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Abstract
This is a proposal for a research project that will access the effects of sleep deprivation on
memory. We predict that an increase in sleep deprivation will cause a decrease in memory. We
will measure these effects on 50 college-aged participants using an item recognition test. The
participants will take 3 different versions of an item recognition test at various times of the day.
Participants will be divided into two groups, a not sleep-deprived group, and sleep-deprived
group, by using a random numbers table. We will use three independent sample t-test to analyze
the results of the experiment because we want to see if there is a significant difference between
the number of words recognized by the two groups. Based on past studies, the results of this
study would more than likely support our hypothesis. The suspected result would be significant
because it would show the importance of sleep.
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The Effects of Sleep Deprivation on Memory

Sleep deprivation can affect one's brain and their memory. When someone is
sleep-deprived, they are not getting the appropriate amount of sleep which leaves them feeling
tired and may affect their performances of tasks (Van Heugten, 2020). Numerous researchers
have tested theories on how memory can be affected by the lack of sleep.

In a study, half of the participants were sleep-deprived, and the other half were not,
making it a between-group design. The participants were given a task where they were to
complete steps in a specific order. After a couple of steps or trials, they would be interrupted for
several seconds. The participants were then expected to continue with the proper trial. The
completion of the task and the amount of errors were used to determine how sleep deprivation
affected the participants’ memory. The results suggest that participants who have been
sleep-deprived were more likely to be unwilling or unable to perform the same procedural tasks
that they had done previously. If the participants were able to complete the task, they made more
errors than they had before (Stephan et al., 2019).

In another study, the researchers conducted two experiments: one where participants
underwent 24 hours with no sleep (total sleep deprivation [TSD]), and another where the
participants slept less than seven hours a night (partial sleep deprivation [PSD]). This was a
within-subjects design, with the order of the experiments randomized for the participants. The
Stanford Sleepiness Scale (SSS) was used to assess how tired the participants were (1 = wide
awake, 7 = no longer fighting sleep). The results of the experiment showed a negative effect of
TSD and PSD on cognitive abilities, as well as a reduced speed regarding response to tasks

(Gosselin et al., 2017).
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In a third study, researchers wanted to study the effect of multi-night sleep restriction on
long-term memory retention. Participants were randomized into one of two groups. Participants
in the sleep restricted group slept for five hours for 5 nights whereas the control group got to
sleep for 9 hours. After the fourth night of sleep restriction, the participants learned facts about
species of arthropods across a 6 hour time period. There were three tests that contained 120
questions that tested memory retention of the information on the arthropods. The researchers
passed the tests out to the participants 30 minutes after learning the information, then 3 days
later, and finally 42 days after the learning period. The results concluded that long term memory
is compromised when students learn after being sleep restricted (Cousins et al., 2019).

In a fourth study, the effects of two types of sleep deprivation were studied on visual
working memory: one night of total sleep deprivation and four nights of partial sleep deprivation
with four hours in bed each night. Each participant was studied by researchers for six nights
where they slept nine hours each. After the six nights, participants were randomly assigned into
one of the two sleep-deprived groups. The participants could have ended up in four different
groups due to the sleep-deprived condition and well-rested condition being counterbalanced
across the participants. In this study, the researchers examined two different visual working
memory components: capacity and filtering. The researchers measured capacity by showing a
picture that contained four to eight colored squares and asked the participants to try and
remember as many as they could. They then showed participants a new image and asked the
participants to recall if the image was different from the first image. The researchers measured
filtering by assessing the participants’ capability to disregard irrelevant information and focus on

the stimuli. The researchers found that neither partial or total sleep deprivation lessened visual
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working memory capacity and total sleep deprivation can indeed have an affect on the potential
to ignore irrelevant stimuli (Drummond et al., 2012). The result of this study regarding visual
working memory goes against the common assumption that memory would be negatively
impacted by sleep deprivation. Contrary to these results, in other research it has been found that
sleep deprivation does have a negative impact on memory.

In a randomized controlled crossover study, participants were randomly assigned to either
have a full night of sleep, or they experienced one night of sleep deprivation. The participants
completed the experiment from home by turning in online questionnaires every 45 minutes.
Various cognitive and physical tests were performed. One cognitive test was the SIMON© game,
which is when colors and sounds are recited in random order. As the test continued, more
color-sound combinations were added. This test was completed three times. The other cognitive
test was a standard stroop chart. First, the patients had to read in black text. Then they had to
read words typed in a different or opposing color. Thirdly, the patients viewed color blocks,
where they had to say the color of the blocks. Finally, the patients were required to read
conflicting words, where they had to state the color of opposing or mismatched words. The
physical tests involved spirometry for lung function, ruler drop testing for reaction time, heart
rate, blood pressure during exercise, and rate of perceived exertion. The results of this study
indicate there were no significant differences in the cognitive tests. In other words, one night
without sleep did not have a significant effect on cognitive abilities (Patrick et al., 2017). The
result of this study regarding cognitive tests does not support the common assumption that
cognitive abilities would decline due to a lack of sleep. Despite these findings, in other studies

researchers have found the opposite results.
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Finally, a study by Ratcliff and Van Dogen measured the effects of sleep deprivation on
two things: item recognition memory and associative recognition memory. The participants were
in the laboratory for six nights and seven days. The researchers assigned them into either the
control group or the sleep-deprived group. To measure item recognition, the participants are
given a period of time to study the 16 words pairs and then are shown 64 words on a computer
screen. They were then prompted to press the ?/ key on the keyboard if they had seen that word
previously in the word pairs or the Z key if they had not. To measure associative recognition, the
participants are given a period of time to study 16 word pairs and were then prompted to press
the 7/ key on the keyboard if the two words on the screen were in the same pair when they were
studying or the Z key if they were different. The researchers found that the effects of sleep
deprivation were similar for both item and associative recognition memory. For both item and
associative recognition, the response proportions were similar for the experimental and control
groups in the baseline and recovery sessions. However, in the sleep-deprived session, the
participants' accuracy was different from the participants in the control session (Ratcliff & Van
Dongen, 2018).

Due to all of this research, we want to test the effects of sleep deprivation on memory.
Through this study we are examining whether a full 24 hours of no sleep would have a negative
impact on the memory of students. We predict that the students going 24 hours with no sleep will
recognize fewer words compared to the control group that will get to sleep for 8 hours.

Method

Sample
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We will obtain our convenience sample of 50 right-handed female college students
between the ages of 18 and 22 from a public, liberal arts university in Virginia. The college
students will take part in this study in order to obtain extra credit for a psychology class. The
participants must have never been diagnosed with a memory or sleeping disorder. Examples of
disorders may include insomnia, Alzheimers, or dementia. Prior to the study, the participants will
fill out a demographics questionnaire to ensure they never have been diagnosed with
disorders/illnesses that may affect the way they sleep or their memory (see Appendix A for
questionnaire). We will have these participants tested for these types of disorders prior to the
start of the experiment. Aside from these tests, participants will also perform a standard physical
exam and urine test in order to ensure they are healthy and drug free. The month before the
experiment occurs, the participants should maintain their regular sleep schedules. Participants
will be told to avoid caffeine, alcohol, drugs, and napping 24 hours prior to the experiment. The
female college students should sleep a minimum of 6 hours and a maximum of 10 hours the
night before the experiment. The participants will be assigned to one of two sample groups: one
group will stay up for 24 hours straight while the control group will get 8 hours of sleep.
Informed consent will be acquired from all participants and the study will be approved by the
university’s Institutional Review Board (see Appendix B for IRB forms). All participants will be
treated ethically.

Materials and Procedure
We will use a random number table in order to select which participants belong in which
sample. The day of the study, all participants will wake up at 9:00 a.m. Participants will come to

the laboratory at 10:00 a.m. and perform their first item recognition test (see Appendix C for
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item recognition test). Before starting the test, participants will enter their age. The item
recognition test features 12 words each being shown individually on a screen for 3 seconds. After
all of the words are shown, the test consists of the 12 words previously shown as well as 18 new
words. The participant will have to answer whether or not those words appear on their screen,
hitting the y key if the answer is yes and hitting the » key if the answer is no. The more correct
answers a participant has, the better their memory will be considered.

After this test, both participant groups will go to their isolated rooms where they can be
monitored by researchers. Participants will be allowed to occupy themselves with quiet activities
as long as the activities do not activate the autonomic nervous system. This is important because
the autonomic nervous system relates to arousal and consciousness. Food and water will be
provided for the participants, but they will not contain caffeine or alcohol.

At 9:00 p.m., both groups of participants will be given an item recognition test again,
using completely different words (see Appendix D for the second item recognition test). After
the test is completed, the control group will go to sleep. The other group will remain awake,
continuing their quiet activities. The participants in the control group should sleep 8 hours,
waking up at 5:00 a.m. The control group will resume quiet activities until 9:00 a.m. At 9:00
a.m., both groups will be given a final item recognition test that contains different words than
both of the previous given (see Appendix E for the final item recognition test). After the final test
is completed, the participants will be allowed to leave. The participants who stayed awake for 24
hours will be given the option to be driven home or sleep in the laboratory.

Proposed Analysis, Results, and Discussion
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We will be running an independent samples t-test three times to determine if there is
significant evidence between the percentage of errors performed by the two groups because it is
a between-groups design with two conditions. Due to previous researchers such as Ratcliff and
Van Dongen, we believe that the results (see Figure 1) will support our hypothesis that
participants who go 24 hours with no sleep will recognize fewer words compared to the group
that will sleep for 8 hours. For the first two time periods when the item recognition tests are
taken, 10 a.m. and 9 p.m., the two groups will have the same amount of sleep, so their percent of
errors regarding words recognized is likely to be similar. However, at 9 a.m., the final test, the
sleep-deprived group will have been awake for 24 hours whereas the control group would’ve
gotten a normal 8 hours of sleep. Most likely, there would be a large difference in percentage of
errors for the sleep-deprived and control groups at this time, with the percentage of errors being
much larger for the sleep-deprived group.

Possible limitations with this experiment could include that participants in the not
sleep-deprived group may not be able to fall asleep, resulting in not reaching the 8 hours of
required sleep. In addition, a possible limitation will occur if the participants do not refrain from
the use of caffeine, drugs, or alcohol prior to the start of the experiment. Future researchers can
replicate this study by using different sets of words for the tests, giving the tests to the
participants at different times, changing the amount of tests that will be taken and changing the

amount of words in the test.
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Figure 1

The Effects of Sleep Deprivation on Memory
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Appendix A
Demographics Questionnaire

1. What is your age?

2. What is your sex?

- Yes - No
3. Are you taking any medications?
- Yes - No

4. Ifyou answered yes, what are you currently taking?

5. Do you have any pre-existing medical conditions?
- Yes - No
6. If you have any medical conditions, would any of them affect the way you sleep or your
memory processing skills? For example, are you restless? Do you find yourself sleeping
too much or not enough? Are you finding it hard to remember information that you
frequently learned?
- Yes - No
7. If you answered yes to any of these questions, which medical conditions have an impact?
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Appendix B
IRB Form
LONGWOOD UNIVERSITY
Institutional Review Board

Committee Action Form

(To Be Completed By Researcher)
Proposal Title: The Effects of Sleep Deprivation on Memory

Principal Investigator: Kylie Gannon and Kacy Lloyd

(For IRB Use Only)

[ ] Meets the criteria for making research exempt from obtaining written informed consent and
Committee review.

[ ] Approved by the Longwood University Institutional Review Board.
[ 1 Approved with revisions by the Longwood University Institutional Review Board.

[ 1 Rejected by the Longwood University Institutional Review Board.

Date:
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Signature of IRB (circle one) Member/Chair:

Comments:
Longwood University Institutional Review Board
Research Proposal Submission Form
1. Proposal

All Longwood University administration, faculty, and students conducting investigations
involving human subjects, and all other researchers conducting investigations involving human
subjects at Longwood University, must submit a research proposal to be reviewed and approved
by the Human Subject Research Review Committee prior to the commencement of research.
Research involving children should conform to the ethical standards found at
http://www.srcd.org/ethicalstandards.html. Some types of human subjects research are

exempt from the provisions of state and federal law, however, even research exempt from
these provisions must be reviewed by the committee to determine that they are indeed
exempt. Research proposals submitted to the committee must follow the protocols contained in
this form and include the following information. Check those that are included.

[x] A description of the research, including:
1) A Title,
2) The purpose of the research, and
3) The methods or procedures to be employed including descriptions of:
a) The human subjects and the criteria for including them in the research,
b) What is to be done with or to them,

c¢) Any possible risks, stress, or requests for information subjects might consider
personal or sensitive, or which may be illegal, and whether or not the only risk to the
subjects is the harm resulting from a breach of confidentiality,

d) the steps that will be taken to ensure the anonymity and confidentiality of the
subjects,


http://www.srcd.org/ethicalstandards.html
http://www.srcd.org/ethicalstandards.html
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e) the permissions from other institutions, if required, that will be obtained.
[x] A signed, completed copy of this submission form.

In addition, the research proposal may have to include the following documents. Check those
that are included.

[x] A copy of the test, survey, or questionnaire, if employed, and if it is not a standardized
professional diagnostic tool otherwise specified in the proposal.

[x] A copy of the written statement explaining the research indicating that participation is
voluntary, if required. (See III. A. below.)

[x] A copy of what will be said to subjects before and after the research is conducted, if the
methodology requires that the subjects be misled in any way. (See III. B.)

[x] A copy of the informed consent statement that will be used, if required. (See Sec. IV.
below.) A model informed consent statement can be found at the end of this form.

I1. Exemptions

If your research falls into any of the categories of research below, it is exempt from the
requirement of obtaining written informed consent and being reviewed by the entire Committee,
and only 1 copy of the proposal need be submitted. All others must submit 3 copies of their

proposal. If your project conforms to any of the following descriptions, check those which apply:

[] Research or student learning outcomes assessments conducted in educational
settings involving regular or special education instructional strategies, the effectiveness of
or the comparison among instructional techniques, curricula, or classroom management
methods, or the use of educational tests, whether cognitive, diagnostic, aptitude, or
achievement, if the data from such tests are recorded in a manner so that subjects cannot be

identified, directly or through identifiers linked to the subjects.
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[] Research involving survey or interview procedures unless responses are recorded
in such a manner that the subjects can be identified, directly or through identifiers linked to
the subjects, and either (i) the subject's responses, if they became known outside the
research, could reasonably place the subject at risk of criminal or civil liability or be
damaging to the subject's financial standing or employability or (i) the research deals with
sensitive aspects of the subject's own behavior, such as sexual behavior, drug or alcohol

use, or illegal conduct.

[] Research involving survey or interview procedures, when the respondents are

elected or appointed public officials or candidates for public office.

[] Research involving solely the observation of public behavior, including
observation by participants, unless observations are recorded in such a manner that the
subjects can be identified, directly or through identifiers linked to the subjects, and either
(1) the subject's responses, if they became known outside the research, could reasonably
place the subject at risk of criminal or civil liability or be damaging to the subject's
financial standing or employability or (ii) the research deals with sensitive aspects of the

subject's own behavior, such as sexual behavior, drug or alcohol use, or illegal conduct.

[] Research involving the collection or study of existing data, documents, records,
pathological specimens, or diagnostic specimens, if these sources are publicly available or
if the information is recorded by the investigator in a manner so that subjects cannot be

identified, directly or through identifiers linked to the subjects.

I11. Special Tvpes of Research

A. In addition to the above types of research that are exempt from the requirement to obtain

written informed consent and full committee review, the committee may waive the requirement
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that the investigator obtain written informed consent for some or all subjects for the following

type of research. If your research conforms to the following description, indicate by checking.

[ ] Research in which the only record linking the subject and the research would be
the consent document, and the principal risk would be potential harm resulting from a

breach of confidentiality.

In the forgoing type of research, the committee may require the investigator to provide the
subjects with a written statement explaining the research and indicating that their participation is
voluntary. In addition, each subject shall be asked whether s/he wants documentation linking him
or her to the research, and the subject’s wishes shall govern. In the case that the subject agrees to
be identified in the research, her or his written permission to do so shall be obtained by the

researcher.

B. Some research methodologies may require that the subjects be initially misled regarding the
purpose of the research, and so require that the consent procedure omit or alter some or all of the
basic elements of informed consent, or waive the requirement to obtain informed consent. If your

research conforms to the following description, indicate by checking.

[ ] Research involves no more than "minimal risk" or risk of harm not greater than
those ordinarily encountered in daily life or during the performance of routine physical or
psychological examinations or tests, research could not practicably be performed without
the omission, alteration or waiver, and the omission, alteration or waiver will not

adversely affect the rights and welfare of the subjects.

In the forgoing type of research, the committee requires the researcher to provide the subjects
with an adequate post-investigative explanation of the purpose and methods of the research, or

explanatory debriefing procedure to be undertaken immediately after the conclusion of each
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subject's participation. The committee requires investigators undertaking this sort of research to
furnish the committee with copies of the information that will be supplied to the subject before

and after the investigation.

IV. Written Informed Consent

Research engaged in all other types of research must obtain written informed consent
from the research subjects. Informed consent means the knowing and voluntary agreement,
without undue inducement or any element of force, fraud, deceit, duress, or other form of
constraint or coercion, of a person who is capable of exercising free power of choice.

The basic elements of information necessary to such consent are:

- 1. A reasonable and comprehensible explanation to the person of the proposed procedures of
protocols to be followed, their purposes, including descriptions of any attendant discomforts, and
risks and benefits reasonably to be expected;

- 2. A disclosure of any appropriate alternative procedures or therapies that might be
advantageous for the person;

- 3. An instruction that the person may withdraw his consent and discontinue participation in the
human research at any time without prejudice to her or him;

- 4. An explanation of any costs or compensation which may accrue to the person and, if
applicable, the availability of third party reimbursement for the proposed procedures or
protocols; and

- 5. An offer to answer and answers to any inquiries by the person concerning the procedures
and protocols.

Informed consent must be obtained in the following manners for the following types of
human subjects: (a) competent, then it shall be subscribed to in writing by the person and
witnessed; (b) not competent at the time consent is required, then it shall be subscribed to in
writing by the person’s legally authorized representative and witnessed; or (c) a minor otherwise
capable of rendering informed consent, then it shall be subscribed to in writing by both the minor
and her or his legally authorized representative.

Legally authorized representative means (a) the parent or parents having custody of a
prospective subject, (b) the legal guardian of a prospective subject, or (c) any person or judicial
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or other body authorized by law or regulation to consent on behalf of a prospective subject to
such subject’s participation in the particular human research.

Any person authorized by law or regulation to consent on behalf of a prospective subject
to such subject’s participation in the particular human research shall include an attorney in fact
appointed under a durable power of attorney, to the extent the power grants the authority to make
such a decision. The attorney in fact shall not be employed by the person, institution, or agency
conducting the human research. No official or employee of the institution or agency conducting
or authorizing the research shall be qualified to act as a legally authorized representative.

A legally authorized representative may not consent to nontherapeutic research, or
research in which there is no reasonable expectation of direct benefit to the physical or mental
condition of the human subject, unless it is determined by the human subject research review
committee that such research will present no more than a minor increase over minimal risk to the
human subject.

Notwithstanding consent by a legally authorized representative, no person who is
otherwise capable of rendering informed consent shall be forced to participate in any human
research.

In the case of persons suffering from organic brain diseases causing progressive
deterioration of cognition for which there is no known cure or medically accepted treatment, the
implementation of experimental courses of therapeutic treatment to which a legally authorized
representative has given informed consent shall not constitute the use of force.

No informed consent form shall include any language through which the person who is to
be the human subject waives or appears to waive any of her or his legal rights, including any
release of any individual, institution, or agency or any agents thereof from liability for
negligence.

Human subject research investigators are responsible for obtaining written informed
consent from research subjects in accordance with these specifications, and for obtaining
permissions from any other institutions that may be involved in informed consent statement
which conforms to these specifications.

The Longwood University Institutional Review Board must be informed of any violation
or alteration of the research protocol. Continuing research projects must be re-approved
annually.



SLEEP DEPRIVATION ON MEMORY 21

The undersigned researcher(s) indicate that the information provided to the committee is
accurate and true to the best knowledge of the researcher(s), and that the researcher(s) have
conformed to the above guidelines to the best abilities of the researcher(s).

Date: 03/30/2020  Signed (legibly): Kacy E. Lloyd

Date: 03/30/2020  Signed (legibly): Kylie R. Gannon

If this research is being completed in partial fulfillment of a Masters degree, the thesis committee
must approve of your project prior to submission of these forms. The signature(s) of your
committee chair/advisor on the appropriate form constitutes acknowledgement of this prior
approval by your committee.

Please indicate the address where you would like the approval form sent (along with phone #
and/or e-mail address):

201 High Street, Farmville, VA 23909

Dr. Eric Laws, Department of Psychology: Phone: (434)395-2841:; e-mail:
lawsel@longwood.edu

Further information of the status of proposals may be found at the following:

Dr. Eric Laws, Department of Psychology; Phone: (434)395-2841; e-mail:
lawsel@longwood.edu
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DESCRIPTION OF RESEARCH

Title of Research: The Effects of Sleep Deprivation on Memory

Purpose of Research: The goal of this research is to determine the effects of sleep

deprivation on memory. The research is being conducted as a research proposal, under
the supervision of Dr. Eric Laws
Methods and Procedures:

Participants: Participants will be Longwood University students who agree
to voluntarily participate in the research. The purpose of the research will be
explained to the students and they will be asked to participate with the provision
that they are free to withdraw at any time without penalty.

Procedures: We will obtain a sample of 50 right-handed female college
students who must complete a questionnaire to ensure they have never been
diagnosed with disorders/illnesses that may affect the way the sleep or their
memory. The participants must complete a physical exam as well to make
sure they are healthy and drug free. Before the study starts, the participants
will be asked to maintain their normal sleeping schedules. We will use a
random numbers table to select the number of participants to go into either
the control group or the sleep-deprived group. Participants will wake up at
9:00 a.m. and will arrive at the laboratory at 10:00 a.m. to perform their first
item recognition test. The item recognition test will feature 12 words that will
be shown on a screen for 3 seconds. Once all the words have been shown, 18
new words as well as the previous 12 words will appear again and the
participant will have to answer if those 12 words appeared by hitting the y
key for yes and the n key for no. The more words they get correct, the better
the participants' memory is. After the first test is completed, both sample
groups will go to isolated rooms to occupy themselves with quiet activities in
which they will be monitored by researchers. At 9:00 p.m. both groups will
be given a second item recognition test, this time with a new set of words.
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After this second test is completed, the control group will be allowed to sleep
8 hours where the other group will remain awake, continuing their quiet
activities until 9:00 a.m. At 9:00 a.m., both groups will take their final item
recognition test that contains different sets of words from the first two tests.
After the participants are finished with the test, they will be allowed to go
home. The participants who stayed awake for 24 hours will be given the
option to be driven home or sleep in the laboratory.

Possible Risks: Because of the sensitive nature of the study, it is
anticipated that participants may experience some emotional discomfort.
Participants will be informed of the nature of the study ahead of time, they will be
told that they are free to participate or not participate, and that they can withdraw
from the study at any time without penalty. No physical harm is anticipated. Nor
is it anticipated that participation in the research will place the participants at any
risk of criminal or civil liability, or damage the participants' financial standing or
employability.

Assurance of Anonymity and Confidentiality: Participants will be

informed of the voluntary and confidential nature of the research via instructions
on the data collection instrument. Participants will also be instructed not to put
their name or any identifying information on the instrument. When collecting data
from participants, the researcher will immediately place the data in a large
envelope, and will not examine any of the data until all data have been collected.
Once collected, the raw data will only be accessible to Kylie Gannon, Kacy
Lloyd, and Dr. Eric Laws. In the event that any information provided by a
participant should become known outside the research, it is unlikely that any harm
would come to the participant.
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Longwood University

Consent for Participation in Social and Behavioral Research

I consent to participate in the research project entitled:

Name (Print):

Date:

The Effects of Sleep Deprivation on Memory
being conducted in the Department of Psychology by
Kylie Gannon and Kacy Lloyd

I understand that my participation in this research is voluntary, and that I am free to
withdraw my consent at any time and to discontinue participation in this project without
penalty.

I acknowledge that the general purpose of this study, the procedures to be followed, and
the expected duration of my participation have been explained to me.

I acknowledge that I have the opportunity to obtain information regarding this research
project, and that any questions I have will be answered to my full satisfaction.

I understand that no information will be presented which will identify me as the subject
of this study unless I give my permission in writing.

I acknowledge that I have read and fully understand this consent form. I sign it freely and
voluntarily. A copy of this form will be given to me.

Signed:
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I understand that if [ have concerns or complaints about my treatment in this study, I am
encouraged to contact the Office of Academic Affairs at Longwood University at (434)
395-2010.

Appendix C
Item Recognition Test Version 1

The initial 12 words the participants studied are: people, baseball, trombone, seven,
purple, sunshine, donate, language, water, freedom, office, and pumpkin.

The 18 additional words were: music, circus, monster, story, lemon, alone, mountain,
sister, challenge, nothing, river, tiger, iron, secret, candy, evil, forest, and winter.
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Appendix D
Item Recognition Test Version 2

The 12 studied words were: turtle, glory, time, doctor, today, hero, talent, science, other,
friend, cookie, and treasure.

The words that were not studied were: little, penny, couple, spirit, zero, message, lily,
blanket, problem, idea, sandwich, under, lovely, panda, darkness, bottle, honey, and fitness.
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Appendix E
Item Recognition Test Version 3

The 12 words the participants studied were: famous, simple, kingdom, wisdom, union,
culture, image, garbage, window, bubble, insect, and program.

The 18 non-studied words added in to test the participants memory were: picnic, climate,
rhyme, champion, sentence, olive, temple, balance, running, promise, crystal, whisper, thunder,
rodent, public, structure, order, and angle.
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ABRBSTRACT

Purpose: Sleep deprivation is associated with increased forgetting of declarative memories. Sleep
restriction across multiple consecutive nights s prevalent in adolescents, but questions remain as
to whether this pattern of sleep impairs memory for material typically learned in the dassroom
and the time course of retention beyond a few days.
Methods: Adolescents aged 15— 18 years (n = 29) were given 5 hours sleep opportunity each night
for 5 consecutive nights (sleep restricted group; 5R), simulating a school week containing insuf-
ficient sleep. After the fourth night of restriction, participants learned detailed facts about different
species of arthropod across a 6-hour period, Retention was tested 30 minutes and 3 days after
learning and contrasted with a control group (n = 30) who had 9 hours sleep opportunity every
night of the study. A subset of participants (SR, n = 14; control, n = 22) completed a surprise test
42 days after learning.
Results: Memory was significantly impaired in the SR group relative to controls, with 26%
increased forgetting at the 30-minute test (((57) = 2.54, p = 014, d = ,66), 34% at the Day 3 test
(1{57) = 265, p = .010, d = .69), and 65% at the Day 42 test (f{34) = 322, p = 003, d = 117}
Vigilance was also significantly impaired after 4 nights of restricted sleep (p <= 05), but did not
correlate significantly with memory (p > .05).
Conclusion: Long-term retention of classroom material is significantly compromised when ado-
lescents learn after being sleep restricted, reinforcing the importance of keeping good sléep habits
to optimize learning,

© 2019 Society for Adolescent Health and Medicine. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license ( hitp: [/creativecommons. org/licensesby-nc-nd/4.0/).

Hi
I

must be learned. This study
documented poorer reten-
tion of factual nformation
for up o 6 weeks when
material was leamed after

successive nights of sleep

o
1

Many adolescents obtain insufficient sleep, tending to curtail
sleep during the school week and to “catch-up”™ on weekends |1
1] The National Sleep Foundation Sleep in America Poll found
that 62% of reenagers (aged 1417 years) obtained less than the
recommended 510 hours per night [45]. Similarly, in

Condlicts of interest: The authars have no conflicts of interest to disclose.
Data availabelity: The datasets generated and analyzed during the present study
argt avaslable from the coreiponding author on reasonable reguest
* Addreis correspondence to: Michael W, L Chee, MBAS,, Centre for Cogni-
tive Newrosckence, Duke-NUS Medical School, B College Road, 169857 Singapore
E-maoll address: michael cheedduke-nus eduig (MWL Chee).

Singapore, only 15% of adolescents reported obtaining sufficient
sleep during the week. compared with 80% on weekends [G].
Several factors contribute to this growing trend | 78], including
delayed circadian phase [9], slowed accumulation of sleep
pressure [10], and electronic media use [11] Multiple consecu-
tive nights of sleep restriction result in cumulative deficits in
cognition, impaired mood | 1], and poorer academic performance
[ 12 14]. It is therefore critical to charactenze these impairments,
particularly those that influence the ability to learn and retain

information in long-téerm memaory, This is important to guide
public policy on health and education and determine the efficacy

1054- 1365 )0 2019 Society for Adolescent Health and Medicine. Published by Elsevier Inc. This (s an open scoesd article under the O BY-NC-ND licems | hoop

creativecomarsii or gl leepses b -n-nd 407}
hbtps; ) [ dolorg 10,0006/ | adabealih 2019, 04,0730
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Introduction

Sleep deprivation can have a negative impact on many aspects
of coguitne  functioning. For example, astained  attention
commitently shows  performance  mpaimment with  aeep s
[1234]). Working memory, on e olher hand, & & moli-
codgpanenl cognitive prscess fof which impainmment appean o
vary dbepending oo the exact commposseend of working  meemony
assewsed [5,6,7.8,9,10]. Broadly speaking, working memory can be
differrnisated into wpsarale I.IIH'!I-’&‘III.I for verbal and visaal
udormaats (X . [”Il. While veshal 'nl.l'l.q mennwy o laly
well studied i the context of slevp deprnvation, relatvely few
studies have examined the effects of deep deprivation on visul
working memaory,

Vil working memory (VWMD) performance is thought 1o be
comprised of two distinguishalde component mechanims. The
first, capacity, involves the limits in the shility 1o simultaneoudy
stowe anml retan miltiple peces of visaal mlonmation o workiog
memsry for shor penods of e, Past studies esting VWM
vapacity have shosm isdivaduals ame capablde of retamng ap o 34

objeos a1 onoe, regandiess of their complexiry [12]. A sevond
aspeet of swecesdisl VWM volves  conomolling the Sow  of
informatkon o VWM, by detenmining whether stimuli ane
consistend with  the  individeal’s cumrent goals.  Since VWM
capacity is limited, this proces allows a person 1o “flter o™
irvelevant information in onder W0 foows on and remember nelevant
stisnuli more efficientdy [13]. Since working memory, in general,
makes  information  available for more  sdvanced IIWI’\[’
processeng, B represents one of the main rate lamiting Lators for
higherr-order cognitive fnctions sch as Duid mieligence and
comphex  devicion  making 141506 17,18]. VWM muy be
partaularly wopeartant s this Cashin, o i B revuired for alooost
any cognitive demand  volving soring multiple viseal sl
smmlancousdy o scleciing targel objecis i crowdied displays
Thas, o the extrnt the capacioy or filering osmposents of VWA
are impaired by deep deprivation, this can have  significast
oprrational wnpacts for a wide range of odniduak

Theiv has "hh b one \Iuh. LY g humlnltr. [T *
the effect of sleep deprivation on VWML Cher and Chuab [8]

fomnd oo ||.iﬂhl ol nostad *‘f‘l |E'|th'.|.1.inh (TsIv I.‘:I:I.Irl..l.l'lll\
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Novel Measures to Assess the
Effects of Partial Sleep Deprivation
on Sensory, Working, and Permanent
Memory

Dominique Gosselin, Joseph De Koninck and Kenneth Campbeil *
Scnooi of Pryohologe. Linveraly of Offtewa, Oftawa, OAL Canacie

Seepiness has repeatedly been demonstrated o affect performance on a vanety of
cognitive tasks. While the effects of total sleep deprivation (TSD) have been extensivaly
studied, acute parial sieep deprvation (PSD). a more frequent form of sieep loss,
has been studied much less often. The present study examined the effects of sieep
systems. While the tasks did implicate different memory systems, they shared a need
for effortful, sustained attention to maintain successful performance. Because of the
novelty of the tasks, an initial study of the effects of TSD was camed out. The effects of
PSD were subsequently exarmined in a sacond study, in which subjects wene permitted
only 4 h of sieep. A genaral detrimental eflect of both total and PSD on accuracy of
detection was observed and to a lesser extent, a slowing of the speed of responding
on the different tasks. This overal effect is best explained by the often-reported inability
to sustain attention following sieep loss. Specific effects on distingt cognitive processes
were also obsenved, and these were mone apparent following total than PSD.

my_m-ﬂ-mmm——rm_—u—h

" L

INTRODUCTION

More than a century of experimental data suggests that deep is an esential component for
optimal cognitive processing and that its restriction can significantly impair performande on many
cognitive tasks. In an extensive review, Waters and Bucks (201 1) point owt that & major contributor
to inter-subject variance in a large number of cognitive studies is the fact that many of these subjects
will be fatigued and slecpy, often as a result of partial deep low. Indeed, restriction of sleep has
frequently been employed as an experimental manipulation in cognitive studies to examine the
extent to which various cognitive processes are affected by fatigue.

In most of these studies, subjects are totally deep-deprived. The effect of total sleep deprivation
(TSD), the complete absence of sleep over at least 24 consecutive hours, has now been extensively
ﬂudﬂ‘d ‘Rl.::hvw\hp and Babkotf 199 Pilcher and Huffcutt, 199 Philibert, 2005; Alhols and
Pobo-Kantola, 2007; Lim and Dinges, 20010; Ma et al, 20015 Wickens et al, 2015). There is general
consensus that this form of sleep restriction will affect tasks that are dependent on sustained
attentbon and vigilance to maintain performance. Outside of the laboratory, individuals are
however rarely totally sleep-deprived. On the other hand, acute partial sheep deprivation (FSD)

F ety o1 Py Py | s Sertormrn g 1
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Effects of sleep deprivation on cognitive and physical performance

in university students

Yusuf Patrick - Alice Lee' - Oishik Raha' - Kavya Pillai' - Shubbam Gupta' -
Sonika Sethi' - Felicite Mukeshimana' - Lothaire Gerard' - Mohammad U. Moghal™ -
Sohag N. Saleh® - Susan F. Smith® - Mary J. Morrell™ - James Moss™' (0

Received: § Augusa 2016 / Accepted: 23 March 2017 / Published online: 13 April 2017

© The Authoris) 2017. This article is an open socess publication

Abstract  Sleep deprivalion is COmmon HMONg ukver-
sity students, and has been associated with poor academic
performance and physical dysfunction. However, current
literature has a narrow focus in regard to domains tested,
this study aimed to investigate the effects of a night of skeep
deprivation on cognitive and physical performance in stu-
dents. A randomized controlled crossover study was car-
ried oot with 64 participants [38% male (n=37) 22+4
years old (mean+5D)]. Participanis were randomized
into two conditions: normal sleep or one might sleep dep-
rivation. Sleep deprivation was monitored using an oaline
time-stamped questionnaine at 45 min intervals, completed
in the participants’ homes. The oulcomes were cognitive:
working memory (Simon game® derivative), exéculive
function (Stroop test); and physical: reaction time (ruler
drop testing), lung function (spirometry), rate of perceived
exertion, heart rate, and blood pressure during submaxi-
mal cardiopulmonary exercise lesting. Data were analysed

0 James Moss
Jamcs maons @ imperial ac ok

' Imperial College School of Medicine, Imperial College
London, South Kensingion Campaes, Sir Alexander Fleming
Building. London SW7 2DD. UK

* Academic Unit of Skeep and Breathing, National Hean
and Lung Instimte, Impenal College London, London, UK

' NIHR Respirsiory Discase Biomedical Research Unit,
Sleep and Ventilation, Royal Brompeon and Harcficld NHS
Foundation Trust. Sydney Strect, London SW3 8NP, UK

! Faculty of Medicise. Imperial College London, South
Kenaingion Camspun, Sir Alexamder Fleming Building,
London SW7 200, UK

¥ Medical Education Research Unit, Faculty of Medicine,
lmiperial College London, South Kenabaghon Camjuis, Sie
Alewnder Fleming Building, London W7 2DD. UK

using paired two-lailed T lests and MANOVA. Reaction
time: and systolic hlood pressure post-exercise were signifi-
cantly increased following sleep deprivation (mean+SD
change: reaction time: 0.15+£0.M4 s, p=0.003; systolic
BP: 617 mmHg. p=0012). No significant differences
were found in other variables. Reaction lime and vascular
response 0 exercise were significantly affected by sleep
deprivation in university siudents, whilkt other cogni-
tive and cardiopulmonary messures showed no significant
changes. These findings indicale that acute sleep depriva-
tion can have an impact on physical but pot cognitive abil-
ity in young healthy university students. Further research is
needed o identifly mechanisms of change and the impact of
longer term sleep deprivation in this population.

Keywords  Student - Acute sleep deprivation - Reaction
time - Cognitive - Submaximal exercise

Introduction

Sleep deprivation is common amongst universily students
whom live in a culture that promotes reduced sleep, due o
the burden of academic work and social pursuits. The rea-
sons for poor sleep hygiene include alcobol and caffeine
intake, stimulants, and wechnology, which prevent students
achieving sufficient sleep time and quality [1]. A cross-
sectional survey found that 71% of students did not achieve
the recommended & h of sleep, with 60% classified as poor
sleepers [2]. An average of 5.7 h slecp has been repornted
for students studying architecture, and sleepless nights due
o academic work throughout the night—defined by the
Onford English Dictionary as an all-nighter—occurred, on
average, 2.7 days a moath [3].

€ Springer
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The Effects of Sleep Deprivation on Item and Associative

Recognition Memory

R Ratchif and Hans P. A. Van Dongen
The ( State University and Washington Staic Usiversity

Sheop deprivetes sdvorscly sffects ibe shility o porform copastrve ks, bl ihoorcs remge from
prodbcunp sn ovorall deg b m copmties luactming bocses of rohecod akbaliy @ sncalxned ek
b ypocif deliin m varsss copmitive domasns of e W m d b offects of shoop
lcprvyEsn on tev momery sk, som rooognson {was this word ot bel ssshod ™) el soscialive
Focopnn (Cwore thos P words shindeod e the o par”) Theoss ek sl momeory Do dcemation
emgodod @ fow minaics carbcr mnad s do mol sddros offocts of shoop doprivation on working momory or
Mﬂﬂﬁ“nﬂﬂﬂuhﬁmﬂwh
bt e p all T dnﬂ-mm-ﬂ_
hllmll—r.—llyﬂhlr—kh-l mules 0 sccumulsied o one of Peo dociss asad
parascicr povermng thin phoceis s caraciod sad mlorproied @ ke of dulnct copaivg phocoascs,
Koty chowsd that docp doprvaseon fodeoos dreli rase (ovidomos wad s e devmaon procoss ). wotl et
effoct vm e othor compomonts of ihe dooreon proocss. Those rosmilis oomstras wb e cffoois of aping.
whach dhow e decline in som rocopmation ol larpe doclmes i ssencuatne rocopmson. The resales
smppest thal skop dopriveisn deprades the qualiy of mformeien sorcd i mcmeory ool that tas My
o thiuph doprakal sikontemal phccse.

FegonpElaen My

Sleop depeivation has profoend cffocts on buman brain (unc-
toatng. For cxample, slocp doprivation b axsoctalod wilh larpe-
scale changes in the aclivity of nouriransmitiors and noaromodu-
bters, such & dopamine (Volkow of al, 2009 snd sdenosine
Uy & landoll, 2014). Slecp deprivation leads o skpnificant
shifts in the domimani roquencics in the waking FIEG (Torvall &
Akcrsicdl, 1987). Furthermore, it changes evoled potentials, in-
dicative of alicred stimales processing (Corsi-Cabrera, Arce, el
Rio-Ponilla, Pércs-Ganci, & Gocvara, 1999 Nol surprisingly,
shoop deprivation also has subsiantial impact on cognaitive perfor-
mance {Jackson & Van Dongen, 20011 Yet, the cifects of sloep
deprivation on different cognitive ks are ostonsdbly widcly
different (1Lim & INages, 2010). Cognitive, pharmacological, acu-
rimaging. and genctic approaches have been put 1o use in the
pored, however, by reliance on mothods mol spocifically designed

This srtick wan poblinhed Oaline |5nd Scpicmber 21, 2017,

Ropor Rac il snd Hame I'. A Van Doapon, Dopermont of Poychology,
The (dhio Sasie Ulniversity, sl h’ Soop mad Pordformancy Roscanch
Conter, 'Washingion State

m-ﬁ-uuﬂﬂumﬂmmm
W glurpion Siaic U y low o bl conchaclang e visady. and Rusa
Chilors fint i with duta img. This werk wam wapporod by MTH
Cirwsts, RO AL TT md RO 7RE amd by CTRERE Clrmni WRIXWT-
I 109,

Cormeepombonoy conoommeng this s b deoghd by sldecesed b0 Bopor
Raschill, Department of Pyychology, The Ul Stale Univorssly, Cobumdus,
O AR ol rade BT 220 oo e

Lo Lest ithe cifocts of shecp doprivation and use of global oscome
mcamires (Whilicy & Hinsoa, 20000

Recently thore has beon a foous on cxporimental and modicling
sindics of component processes of cognilive funclioning (Cunecl-
mann, Cileck, Price. Wan Dongen, & Dinges, 2007; Chee & Chuah,
2008; Ratchil & Van Dongen, 209 Tucker, Whitacy, Boleaky,
Himson, & v-lmmlmmuwnm
inficating that distinc cognifive processcs can be
affectod by slecp deprivation (Jackson ot al., 20013). One (qualits-
Uve) thoory aboul the underlying mochanism posits tha the cilocts
of sleep deprivation are use-dependent, involving degraded infor-
malion processing in nooronasl actworks thal ane mos) inkonsively
used during perfirmance of the task sl hand (Van Dongon,
Bolonky, & Krueger, 2001). The diffusion docision modcl (Ral-
clill, 197H: Raichill & McKoon, J008; Raickll, Smiih. Brown, &
McKoon, 2016) provides an account of decision making that has
been explicilly relaied o newroscience measures (Fonsimann, Rai-
clifll. & Wagenmakers, 2006; Gold & Shadicn, 2007, Smith &
Ratcliflf, X0 and as such offers measurcs that can be relsiod o
mouronsl processing thoofics,

There has boen a boag history of the use of ilom and sssociative
tasks (o cxamine processing and representation in memony. [noan
iem rocognition Lsk, wonds or picturcs are prosenbod and e
subject s o dockde il the sl ilom was in the sisdy sl In
associslive nocognition, pairs of wonds are presented and the sub-
joct s b decide if 2 iest paiv was composed of wonds siodicd
wpether of whether the wonds were from difforont study pain
Murdock (1974) roviewoed and distinguished fhese as difforeni
forms of memory that opersied in different ways and roguind
different. model bascd approaches. Following the carly work, a
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Effects of Sleep Deprivation on Procedural Errors

Michelle E. Stepan, Kimberly M. Fenn, and Erik M. Altmann
Michizan Stae Universily

In 3 large sample (N -

2340, we awsted effects of 24-bw of siocp deprivalion o ofTor Fies in 3

procoderal sk thal rogueres memory massicsssce of tak-scievast mformation. s e cvensng,
participanls compheied the bk wader domble-blind comdutions sad then cither stayed swake m the
lab overnspht or slepd 3 home. | the morasg. partacipasts completced the task apxa Sloep-deprived
partcipants were mose likely o saffer 3 peacnd veakdows i abahity (or wallisgness) b moct 3
modest sccercy crilenon they bad met the sighi before. Amoag decp-deprived paricipants who
could sill perform the bk, omor rales were clovaled, 3 eros reflectiny momory (lercs
procodena] tsks asocred wilh mlormeptons 3ad costly orron—of, if ey musl, ey shoald

perform sech txsks oaly for shorl persods.

Supplrmenicl mairrals g iy douorg/ W W TApe0008YS spp

Sicep deprivation s known o affect alicntion snd vigilance
{cg. Lim & Dinges, 2008; Nomoa, |97, Wimmer, Hollmaan,
Bonato, & Mol 1992). but gucstions romain about its cffects on
higher-order cognitive processes (sce Killgore, 2000 for revicw).
Some sudics found that slecp deprivation impaired working mem-
ory (Chee & Choo, 2004; Chee ot al | 2006; (hoo, Lee, Vienka-
iraman, Shee, & Chee, 2005; Darmer & Dinges, 2005; Habeck ol
ol 2004: Mu ot al | 2005) or cxocutive fonction (Dumer &
Dinges, 2005; Nilsson ot al.. 2005), whereas others found no cffioct
on higher-order processes {Binks, Walers, & Hurry, 1999, Nilsson
¢t al., 2005; Tucker, Whitney, Bolenky, Hinson, & Van Dosgen,
2010; Wimmer of al, 1992). Some stidies oven found divergonl
cifocts using the same sk (Choe & Choo, 2004; Chee ot ol
2006). These equivocal findings may be a fuaction of relatively
small sample sizcs,

Here we stindicd effects of slecp deprivation on orfor ralcs i a
procodural task, focusing on the mic of momory mainicnance. o
our lask, participants perform a sci of siops in a proscribed se-
quence. Every fow inals—a trial being & performed stop—the
participant is interrupted for sbout 20 1. Afler the istcrmuption, the
participant must resume the intermupted sequence wilth the comect
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stcp. To know which sicp s corroct, the participant must remember
the last sicp porformed before the inlcrmuption. Maintaining a
memory for thal sicp s made diffacull by intcricrence (rom (he
imtcrmupting ask.

The thoorctical question we sddress s whether slecp depri-
vation affocts memory processes @nd, il so, whether the cilocts
arc modistcd by global cognitive impairments or impairmcnils
of memory-relsied processes specifically. We isolate cffects on
memory proccsscs by comparing two trial types that difTer only
in the pocd for memory mainicnance. A postinterruplion Lrial
follows zn intcrmuplion, whercas a bascline trial follows another
wrial. The processing for the two trial types is identical except
that 3 postintcrroption trial roguires rocall of the step performed
befiore Uhe intermuption, and therefore depends on memory main-
icnance during the inlcrruption. Both trial (ypes should show
cifects of global factors, such as increased latigoue or wake slale
insishility (Doran, Ven Dongen, & Dinges, 2000 Lim &
Hmges, 2008). Only postimlcrmuption trials should show cffects
spocilic o memaory mainicnance. Deprivation studics involving
higher bevel tasks (cg. Caldwell & Ramspoll, 1998; Hack,
Choi, Vijavapalan, Davics, & Siradling, 2001; Thomas ct al.,
2000) iymcally do ol chade mcasures soch ax our bascline
trials that allow cffects on higher-order processes Lo be isolated
like thiz. We can also measure lime-on-task elfects specifically
on memory meinicnsnce bocause there anc many postintermup-
tion and bascline trials per scssion. Time-on-lask cffccts after
redoced slecp are well documented in vigilance lasks (e.g.,
Doran ot al, 2001: Van Doagen, Maislin, Mullinglon, &
Dimges, 2003 bat have not been widely stodied For higher-order
cognilive proccsscs. Fimally, we aimed for conclusive resulls by
lesting 2 large sample. To our knowlodge, ours is the larpest



