means that the BB and the CSD reported differing TST values; the BB recorded that a participant
received more sleep than was subjectively reported using the CSD. One limitation of this study is that
the actual amount of sleep obtained by a person was not measured in a laboratory using a PSG or some
other method to validate the data produced by the CSD or the BB. Therefore, the researchers only know
that the two measures are different from one another but not which is more accurate in capturing the
true amount of sleep obtained. However, in a study performed by Kushida et al. (2001) where TST, SE,
and NOW measured on an actigraph (different model than the Basis Band) and subjective sleep
guestionnaire were compared to PSG outputs, results showed that actigraphs significantly overestimate
TST and SE when compared to the PSG output whereas the subjective questionnaire did not. The reason
for this overestimation of the actigraph is due to the low sensitivity in detecting the difference between
sleep and wakeful lying down Kushida et al. (2001). Therefore, in the absence of the measure of actual
sleep via laboratory methods and in line with the previous study by Kushida et al. (2001) the researchers
conclude that it is likely that the BB overestimated the actual amount of sleep obtained by a person
during the night.

Since the TST was different for the BB and the CSD, the researchers were interested to see if the
difference in TST occurred at the point of falling asleep or at the point of waking up or both. Essentially,
was the BB more closely matched with the CSD in detecting the moment of falling asleep or detecting
the moment of waking? Therefore, additional analysis was conducted to see if there was a significant
difference in the moment of falling asleep and the moment of waking using the BB and the CSD.
Analysis showed that the CSD and BB were significantly different from one another for both measures.
The BB measured that participants went to bed 15.68 minutes sooner than was self-reported on the CSD
and that participants were asleep 8.22 minutes longer than was self-reported on the CSD. Therefore,

the overestimation of sleep on the BB occurred both at the time of falling asleep and the time of waking

up.
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Looking at NOW, results of the Wilcoxon Signed Rank test show a significant difference between
the BB and the CSD as well. When looking at this data in conjunction with the SE reported above, the
interpretation is that participants using the CSD reported waking up more often but for shorter periods
of time than was recorded by the BB. In the study by Kushida et al. (2001) participants were found to
be significantly worse in recognizing NOW on the questionnaire than was reported by the actigraph or
the PSG. Therefore, it is possible that participants in this research also overestimated the number of
times he/she awoke during the period of sleep. Just like with TST and SE, this research did not validate
the sleep measures in the laboratory setting, so it can only be said that the NOW between the two
devices is different.

6.2.2 Spearman Correlation Coefficient

There was no significant correlation between 1/RT and TST, SE, or NOW measured on the BB.
Therefore, based on those results, the amount of sleep as measured on the BB cannot be used as a
predictor of performance on the PVT. Results of the SE and NOW as measured using the CSD also show
no significant correlation with 1/RT, and TST shows a very small significant correlation to 1/RT (p=.0541)
which, as mentioned above, was not considered by the researchers to be a strong enough correlation
from which to draw conclusions. Therefore, the amount of sleep as measured on the CSD cannot be
used as a predictor of performance on the PVT. This is contrary to previous research by Basner and
Dinges (2011) which showed that 1/RT was sensitive to sleep loss.

One possible reason that no significant correlation was found between the sleep measures and
performance despite previous research concluding the opposite could be due to the fact that amount of
sleep obtained by the participants was not varied enough to be able to detect a significant difference in
performance. Participants generally got an acceptable amount of sleep; therefore, the PVT was not
sensitive enough to able to detect any significant difference in performance. In the study by Basner and

Dinges (2011), participants were either sleep deprived for 33 consecutive hours or were limited to four
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hours of sleep for five consecutive nights which could explain why the PVT was able to detect
differences in performance. Since the objective of this research is for the measurement of sleep and
performance to be operationalizable in the workplace in order to mitigate the risk of fatigue related
accidents, it is important for the performance measure to be sensitive to even small differences in TST,
SE, and NOW yet still be easy enough to use regularly.

Moving to the NOL performance measure from the PVT, the results showed that SE as measured
on the BB was significantly correlated with NOL but not necessarily in the way anticipated by the
researchers. Contrary to the initial hypothesis, SE was significantly positively correlated with NOL
meaning that the more efficient the sleep period, the more lapses in performance occurred. This is
particularly interesting because NOL was one of the only measures that was significantly correlated with
TST as discussed previously. This indicates that NOL may not be a strong enough predictor of operation
performance.

Also contrary to the initial hypothesis, NOW was significantly negatively correlated with NOL
meaning that the more often a participant awoke in the night, the less lapses occurred. Because the
number of awakenings in a night was between zero and five and the number of lapses was between 0
and 13 for all participants, it is possible that the effect of only a few awakenings wasn’t enough to show
the predicted results. When looking at the sleep measures from the CSD, the same results occurred
with the exception of NOW which was not significantly correlated with NOL. Since the results of SE and
NOW compare to NOL were opposite of the expected result, these measures should not be used to
predict operator performance.

Finally, looking at correlation in sleep measures and SSS ratings, SE and NOW were not
significantly correlated with SSS. Using the CSD sleep measures instead of the BB yielded the same
results. As seen from some of the other results, SE and NOW certainly are not strong enough for

industry to use to predict operator performance.
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6.3 Limitations
6.4.1 Study Limitations

There are three important limitations regarding the actual experiment design. First, the
participants were students as opposed to full time employees. A younger student population may be
able to recover more quickly from sleep deprivation than older people. Secondly, but related to the first,
none of the participants worked a standard shiftwork schedule. University students are known for
having odd sleep schedules due to the flexible nature of classes, so sleep patterns may not be as regular
as could be expected in the working environment. However, eliminating the two weeks that had the
potential for the most variability in sleep showed no difference in results.

The third limitation regarding the design of the experiment deals with the assumption about the
independence of each night of sleep. It could be argued that the amount of sleep obtained two or three
nights prior to taking the performance test could in fact have an effect on performance. One possible
extension of this research would be to investigate the trend in performance taking into consideration
the trend in sleep over the course of the experiment to see if performance declines more markedly after
several consecutive nights of little sleep. These limitations must be understood in interpreting the
results of this work and its application to the industry. Further work is needed before the results can be
implemented within industry.

6.4.2 General Limitations

Privacy and regulatory issues with monitoring sleep in the workplace present other concerns
(Lerman et al., 2012). Once technological advances make actigraphs a suitable tool to use in workplace
fatigue management systems, there are definitely some obstacles related to full blown implementation
in a real work setting. The question of whether fatigue testing should be voluntary or mandatory is a
major limitation to consider. Unlike a research setting where participants are voluntary, an employee

may not want his or her employer to have access to the amount of sleep that he or she is getting each
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night. As there is currently no regulation that says that employees must get a certain number of hours
of sleep each night, employees may consider the monitoring of their sleep to be an invasion of their
privacy.

Another consideration is access to the sleep data. Given that many of the actigraphs, including
the one used in this study, rely on internet access to track data, the fear is that this information could be
accessed by a number of people, potentially including insurance companies. The lack of regulations
surrounding the privacy of the data could be a concern to employees. One challenge regarding
confidentiality of information is that the idea of privacy is ever changing and is also partially in the eye of
the beholder (Barrows & Clayton, 1996).

One final privacy or regulatory related limitation to the implementation of actigraphs in the
workplace is that the consequences or disciplinary action as a result of fatigue are yet to be defined.
Currently there is no law, that dictates how much sleep is acceptable or that clearly defines a state of
fatigue although Dawson and McCulloch (2005) suggests a model based on the previous 24 and 48 hour
sleep-wake data to establish a prior-sleep threshold that would be acceptable for companies. The
acceptable threshold level would be variable based on the task and the company itself, and to set
proposed threshold, additional research is required.

If an employee is agreeable to wearing the device and the privacy of the data is ensured, then
there is still a final hurdle, namely compliance in the use or wearing of the device (Gartenberg, 2012). A
participant may want to use the device but Gartenberg (2012) argues that to increase compliance with
use, four problems must be addressed: technology must be imbedded in everyday interactions, cost
must be low and benefits high, the social community must be engaged, and the data must be
scientifically validated.

In order to see general perception regarding the general limitations of widespread

implementation of using actigraphs to monitor performance, researchers compiled an exit questionnaire
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to determine addressing some of the concerns listed above. Looking at the exit questionnaire data,
results showed that generally participants did not find the watch to be intrusive and that he or she
would generally be willing to wear the actigraph if there was an incentive based program offered by an
employer. In looking at the answer to the first two questions, results show that although people don’t
care one way or the other if the employer has access to their sleep data, they are also not opposed to
having to take a vigilance test prior to beginning a shirt. Results were measured using a five point Likert
scale with 1 representing “strongly agree” and 5 representing “strongly disagree”. Table 13 shows a
summary of the median values of the exit questionnaire.

Table 13: Summary of Exit Questionnaire Data

Employers should not have access to my sleep data. Neutral

Employers should be allowed to require employees to
take a vigilance test, such as the PVT, prior to Neutral
beginning a shift.

| would wear a sleep/activity monitor, such as the
Basis Band, if there was an incentive from my Strongly Agree
employer.

| would wear a sleep/activity monitor, such as the

Basis Band, in my daily life. Agree

| felt that wearing the Basis Band was inconvenient
and disrupted my daily activities.

Disagree

Wearing the Basis Band motivated me to get more

sleep each night. Neutral

0 1 2 3 4 5
MEDIAN VALUE

Given the lack of significant correlation between the BB and the PVT outputs, the study limitations, and

the general limitations of widespread actigraph implementation, further research is needed before
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operator performance can be predicted using an actigraph to measure sleep obtained the previous
night.
6.4 Conclusions

Taking all of these pairwise comparisons and correlations into consideration, the observation of
the researchers is twofold. First, results showed that Total Sleep Time and Number of Awakenings
measured on the Basis Band were significantly different from the same measure recorded by the
Consensus Sleep Diary but there was nothing in the experiment that allowed the researchers to
determine which was more the more accurate measure of sleep. Since the objective of this research
was to see if the watch was able to be used in an operational setting, it would be beneficial if the
manufacturers of the BB conducted additional testing in a laboratory setting in order to validate the
sleep outputs from the device. However, this type of reliability testing of the Basis Band is not available
in published research.

The second observation is that the performance measure used to evaluate the effect of sleep on
a person’s performance was not sensitive enough to detect relatively minor differences in the TST, SE,
and NOW. Previous studies using the PVT to measure performance were based on the participants
being subjected to substantial sleep deprivation whereas this experiment asked participants to get a
normal amount of sleep each night in order to simulate a real work environment. In order to continue
further research in the use of sleep and performance testing in an operational setting, a performance
measurement device that is sensitive enough to detect small differences in sleep must be found.
Therefore, the conclusion of the research is that the PVT and the BB are not adequate tools for
predicting operator performance and measuring the amount sleep obtained the previous night without
further investigation.

Given these two conclusions, the ability of these tools to accurately measure sleep and

performance is in question but the BB could still have some value. Many companies provide
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pedometers to employees in conjunction with 10,000 step/day programs to encourage their employees
to be more active. The objective of the pedometers and the step programs are to raise awareness of
health and fitness; the same thing could be done with raising awareness of proper sleep using the Basis
Band. Self-awareness of sleep is an important part of a Fatigue Risk Management System and even
though the results of this study could not quantifiably correlate performance and sleep, the Basis Band

or other actigraph could still prove to be a critical component in mitigating the risk of fatigue.
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APPENDIX

7.1

Informed Consent From

Consent Form for non-clinical study

1. Study title:
Performance Site:
Investigators:

4. Purpose of Study:

5. Subject Inclusion:

Number of subjects:

7. Study Procedures:

8. Benefits:

9. Risks:

10. Right to Refuse:

11. Privacy:

12, Signatures:

Using sleep Tracking Activity Monitors to Mitigate Risk of Fatigue

Louisiana State University

The following investigators are available for questions about this study,
a. Vanessa Seitz, vseitzl @tigers.lsu.edu

b. Dr. Craig Harvey, Harvey@Isu.edu
The purpose of this research project is to determine whether there is an
association between the amount of sleep obtained by a participant as recorded on the
Basis Band Activity Monitor and performance on a vigilance test.
Individuals between the ages of 18 and 65 who do not report psychological
or neurological conditions
30
This study will consist of four components. Participants will be required to
(1) wear a Basis Band Activity Monitor beginning on Monday and concluding on
Thursday. During this same time, they will be asked to (2) keep a sleep diary recording
their total sleep time, number of awakenings, and sleep efficiency. On Tuesday,
Wednesday, and Thursday morning, participants will be asked to (3) report to the lab
within one to three hours of waking up in order to take a ten minute psychomotor
vigilance task test before which they will complete (4) 2 subjective visual analog scale
rating of their subjective feeling of fatigue.
This study may yield valuable information concerning the potential to use of
inexpensive activity monitors to self-monitor sleep and reduce accidents related to
fatigue
The only study risk is the inadvertent release of sleep data and vigilance testing results.
However, every effort will be made to maintain the confidentiality of your study
records. Files will be kept in a secure cabinet to which only the investigator has access.
Subjects may choose not to participate or to withdraw from the study at any
time without penalty or loss of any benefit to which they might otherwise be entitled.
Results of the study may be published, but no names or identifying information will be
included in the publication. Subject identity will remain confidential unless disclosure is

required by law.

The study has been discussed with me and all my questions have been answered. | may direct additional questions
regarding study specifics to the investigators. If | have gquestions about subjects’ rights or other concerns, | can

contact Robert C. Matthews, Institutional Review Board, (225) 578-8692, irb@l|su.edu, www.lsu.edu/irb. | agree to
participate in the study described above and acknowledge the investigator's obligation to provide me with a signed

copy of this consent form.

Subject Signature:

Date:
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7.2  Preliminary Questionnaire
http://www.123contactform.com/form-891901/Preliminary-Questionnaire

Name *

How old are you? *

Under 18
18-24
25-34
35-44
45-54
55-04

65 or over

Gender *

Male
Female

What is your current field of study? -

Engineering
Other

What is your current status? *

Freshman
Sophomore
Junior

Senior

Graduate Student

Do you have a job? -
Full time = 20+ hrs/wk; Part time = <20 hrs/wk; Night Shift = Beginning after 5 PM and
Ending by 5 AM; Day Shift = Beginning by 5 AM and Ending by 7 PM

Yes, Full Time, Day shifts only

Yes, Full Time, Night shifts only

Yes, Full Time, Day and Night shifts

Yes, Part Time, Day shifts only

Yes, Part Time, Night shifts only

Yes, Part Time, Day and Night shifts

Mo, I do not have a job

Do you have a diagnosed sleep disorder? *

Yes, I take medication to treat it
Yes, I do not take medication to treat it
Mo, I do not have a diagnosed sleep disorder
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How many naps do you take on a typical week day? *

0
1
2
3
More than 3

If you take naps, how long does each one typically last? *

I do not take naps during the week
0 to 30 minutes

30 minutes to 1 hour

1 hour to 2 hours

More than 2 hours
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7.3  Sleepiness Scale Questionnaire

http://www.123contactform.com/form-900776/Stanford-Sleepiness-Scale

Using the Stanford Sleepiness Scale, how did you feel when you
woke up this morning? +

1 - Feeling active and vital; alert; wide awake

2 - Functioning at a high level, but not at peak; able to concentrate

3 - Relaxed; awake, not at full alertness; responsive

4 - A little foggy; not at peak; let down

5 - Fogginess; beginning to lose interest in remaining awake; slowed
down

& — Sleepiness; prefer to be lying down; fighting sleep; woozy

7 — Almost in a reverie; sleep onset soon; lost struggle to remain
awake.

74



7.4

Exit Questionnaire

http://www.123contactform.com/form-891930/Exit-Questionnaire

Name *

How much do you agree with the following statements?

Wearing the Basis Band
motivated me to get
more sleep each night. =

I felt that wearing the
Basis Band was
inconvenient and
disrupted my daily
activities, =

I would wear a
sleep/activity monitor,
such as the Basis Band,
in my daily life, =

I would wear a
sleep/activity monitor,
such as the Basis Band, if
there was an incentive
from my employer. =

Employers should be
allowed to reguire
employees to take a
vigilance test, such as the
PVT, prior to beginning a
shift. =

Employers should not
have access to my sleep
data. =

Strongly
Agree

Agree
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Neutral

Disagree

Strongly
Disagree



7.5

Consensus Sleep Diary

Instructions from Carney et al. (2012)

General Instructions
What is a Sleep Diary? A sleep diary is designed to gather information about your daily sleep pattern.

How often and when do | fill out the sleep diary? It is necessary for you to complete your sleep diary every day. If
possible, the sleep diary should be completed within one hour of getting out of bed in the moming.

What should | do if | miss a day? If you forget to fill in the diary or are unable to finish it, leave the diary blank for
that day,

What if something unusual affects my sleep or how | feel in the daytime? If your sleep or daytime functioning is
affected by some unusual event (such as an illness, or an emergency) you may make brief notes on your diary.

What do the words “bed” and “day” mean on the diary? This diary can be used for people who are awake or
asleep at unusual times, In the sleep diary, the word “day” is the time when you choose or are required to be awake,
The term "bed” means the place where you usually sleep.

Will answering these questions about my sleep keep me awake? This is not usually a problem. You should not
waorry about giving exact times, and you should not watch the clock. Just give your best estimate.

Item Instructions

Use the guide below to clarify what is being asked for each item of the Sleep Diary.
Date: \Write the date of the moming you are filling out the diary.

1. What fime did you get into bed? Write the time that you got into bed. This may not be the time that
you began "trying” to fall asleep,
2. What time did you fry to go fo sieep? Record the time that you began “trying” to fall asleep.

3. How long did if fake you to fall asleep? Beginning at the time you wrote in question 2, how long did
it take you to fall asleep.

4. How many times did you wake up, not counting your final awakening? How many times did you
wake up between the time you first fell asleep and your final awakening?

8. In total, how long did these awakenings last? What was the total time you were awake between the
time you first fell asleep and your final awakening. For example, if you woke 3 times for 20 minutes, 35
minutes, and 15 minutes, add them all up (20+35+15= 70 min or 1 hr and 10 min).

6. What time was your final awakening? Record the last time you woke up in the morning.

7. What fime did you get out of bed for the day? What time did you get out of bed with no further
atternpt at sleeping? This may be different from your final awakening time (e.g. you may have woken
up at 6B:35 a.m. but did not get out of bed to start your day until 7:20 a.m.)

8. How would you rate the quality of your sleep? “Sleep Quality" is your sense of whether your sleep
was good or poor.

9, Comments If you have anything that you would like to say that is relevant to your sleep feel free to
write it here.

Flgure 1—Sheep Diary Instructions: Core Figure 1 continues on the following page
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7.6

IRB Approval
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Consent Form for non-clinical study

Study title:
2. Performance Site:
3. Investigators:

4. Purpose of Study:

5. Subject Inclusion;

Number of subjects:

7. Study Procedures:

8. Benefits:

9. Risks:

10. Right ta Refuse:

11. Privacy:

12. Signatures:

Using sleep Tracking Activity Monitors to Mitigate Risk of Fatigue
Louisiana State University
The following investigators are available for questions about this study,

a. Vanessa Seitz, vseitzl@tigers.lsu.edu

b, Dr. Craig Harvey, Harvey@lsu.edu
The purpose of this research project is to determine whether there is an
association between the amount of sleep obtained by a participant as recorded on the
Basis Band Activity Monitor and performance on a vigilance test.
Individuals between the ages of 18 and 65 who do not report psychological
or neurclogical conditions
30
This study will consist of four components. Participants will be required to
{1} wear a Basis Band Activity Monitor beginning on Monday and concluding on
Thursday. During this same time, they will be asked to (2} keep a sleep diary recording
their total sleep time, number of awakenings, and sleep efficiency. On Tuesday,
Wednesday, and Thursday morning, participants will be asked to (3) report to the lab
within one to three hours of waking up in order to take a ten minute psychomotor
vigilance task test before which they will complete {4) a subjective visual analog scale
rating of their subjective feeling of fatigue.
This study may yield valuahle information concerning the potential to use of
inexpensive activity manitors to self-manitor sleep and reduce accidents related to
fatigue
The only study risk is the inadvertent release of sleep data and vigilance testing results.
However, every effort will be made to maintain the confidentiality of your study
records. Files will be kept in a secure cabinet to which only the investigator has access.
Subjects may choose not to participate or to withdraw from the study at any
time without penalty or loss of any benefit to which they might otherwise be entitled.
Results of the study may be published, but no names or identifying information will be
included in the publication. Subject identity will remain confidential unless disclosure is
required by law.

The study has been discussed with me and all my questions have been answered. | may direct additional questions
regarding study specifics to the investigators. If | have guestions about subjects’ rights or other concerns, 1 can

contact Robert C, Matthews, Institutional Review Board, (225) 578-8692, irb@Isu.edu, www.lsu.edufirb. | agree to
participate in the study described above and acknowledge the investigator's obligation to provide me with a signed

copy of this consent form.

Subject Signature:

Date:

STUDY EXEMPTED BY:

Dr. Robert C. Mathews, Chairman
Institutional Review Board

Louisiana State University

130 David Boyd Hall

225-578-8692 / ww.lsu,edu;yb
Exemption Expires: ) _/f 2/ 2047

T
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Vanessa Bégat Seitz was born in Beauvais, France in 1987. She received her bachelor’s degree
with honors in Industrial and Systems Engineering at the University of Florida in May 2009. She started
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