
Grillon, 2009).
In a recent study, Schwabe and Wolf
(2010) had participants in the experimental
condition dip their hands into ice water (0-2°
C) while participants in a control condition
dipped their hand into warm water (20-23°
C). Schwabe and Wolf predicted that
learning under stress enhances memory. The
results showed that stress impaired memory
when it occurred around the time of learning
The present study was designed
following the theory that neurotransmitters
that are released in response to stress can
disrupt the prefrontal cortex causing an
effect on the hippocampal encoding process
creating an impairing effect on attentional
processes leading to a hindering of memory

138

recall (Arnsten, 2009). Due to the theory
given by Arnsten, (2009), and according to
the results of Schwabe and Wolf (2010) it
can be predicted for this study after a short
delay, consisting of a math distractor test to
disallow rehearsal of words into the longterm store, the cold pressor task stressor will
hinder memory recall performance for a free
recall test. It is also predicted that
participants will show a higher stress rating
for the cold-water condition.
Method
Participants
A sample of 42 college students was
used in this study. There were 23 male and
19 female college students. Participants
ranged from freshman to junior status. The
participants were Introduction to Psychology
students at a liberal arts college in
Northeastern Pennsylvania. Participants
received course credit for participating in
this study. The age of the participants ranged
from 18-28 years old. Participants were
randomly assigned to groups. Participants
completed a prescreening survey using Sona
Systems, an online participant management
system. Participants were asked specific
questions on the Sona System: Are you
willing to place your hand in ice-cold water;
Do you have health issues such as, heart
problems, anxiety, asthma or any other
health issue that would be affected by the
cold pressor task? Any participant who
indicated they were not willing to dip their
hand in ice cold water or had heart
problems, anxiety, asthma, or any other
health issue that would be affected by the
cold pressor task were screened out and
were not able to participate.
Materials
Testing took place in a 12 x 14'
conference room. The room consisted of two
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round tables and a window to the outside. A
5-point Likert type scale was used to assess
participants' stress perception, with 1
representing no stress and 5 representing
very stressed. A plastic bucket (12 in. long,
6 in. deep) was used to hold 0-2 degree
(Celsius) ice water, as well as another plastic
bucket (12 in. long, 6 in. deep), which held
20-23 degree (Celsius) warm water. A
standard mercury thermometer was used to
ensure that the temperature remained
constant. A list of 20 nouns, (See Appendix
A), was presented orally at a rate of one
word every 1.5 seconds lasting a total of 30
seconds. After the tape was finished,
participants were given a short math
distractor test to ensure rehearsal of the
words did not take place. The task involved
15 multiplication problems; all problems
involved two whole numbers ranging from 7
to 19. Participants then completed a memory
recall test in which they wrote down as
many words from the list as they could
remember. After participants completed the
memory recall test they were given a
debriefing form and a post-study
questionnaire consisting of questions: Did
anyone other than the researcher tell you
anything about this study before you
participated; were the instructions that were
given to you clear; were you able to guess
the hypothesis of the experiment; do you
have any suggestions that could improve this
study?
Design and Procedure
This study used a between subjects
design. The independent variable was water
temperature, which consisted of two levels,
warm and cold water. In the experimental
group, participants immersed their nondominant hand in a bucket containing 0-2° C
water. In the control group, participants
immersed their non-dominant hand in a
bucket containing 20-23° C water. The

dependent variable was the total amount of
words a participant recalled. As a
manipulation check, participants' stress
level was measured on a 1 to 5 scale.
After completing an informed consent
agreeing to the procedures, participants were
asked to fully immerse their hand in the
water, (cold or warm), and the tape started to
play. Participants heard the list of 20 nouns
(see Appendix A) words lasting for 30
seconds. Participants were told that it was up
to them to withdraw their hand from the
water as soon as they felt as if the water was
too cold or if they were uncomfortable.
After the tape was finished participants
filled out a 5-point Likert type scale that was
ranked 1-5, with 1 being no stress and 5
being very stressed. After participants filled
out the Likert scale, they were given a short
distractor math test to prevent rehearsal. The
distractor test consisted of 15 multiplication
problems. Students completed the task at
their own pace. Completion times ranged
from 2 to 5 minutes. When the participant
was finished with the distractor test
participants were asked to recall as many
words from the tape as they could remember
by writing the words down on a piece of
paper. The entirety of the procedure lasted
5-10 minutes depending on the participant.
After the experiment was over
participants were debriefed. They were
given specific information about the
experiment including the theory and
hypothesis; they were also given
information about memory and pain, as well
as ways to decrease. Participants were then
given a post-study questionnaire to be filled
out, not in front of the experimenter and to
be returned at a later time. After the
participants were debriefed and given the
post-study questionnaire they were thanked
for their time and participation.
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Results
An independent groups t-test was
computed comparing level of stress as a
function of water temperature. There was a
statistically significant difference in the
stress scores for the ice water (M= 3.05,
SD= 1.07) and warm water (M= 1.05, SD=
0.22) conditions, t(40)= 21.66, p < .000.
Higher stress was reported for participants
that immersed their hand in the ice water. A
second independent groups t-test was
computed using number of words recalled as
a function of water temperature. The results
showed a statistical significance in scores on
words recalled after placing their nondominant hand in ice water (M= 3.48, SD=
1.75) and warm water (M= 4.95, SD= 2.78)
conditions; t(40)= -2.06, p = 0.046. Results
on a male to female scale were not
calculated.
Discussion
The present findings support the
hypothesis that the presence of stress while
recall
learning
hinders
memory
performance. Results also showed a higher
stress rating for the cold-water condition.
The participants that placed their hand in
warm water were better able to recall the
words presented to them during stress than
the participants that placed their hand in ice
water. The stress that was caused by the cold
pressor task must have triggered the release
of glucocorticoids and catecholamines
norepinephrine,
and
(dopamine,
epinephrine);
neurotransmitters
and
hormones that are released in due to the
response of stress, which have known
effects on memory. Schwabe and Wolf
(2010) conducted a recent study, which
predicted that stress under learning enhances
memory. The results of their study showed
that their hypothesis was not supported. This
present study went on to expand on the
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study Schwabe and Wolf (2010) and showed
that stress under learning in fact has a
detrimental effect on memory recall.
Stress was described to participants as
uncomfortable slight pain, as well as the
whether their ability to remember the words
on the tape was outweighed by their ability
to deal with the stress at hand. It is possible
that while participants were reporting their
stress level caused by placing their hand in
either ice cold or warm water that they
misunderstood the word stress, and they
either reported a higher stress level or lower
stress level. It is also possible that
participants reported a lower stress level due
to the fact that they did not want the
experimenter to think that ice water caused
so much stress upon them. If that were the
case one way to improve the study would be
to have the experimenter leave the room
while stress levels were reported. Other
limitations were grade level as well as the
difference in participants' education level.
Due to the fact that many students had
different majors that could have affected
their ability. The population of the study is
small; a bigger population size could have
better represented the majority. The postquestionnaire gave little insight onto the
study other than participants reported that
they had not heard any information prior to
the study.
Other findings were made while
analyzing the data of this research. One of
the words on the tape was the word "ice",
and after analyzing the data that 85.7%
(18/21) participants that were in the
experimental group wrote the word ice
during the recall test (M= 0.86, SD= 0.36);
t(40)= 5.67, p < .000. The word "ice" had a
high association with the stressor, drawing
the hypothesis, that when learning and stress
have strong association it can lead to better
memory recall.
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Future studies could address that if there
is a strong association between the stressor
and learning that it will lead to better
memory recall. Future studies could also go
further in depth and look at glucocorticoid
and catecholamine levels. A future study
could also look at sex differences and stress.
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Appendix A
Word List
Mountain
Train
Memory
College
Phone
House
Tree
Ice
Math
Pencil
Law
Soap
Folder
Truck
Paper
Dog
Mirror
Controller
Wire
Couch
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