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What Sways People’s Judgment of Sleep Quality? A Quantitative Choice-
Making Study With Good and Poor Sleepers

Fatanah Ramlee, MHSc'2 Adam N. Sanborn, PhD'; Nicole K. Y. Tang, DPhil'

'Department of Psychology, University of Warwick, Coventry, UK; 2Department of Psychology and Counselling, Sultan Idris Education University, Perak, Malaysia

Study objectives: We conceptualized sleep quality judgment as a decision-making process and examined the relative importance of 17 parameters of sleep

quality using a choice-based conjoint analysis.

Methods: One hundred participants (50 good sleepers; 50 poor sleepers) were asked to choose between 2 written scenarios to answer 1 of 2 questions: “Which
describes a better (or worse) night of sleep?”. Each scenario described a self-reported experience of sleep, stringing together 17 possible determinants of sleep
quality that occur at different times of the day (day before, pre-sleep, during sleep, upon waking, day after). Each participant answered 48 questions. Logistic

regression models were fit to their choice data.

Results: Eleven of the 17 sleep quality parameters had a significant impact on the participants’ choices. The top 3 determinants of sleep quality were: Total
sleep time, feeling refreshed (upon waking), and mood (day after). Sleep quality judgments were most influenced by factors that occur during sleep, followed by
feelings and activities upon waking and the day after. There was a significant interaction between wake after sleep onset and feeling refreshed (upon waking)
and between feeling refreshed (upon waking) and question type (better or worse night of sleep). Type of sleeper (good vs poor sleepers) did not significantly

influence the judgments.

Conclusions: Sleep quality judgments appear to be determined by not only what happened during sleep, but also what happened after the sleep period.
Interventions that improve mood and functioning during the day may inadvertently also improve people’s self-reported evaluation of sleep quality.
Keywords: Sleep quality, subjective meaning, definition, mood, daytime functioning, insomnia, sleep, CBT.

Statement of Significance

parameters that define self-reported sleep quality.

Sleep quality is an elusive concept: there is currently no consensus definition of sleep quality. Using a choice-based conjoint analysis, this study was the
first to quantitatively investigate the relative importance of 17 possible parameters (e.g., total sleep time, mood the day after) in sleep quality judgments.
The study additionally shed new light on the interactions between parameters. The effects of parameter timing (day before, pre-sleep, during sleep, upon
waking, day after), of existing sleep status (good vs poor sleepers), and of question type (which describes a better (or worse) night of sleep?) were also
examined. The choice-based conjoint analysis represents a novel, and yet potentially more ecologically valid, methodology for uncovering the important

INTRODUCTION
Sleep quality is an important indicator of health and wellbe-
ing in both healthy and clinical populations.'* In the context
of sleep treatment, it is also an important patient-reported out-
come used to reflect treatment progress or to determine treat-
ment success.’®

However, sleep quality is an elusive construct that is difficult
to measure. Thus far, there is no consensus on the definition of
sleep quality and what it consists of.” Whilst it is understood
that numerous factors related or unrelated to sleep can affect
people’s judgment of sleep quality,'®!! little is known about
their relative importance and how they interact with each other
to sway sleep quality judgment.

Current measurements of sleep quality range from single-item
rating scales to multi-item questionnaires. These various instru-
ments and measurement approaches reflect their respective
ideas of what sleep quality is all about. In terms of utility, each
has their strengths but also their limitations. Single-item sleep
quality rating scales (e.g., “how would you rate the quality of
your sleep?”) are often used in daily sleep diaries'? and large-
scale epidemiological studies.'* They provide a quick and yet
undefined measurement of sleep quality since definitions of
sleep quality do differ between individuals. In fact, one ques-
tion often raised by patients/participants regarding this item on
the sleep diary is ironically “what do you mean by sleep qual-
ity?”. In receipt of such question, the clinician’s/researcher’s
spontaneous interpretation of sleep quality could have a strong
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influence over the patient’s/participant’s assessment of sleep
quality. However, the simplicity of these single-item rating
scales is attractive, as they are easy to use in clinical settings as
well as research studies that require repeated measurements of
daily sleep quality over a period of time. Multi-item question-
naires such as the Pittsburgh Sleep Quality Index (PSQI),** and
Medical Outcomes Study (MOS) sleep scale'® are well-vali-
dated measures of sleep quality and commonly used in research
and clinical settings. In these instruments, sleep quality is rep-
resented by a composite score encompassing various aspects of
(1) sleep experience during the night (e.g., sleep latency, sleep
duration), (2) reports of sleep disturbances (e.g., waking up in
the middle of the night, having to get up and use the bathroom,
coughing or snoring loudly, having pain), (3) self-reported eval-
uation of sleep quality (e.g., good or bad, quiet or restless, feel-
ing rested upon waking or not), (4) the bedroom environment
(e.g., sleep disturbance from a bed partner or roommate, too hot
or too cold), and (5) sleep-related behavior during the day (e.g.,
trouble staying awake, having to take sleep medication, having
to take naps). These multi-item measures are comprehensive,
but sleep quality is predefined for the respondents and may have
been conflated with symptoms of sleep disorders (e.g., sleep
apnea). Implicitly, these measures also assume that the respond-
ents would put equal emphasis on each predefined factor while
forming their overall judgment of sleep quality, which is at odds
with the suggestion that different individuals tend to have dif-
ferent interpretations of what sleep quality is.'¢
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A number of previous studies have attempted to identify phys-
iological correlates of sleep quality. These physiological indices
include both micro and macro measures of sleep architecture,
such as cyclic alternating pattern rate,>'” slow-wave sleep,'®
percentage of REM," delta NREM EEG activity,?® sleep con-
tinuity/efficiency,?’ number of awakenings at night,”? and total
sleep time.?> Whilst these objective indices provide informa-
tion about the possible physiological underpinning of the sleep
experience, they do not correlate well with self-reported ratings
of sleep quality?*? and there are conflicting findings as to which
objective measure is central to the self-reported judgment of
sleep quality. For example, Landis et al.?* found that objective
total sleep time was strongly correlated with sleep quality (r =
.635, p <.01), whereas Westerlund et al.'® demonstrated that the
amount of time spent in stage 2 sleep, not objective total sleep
time, was the only significant predictor of sleep quality (p =
—.07,p<.01).

More recently, there is a renewed interest in investigating the
definition of sleep quality from the sleeper’s perspective using
qualitative approaches. This qualitative approach acknowl-
edges sleep as a private, subjective experience and has proved
to be a particularly fruitful method for collecting in-depth data
from individuals based on their interpretations of what hap-
pened during, as well as before and after, sleep. Using focus
group discussion, Kleinman et al.?® explored the language 28
patients with insomnia used to describe their sleep experi-
ence. Discussions were also generated based on descriptions
written by the patients, who were asked to write down words
that described to them a “good night’s sleep”. Some of the
phrases used to describe a good night’s sleep were “restful”,
“peaceful”, “sound sleep”, and waking up feeling “refreshed”,
“energetic”, and “motivated”, whereas a poor night’s sleep was
typically characterized by physical and cognitive “restless-
ness” as well as waking up feeling “tired” and “exhausted”.
Meanwhile, Harvey and colleagues®’ asked participants with
insomnia and normal sleepers to talk freely for 3 minutes about
the characteristics of a night when they experienced good sleep
quality and then for another 3 minutes about poor sleep qual-
ity. These authors combined this speak freely procedure with
a semistructured sleep quality interview and a week’s worth of
sleep diary to examine the subjective meaning of sleep qual-
ity. From their mixed-methods analysis, they found that—to
the participants—sleep quality was most commonly defined
by “tiredness on waking and throughout the day”, “feeling
rested and restored on waking”, and “number of awakenings
experienced in the night”. Interestingly, in their analysis of
the meaning of sleep quality they found that both people with
insomnia and normal sleepers had similar definitions of sleep
quality, although people with insomnia tended to use more cri-
teria to judge a good night’s sleep than the normal sleepers.
Taken together, findings from Kleinman et al.? and Harvey et
al.”’ reveal that people use multiple criteria to judge their sleep
quality, and that the factors affecting the judgment of sleep
quality can occur during the night as well as beyond the typi-
cal nighttime sleep period. There appears to be some system-
atic differences between good and poor sleepers in the way in
which they judge the quality of a good night’s sleep and poor
night’s sleep, but further investigation is required to confirm
these main effects.
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The present study aimed to extend our understanding of the
factors influencing our sleep quality judgment, by examining
the relative weights they carry in the sleep quality judging pro-
cess. We were also interested in examining the possible inter-
action between the parameters of sleep quality extracted from
different time periods, between different types of sleeper, and
between different types of judgment. To do so, we conceptu-
alized the self-report sleep quality as a decision-making pro-
cess. By that, we mean, when people make judgment of their
sleep quality, they will inevitably have to process and integrate
their memories of their sleep experience during the night, their
feelings on waking, and their assumed impact of sleep quality
on their functioning the next day. People will have to weigh
up the relative importance of the various factors/criteria that
make up their good or poor night’s sleep. For example, in our
research with people with chronic pain and comorbid insom-
nia, we found that patients considered pain and discomfort in
the morning and how much they can physically do during the
day as the most important indicators of sleep quality of the
night before.®

Once we had conceptualized the sleep quality judgment as a
decision-making process, we saw that the challenge of finding
the factors that led to a good and poor night’s sleep was simi-
lar to the challenge of product design and marketing. Product
managers need to determine how consumers weigh various fac-
tors, such as screen size and resolution, when evaluating the
quality of a television. Whilst we are interested in sleep quality
instead of television quality, and the factors that can influence
sleep instead of screen size and resolution, these problems are
essentially the same. Thus, we can use methodology commonly
deployed to address this question: choice-based conjoint analy-
sis. In choice-based conjoint analysis, individuals are presented
with a series of choices between options with different fea-
tures, and regression models are used to infer how the features
are weighted.?*** Choice-based conjoint analysis represents a
novel, and yet potentially more ecologically valid, methodology
for uncovering the important parameters that determine peo-
ple’s sleep quality judgment.

METHODS

Design
In our choice-based conjoint analysis, instead of evaluating
each sleep parameter individually, we simulated the real-life
decision-making process by presenting our participants with
2 concrete descriptions of sleep/wake scenarios comprising
a combination of sleep quality parameters highlighted in the
literature. After repeating this choice exercise over a sufficient
number of trials, we used regression to quantitatively estimate
the relative importance of all included parameters of sleep qual-
ity and examined if these parameters interact with each other.
A quantitative choice-making study was thus conducted with
100 young adults. In the first part of the study, the participants
were asked to complete a set of questionnaires, which contained
items asking about the participant’s demographics, typical sleep
pattern, and insomnia severity in the past 3 months. These data
were used to characterize the participants. The second part of
the study was an experimental session, during which the par-
ticipants were asked to read and choose between 2 scenarios to
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answer the question “Which describes a better night of sleep?”
in half of the trials, or “Which describes a worse night of sleep?”
in the remaining half of the trials. Each scenario described a
self-reported experience of sleep, in the first person narrative,
stringing together 17 possible determinants of sleep quality that
we had identified from our literature review. These determinants
are referred to below as “sleep quality parameters” or “param-
eters of sleep quality judgment”. Each participant answered
48 questions (i.e., 48 trials) and the data from these trials were
used to evaluate the relative importance of each sleep quality
parameter.

The protocol of the study received full ethical approval from
Humanities and Social Sciences Research Ethics Committee
(Reference number: 44/13—14), University of Warwick. All par-
ticipants were paid an honorarium for their participation.

Participants

Participants of this study were aged between 18 and 30 years
and were recruited from a university-wide subject panel. The
study was conducted with young adults to minimize the effect
of comorbid psychiatric and medical symptoms and the use of
medications on decision-making.!” Participants were included
in the study if they were (1) aged 18 to 65 at the time of the
study and (2) English-speaking. Participants were allocated
to the “good sleeper” group if they scored 7 or below on the
Insomnia Severity Index (ISI)*! indicating no clinically signifi-
cant insomnia. Participants were included in the “poor sleeper”
group if they scored 8 or above on the ISI and had been experi-
encing 1 or more of the following symptoms for at least 3 nights
a week for at least 3 months, despite having an adequate oppor-
tunity to sleep: (1) difficulty initiating sleep (taking longer than
30 minutes to fall asleep), (2) difficulty staying asleep (frequent

midnight awakenings), (3) early morning awakening with an
inability to return to sleep, (4) daytime functioning impairment
(e.g., poor concentration, excessive sleepiness). These insomnia
symptoms were assessed using a self-report checklist and these
group allocation criteria were set in line with the DSM-5 diag-
nostic criteria for insomnia disorder, for assessing the presence
of insomnia symptoms.3?

Figure 1 shows the recruitment flow diagram. Of the 111 indi-
viduals who responded to the recruitment advert, 50 participants
met the criteria of good sleeper, 50 participants met the criteria
of poor sleeper, and the remaining individuals did not show up
to the experimental session (n = 11). Seven participants were
excluded from the analysis on the basis of an average trial com-
pletion time of less than 20 seconds, which was an extremely
fast completion time that suggested noncompliance to the task
instruction. This cut-off completion time was determined based
on the pilot study (see Materials section in Methods). A further
6 participants were excluded due to the methodological neces-
sity to remove the first participants of each data chain (see the
Analysis section for an explanation).

Procedure

Potential participants who responded to the recruitment advert
completed a screening/demographic questionnaire and attended
an experimental session. Written informed consent was obtained
from the participants before commencing the experimental ses-
sion, which took place in small groups of 3 to 4 participants in
a lab with multiple computers partitioned into stations. The lab
was sound attenuated with central air conditioning and lighting
control. Each participant was assigned to a computer at some
distance from the others to minimize distraction and response
contamination.

111 individuals responded to
the study advertisement

11 individuals did not show up to
the experimental session
* No reasons given for attrition

100 individuals showed up and
completed the experimental
session

13 participants were excluded from the analysis:
= Fall below 20 seconds response time cut-off (n=7)
= First participant of each chain was removed (n= 6)

87 participants were included in
the analysis:
* Good sleepers (n= 44)
* Poor sleepers (n=43)

Figure 1—Flow diagram of participant recruitment.
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The participants were asked to read and imagine themselves
being the person experiencing 48 pairs of scenarios. They read
a pair of scenarios in each trial and were asked to choose one
scenario from each pair that represents a night of better (or
worse) sleep quality, depending on the question that they were
presented. To avoid misunderstanding what was being expected
from the tasks, in addition to verbal explanations the partici-
pants were given detailed written instructions on the computer
screen (see Supplementary Appendix 1).

The number of trial for each participant was set to 48 due
to concerns of task fatigue and the practical time limits of
reading speed, which does not allow for the comparison of the
huge number of possible stories (3 options '®Parameters x5 options
Ppaameter = 915 233 605 stories). Instead, we aimed to present a
subset of stories that were similar enough to be easily compa-
rable, and also to focus on stories that would lead to the most
extreme ratings of sleep quality. Previous work in conjoint anal-
ysis has used genetic algorithms for the task, as genetic algo-
rithms work by presenting a large set of candidate scenarios,
from which the participant selects those that will “survive”. The
surviving scenarios are mutated to produce new options, and
the process repeats until a good set of candidate options has

“evolved”.*® However, because participants will likely become
confused when choosing amongst a large number of scenarios,
we used a simpler algorithm with the same properties, Markov
Chain Monte Carlo with People (MCMCP;* see details in
Supplementary Appendix 2), which accomplishes the same
goal by presenting choices between pair of scenarios. Similar
to a genetic algorithm, after the participant has made a choice,
the chosen scenario is “mutated” to produce a new scenario,
and the participant then decides whether their previous choice
or the new scenario is better. Scenarios were mutated by chang-
ing a random number of parameters, which was drawn from
a truncated geometric distribution with a mean of number of
parameter changes of 4.6. Each parameter was equally likely to
be changed, and all new options for a parameter were equally
likely. Figure 2 graphically depicts the scenario mutation pro-
cess and the corresponding actions required from the partici-
pant at each stage.

The sequential nature of MCMCP means that the scenarios
are chained together, with the previous choice influencing what
is presented on the next trial. Because we did not wish to make
the sequential nature of the trials obvious, we created multiple
independent chains which were interleaved together.

Scenario A
Pl = 2
P2 = 2
P3 = 2
Scenario B

1. Program starts with
parameters of Scenario A

2. Program randomly selects

values for these parameters

to change from Scenario A,

a number of parameters
then randomly selects new

to make Scenario B

Scenario A

Scenario B

| did an average
amount yesterday.
The day went OK
and | felt alright...

| did a lot yesterday.
The day went OK
and | felt alright....

3. Participant decides between
Scenario A and Scenario B,
choosing Scenario B

P3=2

4. Program randomly selects

Scsnirl_: B Scsnin; ¢ a number of parameters
x..... 1= to change from Scenario B,
pz =2 —FPZ =

then randomly selects new
values for these parameters
to make Scenario C

Scenario B

Scenario C

| did a lot yesterday.
The day went OK
and | felt alright...

| did a lot yesterday.
The day did not
go so well
but | felt positive...

5. Participant decides between
Scenario B and Scenario C,
choosing Scenario C

Figure 2—An example of how the MCMCP algorithm mutates the scenarios in response to a participant’s choices. The notation Px =Y refers
to parameter x in Table 1, which is set to level Y. For example, P, = 2 means that the first parameter, “amount of activity”, is set to the second
level, “an average amount”. MCMCP = Markov Chain Monte Carlo with People.
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The 48 trials were presented in 4 chains of 12 trials; 2 chains
asking participants “Which describes a better night of sleep?”
and another 2 chains asking “Which describes a worse night
of sleep?”. Also, the chains carried over from 1 participant to
the next: this enhanced the power of the analysis at the cost
of assuming no individual differences in how participants
weighted the factors.*® Finally, to improve the speed of data col-
lection we set up multiple groups of chain that could be run
in the same testing session: 3 good sleeper and 3 poor sleeper
groups (see Supplementary Appendix 3).

Each testing session was approximately 50-minute long.
Participants were given a 5-minute indoor break after 24 trials
to counteract any task-related fatigue. However, no stimulant
use (coffee, tea, energy drinks, or cigarettes) was allowed dur-
ing the break. All participants completed the task and were paid
an honorarium at the end of the testing session.

Materials

As shown in Table 1, each sleep scenario contained 17 adjustable
parameters. These parameters were chosen following a review
of relevant studies that examined the factors that influence peo-
ple’s judgment of sleep quality.!61821:26273638 The selection of
parameters was also informed by themes that emerged from a
recent qualitative study conducted by our group, in which we
explored the criteria people use to judge their sleep quality.?®
In this study, we found that people by and large rely on their
(1) memories of nighttime sleep disruptions, (2) feelings on
waking and cognitive functioning during the day, (3) ability to
engage in daytime physical and social activity, and (4) changes
in physical symptoms as key criteria for evaluating their sleep
quality. Accordingly, the chosen parameters were not restricted
to the sleep period, but included factors that spanned from the
day before the sleep period to the day after. The selection of
parameters was led by the last author (NT; who has clinical and
research experience working with individuals with and without
insomnia), in consultation with the first author (FR) regarding
the content and with advice from the second author (AS) regard-
ing the feasibility and programmability of the scenarios and
computing resources required. Disagreements were resolved
by team discussion. Parameters retained after discussion were
then tested in a pilot study with 64 young adults, which helped
us to identify programming errors, readability of the resultant
scenarios, speed of reading, compliance to the instructions, and
efficiency in generating distinguishable scenarios for analysis
(i.e., number of burn-in trials).

The 17 final parameters were weaved together with predeter-
mined pronouns and conjunctive words/phrases to generate a first
person account of sleep experience. Each parameter had 3 options,
with the exception of “wake afier sleep onset” (WASO) for which
5 options were provided. The combination of parameters and
options allows us to generate 215233 605 possible scenarios.

Figure 3 presents a screen-shot of 2 example scenarios from
which the participants had to select one of the scenarios to
answer the question, “Which describes a worse night of sleep?”
Only one scenario was visible at a time and the scenario could
not be viewed again after it had been viewed twice. Viewing was
restricted in this way in order to encourage the participants to
make a sleep quality judgment based on their imagination of
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the scenario as a whole, instead of making their judgment based
on comparisons of individual parameters between scenarios. We
never asked participants to report these holistic impressions, but
instead just asked them to use these internal impressions to make
a choice between the 2 scenarios. We observed the choices, and
used a logistic regression analysis to determine how each param-
eter was weighted when making these choices.

Analysis

Data were analysed using the statistical software R (http://
www.r-project.org/). Descriptive statistics were used to
describe participants’ characteristics. Means and standard devi-
ations were presented to describe continuous variables, whilst
frequencies and percentages were reported for categorical var-
iables. Independent sample #-test and chi-square statistics were
used to describe the differences in characteristics between the
good and poor sleeper groups.

Chains were first analysed to determine the best number of
trials to discard as burn-in trials (i.e., choices that had not yet
“evolved” into good or poor sleep quality scenarios). Analyses
using the Brooks and Gelman?® convergence diagnostic indi-
cated that it was best to remove very few trials, so only the
first participant was removed from each chain. As a result, 6
participants were excluded from the analysis in addition to 7
participants who were excluded because they fell below the 20
seconds cut-off response time during the trials.

The effect of each parameter on choices made was examined using
logistic regression. The logistic regression model was performed on
all of the data including both questions (“Which describes a better
night sleep?”’; “Which describes a worse night sleep?”’) and both
good and poor sleepers. The data were drawn from 87 participants
who completed 48 trials each, which produced 4176 choices.

The dependent variable was which scenario was judged to
be a better night’s sleep for both types of question asked. The
parameters found in the logistic regression are interpretable as
log odds: they quantify how much more or less likely a partici-
pant would choose a scenario if a particular option is included.

The logistic regression model included main effects of each
parameter as well as a variety of interactions. Specifically, the
terms of the model are:

1. The 17 parameters listed in Table 1 (e.g., mood, sleep onset
latency [SOL), physical activity)

2. Two-way parameter interactions. These were the interac-
tions between the 4 parameters during sleep (SOL, wake
after sleep onset [WASO], total sleep time [TST], and
dream) crossed with the 7 upon waking and the day after
parameters (feeling refreshed, motivated to get up, alert-
ness, thinking, mood, sociability, and physical activity),
yielding 28 terms out of the possible 272 pairwise interac-
tions between parameters. These interactions were selected
because better experiences the next day were expected to
mitigate a poorer night’s sleep.**!

3. Two-way interactions between parameters and types of
sleeper (e.g., SOL and good sleepers), which added an
additional 17 terms.

4. Two-way interactions between parameters and types of
question (e.g., alertness and Which describes a better night
of sleep?), which added an additional 17 terms.

What sways people s judgment of sleep quality?—Ramlee et al.
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Table 1—Options for each parameter of sleep quality.

Parameters Option 1 Option 2 Option 3 Option 4 Option 5
Day before
Amount of activity | did little | did an average | did a lot
amount
Day went well? Did not go so well Went OK Went well
Mood | felt rubbish | felt alright | felt positive
Pre-sleep
Readiness to sleep | | did not feel sleepy | felt moderately sleepy | | felt very sleepy
atall
Cognitive arousal My mind was racing My mind was wander- | My mind was blank
with thoughts ing with thoughts
Physiological | felt very | felt not so | felt very
arousal uncomfortable uncomfortable uncomfortable
During sleep
Sleep onset latency | It took me along time | It took me a short while | It took me no time
Wake after sleep | woke up in the middle | | woke up in the middle | | woke a number of | woke once or twice | slept through the
onset of the night and was of the night and was times but only briefly but only briefly night

unable to fall eventually able to fall
back to sleep back to sleep
Total sleep time | think | slept for 9.5 | think | slept for 7.5 | think | slept for 5.5
hours hours hours
Dream | remember having | remember | dreamt | don't remember any
many dreams dreams
Upon waking
Feeling refreshed | felt unrefreshed | felt somewhat | felt refreshed
refreshed
Motivated to getup | | felt unmotivated | felt somewhat | felt motivated
motivated
Day after
Alertness | felt drowsy | felt tired | felt alert
Thinking My head felt cloudy My head was reasona- | My head was clear
bly clear
Mood My mood was bad My mood was average | My mood was good
Sociability | was antisocial | was somewhat | was sociable
sociable
Physical activity | was sluggish | was reasonably active | | was active

Statistical tests were performed by comparing the full model to
restricted models that did not include a parameter or any high-
er-level interactions with that parameter. For example, when
assessing whether WASO was a significant determinant of sleep
quality judgment, the full logistic regression model was com-
pared to a restricted model without the WASO term or any inter-
actions that included WASO. This approach to jointly test whether
a parameter has an effect by comparing a full model to a model
with both the interaction and the main effect removed has been
proposed for use in genetics by researchers who are interested
in whether a gene has either a main effect or an interaction with
the environment, but are unsure which one it will be.*> Nested
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models were compared using likelihood ratio tests, where the
difference in deviances of the models is compared against a chi-
squared distribution with degrees of freedom equal to the differ-
ence in number of parameters of the 2 models. The type I error
rate was set to 0.01 to control for multiple comparisons.

RESULTS

Participant Characteristics

Table 2 presents the participants’ characteristics by group.
The mean age of the 87 participants included in the analysis,
60% female, was 22.5 years. There were significant differences
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Which describes a worse night of sleep? (39 trials remaining)

Click to Read.

| did little yesterday. The day went well and | felt positive.

When | went to bed, | felt moderately sleepy. My mind was
blank but | felt very uncomfortable lying in bed.

It took me a short while to fall asleep. | woke up a number
of times but only briefly. | think | slept for 5.5 hours. | don't
remember any dreams.

This moming, | felt unrefreshed on waking. | felt motivated
to get out of bed.

During the day, | felt drowsy but my head was clear. My
mood was bad. | was sociable and physically | have been
reasonably active today.

Select

Select

Which describes a worse night of sleep? (39 trials remaining)

| did a lot yesterday. The day went OK and | felt positive.

When | went to bed, | felt moderately sleepy. My mind was
blank but | felt very uncomfortable lying in bed.

It took me no time to fall asleep. | woke up a number of
times but only briefly. | think | slept for 5.5 hours. | don't
remember any dreams.

This moming, | felt unrefreshed on waking. | felt somewhat
motivated to get out of bed.

During the day, | felt drowsy and my head felt cloudy. My
mood was bad. | was sociable and physically | was active
today.

Click to Read.

Select

Select

Figure 3—Example of scenarios that were presented to a participant. “The upper panel” was the first scenario that appeared on screen; “The
lower panel” was the second scenario appeared on screen; “Scenario”: each set of sleep scenarios presented in the box comprised 17 adjust-
able sleep quality parameters; “Click to Read”: participant used this button when s/he was ready to read the scenario; “Select”: participant
used this button to indicate his/her choice; “Types of question”: Which describes a worse night of sleep?; “Trials”: Each participant had 48 trials
to complete, for examples, “39 trials remaining” in the above example means the participant had finished 9 trials and had 39 trials remaining.

between good and poor sleeper groups on the ISI and other
sleep variables. The good sleeper group scored lower on the
ISI, awoke less often, had shorter WASO, took less time to fall
asleep and had greater TST than the poor sleeper group. There
was no difference between the good and poor sleeper groups in
terms of their age, BMI, sex, ethnicity, and first language.

Effects of Individual Parameters on Sleep Quality Judgment

The multiple parameters of sleep quality covered the experi-
ence of the day before sleep, during the pre-sleep period, dur-
ing sleep, upon waking, and the day after (see Figure 4). The
parameters that occurred during the day before sleep did not
have a significant impact on the participants’ choices (amount
of activity: p = .38; day went well?: p = .93; mood: p = .19). Of
the pre-sleep parameters, only physiological arousal (p < .001)
had a significant impact on the participants’ choices (readi-
ness to sleep: p = .06; cognitive arousal: p = .09). Of the sleep
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parameters, SOL (p <.001), WASO (p <.001) and TST (p <.001)
had a significant impact, whereas memory of dream (p = .08)
did not have a significant effect on the participants’ choices.
Both of the upon waking parameters had a significant impact
(feeling refreshed: p < .001; motivated to get up: p < .001).
All of the day after parameters had a significant impact (alert-
ness: p = .01; thinking: p < .001; mood: p < .001; sociability:
p <.001; physical activity: p <.001).

An analysis was run to compare the importance of different
individual parameters and different time periods in explaining
the participants’ choices. This analysis was performed by fit-
ting the choice data with single factor logistic regression mod-
els (e.g., a model using only the parameter amount of activity)
and comparing how well each model fit the data. We performed
this comparison using Bayesian Information Criterion (BIC),
which is a method for trading off goodness of fit against model
complexity.* Better (i.e., lower) BIC values are given to models
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Table 2—Participant’s sleep and demographic characteristics.
Group total Good sleeper Poor sleeper Comparison between good and poor
sleeper
n=87 n=44 n=43
Demographic variables
Age (years) 22.5(2.6) 22.6 (2.6) 22.3(2.6) {(85) = .68
BMI 21.7(3.3) 21.7(2.8) 21.8(3.8) {(76.96) = -.14
Sex
Male 35 20 28 X2 (1, N=87)=3.3
Female 52 24 15
Ethnic origins
White 27 16 1 X2 (1, N=87)=93.3
White Irish 1 1 0
Asian British: Chinese 30 14 16
Asian British: Indian 10 7 3
Asian British: Asian other 15 4 1
Black or Black British 1 1 0
British mixed 1 0 1
Other 2 1 1
First language
English 38 20 18 x2(1,N=87)=14
Other 49 24 25
Sleep variables
1S 8(5.3) 3.61(2.1) 12.5(3.5) 1(68.35) = -14.43***
Typical SOL (mins) 24.9 (24) 15 (14) 35.12 (27) 1(62.35) = —4.24***
Typical WAKE (mins) 1 1 2 1(56.64) = -3.52**
Typical WASO (mins) 6.5(10.4) 32(6.4) 9.9 (12.5) 1(62.23) = -3.2***
Typical TST (mins) 457 (77.1) 483 (78.7) 430 (66.5) {(85) = 3.36***
Mean values are presented with standard deviations in parentheses, except for sex, ethnicity, and first language where the number of count (frequency)
is presented. BMI = body mass index; ISI = Insomnia Severity Index; SOL = sleep onset latency; TST= Total sleep time; WAKE = number of wake after
sleep onset; WASO = wake after sleep onset.
*p <.05; **p <.01; **p <.001.

that explain the data well without too many parameters. Using
this measure, as shown in Table 3, the most important individ-
ual parameter of sleep quality, was 7S7, followed by feeling
refreshed (upon waking), then mood (day after) and then moti-
vated to get up (day after). We also performed the same analysis
on time period by fitting the choice data with logistic regression
models that included all parameters within a single-time period
(e.g. the model for upon waking had both the motivated to get
up and feeling refreshed parameters). As shown in Table 3, the
most important time period was during sleep, followed by upon
waking, then day after, then pre-sleep, and finally the parame-
ters that occurred day before sleep were least important.

Based on the log odds estimated for each significant param-
eter option, the “best-preferred scenario” for a better night’s
sleep was as follows, with words in bold/italic indicating the
adjustable option of the 11 significant parameters:
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“I felt very comfortable lying in bed. It took me no time to
fall asleep. I slept through the night. 1 think I slept for 9.5
hours. This morning, 1 felt somewhat refreshed on waking.
I felt motivated to get out of bed. During the day, I felt alert
and my head was reasonably clear. My mood was good.
I was somewhat sociable and physically 1 was reasonably
active today”.

Interaction Between Parameters of Sleep Quality

We examined the interactions between the 4 parameters dur-
ing sleep (SOL, WASO, TST, and dream) crossed with 7 upon
waking and the day after parameters (feeling refreshed, moti-
vated to get up, alertness, thinking, mood, sociability, and
physical activity). Of the pairwise interactions between these
parameters, only WASO and feeling refreshed had a signifi-
cant interaction (p < .001). This interaction judged a night
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Day before Pre-sleep During sleep Upon waking Day after

Amount of activity Readiness to sleep Sleep onset latency Feeling refreshed Alertness
Aot~ I Very sy - I ot - I Reteshod- [N et - I
An average amount = _ Maoderately sleepy - _ A short while - _ Somewhat refreshed - _ Tired - _
Little = Mot sleepy - A long time - Unrefreshed - Drowsy -
Day went well? Cognitive arousal Wake after sleep onset Moativated to get up Thinking
e - I eian - [ e Motetod - [N croar - [
o - [ Wardoring - [N fom e tece | Somewhst motvatod - [N Reasonatly cear- [N
Not s well - Racing - Woke & number of times - [ Unmotivated - Cloudy -
Woke but eventually slept - [ Voo
Maod Physiological arousal Woke unable (o sleep - 00 01 02 03 04 05 Moaod
o Vory comtoratl - I R oo - I
i
;- I Not so comortabie - [N P Averoge - [N
Rubbish - Very uncomfortable - o.5- I Bad -
oo Coaoa 75- I
00 01 02 03 04 05 0.0 04 0.2 03 04 05 55- Saciability
o Sociable - [N
eam Somewhat sociable - [
portremsmoes - I ot
Remember some = _
Remember many - Phiysical activity
0.0 01 02 0.3 04 05 e
Reasonably active - [N

Figure 4—Descriptions of a good night's sleep. Seventeen adjustable sleep quality parameters (bar plots) and their options (individual bars)
are organized by 5 time periods. The relative bar lengths of 2 options represent the relative probability of choosing a scenario that contains
those options, for example, because the bar for “No time” for sleep onset latency is twice as long as the bar for “A long time”, then a scenario
that contains “No time” is twice as likely to be chosen as a scenario that contains “A long time”, all other parameters being equal.

Sluggish -
T T
00 01 02 0.3 04 0.5

with both WASO and feeling unrefreshed to be a particularly
poor night’s sleep. However, if participants either felt at least
somewhat refreshed or if they slept through the night, then
they judged it to be a reasonably good night’s sleep.

Interactions Between Parameters of Sleep Quality Judgement
and Types of Sleeper

There was no significant interaction between parameters and types
of sleeper, suggesting that whether the participant was a good or
poor sleeper did not have a significant effect on their choices.

Interactions Between Parameters of Sleep Quality Judgment and
Types of Question

The interaction between parameters and types of question
allowed us to statistically test whether participants used the same
parameters to define a good and a bad night’s sleep. Only one
significant interaction was found between feeling refreshed and
types of question (p = .003), suggesting that feeling refreshed
was more important to the participants when judging a good
night’s sleep than when judging a poor night’s sleep.

DISCUSSION

Instead of asking people to give an abstract rating of their
sleep quality, we asked people to make choices between 2 con-
crete scenarios and indicate with their choice which scenario
represents a better (or worse) night’s sleep. By conceptualiz-
ing the sleep quality judgement as a decision-making process,
we managed to quantitatively identify and estimate the rel-
ative importance of different sleep and nonsleep parameters
in influencing their judgement of sleep quality. In this study,
11 out of 17 identified sleep quality parameters were found
to have a significant effect on the participants’ sleep quality
judgment. In particular, the participants relied most heavily on
TST, feeling refreshed (upon waking) and mood (day after) to
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make their judgment of sleep quality. The data also suggested
that the participants’ judgment of sleep quality was most influ-
enced by their memories of what happened during sleep and
their experience upon waking, followed by their feelings and
functioning during the day after, then pre-sleep experience of
the night before, and lastly their experience the day before.
Synergetic effects were found (1) between WASO and feeling
refreshed (upon waking); (2) between feeling refreshed (upon
waking) and types of question. However, whether the partic-
ipant was a good or poor sleeper did not appear to make a
difference in the way in which the sleep quality judgment was
made. Below we ponder several themes/questions emerged
from the findings.

Sleep Quality Judgment Is Influenced by Multiple Parameters
Spanning Across Different Times of the Day

This may in part explain why the field has thus far unable to
pinpoint what the defining feature of sleep quality is.” Sleep is a
behavioral state of reduced activity and people typically remem-
ber little of what happened during the hours of sleep.** In con-
trast, the feelings they have upon waking and their evaluations
of their own mood and daytime performance are relatively more
accessible information. It is understandable why participants in
the current study drew on both their memory of nighttime sleep
and experience during the day to retrospectively judge their sleep
quality. This combined use of day and night information for judg-
ing sleep quality resonates with previous work suggesting a sig-
nificant role of daytime impairments in the genesis of insomnia
complaint. 340414648 The retrospective and inferential nature of
the decision-making process also raises 2 interesting possibilities
for future investigation. First, people’s judgment of sleep qual-
ity may vary depending on the time of the day the question is
presented and the amount of relevant information accessible for
retrieval when the judgment is called for. Second, the judgment of

What sways people s judgment of sleep quality?—Ramlee et al.



Table 3—Individual parameters and time periods log likelihood and BIC
values.

Log BIC
likelihood values
Parameters
Total sleep time -2822 5668
Feeling refreshed -2824 5674
Mood (day after) -2845 5714
Motivated to get up -2851 5727
Wake after sleep onset -2846 5733
Sleep onset latency -2858 5741
Physiological arousal -2863 5751
Physical activity (day after) -2865 5755
Thinking (day after) -2868 5762
Alertness (day after) -2875 5775
Sociability (day after) -2877 5780
Mood (day before) -2880 5784
Dream -2885 5795
Readiness to sleep -2886 5797
Cognitive arousal -2888 5802
Amount of activity (day before) -2889 5803
Day went well? (day before) -2891 5808
Time period
During sleep -2740 5573
Upon waking -2788 5617
Day after -2766 5624
Pre-sleep period -2854 5766
Day before -2876 5810

The log likelihood (larger is better) and BIC values (smaller is better)
combine goodness of fit with a penalty for complexity. Parameters and
time periods are ordered from most to least important (i.e., by BIC val-
ues). BIC = Bayesian information criterion.

sleep quality can potentially be altered by systematically restruc-
turing a person’s daytime experience or by reversing biases in
their evaluation of their mood and daytime functioning.

In terms of the content of the information used, 7S7, feel-
ing refreshed (upon waking) and mood (day after) were the
top 3 parameters influencing the judgment of sleep quality.
Interestingly, combinations of these top parameters bear strik-
ing similarity with some of the statements featured in the
Dysfunctional Beliefs and Attitude about Sleep (DBAS),* for
example, “I need 8 hours of sleep to feel refreshed and function
well during the day” and “By spending more time in bed, I usu-
ally get more sleep and feel better the next day”. It is possible that
endorsement of rigid, unhelpful sleep beliefs can have a direct
or indirect effect on people’s judgment of sleep quality.***! This
effect may not be restricted to people with insomnia disorders
but also apply to those experiencing other sleep disorders such
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as sleep apnea, restless legs syndrome, hypersomnia, or nar-
colepsy.®® We note though that in the “best preferred scenario”
generated from the data of our participants, they indicated that
they preferred 9.5 hours to 7.5 hours (which is closer to the
typically expectation of 8 hours). This deviation may reflect the
developmental sleep need of our participants whose mean age
was 22.5 years at the time of the study.’'-*?

Pre-Sleep Cognitive Arousal is not a Significant Parameter of
Sleep Quality?

Of all pre-sleep parameters tested, only physiological arousal
had a significant impact on the participants’ judgment of sleep
quality. This is in contrast to the established understanding that
poor sleepers refer to cognitive arousal rather than physiological
arousal as the premise of their insomnia®*>* and that hyperarousal
during the pre-sleep period—manifested either cognitively as
worry/rumination or physiologically as high-frequency beta
EEG—is a strong predictor of subsequent low sleep quality (see
Riemann et al.>® for a review). The null finding of pre-sleep cog-
nitive arousal may be explained by how it was operationalized in
our current study. In the sleep scenarios, the options given to the
participants were: my mind was “racing with thoughts”, “wan-
dering with thoughts”, or “blank”. In retrospect, these choices
only described the frequency of cognitive activity but not the
tone of the cognitive activity. Potentially, a heightened amount
of cognitive activity per se is not sufficient to alter people’s sleep
quality judgment. It may be essential that the heightened amount
of cognitive activity is negative or even threat-provoking in order
to sway people’s perception of sleep quality.*!-5¢

WASO and Feeling Refreshed Are not Functionally Synonymous,
but Interacting Parameters of Sleep Quality?

The interaction suggests that if the participants did not sleep
through the night and did not feel refreshed in the morning,
they would be disproportionately more likely to come to the
conclusion that they had had a poor night’s sleep. However, if
the participants somehow feel refreshed on waking, whether or
not they have slept through the night would not be as important
as it would normally be in their judgment of sleep quality. This
finding raises the possibility that sleeping through the night
may not be a prerequisite to feeling refreshed the next morning.
The nonlinearity is possible because, like sleep quality, feeling
refreshed is a nonspecific subjective judgment which may or
may not be influenced by the sleep experience, post-sleep iner-
tia and sensory input, and/or the person’s ability to look forward
to activities/excitement lined up for the day. Exploring ways to
help people feel “refreshed” in the morning could potentially
provide a new route to improve sleep quality among people
with mild-moderate sleep maintenance problems, and we would
like to propose 2 plausible avenues: (1) introducing attentional
training that helps people with insomnia to reverse or diffuse
attentional biases toward negative, threat-provoking sleep
cues’”¥ and to apply heavier weights on positive memories and
experience to inform their sleep quality judgment; (2) instead of
focusing exclusively on nighttime experience, insomnia treat-
ment may diversify to help patients regulate their physical and
social activity during the day. Based on the findings of the cur-
rent study, improved mood and perceived daytime functioning
can influence a person’s overall sleep quality judgment.
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No Systematic Difference in the Way Good and Poor Sleepers
Judge Their Sleep Quality

Although counterintuitive, this finding is consistent with the
key observation from Harvey et al.,”” in which normal sleepers
and people with insomnia used broadly similar characteristics
to describe a good/poor night’s sleep when asked to define sleep
quality or to explicitly state what is important for their judgment
of sleep quality. Together, the findings from both Harvey et al.”’
and our study appear to suggest that there are certain universal
requirements for good-quality sleep shared between good and
poor sleepers, and people with insomnia are not exaggerating
their sleep quality requirements simply because of their distress
or personal experience of sleeplessness. An intriguing ques-
tion left unanswered is what sets these requirements? Are the
requirements biological or socially determined through accul-
turation? Future anthropological studies comparing sleep qual-
ity parameters used by distinctive cultural groups with different
sleep patterns and contexts may help address the question.®

Strengths and Limitations

Several potential limitations of the current study should be dis-
cussed. First, the participants were young, generally healthy
adults drawn from a university community. Such demographic
background is restricted in diversity. Although the participants
who had an ISI*! score of 8 or above and presented with insom-
nia symptoms that mapped onto the DSM-5 diagnostic criteria®
were allocated to the poor sleeper group, they may not repre-
sent patients diagnosed with insomnia who are actively seek-
ing medical or nonpharmacological treatment. Generalizability
of the findings to the wider clinical population with more
severe insomnia symptoms is yet to be determined. In relation
to this, given the encouraging results generated by this study,
future study should also consider exploring the judgment of
sleep quality in more heterogeneous sample with varied char-
acteristics (e.g., older population, people from different soci-
oeconomic spectra of the society, patients living with chronic
medical/psychiatric conditions, etc.). Second, to maximize
efficiency and statistical power of the study, administration of
the choice-making task took place at different times of the day.
Whilst we have tight control over the testing environment and
the participants’ use of stimulants, exposure to light, amount of
activity, and task-related fatigue during the testing period, we
do not know to what extent the result could have been subject
to the influence of circadian rhythm. To address this question,
future follow-up studies may want to add measures of the par-
ticipants’ alertness levels at the start of the task and time the
testing session according to the participants’ circadian prefer-
ence (e.g., morningness-eveningness).’ Third, to simulate the
real-life decision-making process and to standardize the num-
ber of parameters used for making a sleep quality judgment, we
asked the participants to read and imagine themselves being the
person experiencing the sleep/wake scenarios, and then choose
the one that best represents a better (or worse) night’s sleep.
Whilst detailed instructions were given to the participants,
the extent to which they successfully identified themselves
with the scenarios was not certain, although we did eliminate
from the analysis data of those participants who responded too
quickly to have engaged with the task. Also, whilst we gained
ecological validity by simulating the decision-making process
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through combining different parameters of sleep quality, the
choice-making task was nonetheless presented on a computer
screen in an artificial testing environment. Future studies should
consider situating the choice-making task within real-life sce-
narios as hypothetical situations can cause participants to
overestimate or underestimate the effect parameters have com-
pared to actual experience,®' although sleep is arguably a near
universal experience. It is fair to assume all participants have
some degree of lived experience to support their imagination of
good- and bad-quality sleep scenarios, which is not of the same
degree of difficulty as though they were asked to imagine what
quality of life they would have had they experienced paraple-
gia® or had lost a limb to cancer.®® That said, the current study
was the first to examine the parameters of sleep quality using
a quantitative choice-making approach. Using this method, we
managed to string together different parameters from different
time periods and examined the effect of time, sleepers, and
interaction between parameters in explaining participant’s sleep
quality judgment. The sleep quality parameters were anchored
to different concrete options (e.g., WASO: “I slept through the
night.”, “I woke up once or twice but only briefly.”, “I woke up
a number of times but only briefly.”, “I woke up in the middle
of the night and was eventually able to fall back to sleep.”, “I
woke up in the middle of the night and was unable to fall back
to sleep”). This provided specific directions and a definition for
each parameter in order to reduce differences in how partici-
pants interpreted parameters based on their previous individ-
ual sleep experiences. This is a methodological improvement
over qualitative studies, interviews, questionnaires, and sleep
diaries in extracting information relevant to sleep quality judg-
ment. Readers with a statistical background may have noticed
that there is a degree of correspondence between Item Response
Theory (IRT) and choice-based conjoint analysis used in the
current study. However, there is one important difference:
the former is concerned with scale development, identifying
the areas of greatest individual variability between individuals
with a goal to distinguish those who have sleep disturbance or
sleep-related impairment from those who do not, whereas, the
latter is concerned with intraindividual differences in judgment
across scenarios, with a goal to clarify what it means when a
person says, ‘I had a good/ bad night’s sleep’. The application of
IRT in the study of insomnia has been focused on scale devel-
opment, which is diagnostic and predictive.®*% In contrast, the
application of choice-based conjoint analysis in this study is
more revelatory and retrospective.

Potential Clinical Implications

As the current study was the first attempt applying choice-based
conjoint analysis to unpack the subjective meaning of sleep
quality, we wish to be cautious in our extrapolation of what the
findings might mean for clinical practice. However, if we were
to speculate, the methodology described here has the potential
to help us identify the specific factors that drive patient com-
plaints of “poor sleep quality”, particularly in cases where
“objective” assessments of sleep showed no conclusive finding
of sleep disturbance. This could help clinicians to understand
potential causes of “poor sleep quality” complaints of individ-
ual patients and accordingly narrow down areas that warrant
treatment that may differ between patients.
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Recent advances in digital technology have opened up
numerous possibilities for eliciting information from patients.
With a few tweaks in scenario sampling algorithms and data
analysis approaches, the sleep quality judgment decision-mak-
ing task like the one used in the current study could be run on
smartphones, in combination with the recommended 2-week
sleep diary assessment.’® Aided by corresponding computer
applications, clinicians can be provided with diagnostics
based on these sleep quality judgment data for personaliz-
ing the assessment and treatment plan, allowing the field to
move yet another step closer toward patient-centred care®"°
and personalized medicine.”" Obviously, the automation of the
diagnostic application would require research that shortens
the elicitation procedure, perhaps by collecting a large num-
ber of trials from a variety of participants, so that new patients
can be matched to this normative data using a small number
of trials. Also, further research is needed to better understand
whether factors such as circadian rhythm, day-to-day variabil-
ity in sleep, use of sleep medication, social conventions (e.g.,
weekday/weekend distinction), and even weather (e.g., availa-
bility of sunshine) influence the sleep quality decision-making
process, and if so, how.

CONCLUSION

In conclusion, sleep quality judgments appear to be determined
by not only what happened during sleep, but also what hap-
pens after the sleep period. Interventions that improve mood
and functioning during the day may inadvertently also improve
people’s subjective evaluation of sleep quality.
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