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Abstract
Acute sleep deprivation has been found to cause a wide range of negative emotional
consequences. However, less is known about how sleep-deprived individuals cope
emotionally after such a drastic change, or about the timeframe it takes to recover from the
emotional consequences of sleep deprivation. This thesis addresses these questions, as well as
investigating factors that might buffer the effects of sleep deprivation and promote
subsequent recovery. After three days of baseline recording, a sample of 63 healthy
undergraduates underwent 24 hours of sleep deprivation in a naturalistic setting. Their
recovery, in terms of mood, mood regulation and cognitive alertness, was tracked for the next
three days. To account for any effect of overnight activities, the participants also recorded
their perceived exertion and enjoyment levels for activities undertaken during the sleep
deprivation period. On each of the three recovery days, they also recorded their use of
recovery strategies (i.e., daytime napping, night sleep extension, caffeine consumption).
Investigation 1 demonstrated that sleep deprivation had greater deleterious effects on
positive affect than negative affect, and created an indeterminate state where the sleepdeprived person rejected their worsened mood yet did not act to repair it. Investigation 2
showed that a large degree of emotional recovery was achieved one day after sleep
deprivation, and also revealed evidence that older age might mitigate against the effects of
sleep deprivation and accelerate subsequent recovery. Collectively, Investigations 2 and 3
identified behavioural factors that might mitigate sleep deprivation effects and enhance
subsequent emotional recovery, within a naturalistic setting. For the effects of sleep
deprivation, the results of path analyses revealed that higher perceived physical and mental
exertion during overnight activities predicted less emotional and cognitive decline
immediately after sleep deprivation, even after controlling for perceived enjoyment of
activities. During the recovery period, daytime napping predicted greater recovery from
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negative affect the following day, whereas night sleep extension and caffeine consumption
did not; positive affect recovery was not associated with use of any strategy. Investigation 4
showed that the recovery detected one day after sleep deprivation in Investigation 2 was
largely maintained three days after sleep deprivation; however, positive affect did not fully
recover in this timeframe, and delayed changes were detected in fatigue and the mood
maintenance aspect of regulation. Investigation 5 showed that mood maintenance became less
responsive to mood immediately after sleep deprivation, relative to the baseline phase, and
that sleep deprivation also attenuated the positive association between mood repair and mood
the following day, as compared to baseline.
This research demonstrated that 24 hours of sleep deprivation not only caused severe
mood deterioration, it also impaired the ability to regulate mood by disrupting the usual
responsiveness of mood regulation to mood input and regulatory outcomes. The research also
provided support for many of Mayer and Stevens’ (1994) tenets of mood regulation, and
suggested some important developments to their theory, including the need for greater
attention to low positive affect in the context of sleep deprivation and its potential direct
effects on mood regulation.
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Chapter 1
General Introduction and Literature Review
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The effects of acute sleep deprivation on mood and cognition have been welldocumented over the past five decades, particularly its adverse impact on cognition, in
aspects such as reaction time (Kleitman, 1963), sustained attention (Dinges, 1995), and
logical reasoning (Babkoff, Caspy, & Mikulincer, 1991), and on emotions (e.g., Durmer &
Dinges, 2005; Franzen, Siegle & Buysse, 2008), providing strong evidence that sleep
deprivation has large detrimental effects on human functioning. In particular, a meta-analysis
of sleep deprivation effects found mood to be even more strongly affected than cognitive
performance by sleep deprivation (Pilcher & Huffcutt, 1996). However, compared to
cognitive research, research into the emotional consequences of sleep deprivation is less
advanced.
Acute sleep deprivation, defined as staying awake for an extended period of time and
compromising usual sleeping behaviours (e.g., Kim et al., 2001; Martin, 1981), results in
inadequate daytime alertness (e.g., Goel, Rao, Durmer, & Dinges, 2009; Hershner & Chervin,
2014). Such acute sleep loss is prevalent in many contexts (e.g., educational, occupational,
clinical). One of the applied areas of sleep deprivation research is in the tertiary education
setting. In a survey of 1125 college students aged 17 to 24 years, 70.6% of students reported
obtaining less than 8 hours of sleep (Lund, Reider, Whiting, & Prichard, 2010). In a study of
242 architecture students, only 4% of students obtained at least 7 hours of sleep at night; the
average sleep duration was 5.7 hours, with 2.7 instances of acute sleep deprivation per month
(Bachman, & Bachman, 2006).
Amongst college students, the sleepiness that results from sleep deprivation has been
associated with a range of negative consequences, such as poorer grade point average (e.g.,
Kelly, Kelly, & Clanton, 2001), depressive symptoms (e.g., Regestein et al., 2010) and
drowsy driving (National Sleep Foundation, 2011). Particularly, among medical students,
sleep deprivation has been associated with student burnout (Rosen, Gimotty, Shea, & Bellini,
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2006), which can result in personal and professional distress, loss of empathy and poor health
(Mazurkiewicz, Korenstein, Fallar, & Ripp, 2012). Dyrbye et al. (2009) specifies that a
possible feature of medical students’ workload that facilitates the association of sleep
deprivation with burnout is doing shift rotations requiring overnight call.
Burnout is a psychosocial syndrome that involves sustained feelings of emotional
exhaustion, negative feelings and attitudes towards work and diminished sense of work
satisfaction (Montero-Marín, García-Campayo, Mera, & López del Hoyo, 2009) The
association between sleep deprivation and burnout not only applies among college students,
but also in the context of occupational health and safety. For instance, correlational studies
have established the association between insufficient sleep and the development of burnout in
the medical profession, among nurses (Garrett, 2008) and physicians (Mansukhani, Kolla,
Surani, Varon, & Ramar, 2012). Such associations have also been found in other occupations
under similar work circumstances, for example, law enforcement officers (Yoo & Franke,
2013) and seafarers (Oldenburg, Jensen, & Wegner, 2013). Given that acute sleep deprivation
is a known risk factor for emotional wellbeing, and “pulling an all-nighter” is unavoidable in
some job settings (e.g., medical, military, logistics), the American Occupational Therapy
Association has recently reclassified sleep from an activity of daily living to an occupational
domain, as an occupational need (Tester & Foss, 2018). However, the above correlational
associations do not necessarily imply that insufficient sleep causes burnout.
Although sleep loss in educational and occupational settings is recognised as a strong
risk factor for the development of burnout (Ekstedt et al., 2006; Rosen, Gimotty, Shea, &
Bellini, 2006; Söderström, Jeding, Ekstedt, Perski, & Åkerstedt, 2012), the mechanisms by
which sleep loss might contribute to burnout remain uncertain. Given that burnout is a
psychosocial syndrome that involves sustained feelings of negative emotional states
(Montero-Marín et al., 2009), one possibility is that, besides worsening mood, insufficient
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sleep also impairs aspects of mood regulation, disabling the sleep-deprived individual’s usual
self-regulatory processes; hence, contributing to the sustained state of emotional decline.
Apart from the direct effects of sleep loss on mood, mood may be further impacted by the
depletion of cognitive resources needed for effective mood repair. Indeed, studies indicate
that acutely sleep-deprived individuals are more emotionally reactive than well-rested
individuals (Franzen, Buysse, Dahl, Thompson, & Siegle, 2009; Yoo, Gujar, Hu, Jolesz, &
Walker, 2007), suggesting that depriving individuals of sleep in educational and occupational
settings can directly impair individuals’ emotional self-regulation capacity.
In view of the potential effects of acute sleep deprivation on emotional wellbeing, it
was noted that in organisations where acute sleep deprivation is prevalent, research has
mostly focused on performance outcomes. In some occupations, particularly those involving
clinical performance, research has largely taken an objective, performance-oriented approach
to examine the consequences of acute sleep loss (e.g., Chu et al., 2011; Mak & Spurgeon,
2004; Weinger & Ancoli-Israel, 2002). The focus on evaluating clinical performance is
justified in view of patient safety; and such studies suggest that acute sleep deprivation has
little impact on medical residents, in terms of cognitive functioning and stress perception
(Mak & Spurgeon, 2004), as well as postoperative outcomes (Chu et al., 2011).
Nonetheless, unlike the accumulating body of evidence regarding the impact of acute
sleep deprivation on performance outcomes, the mechanism by which sleep deprivation
results in a sustained negative emotional state, as part of the symptomology of burnout
(Montero-Marín et al., 2009), remains unknown. The present research project aims to address
this gap pertaining to the emotional consequences of acute sleep deprivation by
understanding the immediate, and possibly longer-term, effects of acute sleep deprivation on
mood and mood regulation.
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Prior to describing how the current program of research will explore the emotional
domain of acute sleep deprivation, this chapter will begin by reviewing the literature
pertaining to sleep and affect. Firstly, in order to understand the emotional effects of sleep
deprivation, the affective functions of sleep will be examined. Sleep has been postulated to
benefit mood via several mechanisms (e.g., maintaining functions of brain networks [Krause
et al., 2017], processing emotional experiences [Levin & Nielsen, 2009]), as detailed in
section 1.1.2. Therefore, the inhibition of these mechanisms via sleep deprivation may
generate the adverse emotional outcomes that follow after sleep loss.
Secondly, the structure of mood as it relates to acute sleep deprivation will be
clarified (see section 1.2). In existing research, focus has been placed on understanding how
specific negative affect facets are impacted, rather than specific positive affect facets (e.g.,
Kaida & Niki, 2014; Short & Louca, 2015), despite studies suggesting that positive affect is
likely to deteriorate more than negative affect after sleep deprivation (e.g., Franzen et al.,
2008; Liu, Zhou, Liu, & Zhao, 2015). To fully encapsulate the overall emotional experience
of sleep deprivation, this review will consider a mood structure that is holistic in nature, as
well as providing details regarding specific emotional facets.
Thirdly, in designing the acute sleep deprivation protocol to be used in the present
research, the existing sleep deprivation studies will be examined in terms of (1) the duration
of sleep deprivation, and (2) setting of sleep deprivation (see section 1.3). From reviewing
these studies, the justifications for the current sleep deprivation protocol will be detailed.
Fourthly, to determine the longer-term effects of acute sleep deprivation, existing
sleep recovery research will be examined (see section 1.4). In the current research, sleep
recovery is defined as the process of recovering from the negative consequences of sleep
deprivation. Despite evidence suggesting that full sleep recovery is likely to take more than
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one day (e.g., Wu et al., 2006), most studies have only tracked the emotional recovery
process one day after acute sleep deprivation (e.g., Leproult, Copinschi, Buxton & Cauter,
1997; Reynolds et al., 1986), with only one study that tracked emotional recovery over a
protracted duration (Ikegami et al., 2009). This review aims to estimate a timeframe over
which mood is likely to fully recovery after acute sleep deprivation. At the same time, while
it is commonly believed that recovery from sleep deprivation can be enhanced using various
recovery strategies, (e.g., daytime napping, extending night sleep), the evidence regarding the
functions of these strategies will be examined in this review (see section 1.5).
Having addressed the effects of acute sleep deprivation on mood, this review will then
address its effects on mood regulation. In this section, mood regulation models will be
evaluated in terms of their relevance to the context of sleep deprivation (see section 1.6.1).
Then, existing studies examining the effects of sleep deprivation and sleep recovery on mood
regulation will be discussed (see section 1.6.2 and section 1.6.3, respectively). The capacity
for emotional regulation is relevant to the emotional stability/volatility of sleep-deprived and
recovering individuals (Larcom & Isaacowitz, 2009), which has crucial implications in
various contexts (e.g., educational, occupational, clinical).
Lastly, this review will examine the potential individual differences that might
influence the outcome of this research, namely (1) chronotype and sleep behaviours, (2) age,
and (3) gender (see section 1.8). By considering these individual differences, decisions to
control for these factors will be implemented at the various stages of the project. In summary,
the current literature review will explore the areas of existing research pertinent to the
emotional consequences of sleep deprivation that require further expansion, crafting key
questions that will be investigated systematically in this PhD project.
1.1 Sleep and emotions
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Mounting evidence suggests a bidirectional link between sleep and emotions. As
reported in a review article examining this link (Kahn, Sheppes, & Sadeh, 2013), on the one
hand, sleep is postulated to influence emotions through several pathways, such as brain
networks (e.g., Dahl, & Lewin, 2002), rapid eye movement (REM) sleep (e.g.,
Vandekerckhove & Cluydts, 2010), and emotional information processing (e.g., Payne &
Kensinger, 2010); on the other hand, mood has also been postulated to affect sleep through
pathways of emotional regulation (e.g., Sadeh, 1996) and physiological-emotional arousal
(e.g., Bonnet & Arand, 1997). The theoretical framework encompassing the bidirectional
relationship between sleep and emotions helps to explain why certain kinds of emotional
psychopathology relating to sleep loss could be long lasting (e.g., burnout, severe depression;
Watling, Pawlik, Scott, Booth, & Short, 2017). Given the complex relationship between sleep
and emotions, the present research will investigate a specific component of this relationship,
that is, the effects of sleep (inferred from sleep deprivation and subsequent sleep recovery) on
mood and mood regulation. This area of study will partially address the bidirectional
relationship, in that if sleep deprivation is found to cause deterioration in mood and mood
regulation, then a possibility exists that this impaired or dysfunctional mood regulation might
subsequently affect the quantity or quality of sleep (an area of research beyond the scope of
this project), forming a recursive downward spiral.
1.1.1 Mood, emotion, and affect. In emotion-based sleep research, various terms for
emotions are often used interchangeably, such as “mood”, “emotions”, “affect”. Given that
the present research is particularly concerned with the mood effects of sleep loss and
recovery, an essential first step in beginning this research is to clarify with precision these
various terminologies (Cote, 2017). An emotion refers to a specific response to an internal or
external stimulus that allows the individual to meet the demands of their environment through
changes in their subjective experience, behaviour and physiology (Lang, & Bradley, 2010);
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whereas, mood and affect are not necessarily immediate responses to a stimulus. Specifically,
mood, as compared to emotions, is more diffuse, long-lasting and less likely to occur as a
reaction to one specific stimulus (Palmer & Alfano, 2017). In contrast to mood (e.g., anger,
happiness), affect is a superordinate term that encompasses different emotions but does not
differentiate between discrete states (i.e., commonly classified as two dimensions: positive
affect and negative affect; e.g., Diener, Larsen, Levine, & Emmons, 1985). Since this
research is not examining emotional responses of individuals to specific stimuli after
manipulating sleep, the investigation of affective outcomes of sleep in this research is
confined to mood and affect. Particularly, the affective outcomes of sleep will be measured in
terms of specific mood facets, which will be categorised into positive affect (i.e., vigour,
happiness, and calmness) and negative affect (i.e., anger, tension, depression, confusion,
fatigue; see section 1.2 for selection of mood measure).
1.1.2 Affective functions of sleep. Sleep serves as a form of recuperation at different
levels of human functioning (e.g., cognition, physiology). In a recent review of the
consequences of a sleep-deprived human brain, sleep loss was reported to affect emotional
brain networks, which in turn impacted affective responses (Krause et al., 2017). For
instance, sleep loss has been found to cause a diminished ability to exert inhibitory control
over negative emotion, by disrupting prefrontal cortical functions (Dahl, & Lewin, 2002).
Additionally, in terms of cortical reactivity, sleep-deprived individuals showed significantly
increased amygdala activation, measured using functional magnetic resonance imaging, in
response to negative emotional stimuli, compared to rested controls (Yoo et al., 2007).
Besides reacting towards negative stimuli, in another study using functional magnetic
resonance imaging, sleep deprivation also amplified reactivity throughout mesolimbic brain
reward networks in response to positive emotional pictures (Gujar, Yoo, Hu, & Walker,
2011). Recently, sleep deprivation has also been found to cause a profound reduction in
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network modularity, normally evident in the limbic, default-mode, salience and executive
modules; in which the observed hyperactivity of affective brain regions following sleep
deprivation was reflected in altered connectivity patterns of the limbic network (Ben Simon,
Maron‐Katz, Lahav, Shamir, & Hendler, 2017). This line of research evidence suggests that
affective (i.e., positively and negatively valenced) responses after sleep deprivation could be
a result of deteriorated cortical functions (e.g., emotional inhibition/reactivity) that also
resulted from sleep loss.
Another possible mechanism underlying the relationship between sleep and affect is
REM sleep. One review of the physiology of how sleep affects the emotional brain argues
that sleep buffers the individual against the effect of stress on negative affect primarily
through its REM phase (Vandekerckhove & Cluydts, 2010). REM sleep has been found to
moderate mood overnight through a process of desensitisation (Cartwright, Luten, Young,
Mercer, & Bears 1998; Perlis & Nielsen, 1993), and it has been proposed that this
reconsolidation process is analogous to that of systematic desensitisation therapy (Perlis &
Nielsen, 1993). Other research also supports the notion that REM sleep offers an optimal
biological condition, in which negative emotional experiences are ameliorated (Levin &
Nielsen, 2009; Walker, 2009; Walker & van der Helm, 2009). For example, REM sleep
during a daytime nap, in contrast to a nap without REM sleep, was found to reverse
progressive enhancement in experiences of fear, and simultaneously enhance ratings of
positive stimuli (Gujar, McDonald, Nishida, & Walker, 2010). Thus, the REM component of
sleep could be a possible mechanism through which some form of affect equilibration occurs.
A third potential mechanism involves memory processing. In a recent study, sleep
deprivation was found to severely impair the consolidation of both emotional and neutral
memories (Tempesta, Socci, Ioio, De Gennaro, & Ferrara, 2017). In a review article on the
role of sleep in emotional episodic memory reconsolidation, Payne and Kensinger (2010)
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conclude that the sleeping brain generally “unbinds” scenes to consolidate only their most
emotionally salient, and possibly adaptive element (e.g., Payne et al., 2009; Wagner, Gais,
Haider, Verleger, & Born, 2004). Thus, a sleep-deprived individual might possess a
disorganised and unprocessed profile of emotional episodic memories that might not be
adaptive for emotional functioning.
In addition to its proposed “unbinding” function, sleep exerts a pertinent and more
direct emotional function to influence the encoding of new memories, thus selectively
shaping the profile of emotional memories (Walker & van der Helm, 2009). For instance,
sleep deprivation has been found to impair the encoding of neutral and positive emotional
memories; however, sleep deprivation did not impair the encoding of negative emotional
experiences. Such selective alteration of memory through sleep loss suggests that sleepdeprived individuals might tend to recall negative experiences and notice less of positive
ones, which could have an impact on mood experience.
1.2 Emotional effects of sleep deprivation
The current literature indicates that the effects of acute sleep deprivation on a number
of mood facets is well described by a general trend. In repeated measures experiments, sleep
deprivation has been found to result in significant deterioration from baseline in the following
mood facets: depression (Lieberman, Tharion, Shukitt-Hale, Speckman, & Tulley, 2002),
fatigue (Angus, Heslegrave, & Myles, 1985; Brendel et al., 1990; Drake et al., 2001;
Lieberman et al., 2002), confusion (Brendel et al., 1990; Drake et al., 2001; Lieberman et al.,
2002), sleepiness (Angus et al., 1985; Lieberman et al., 2002), tension (Brendel et al., 1990;
Kahn-Greene, Killgore, Kamimori, Balkin, & Killgore, 2007), vigour (Drake et al., 2001) and
also in overall positive affect (Angus et al., 1985; Franzen et al., 2008). In experiments with a
control group, when the non-sleep-deprived group was compared to the sleep-deprived group,
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the sleep-deprived group showed significantly worse mood in terms of: total mood scores
(Blagrove & Akehurst, 2001), increased negative affect (Franzen et al., 2008), decreased
positive affect (Franzen et al., 2008), higher anxious arousal (Babson, Trainor, Feldner, &
Blumenthal, 2010) and anhedonic depression (Babson et al., 2010).
Across studies, mood has been measured in various ways, with three main approaches
dominating: (a) separately measuring specific mood facets (e.g., using the Profile of Mood
States [POMS; Lieberman et al., 2002]), (b) measuring the broad constructs of positive and
negative affect (e.g., using the Positive Affect and Negative Affect Schedule [PANAS;
Franzen et al., 2008]), and (c) clinical assessments (e.g., using personality assessment
inventory clinical scales [e.g., anxiety, depression; Kahn-Greene et al., 2007]). Collectively,
these measurement strategies suggest that the emotional effects of sleep loss can be
operationalised using a dimensional approach, represented as two uncorrelated dimensions
(e.g., by the PANAS): positive affect (capturing joyful, energetic states) and negative affect
(capturing upset, distressed states), or using finer-grain subjective state facets, such as
fatigue, vigour and confusion (e.g., by the POMS), and such effects may become pathological
at extreme levels (e.g., as operationalised by the clinical assessments).
By measuring mood using finer-grain subjective state facets, it has been found that the
various mood facets have differential sensitivity to sleep deprivation. Using a repeated
measures design with 12 adolescents (Short & Louca, 2015), it was found that a 36-hour
sleep deprivation period led to significant deterioration from baseline (p < .05) in the various
mood states measured using the POMS, but the magnitude of these percentage changes varied
widely: fatigue (31%) > vigour (19%) > confusion (12%) > anxiety (7%) > depressed mood
(3%) > anger (2%). In another experiment involving 16 male university students, and using a
control group in a cross-over design, it was found that a 36-hour sleep deprivation period led
to significant mood deterioration in the sleep-deprived condition, when compared to the
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control condition (Kaida & Niki, 2014). The mood percentage changes were: sleepiness
(34%) > vigour (33%) = fatigue (33%) > confusion (29%) > anger (23%) > anxiety (17%, not
significant) > sadness (5%, not significant). These studies indicate that the mood facets of
fatigue, vigour and confusion were more strongly affected by sleep deprivation, while the
mood facets of anger, anxiety, depressed mood and sadness were less affected.
As well as magnitude of change, statistical significance of mood change after sleep
deprivation can also be analysed. Some studies found that, after sleep deprivation, not every
mood facet underwent significant change. Three prominent studies using the PANAS found
that positive affect tends to undergo significant deterioration from baseline (all ps < .001),
whereas negative affect tends not to change significantly after sleep deprivation (Franzen et
al., 2008; Liu et al., 2015; Talbot, McGlinchey, Kaplan, Dahl, & Harvey, 2010). Thus, there
is strong evidence that positive affect is likely to be more sensitive to the effects of sleep
deprivation than negative affect. Additionally, the negative-valence affect subscales in the
POMS that corresponded with the PANAS (i.e., anxiety and anger) had smaller effect sizes
than the positive-valence affect subscales in the POMS that corresponded with the PANAS
(i.e., vigour). A negative-valence subscale in the POMS that tends to have strong effect size
is fatigue; however, fatigue is not represented in the PANAS, disallowing the opportunity for
cross-comparison. While it may be conceived that fatigue and vigour are opposite ends of the
same affect spectrum, they have been found to be only weakly correlated (Terry, Lane, &
Fogarty, 2003). Therefore, sleep deprivation can be deduced to generally impact positive
mood facets more than negative mood facets.
If acute sleep deprivation has a stronger effect on positive affect than negative affect,
then it seems likely that the POMS, which is used in most sleep deprivation studies (e.g.,
Brendel et al., 1990; Lieberman et al., 2002; Scott, McNaughton, & Polman, 2006), may not
capture sufficiently the span of emotional effects that acute sleep deprivation can induce. The
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POMS measures various mood facets: fatigue, vigour, confusion, anxiety, depressed mood
and anger. However, a clear imbalance is observed in that only vigour is related to positive
affective experience, while the remaining mood facets measure negative affective experience
and other subjective states. In reconciling the limitations present in the existing literature, in
the context of this sleep deprivation research, a desirable approach would be one that
operationalises emotions as positive and negative affect separately, at the same time, having
categorised positive and negative affect into subjective mood facets (e.g., positive affect:
happiness, vigour; negative affect: anger, depression). There is reason to believe that
important information may be overlooked if the emotional consequences of sleep loss were
operationalised using either the dimensional (e.g., PANAS) or categorical (e.g., POMS)
method. Pertaining to the use of clinical measures (e.g., Kahn-Greene et al., 2007), since
negative affect tends to demonstrate smaller change than positive affect (e.g., Franzen et al.,
2008), clinical scales might not be sensitive enough to detect the emotional changes expected
in healthy adults after sleep deprivation.
1.3 Ecological factors in sleep deprivation
The existing literature reveals a variety of methodologies for administering acute
sleep deprivation. The first area of examination involves the duration of acute sleep
deprivation. In reviewing this area, I aim to derive an optimal period of acute sleep
deprivation, fulfilling the following conditions: (1) a duration that can generate a strong effect
size in terms of emotional changes after sleep loss, and (2) a realistic duration that is
reflective of how individuals might undergo sleep deprivation in an everyday context. The
second area of exploration is that of setting. I will examine the findings of research
administering sleep deprivation in a laboratory or naturalistic setting, then devise an approach
that could offset the limitations of the two approaches.
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1.3.1 Duration of sleep deprivation. Across the various mood studies, sleep
deprivation has been induced over a minimum period of 22 hours (Talbot et al., 2010) to a
maximum period of 77 hours (Kahn-Greene et al., 2007). Most studies fall within the range
of 24 hours to 40 hours. When comparing the effect sizes of the different durations of sleep
deprivation, most studies yield an intermediate to large effect size for the majority of the
mood facets. In a laboratory setting, a study using 24 hours of sleep deprivation found that
male weightlifters experienced a significant deterioration, relative to baseline, with large
effect size in vigour (p = .009, d = 1.85), confusion (p = .008, d = 1.88) and fatigue (p = .007,
d = 2.55; Blumert et al., 2007). With 24 hours of sleep deprivation in a home environment,
one study found that, compared to the control group, their experimental group experienced a
significant increase with large effect size in anxious arousal (p = .001, d = 1.15) and
anhedonic depression (p = .001, d = 1.25; Babson et al., 2010). With a longer period of 36
hours of sleep deprivation in a home-based environment (Kaida & Niki, 2014), an
experimental group experienced a significant deterioration with intermediate to large effects
in the following mood facets: sleepiness (p < .01, d = .73), confusion (p < .01, d = .60),
fatigue (p < .001, d = .70) and anger (p < .05, d = .47). Further extending the sleep
deprivation period to 72 hours, another experimental group experienced a significant
deterioration with large effect size in positive affect, measured using the PANAS (p < .01, d
= .77; Liu et al., 2015). Upon comparing the various effect sizes, it is noted that a period of
24 hours of sleep deprivation is likely to be sufficient to induce a large effect size in the mood
deterioration that follows, and that longer periods would not generate proportionally larger
effects.
Different durations of sleep loss have been manipulated within studies to understand
their relative effects, qualifying the exposure-response relationship between duration of sleep
deprivation and mood. For example, the mood change of 12 participants was tested at four
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different levels of sleep loss: no sleep loss (8-hour time in bed [TIB], for four nights), slow
(6-hour TIB, for four nights), intermediate (4-hour TIB, for two nights) and rapid (0-hour
TIB, for one night), using the POMS (Drake et al., 2001). An acute 24 hours of sleep
deprivation (i.e., rapid accumulation) was found to produce significantly greater mood
deterioration than slow accumulation of sleep loss (i.e., shorter duration of sleep loss carried
out for a few days; [Drake et al., 2001]), specifically in fatigue (p < .001), vigour (p < .01)
and confusion (p < .05). Rapid sleep loss also produced greater reductions in mood scores
when compared to intermediate sleep loss for fatigue (p < .05) and vigour (p < .01), and
approached significance for confusion (p = .06). Due to a lack of sufficient data from the
research to compare the effect sizes of the above-mentioned changes, the mean changes from
baseline for the mood components for each sleep condition are estimated from the graphs
provided in the article. The intermediate sleep loss condition produced reductions in each
mood scale midway between the slow and rapid rate conditions. This study suggests a linear
exposure-response relationship between sleep deprivation and mood within the limit of 24hour sleep deprivation, with the rapid sleep loss condition inducing the strongest effect,
followed by the intermediate rate, then the slow rate.
However, evidence suggests that when the duration of sleep deprivation extends past
24 hours, the size of the effect on mood does not follow a linear exposure-response
relationship. In a 60-hour sleep deprivation experiment (Angus et al., 1985), measurements of
mood (i.e., fatigue, positive affect, negative affect) and subjective sleepiness (SS) were
collected from the participants every three hours during the sleep deprivation. It was found
that the overall trends for all the collected data followed a similar pattern, whereby
deterioration occurred for the first 24 hours, followed by a plateau for the next 24 hours, then
further deterioration for the remaining hours, and a slight improvement in mood towards the
end of the experiment. A possible interpretation of the plateau could be that the participants
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were influenced by their usual circadian rhythm and the effect of daylight on their biological
systems, which stimulated them biologically and might have protected them from further
mood deterioration (McClung, 2013). The slight improvement in mood at the end might have
been due to the expectation that the experiment was ending. From this discussion, it becomes
apparent that internal processes (e.g., circadian rhythm, motivation and expectation) and
external factors (e.g., light) are inevitably present during sleep deprivation; hence, it is
unlikely that such an extended duration of sleep deprivation relates to mood changes linearly.
1.3.2 Setting of sleep deprivation. In the literature on acute sleep deprivation, studies
generally conduct the sleep deprivation protocol in a laboratory setting or naturalistic setting
(e.g., home, work). The questions remain concerning which setting is more effective in
isolating the effects of sleep deprivation, and which best reflect the everyday context. Studies
that adopt the laboratory setting are likely to benefit from the ability to control for the
activities the participants engage in throughout the experimental period and to enforce the
participants’ adherence to the sleep deprivation protocol (Blagrove & Akehurst, 2001;
Sagaspe et al., 2006). However, the setting of the sleep laboratory may have experimental
disadvantages (Wilhelm & Grossman, 2010). Firstly, the laboratory environment may
introduce confounding factors. For example, if participants are placed in an unfamiliar and
restricted environment, and sometimes with strangers, this may adversely impact their mood
states, regardless of whether sleep deprivation is induced. Secondly, having the participants
under constant supervision in a confined space may raise the salience of the experimental
effects. Thus, the highly controlled environment may render the results of the experiment
difficult to generalise to the natural environment. The participant’s experience in the sleep
laboratory (e.g., confined space, restricted activities, interaction with strangers, fixed sleep
and meal times) is unlikely to resemble that of someone who is undergoing sleep loss in an
unrestricted setting.
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To evaluate the effects of sleep deprivation on mood in the laboratory and homebased settings, two studies that have similar sample sizes and employed 36-hour sleep
deprivation periods can be compared. The laboratory experiment (Short & Louca, 2015)
generated changes in additional mood facets (i.e., anxiety and depressed mood) that did not
occur in the home-based experiment (Kaida & Niki, 2014), providing hints that perhaps the
setting of the experiment may play an influential role in how the participants respond
emotionally to sleep deprivation.
To highlight the notion that the laboratory setting could itself be a source of mood
change, one study has found that keeping participants in a sleep laboratory without inducing
sleep deprivation yielded negative impacts on the participants’ mood, performance and
sleeping patterns. A laboratory experiment was carried out with 19 screened healthy
participants, who underwent a 7-day sleep study with a 9-hour sleep opportunity every night
(Paterson, Dorrian, Ferguson, Jay, & Dawson, 2013). Every two hours while awake,
participants completed the mood, sleepiness and fatigue measurements, and a 10-minute
Psychomotor Vigilance Task (PVT). It was found that happiness and depression deteriorated
significantly relative to baseline through the study protocol (ps < .001). PVT performance
was also significantly impaired relative to baseline after two days and nights in the laboratory
environment (p < .001). In addition, the participants’ sleep time was reduced relative to
baseline for a majority of the sample by 19 to 51 minutes. The authors discussed that while
the laboratory was highly controlled in regards to temperature and cleanliness, confinement
or other aspects of the laboratory environment (e.g., restricted access to sunlight and exercise)
may have negatively influenced mood. This study shows that the sleep laboratory setting,
which is used in a large part of the existing literature, can compound the sleep deprivation
effect. Additionally, given that the participants’ sleep time was reduced below habitual
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sleeping patterns, these results suggest that the baseline measurements conducted in sleep
laboratories might not have been accurate.
At this juncture, the issues that become apparent are: (1) the laboratory study offers a
high level of controlled conditions and access to participants for data gathering, yet it
imposes negative effects on the participants, and (2) the home-based study offers more
ecologically valid and possibly more reliable findings than the laboratory design, yet it may
lack sufficient control and access to participants. A melding of the two designs’ strengths
could be to include a sleep tracker to ensure adherence to sleep deprivation at home, and an
online survey platform to provide more convenient access for participants to report their
subjective emotional states before and after the sleep deprivation. Additionally, to control for
the activities undertaken during sleep deprivation, some restrictions (e.g., stay at home, usual
behaviour repertoire) could be included to simulate participation in a laboratory.
Alternatively, participants could report their activities and researchers could account for their
effects through analysis and statistical adjustments.
1.4 Recovering from acute sleep deprivation
To date, there is only one study that has examined mood recovery over more than one
day following acute sleep deprivation (Ikegami et al., 2009). Using the POMS to track the
changes in mood over three recovery days, this study found that no mood facet recovered
after one ordinary 7-hour sleep opportunity, and fatigue and confusion took at least two sleep
opportunities to recover back to baseline, as did the high-order cognitive measures (i.e.,
reading span test, continuous performance task and paced auditory serial addition task) that
were taken in the same study. The results suggest that mood recovery (at least in a laboratory
setting) is a relatively protracted process, since the mood facets that underwent significant
deterioration (i.e., fatigue and confusion) followed the recovery pattern of high-order
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cognitions, rather than the recovery of SS and PVT performance, which usually take one
sleep opportunity to return to baseline (Lamond et al., 2007).
Nonetheless, mood recovery in a naturalistic setting might not necessarily resemble
that of a laboratory setting. A key element of sleep recovery research using a laboratory
setting involves prescribing sleep opportunities with standardised start and end times (e.g.,
Ikegami et al., 2009; Reynolds et al., 1986). Notwithstanding the benefits of experimental
control, to restrict the participants’ methods of coping with sleep deprivation to only
standardised sleep opportunities may result in a lack of ecological validity. Given unrestricted
conditions with more recovery opportunities made available in a naturalistic setting, the
recovery process is likely to be faster than those detailed in laboratory studies.
While Ikegami et al. (2009) has contributed foundational research for post-sleep
deprivation emotional recovery, some limitations could be addressed. The study recruited
only 10 healthy participants and collected baseline data once on the day prior to sleep
deprivation. From the limited sample size and single baseline measurement, a reliable mood
baseline may not have been achieved, making it more difficult to distinguish between
systematic change over time and random error. Moreover, this study measured mood states
with the POMS, which has an inherent bias towards negatively valenced mood states (e.g.,
anger, tension, depression, confusion). As mentioned previously, acute sleep deprivation
affects positive-valenced mood states to a larger degree than negative-valenced mood states
(e.g., Franzen et al., 2008), hence, indicating that similar to the sleep deprivation literature,
sleep recovery research provides only limited information in delineating the change process
for positive affect facets. If fatigue and confusion (negatively valenced mood facets) require
at least two recovery opportunities to return to baseline (Ikegami et al., 2009), it can be
predicted that positive-valenced mood states may take a similar duration or longer to return to
baseline. Although Ikegami et al. (2009) provide important preliminary work in emotional
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recovery after acute sleep deprivation, their study could be replicated using a larger sample
size to ascertain the reliability of their findings.
1.4.1 Physiological indicators of emotional recovery. The physiological impact of
acute sleep deprivation is known to extend over several days, suggesting that emotional
recovery post-sleep deprivation might also be protracted. Foremost, full recovery of the brain
cortices is unlikely to occur within one night of ordinary sleep opportunity. A sleep recovery
study found that following 29-34 hours of sleep deprivation, an 8-hour recovery sleep only
partially restored the metabolic deficits incurred in the frontal lobe, and conferred minimal
restoration to the subcortical areas of caudate and thalamus (Wu et al., 2006). These brain
structures are related to the different facets of emotion processing; for instance, the frontal
lobe modulates emotional regulation (Dawson, Panagiotides, Klinger, & Hill, 1992) and the
thalamus plays a role in regulating sleep, wakefulness, awareness and arousal (Vertes, 2006).
If these structures have yet to be restored to baseline metabolic levels after one night of
recovery, it might mean that these functions are performed optimally, generating an
emotional state that could be atypical of the person.
Apart from the incomplete recovery of brain cortices, sleep deprivation has
pronounced long-term phase-resetting effects on the circadian system (Grossman,
Mistlberger, Antle, Ehlen, & Glass, 2000). Moreover, it was postulated that this reset of the
clock gene machinery has an antidepressant effect on clinically depressed patients (Bunney &
Bunney, 2013; Dallaspezia & Benedetti, 2014), because the resetting of this machinery
normalises the dysregulated circadian rhythms, which could improve mood long-term.
Nonetheless, much is left unknown as to whether this phase-reset is applicable to the normal
population. Healthy individuals could have slightly dysregulated circadian rhythms, which
may stand to benefit from this physiological reset. If this proposition is accurate, then after
recovering mood back to baseline following sleep deprivation, healthy sleep-deprived
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participants may begin to show signs of mood improvement past baseline levels, when they
settle into the normalised sleep/wake cycle. No study to date has investigated whether this
delayed mood improvement effect is evident in the normal population.
In view of the incomplete recovery of these physiological deficits after one ordinary
sleep opportunity, a possible deduction is that the emotions reflected one day after sleep
deprivation might only be a transitional stage in the broader scheme of emotional recovery
after sleep deprivation. Further physiological recovery could still occur on the subsequent
recovery days, which might influence the emotional state of the recovering individual. For
example, as the brain cortices begin to recover their usual metabolic functions over
subsequent days, individuals might more accurately access and evaluate their emotions than
before, generating self-reports that could be more consonant with baseline state. In addition,
given the possibility of phase reset, the findings of sleep studies measuring only one-day-after
recovery after sleep deprivation are likely to be preliminary, given that the effects of phase
reset might not have fully set in. Unfortunately, most of the existing sleep recovery studies
(e.g., Leproult et al., 1997; Reynolds et al., 1986; Wu et al., 2006) share this limitation of
including only one day of sleep recovery. As mentioned earlier in discussing the affective
functions of sleep (see section 1.1.2), if sleep functions to modulate mood via the
maintenance of emotional brain networks (e.g., Dahl, & Lewin, 2002) and providing REM
sleep to reprocess emotional events (e.g., Vandekerckhove & Cluydts, 2010), full emotional
recovery after acute sleep deprivation might depend on these processes having regained
baseline levels of functionality, which might require more than one day after acute sleep loss.
Moving forward, future studies could extend the time available for emotional recovery by
tracking the progress of sleep recovery over subsequent days, to outline the potential mood
changes that might occur, given more allowance for further neurophysiological recovery after
sleep deprivation.

35

1.5 Potential enhancers of sleep recovery
A further consideration that has received little research attention to date is that people
outside the laboratory setting typically engage in compensatory actions in an attempt to offset
the effects of sleep deprivation. According to a survey conducted by the National Sleep
Foundation (2008), the three methods most commonly reported by Americans to recover
from sleep loss were: (1) sleep extension (sleeping longer than usual hours at night), (2)
daytime napping, and (3) consumption of caffeinated beverages. Each of these methods may
have its own unique role in assisting sleep recovery.
1.5.1 Night sleep extension. In terms of sleep extension, an existing study that has
examined the effect of one-night sleep extension recruited participants with unnoticeable
daytime sleepiness, and extended their night sleep by more than an hour (Horne, Anderson, &
Platten, 2008). It was found that participants’ alertness, as measured by the PVT, did not
improve and SS improved only marginally. Nonetheless, this study recruited participants with
little accumulated sleep debt; thus, the before results may not be relevant to the sleepdeprived individuals who are of concern in this discussion. Another study tested the effects of
extending night sleep by 90 minutes for two weeks with sleep-restricted adolescents (Van
Dyk et al., 2017). This sleep extension protocol improved the adolescents’ ratings of anger,
vigour, fatigue and confusion. This study indicates that sleep extension can compensate for
sleep loss in a sleep restriction context (i.e., having a reduced amount of sleep over a period
of time); however, this result may not necessarily generalize to an acute sleep deprivation
context (i.e., having no sleep for an extended period of time). To date, there is no research
that examines how sleep extension influences cognitive and emotional recovery the day after
acute sleep deprivation. A possible prediction at this juncture is that sleep extension could
enhance cognitive and emotional recovery the next morning by providing additional
opportunities for neurocognitive recovery and reducing accumulated sleep debt.
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1.5.2 Daytime naps. In terms of napping, extensive research evidence supports the
claim that napping improves cognition and mood for sleep-deprived individuals. For
example, following acute sleep deprivation, napping has been found to improve reaction time
(Bonnet 1991; Song et al., 2002), vigilance and logical reasoning (Bonnet, 1991). During
partial sleep deprivation, napping improved reaction time and reduced SS (Gillberg, 1984).
However, these studies provided no evidence that napping was necessarily beneficial to the
long-term recovery of a sleep-deprived person, as the testing was done immediately
following the napping opportunities. In recent studies involving sleep-restricted individuals,
researchers have found that napping only attenuated but did not eliminate neurobehavioural
performance decline (Lo et al., 2017) and changes in sleep electroencephalogram (EEG; Ong,
Lo, Gooley, & Chee, 2017) induced by sleep restriction. These findings indicate that night
sleep may play a distinct function that cannot be fully replaced by napping, though napping
has the propensity to improve recovery after sleep deprivation. To understand whether
napping has a prolonged benefit to emotional and cognitive recovery after acute sleep
deprivation, measurements need to be extended further beyond the sleep loss period and
account taken of the effects of other recovery strategies.
The common element between daytime napping and night sleep that might have a
lasting benefit for mood recovery is REM sleep. As discussed earlier in section 1.1.2, REM
sleep is one potential mechanism by which sleep moderates negative emotional experiences
(e.g., Levin & Nielsen, 2009). Thus, it is likely that sleep-deprived individuals who
accumulate a greater quantity of REM sleep, either through naps or night-time sleep, are
likely to show greater overnight mood recovery. However, there is a lack of evidence that the
non-REM sleep in naps of short length has similar emotional effects (Vandekerckhove &
Cluydts, 2010).
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1.5.3 Caffeine consumption. Caffeine is a chemical stimulant that promotes shortterm wakefulness by antagonising sleep-promoting adenosine A1 and A2A receptors in the
brain (Nehlig, Daval, & Debry, 1992). A recent review on the neurophysiological impact of
caffeine on sleep found that caffeine inhibits slow-wave sleep and enhances stage-1 sleep,
resulting in more “lighter” sleep stages at the expense of “deeper” sleep stages (Clark &
Landolt, 2017). While caffeine confers stimulating effects in the short term as a
countermeasure after acute sleep deprivation, a question remains whether this stimulating
effect may carry over to impact night sleep, possibly inhibiting overall sleep recovery after
acute sleep deprivation.
Evidence indicates that caffeine consumption can be beneficial for recovery after
acute sleep deprivation, but only at very high doses. A study of 50 healthy males assigned to
different dosages of caffeine found that, following a 49-hour sleep deprivation, those
receiving the highest dose (600mg / 70kg) recovered the best (in terms of sleepiness, vigour,
fatigue and confusion scores) - close to their fully rested condition at baseline (Penetar et al.,
1993). A caffeine amount of 600mg is estimated to be equivalent to 10 cups of instant coffee
(Barone & Roberts, 1996). The participants also showed improved alertness by increasing
onset to sleep from seven minutes to ten minutes. The smaller caffeine dosage conditions (0,
150, or 300mg / 70kg) did not show significant change. While this study supports the notion
that high caffeine dosage helps with cognitive and mood recovery on the same day as
caffeine administration, it remains unknown whether these benefits are maintained long-term
and persist to the next day. A possibility is that such benefits are only temporary and their
effects wear off after the ingested caffeine is metabolised.
Caffeine may also be detrimental over the longer term if its short-term stimulating
effect inhibits naps and night sleep on the same day. Considering the evidence that caffeine
could suppress EEG power density for REM sleep (Landolt, Werth, Borbély, & Dijk, 1995),
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and increase sleep latency from the day of caffeine administration till the following day
(Landolt, Dijk, Gaus, & Borbély, 1995), it is likely that caffeine would hinder mood recovery
by impeding REM sleep. The current literature demonstrated evidence for the immediate
effects of caffeine, but the long-term effects of caffeine pertaining to mood recovery remain
unknown. Given how little is known about the long-term relative efficacy of these strategies
(i.e., daytime nap, night sleep extension and caffeine consumption) or the doses at which they
produce their optimal effect, a description of naturally occurring recovery behaviour and its
correlates would serve as a useful first step, before embarking on focused experimental work.
1.6 Effects of sleep deprivation and sleep recovery on mood regulation
To further comprehend how emotional processing changes with sleep deprivation and
recovery, the understanding of how mood regulation changes alongside mood is required.
Mood regulation incorporates the processes of monitoring and evaluating mood, and
subsequent conscious efforts to equilibrate it, termed the “meta-mood experience” (Mayer &
Gaschke, 1988). This meta-mood experience is relevant to acute sleep loss because it implies
that, faced with mood disruptors such as sleep deprivation, human beings are unlikely simply
to endure them passively. Instead, they are likely to actively monitor their mood and take
steps to regulate it. As metacognition is a general self-reflective ability to monitor the
performance of cognitive processes and adjust them as necessary (Beebe et al., 2008), metamood experience will involve some facets of metacognition, such as awareness of thoughts
and feelings, metacognitive judgment (e.g., evaluation of the functions of these thoughts and
feelings) and decision-making (e.g., whether to perform self-regulation; Mayer & Gaschke,
1988). In the working model of mood regulation proposed by Mayer and Stevens (1994), the
process of regulation begins with the appraisal of mood states, which then forms the object of
regulation, constituting a linear process (see Figure 1.1).
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1. Clarity
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4. Influence

Figure 1.1. The domains of meta-mood experience and the relationships between them
proposed by Mayer and Stevens (1994).

In view of the worsened mood state induced by acute sleep deprivation, the resulting
mood evaluation is likely to be unfavourable. According to Mayer and Stevens (1994), this
evaluation process could involve, firstly, identifying the mood, then, determining whether it
is acceptable, typical and influential to the person. With unfavourable mood evaluation (e.g.,
unacceptable and atypical) following acute sleep deprivation, depending on the involved
mood facets that require equilibration, different mood regulation strategies may be adopted
(i.e., mood repair, mood dampening and mood maintenance). For instance, evaluating a
decrease in cheerfulness or increase in fatigue as unacceptable might require mood repair
(i.e., corrective regulatory strategy to improve mood state). Conversely, evaluating an
inappropriate level of vigour in the form of hyperactivity as unacceptable would require
mood dampening (i.e., corrective regulatory strategy to lower overly positive mood state). An
evaluation of a mood as acceptable (in an unlikely event that mood does not change
drastically after sleep deprivation) could instigate mood maintenance (i.e., non-corrective
strategy to allow the mood to continue). With this added depth of investigation into
functional mood regulation, the emotional resilience of sleep-deprived individuals in both the
sleep-deprived state and during the recovering phase could be deduced.
Sleep deprivation is likely to have direct and indirect effects on mood. Having
elaborated earlier on the direct effects of sleep deprivation on mood (see section 1.2), the
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second pathway through which sleep deprivation worsens mood might be via cognition and
metacognition. A crucial component common to the top-down function of metacognition and
meta-mood experience is sustained inward attention. This inward attention is necessary to
evaluate the contextual functionality of a mood state. Notably, sleep deprivation has been
found to impair the cognitive substrates possibly associated with this top-down function of
mood regulation, such as self-awareness (Beebe et al., 2008), which might obstruct the
appraisal stage of emotional processing, decision-making (Lau & Maniscalco, 2013), or
sustained attention (Dinges, 1995), which might reduce the ability to monitor emotional
experiences over time. Therefore, the function of mood regulation immediately after sleep
deprivation is unlikely to be optimal. These possible cognitive and metacognitive
impairments suggest that the worsened mood state after sleep deprivation might be
compounded by the depletion of cognitive resources needed for effective mood regulation.
1.6.1 Mood regulation versus emotional regulation. In emotions research, similar to
the distinctions of the terms “mood”, “affect” and “emotions”, “mood regulation” and
“emotional regulation” technically refer to discrete phenomena. In highlighting these
differences, various models of emotional regulation and mood regulation will be compared
and contrasted. With the discussion of these models, I will also highlight how emotional and
mood regulation processes are generally conceptualised, and how the existing
conceptualisations could be expanded to better encapsulate the process of mood regulation in
this research.
The process model of emotional regulation is a widely cited framework for organising
the sequence of emotional regulation (Webb, Miles, & Sheeran, 2012; see Figure 1.2).
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Figure 1.2. The process model of emotion regulation (Webb et al., 2012).

The first section of this model is situation selection, which depicts how an individual
encounters an emotion-eliciting situation. This occurs when an individual seeks out or avoids
a situation that may result in desired or undesired emotional states. The second section of this
model is situation modification, which refers to attempts to alter or change aspects of the
current physical environment once an emotion-electing situation is already occurring. The
third section of this model is attentional deployment, which refers to the way an individual
directs his or her attention toward or away from emotionally-laden content. The fourth
section of this model is cognitive change, which involves regulatory strategies aimed at
changing the appraisal or meaning of an emotion eliciting-situation. The last section of this
model is response modulation, which involves direct alteration of experiential, behavioural,
and/or physiological responses to an emotional stimulus after an emotion has been fully
generated.
A key component in the process of emotional regulation, that differentiates it from
mood regulation, is the involvement of a situation in which the individual encounters an
emotion-eliciting stimulus (see first two sections of the process model). This distinction could
also be inferred from the definitions of “emotions” and “mood” as discussed earlier (see
section 1.1.1), where “emotions” refers to a specific response to an internal or external
stimulus, and “mood” refers to a relatively more diffuse, long-lasting emotional experience
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that is less likely to occur as a reaction to one specific stimulus. Despite this difference,
emotional regulation and mood regulation share one similar process – the stage of appraisal,
which is the evaluation of the existing emotional state and recognition that it requires
alteration. This stage of appraisal in emotional regulation is reiterated in the recently
developed extended process model, in which three stages of the emotion regulation cycle are
described (Gross, 2015): (1) identification of an emotion as something that should be
regulated (appraisal stage), (2) selection of an emotion regulation strategy, and (3) effective
implementation of that strategy. Therefore, although emotional regulation and mood
regulation differ at the initial stage of stimulus encounter, both processes share a common
stage of appraisal, and both resemble a stage-based process. In the present research on sleep
deprivation and recovery, though the terms “emotional regulation” and “mood regulation” are
used interchangeably at various stages of the discourse, in terms of experimental language, I
do not refer to the technical definition of “emotional regulation” because the participants will
not be subjected to a specific emotion-eliciting stimulus, and I am solely interested in the
emotional response of mood changes in relation to sleep.
Another paradigm of mood regulation is the control theory model (Larsen, 2000; see
Figure 1.3). This model of mood regulation assumes that people have a desired subjective
state (set point), and that they constantly compare their current mood state to this desired state
(comparator). When they evaluate discrepancies, regulatory mechanisms (either cognitive or
behavioural strategies) are engaged to reduce those discrepancies, forming a negative
feedback loop. These regulatory mechanisms may effect changes in the environment (e.g.,
problem-solving) or changes in the person (e.g., attentional distraction).

43

Desired
State Set
Point
COMPARATOR
Current
Mood State

Affect
Regulation
Mechanisms

Person

AffectRelevant
Environment
Figure 1.3. The control theory model of mood regulation (Larsen, 2000).

As compared to the appraisal theory of mood regulation (e.g., Mayer & Stevens,
1994), the control theory has a more elaborated regulatory process (separated into cognitive
and behavioural strategies), forming a feedback loop with current mood state, but its
appraisal process is rather ambiguous in comparing desired and current mood state. In
contrast, Mayer and Stevens (1994) have developed a more structured approach to the
process of appraisal, evaluating mood in terms of clarity, acceptability, typicality and
influence, but their process of regulation is solely based on cognitive approaches (e.g.,
thinking of positive thoughts to improve mood). Despite these differences, both models
position the appraisal stage as the main predictor of regulatory responses. Given that, across
models of emotional regulation (e.g., Gross, 2015; Webb et al., 2012) and mood regulation
(e.g., Larsen, 2000; Mayer & Stevens, 1994), mood appraisal has been conceptualised as the
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sole predictor of subsequent regulatory responses, a question remains as to whether this
approach aptly represents how mood regulation transpires after sleep deprivation.
Given the drastically worsened mood after sleep deprivation relative to baseline,
mood might have a direct influence on regulatory responses, even after accounting for mood
appraisal. Research into “hot” cognitions demonstrates that emotions affect cognitions, which
might result in low-quality decision-making (Smith, Haynes, Lazarus, & Pope, 1993). Placed
in the context of top-down emotional regulation, it is likely that emotional states themselves
will influence the cognitive process of emotional self-regulation. Possibly, a person feeling
extremely low in energy after sleep deprivation may generally demonstrate fewer cognitive
attempts to self-regulate, as compared to baseline, primarily due to subjective energy levels,
rather than mood appraisal. Along the same line of reasoning, mood might directly affect the
quality of mood regulation when the individual becomes more depressed or confused, after
sleep deprivation.
In addition, according to the affect-as-information theory (e.g., Clore & Huntsinger,
2007; Clore & Huntsinger, 2009; Huntsinger, 2013; Isbell, Lair, & Rovenpor, 2013),
affective cues are adaptive and serve to provide individuals with information (e.g., personal
values) about their current psychological environment. Different forms of affect appear to
influence cognitive processing style. For instance, positive affect generally validates
accessible cognitions and negative affect invalidates accessible cognitions, leading to
relational processing and item-specific processing, respectively (Clore & Huntsinger, 2007).
According to Clore and Huntsinger (2007), the validation of accessible cognitions means that
as an individual engages in relational processing, relating incoming information to what is
already known or believed – a processing occurs that is cognitive, interpretive and global
(broad attention). The invalidation of accessible cognition means that this relating process is
inhibited, generating item-specific processing that is perceptual and local (narrow attention).
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In the context of sleep deprivation, a sleep-deprived individual is likely to feel low positive
affect and high negative affect relative to baseline; thus, according to Clore and Huntsinger
(2007), the worsened affective state is likely to invalidate accessible cognitions in the sleepdeprived individual, potentially loading the individual likely to perceive information in a
myopic or non-constructive manner (e.g., focusing on the negativity of the situation, passive
rumination), which might influence regulatory attempts. These lines of evidence provide
reasons to consider mood as a potential direct predictor of mood regulation in the context of
the present research.
1.6.2 Impact of sleep deprivation on mood regulation. Having established the
relevance of mood regulation and its related constructs in this research, I now review the
existing evidence of how sleep deprivation affects the capacity for mood regulation.
Preliminary empirical evidence suggests sleep deprivation is likely to have a direct adverse
impact on mood regulation. Specifically, it has been found that sleep deprivation reduces
general emotional and behavioural coping (Killgore et al., 2008). An acute sleep deprivation
of 55.5 to 58 hours was associated with lower self-reported scores on stress management
(e.g., reduced impulse control) and behavioural coping (e.g., reduced positive thinking and
action orientation). The reduction in stress management suggests that a sleep-deprived
individual might be more emotionally reactive to negative stimuli, while the reduction in
behavioural coping suggests that sleep deprivation might result in a person adopting a more
passive approach to coping. However, this study focused on a subset of the outputs of
emotion regulation, leaving uninvestigated the prior components of mood awareness,
evaluation and decision-making about the need for regulation.
In addition to self-reported coping, studies adopting objective measures have found
that sleep-deprived individuals demonstrate greater emotional reactivity than well-rested
individuals when presented with negative stimuli (Franzen et al., 2009; Yoo et al., 2007). A
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35-hour period of sleep deprivation was found to induce 60% additional amygdala activation,
measured using functional magnetic resonance imaging, in a sleep-deprived group compared
to a control group (Yoo et al., 2007). This increased magnitude of limbic activity was
associated with a loss of functional connectivity with the medial prefrontal cortex in the
sleep-deprived group, suggesting a neural substrate for increased emotional reactivity.
Consistent with this finding, a review commenting on the relationship between poor sleep and
hostile behaviours postulated that sleep loss in adults causes deficiency in prefrontal cortical
activity, a potential mediator between sleep loss and aggression (Kamphuis, Meerlo,
Koolhaas, & Lancel, 2012). If aggressive impulse inhibition reduces with sleep deprivation, it
is likely that the same might happen to the inhibition of other prepotent emotional responses
(e.g., holding back the expression of sadness), and that other regulatory responses might also
be affected, since both inhibition and regulation require active cognitive effort (Amodio,
Master, Yee, & Taylor, 2008). Hence, the cortical deficiency associated with the increased
emotional reactivity (Yoo et al., 2007) and reduced impulse inhibition (Kamphuis et al.,
2012) might generalise to other aspects of emotional regulation after sleep deprivation. In
view of these findings, it is likely that sleep-deprived individuals have impaired capacity for
mood regulation alongside deteriorated mood states, even though they might evaluate their
deteriorated mood states as undesirable.
1.6.3 The process of mood regulation recovery. With the prediction that mood
regulation might be impaired after sleep deprivation, the next step is to understand how mood
regulation recovers subsequently. To date, there is no study that tracks the regulatory capacity
of recovering sleep-deprived individuals. According to Mayer and Stevens’ (1994) model, the
first sign of mood regulation recovery might begin with mood appraisal. Mood recovery is a
subjective phenomenon that may be interpreted differently by researchers and participants.
Self-reported mood scores may not reflect how the individual evaluates the recovering mood.
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The subjective perception of mood recovery is important information because the
participants’ criteria for full mood recovery may differ from that of researchers. The
participants might depend on overall emotional experience, whereas the researcher might
largely depends on baseline data of faceted mood states (e.g., depression, vigour).
As theorised by Mayer and Stevens (1994), mood appraisal subsequently influences
the function of mood regulation. The ability to adopt the appropriate form of mood regulation
in a flexible manner provides an indication that the recovering individual has the capacity to
equilibrate their emotions (Larcom & Isaacowitz, 2009). Current literature suggests that sleep
deprivation is likely to impair this regulatory process. Firstly, acute sleep deprivation affects
frontal lobe cortices associated with emotional processing and these brain cortices require
more than one sleep opportunity to fully recover (Wu et al., 2006). Secondly, sleep-deprived
individuals are likely to show greater emotional reactivity than well-rested individuals when
presented with negative stimuli (Franzen et al., 2009; Yoo et al., 2007). Thirdly, poor sleep is
linked to hostile behaviours via the reduction in prefrontal cortical activity after sleep loss
(Kamphuis et al., 2012). These lines of evidence suggest that active mood regulation might
be expected to be impaired in the days following sleep deprivation. Therefore, even when
mood is appraised to be undesirable and the sleep-deprived/recovering individuals respond by
decreasing mood maintenance, mood repair might not necessarily be functionally activated to
regulate the worsened mood states. In this scenario, impaired mood regulation might delay
complete emotional recovery after acute sleep deprivation.
1.7 Advantages of naturalistic design in sleep recovery
At this juncture of the review, I have explored two main strategies a sleep-deprived
individual might utilise to recover after sleep deprivation: (1) behavioural strategies (i.e.,
sleep extension, daytime napping and caffeine consumption), and (2) cognitive strategies
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(i.e., mood repair). To provide a realistic depiction of the utilisation and outcomes of these
strategies following sleep deprivation, freedom of access to these strategies is ideal. While
the employment of cognitive strategies is usually unobstructed, behavioural strategies have
been restricted in earlier sleep recovery studies (e.g., Ikegami et al., 2009), with prescribed
night sleep duration, and no allowance for napping or caffeine consumption. Given that
sleep-deprived individuals are likely to self-regulate when given the choice (National Sleep
Foundation, 2008), behaviourally and/or cognitively, and little is known about the use and
relative outcomes of these strategies after sleep deprivation, a naturalistic approach to
studying the effects of acute sleep deprivation and sleep recovery would advance
understanding of the self-regulatory capacities of sleep-deprived individuals.
1.8 Individual differences for research considerations
The use of a naturalistic design allows the emergence of various individual
differences that should be considered. As discussed above, the importance of accounting for
the various behavioural sleep recovery strategies (sleep extension, daytime napping and
caffeine consumption) was recognised. Other important individual differences that might
influence the outcome of this research include: (1) chronotype and sleep behaviours, (2) age,
and (3) gender.
1.8.1 Chronotype and sleeping behaviours. In healthy individuals, morningness and
eveningness have been found to have opposite effects on emotional response to sleep
deprivation. In a study that engaged 30 healthy volunteers in a 24-hour sleep deprivation
period, the morning-evening questionnaire was administered to identify the two groups of
participants (15 morning- and 15 evening-type participants; Selvi, Gulec, Agargun, &
Besiroglu, 2007). During sleep deprivation, the participants remained at a sleep clinic doing
usual activities (e.g., watching television, playing games). The POMS was administered

49

before 2200 hours (the night prior to sleep deprivation) and at 0800 hours (the morning after
sleep deprivation). The results that emerged were (a) after post hoc testing of the trajectory
over time for both groups, the changes in depression-dejection scores of evening-type
participants were found to be significantly different from the changes in morning-type
participants after the sleep deprivation (p < .01), and (b) the nature of this difference was that
a significant increase from baseline was found in the depression subscale among morningtype participants and a significant decrease from baseline was found in the depression
subscale scores among evening-type participants after the acute sleep deprivation.
An apparent limitation in this study is that all participants had their data collected at
the standard timing of 2200 hours (previous night) and 0800 hours (next morning). This
procedure did not account for the different sleep-wake behaviours of the two chronotypes.
Morning-type individuals may have the expectation of being active in the morning hours;
thus, the deactivating effects of the sleep debt may render them more depressed than usual.
By contrast, evening-type individuals may still be asleep usually at 0800 hours; thus, with
feeling tired after sleep deprivation, they may experience no substantial dissonance in
expectations. Collecting data at these timings may be a particular disadvantage to the
morning-type individuals. To better isolate the effects of sleep deprivation on morning-type
and evening-type individuals, data should be collected during their usual sleep/wake hours. In
essence, the two chronotypes have differing preferences in the way they structure their daily
activities. Hence, at a given timing, morning-type and evening-type individuals may
encounter varying experiences, which may have a bearing on how they feel.
The above difference in structuring daily activities might be due to the influence
chronotype exerts on the accumulation of sleep pressure throughout the day. A study
evaluated the homeostatic sleep process in 18 participants (nine morning-types and nine
evening-types) under daily life conditions (Taillard, Philip, Coste, Sagaspe, & Bioulac,
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2003). Sleep pressure (or the need for sleep) rises during waking, declines during sleep and
increases with sleep deprivation. The build-up or dissipation of sleep pressure generally
resembles an exponential function. In the study, the build-up of SS was found to be slower in
the evening-type participants than the morning-type participants. Another difference is that
the morning-type participants demonstrated a bimodal rhythm of sleep-wake propensity, with
two peaks of SS within 24 hours (mid-afternoon and at night), while the evening-type
participants demonstrated a monophasic rhythm of sleep-wake propensity, with one peak of
SS within 24 hours (at night). These findings suggest that, in a naturalistic setting, morningtype individuals are likely to encounter, and thus be required to mitigate, a greater level of SS
than evening-type individuals in the context of acute sleep deprivation. If sleep deprivation is
set to begin at the same time for both chronotypes in a sleep laboratory, this study shows that
morning-type participants are likely to enter the deprivation period (i.e., staying awake when
they are usually asleep) earlier than the evening-type participants; possibly resulting in a
larger dose of sleep loss effects on the morning-type participants than the evening-type
participants at the end of the acute sleep deprivation.
Besides differences in sleep-wake behaviours between the chronotypes, each
chronotype has different emotional predisposition that might influence how they react to an
adverse circumstance (e.g., acute sleep deprivation). There is increasing evidence to suggest
that evening-type individuals are at increased risk for depression (e.g., Berdynaj et al., 2016;
Hidalgo et al., 2009; Horne, Marr-Phillips, Jawaid, Gibson, & Norbury, 2017). In terms of
emotional processing, evening chronotype was associated with increased recognition of sad
facial expressions and reduced allocation of attentional resources to happy faces, suggesting a
degree of negative bias in emotional processing in evening-type participants that may, in part,
mediate the vulnerability of these individuals to depression (Berdynaj et al., 2016). Another
study also found that evening chronotype was associated with increased recognition of sad
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facial expressions independently of sleep quality, mood, age and gender (Horne et al., 2017),
reinforcing the notion of negative bias in emotional processing in evening-type individuals.
In terms of general emotional predisposition, a cross-sectional survey with 6436 participants
found that evening chronotype was associated with less emotional control, coping, volition,
and caution, and more affective instability and externalization, than morning chronotype
(Ottoni, Antoniolli, & Lara, 2012). These lines of evidence suggest that evening-type
individuals might be more emotionally vulnerable than morning-type individuals
immediately after acute sleep deprivation.
1.8.2 Age. The evidence suggesting that age has an influence on the effects of sleep
deprivation has not been consistent. A study by Brendel et al. (1990) found that older
participants were more resistant to the emotional ill-effects of acute sleep deprivation
compared to younger participants. An average of 40 hours of acute sleep deprivation was
monitored in a sleep laboratory with 24 participants (10 80-year-olds and 14 20-year-olds).
Young participants had no current active medical illnesses indicated by physical and
neurological examinations. Old participants on medication and under a physician’s care for
stable medical illnesses were considered eligible for the study. All participants had normal
blood counts, chemistry screens, thyroid function tests and urine analyses. During the three
nights of baseline sleep, the young and old participants had different waking (young: M =
06:29, SD = 1:32 hrs; old: M = 07:33, SD = 1:46 hrs) and sleep (young: M = 23:11, SD = 0.49
hrs; old: M = 23:54, SD = 1:15 hrs) times, with the old participants sleeping significantly
more than the young participants. During the daytime period of the sleep deprivation,
participants could choose to leave the laboratory and be accompanied by friends or relatives
to ensure that they would not nap.
Results from the POMS suggested that both groups experienced mood disturbance
during the sleep deprivation, but the younger group scored significantly higher than the older
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group on anger, depression, fatigue, confusion and total mood disturbance. Results from
visual analogue scales also suggested that the younger group rated significantly lower on the
global vigour score than the older group, one day following sleep deprivation. This study may
provide support for the view that acute sleep deprivation might affect younger people more
drastically, in numerous mood facets, than older people. However, the Brendel et al. (1990)
study was quasi-experimental that tested the effect of age by selective grouping.
Consequently, there may have been an attrition effect whereby those past 80 years of age and
who were fit to participate in this study may have been inherently more resilient and able to
manage mood fluctuations. It remains a challenge for studies to gather a representative
sample of older participants, as certain biological processes of aging, such as medical
conditions and cognitive deterioration, may disqualify a considerable portion of the
demographic by default. Additionally, there may have been a cohort effect whereby this
group of older participants might have experienced common periods of history that might
have contributed to their overall emotional resilience (e.g., economic strife). Thus, their
resilience to sleep deprivation might not have been solely due to the effects of age. To
account for cohort effects, a longitudinal approach tracking how individuals experience sleep
deprivation across time could be adopted.
Conversely, among adolescents and young to middle-aged adults, age does not appear
to play a crucial role in the effects of sleep deprivation. A study by Talbot et al. (2010)
induced sleep deprivation in 20 early adolescents (M = 11.50 years old, SD = .83), 24 midadolescents (M = 14.29 years old, SD = .86) and 20 adults (M = 41.20 years old, SD = 9.97)
over 22 hours. Adults over 60 were excluded due to age-related changes in the sleep-wake
cycle. PANAS and Stanford Sleepiness Scale were used as the mood measurement
instruments. Compared to baseline, the participants reported significantly less positive affect
(p < .001; np2 = .38) after sleep deprivation. However, age group did not have a significant
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effect on positive affect after sleep deprivation. Participants reported more sleepiness after
the sleep deprivation as compared to baseline condition (p < .05) but, again, age group did
not have a significant effect on sleepiness after sleep deprivation. This study does not support
the notion that age moderates the effects of sleep deprivation, among adolescents and adults,
at least.
Comparing the findings of these studies (Brendel et al., 1990; Talbot et al., 2010), it is
still unknown whether age plays a moderating role in the effects of acute sleep deprivation.
The Brendel et al. (1990) study reported that older adults were more resilient than younger
adults, while the Talbot et al. (2010) study reported that adolescents and young to middleaged adults did not respond significantly differently from one another after sleep deprivation.
It is not clear why emotional resilience to sleep deprivation would differentiate drastically
near the age of 80, with the 80-year-olds being more emotionally resilient than younger
adults, while the younger adults and adolescents do not experience sleep deprivation much
differently from each other.
The socioemotional selectivity theory may provide some insight into the apparent
emotional resilience of older adults. The theory maintains that a perceived limitation on time,
which may become more salient with age, leads to motivational shifts that direct attention to
emotionally meaningful goals, which could lead to better emotional regulation experienced in
everyday life (Carstensen, Fung, & Charles, 2003). This theory has received some support
(Charles, Mather, & Carstensen, 2003), with older adults showing a recall bias towards
positive and neutral stimuli, and away from negative stimuli compared to younger adults, and
similar results emerging for autobiographical memories (Kennedy, Mather, & Carstensen,
2004; Mather & Carstensen, 2005). Nevertheless, it is still unknown whether this positive
bias applies to the experience of emotions. Moreover, it is unclear whether such positivity
bias still exerts a strong influence after the older adults are sleep-deprived – a condition that
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has not been induced in cognitive positivity bias studies. The condition of sleep deprivation is
an important factor to consider in the context of positivity bias because sleep deprivation is
known to worsen the cognitive facets of metacognition (Beebe et al., 2008), attention (Lim &
Dinges, 2008) and decision making (Harrison & Horne, 2000), which may be the cognitive
substrates underlying positivity bias. Age, then, deserves further investigation in this context.
1.8.3 Gender. While the existing literature does not provide evidence of genderrelated differences pertaining to the emotional outcomes of sleep deprivation, there are
overarching differences in how each gender generally experiences emotional states, which
might influence the outcomes of research in this field. In experiencing emotions, gender
differences have been found on numerous levels: (1) intensity, (2) duration, (3) expression
and (4) physiological response. Compared to men, women tend to have a more intense overall
emotional experience (Grossman & Wood, 1993), and for both positive affect (Fujita, Diener,
& Sandvik, 1991) and self-reported distress (Birditt & Fingerman, 2003). Distress reactions
were also found to last for a longer duration in women than men (Birditt & Fingerman, 2003).
Women have been found to be more facially expressive than men in both positive and
negative emotions, as well as being more dispositionally expressive than men on a self-report
measure of expressivity (Kring & Gordon, 1998). In terms of physiological response, women
evinced more extreme electromyography response than men, suggesting that general genderrelated differences in emotional experiences are not only limited to self-report (Grossman &
Wood, 1993). Overall, these factors suggest that there might be a disparity in how women
experience and express the emotional outcomes of acute sleep deprivation, as compared to
men.
On a pertinent note related to gender differences in emotional regulation, one study
found that, while men and women evinced comparable decreases in negative emotional
experience when asked to down-regulate their emotional responses to negatively valenced
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pictures, the neural processes engaged by each gender differed, as measured using functional
magnetic resonance imaging (McRae, Ochsner, Mauss, Gabrieli, & Gross, 2008). This study
found that women tended to use positive emotions in the service of reappraising negative
emotions to a greater degree than men, while men tended to expend less effort when using
cognitive regulation than women. Given the different mechanisms of emotional regulation
employed by each gender, gender-related differences in regulation might emerge after sleep
deprivation is experienced that involve cognitive-related consequences. Consequently, further
research on the moderating effects of gender on the sleep deprivation-mood relationship is
warranted.
1.9 Program of study
This research project aims to investigate the effects of acute sleep deprivation and
sleep recovery on mood and mood regulation. Having reviewed the existing literature, a
range of questions have been identified that will be examined systematically in the proposed
research project. The first part of this research pertains to the emotional consequences of
acute sleep deprivation. Knowing that positive affect is affected by sleep deprivation to a
larger degree than negative affect (see section 1.2), I aim to test whether sleep deprivation
affects specific facets of positive affect and negative affect uniformly. Secondly, expanding
the emotional domain of sleep deprivation research, I aim to delineate how the capacity for
mood regulation, as outlined by the validated dimensions of meta-mood experience of Mayer
and Stevens (1994), might be adversely influenced by sleep deprivation. Thirdly, by
administering sleep deprivation in a naturalistic setting, in which participants undergo sleep
deprivation in alignment with their individual chronotypes and usual sleep behaviours, (see
section 1.8.1), I aim to test whether mood outcomes differ compared to those reported in
laboratory studies (e.g., Ikegami et al., 2009). A disadvantage of using a naturalistic setting is
that it allows a possibly pivotal factor to vary amongst the participants: overnight activities
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(defined as the activities undertaken during the sleep deprivation period). However, I will
take advantage of this variation to investigate whether these activities themselves influence
the emotional outcomes of sleep deprivation.
The second part of this research project will examine the subsequent recovery process
after sleep deprivation. Firstly, having uncovered how specific positive affect facets and
specific negative affect facets are affected by acute sleep deprivation, their recovery
trajectories over a three-day period will be outlined. Secondly, if the dimensions of metamood experience are found to be impacted by sleep deprivation, their recovery process over
the following three recovery days will also be outlined. Thirdly, taking advantage of the
naturalistic setting, whereby participants have the freedom to access sleep recovery strategies
(i.e., night sleep extension, daytime napping and caffeine consumption; National Sleep
Foundation, 2008), their relative efficacies in assisting mood and mood regulation recovery
after sleep deprivation will be explored. Fourthly, once the effects of sleep deprivation and
subsequent recovery have been established, age and gender will be factored in to investigate
whether they influenced these changes over time.
The third part of this research will investigate the theoretical underpinnings of mood
regulation. As highlighted across the various models of emotional regulation and mood
regulation, regulatory responses are primarily influenced by mood/emotional appraisal (e.g.,
Gross, 2015; Larsen, 2000; Mayer & Stevens, 1994; Webb et al., 2012; see section 1.6.1).
However, lines of evidence suggest that mood/emotions might play a more direct/proximal
role on regulatory responses than currently postulated by these various models (see section
1.6.1). Therefore, to verify whether the prevailing conceptualisation of mood regulation
applies in the current research context, this research will examine the relationships between
mood, mood evaluation/appraisal and mood regulation at the various stages of sleep
deprivation (i.e., baseline, after sleep deprivation, during recovery).
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The next chapter will describe the overarching methodology used in this research
program (Chapter 2). Investigation 1 (see Chapter 3) will focus on the sleep deprivation
phase to outline how mood and mood regulation change after 24 hours of sleep loss.
Collectively, Investigations 2 and 3 aim to identify behavioural factors that might mitigate
sleep deprivation effects and enhance subsequent emotional recovery, within a naturalistic
setting. Investigation 2 (see Chapter 4) will examine the status of emotional recovery of
sleep-deprived participants one day after acute sleep deprivation, and will also explore the
roles played by the various potential enhancers of recovery (i.e., night sleep, daytime naps
and caffeine consumption) on the measured recovery one day after sleep deprivation, while
controlling for the effects of age and gender. Investigation 3 (see Chapter 5) will examine the
influences of overnight activities on the effects of sleep deprivation, while controlling for the
effects of age and gender. Investigation 4 (see Chapter 6) will explore the emotional recovery
trajectories of mood, mood evaluation and mood regulation over the three days after sleep
deprivation. Finally, Investigation 5 (see Chapter 7) will test the working model proposed by
Mayer and Stevens (1994) from baseline to three days after sleep deprivation, firstly, to
validate whether this working model accurately depicts the relationships of mood, mood
evaluation and mood regulation at the various time points and, secondly, to investigate how
sleep deprivation might potentially disrupt these relationships. Taken together, this research
project will contribute an original body of work that details how our emotional system
changes with sleep loss and recovery. Such knowledge will be useful in many contexts (e.g.,
occupational, educational), particularly when the welfare and performance of sleep-deprived
individuals are of concern.
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Chapter 2
General Methodology
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This chapter outlines the research methodology used in this project, and provides the
overall structure for the empirical studies. An overview of the research methods and design,
participants, materials and instruments, general procedure, data analytic approaches, and
ethical considerations is presented. From this general methodology, three main investigations
and two follow-up investigations were derived, as detailed later. In the presentation of the
respective investigations, separate method sections are included to describe the specific
participants, materials and procedures relevant to the aims of those investigations.
2.1 General research design and setting
The study took place in a naturalistic setting, whereby participants underwent sleep
deprivation in their usual environment (e.g., at home), as this research sought to avoid the
reported ill-effects of the laboratory setting on mood and sleep patterns (Paterson et al., 2013;
see section 1.3.2). A 24-hour sleep deprivation protocol was implemented, as previous
research suggests 24 hours to be a suitable duration to induce emotional changes of large
effect size (see section 1.3.1). Because individual differences in chronotype and sleeping
behaviours have been shown to influence mood outcomes after sleep deprivation (see section
1.8.1), the sleep deprivation period in the present study was individually scheduled to
encompass the usual sleeping hours of each participant. Baseline data were gathered over
three days in the week preceding sleep deprivation, using an online platform, which
participants could access from home. Data were also recorded online for the 3-day recovery
period following sleep deprivation.
The study encompassed both experimental and correlational designs. The first 36
participants were paired and randomly allocated to experimental and control conditions,
whereby the controls underwent their sleep deprivation one day after the experimental
participants, allowing direct comparison of the two groups in a 2 (group: sleep-deprived and
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control) x 2 (time: before and after experimental protocol) factorial design (see Figure 2.1).
This design also permitted within-subjects comparisons over time to be made for the entire
sample of participants, and correlational methods to be applied to assess individual
characteristics and behaviours associated with outcomes for mood and mood regulation (see
Figure 2.1).
The independent variable of this research was sleep. During the sleep deprivation
stage, sleep was manipulated by prohibiting participants from napping or sleeping for 24
hours. During the baseline and recovery stages, sleep was measured rather than manipulated
and participants were allowed to nap and sleep at will.
The dependent variables of this research were (1) mood (Lane & Jarrett, 2005),
including negative affect (anger, confusion, depression, fatigue and tension) and positive
affect (calmness, happiness and vigour), and (2) mood regulation (Mayer & Stevens, 1994),
including meta-evaluation (clarity, acceptance, typicality and influence) and meta-regulation
(mood repair, maintenance and dampening). These variables were assessed daily during the
baseline and recovery stages.
Several additional variables were measured as potential covariates or moderators of
effects. These included overnight activities during sleep deprivation (see section 1.9),
including their level of physical exertion, mental exertion, and enjoyableness; the recovery
strategies of extended night sleep, daytime naps and caffeine consumption (see section 1.5)
during the recovery period; and age and gender (see sections 1.8.2 and 1.8.3).
2.2 Participants
Volunteers were students recruited from a Western Australian university. A total of
63 participants (17 males, 46 females), ages ranging from 18 – 55 years (M = 24.16, SD =
8.45), successfully completed this experiment. Three additional volunteers were screened out
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due to existing sleep problems (e.g., sleep apnea) or medical conditions (e.g., clinical
depression) that could be aggravated by sleep deprivation. Three initial participants dropped
out part-way through the study due to the inability to complete the sleep deprivation protocol.
Participants were allowed to nominate their preferred day of the week to undergo sleep
deprivation. For the first, experimental, phase of this research, participants nominating
consecutive preferred days for sleep deprivation (see section 2.4) were then allocated to
matched pairs representing the experimental and control conditions, respectively. At the end
of the research, psychology students were awarded seven credit hours to be used towards
their subject pool participation requirement; non-psychology students were entered into a
draw for a Fitbit Charge HR. All participants were given a coffee voucher and a sleep report
summarising their sleeping hours, as recorded by the Fitbit Charge HR during the
experiment.
The pool of participants was incrementally recruited throughout the duration of this
project (recruitment phase of the project lasted 15 months). Therefore, the investigations
reported in this research vary in sample size, depending on the recruited total sample for each
investigation at that time. As such, 36 participants were recruited for the first, experimental,
phase (see Chapter 3), 57 participants were recruited for the second major phase (see Chapter
4; Chapter 5 as follow-up investigation) and 63 participants were recruited for the third major
phase (see Chapter 6; Chapter 7 as follow-up investigation). Each specific sample of
participants will be described in the context of its respective investigation. A priori power
analysis (conducted using G*Power; Faul, Erdfelder, Lang, & Buchner, 2007), using effect
sizes reported by another home-based sleep deprivation study (Kaida & Niki, 2014),
indicated that 18 participants would allow the detection of a large effect (d = .7) with 80%
power using a repeated measures t-test and employing the traditional .05 criterion of
statistical significance using. The final sample of 63 would enable the detection of within-
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subjects effects as small as d = .36 with 80% power. Additionally, regarding the exploratory
correlational analyses, using G*Power, I conducted a post hoc achieved power analysis using
the recruited sample of 63 participants (see Chapters 4 and 5). When employing the
traditional .05 criterion of statistical significance using multiple regression (R2 increase) with
six predictors and a medium effect size (f2 = .15), the achieved power was .86.
2.3 Materials
2.3.1 Mood. The 32-item version of the Brunel Mood Scale (BRUMS; Lane & Jarrett,
2005) was used to assess mood (see Appendix A). The BRUMS is an adaptation of the
POMS. Although the POMS is widely used in sleep deprivation studies (e.g., Kamdar,
Kaplan, Kezirian, & Dement, 2004; Lund et al., 2010), it is fundamentally designed for use
with clinical populations (Curran, Andrykowski, & Studts, 1995), whereas the BRUMS is
designed for use on the normative adult and adolescent population (Terry, Lane, & Fogarty,
2003). The BRUMS measures the eight different mood factors of anger (e.g., “badtempered”, “angry”), confusion (e.g., “muddled”, “uncertain”), depression (e.g., “depressed”,
“miserable”), fatigue (e.g., “sleepy”, tired”), tension (e.g., “anxious”, “panicky), calmness
(e.g., “calm”, “relax”), happiness (e.g., “content”, “satisfied”) and vigour (e.g., “lively”,
“energetic”), on a 5-point scale from 0 (not at all) to 4 (extremely). The factor structure of the
first six of these scales (included in the original 24-item version of the BRUMS) has been
validated via confirmatory factor analysis (Terry et al., 2003) within various samples. These
include adult student populations, where χ2/df ratios met the criterion value for a good fit,
RMSEA values were acceptable, and the CFI and TLI values fell within benchmarks (Terry
et al., 2003). The 32-item BRUMS (Lane & Jarrett, 2005) to be used in this study adds two
more subscales, namely calmness and happiness, to the previous 24-item BRUMS. The
revised version of BRUMS displayed high internal consistency, ranging from .84 to .89 (Lane
& Jarrett, 2005). The BRUMS has also been previously used as an online mood state
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profiling tool (Terry & Lim, 2011), befitting its purpose for use in online assessment for this
research. In a previous study of sleep profiles and mood states in adult athletes, the BRUMS
has been demonstrated to be sensitive to daily mood changes (Pedlar et al., 2007). The
BRUMS was selected as the mood measure as it fulfils the requirement of a measure
providing balanced representation of positively and negatively valenced mood facets, as these
may differ in their sensitivity to sleep deprivation (e.g., Franzen et al., 2008), as well as
allowing detailed analysis of specific mood facets.
2.3.2 Meta-mood experience. The State Meta-Mood Scale (SMMS; Mayer &
Stevens, 1994) measures a person’s current state of mood regulation in two domains: metaevaluation and meta-regulation. Mayer and Stevens (1994) factor analysed the responses of
225 college students on the SMMS and identified these two dimensions of mood regulation.
Within the meta-evaluation domain, there are four subscales of three items each: clarity (e.g.,
“I know exactly how I’m feeling”), acceptance (e.g., “There’s no need to change how I feel”),
typicality (e.g., “I feel this mood often”), and influence (e.g., “This mood alters my outlook”).
In the meta-regulation domain, there are three subscales of five items: repairing (e.g., “I’m
thinking good thoughts to cheer me up”), dampening (e.g., “I am trying to relax because the
mood is too high”), and maintenance (e.g., “I don’t want to change this mood”). The items in
each domain are rated on a 5-point scale, from 1 (definitely disagree) to 5 (definitely agree).
For the meta-evaluation domain, participants were asked to review their current mood, and
describe their thoughts and feelings about their mood and its influence on them at the
moment. For the meta-regulation domain, participants were asked to describe their present
approach to their mood. High internal consistencies were reported for the four metaevaluation scales and three meta-regulation scales, ranging from α = .75 to .87 (Mayer &
Stevens, 1994). Using confirmatory factor analyses, Mayer and Stevens (1994) tested the
four-factor evaluative model and three-factor regulatory model against an oblique factor
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model, which specified that items could load only on their hypothesised factor, that factors
had unit variance and could intercorrelate, and that error variances were unique and
uncorrelated (Joreskog & Sorbom, 1989). Although the chi-square statistics for the fourfactor evaluative and three-factor regulatory models were statistically significant (evaluative
model: χ2 = 106.9, p < .001; regulatory model: χ2 = 135.1, p < .001), suggesting misfit, given
sufficient sample size, chi-square is relatively uninformative as any real-world data set should
diverge from such a rigid hypothetical model because it will be at least “minimally false”
(Bentler & Bonett, 1980). According to the goodness-of-fit statistic, the hypothesised factor
structures explained 92% of the variance for the evaluative scales, and 92% for the regulatory
scales. Another indication of the overall good fit of the factor models was that each individual
item loaded significantly on its predicted factor, without exception (evaluative item t’s = 6.8
to 19.3, p < .001; regulatory item t’s = 6.0 to 14.5, p < .001).
The SMMS is a suitable measure for the current research because it is a state-based
measure of mood regulation, and thus would be responsive to the immediate effects of sleep
deprivation and sleep recovery, in contrast to other measures based on traits (e.g., Salovey,
Mayer, Goldman, Turvey, & Palfai, 1995). Additionally, the SMMS measures mood
evaluation and mood regulation separately, which enables the depiction of the relationship
between mood, mood evaluation and mood regulation. Given that the existing literature
suggests that the appraisal stage is likely to be the main predictor of regulatory responses
(e.g., Larsen, 2000), the SMMS provides the necessary validated domains to test whether this
appraisal approach to mood regulation is sufficient to describe the process of mood regulation
relevant to the sleep deprivation context.
As a result of piloting all the measures used in this study, minor adjustments were
made to the wording of the SMMS items to improve the measure’s comprehensibility for the
intended sample (see Appendix B). The adjustments involved: (1) changing the wording of
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the rating anchors to reflect level of agreement with the statement rather than description of
mood, (e.g., from “definitely does not describe my mood”, to “definitely disagree”), so that
the anchors were equally applicable to all items, (2) changing the words “it” to “this mood”
when relevant (e.g., from “it’s very typical for me”, to “this mood is very typical for me”),
and (3) re-wording one double negatively-worded item (i.e., from “I’m not ashamed of my
mood”, to “it’s ok for me to feel this way”). To reduce redundancy and minimise completion
time, three of Mayer and Stevens’ (1994) original six evaluation items, which were reversescored versions of the other three, were dropped. With the adjustments made, high internal
consistencies for the seven scales were maintained, ranging from α = .71 to .87. To ascertain
whether the adjusted SMMS items retained similar psychometric properties to those reported
by Mayer and Stevens (1994), the intercorrelations of the adjusted SMMS (using baseline
scores) were compared with their reports, as were the correlations of the adjusted SMMS and
that of Mayer and Stevens (1994) with the respective mood measures (i.e., pleasantunpleasant mood [Mayer & Stevens, 1994]; the BRUMS [our present research]; see Tables
2.1 and 2.2 for correlational results).
The adjusted SMMS demonstrated similar intercorrelations between the metaexperience scales to those reported by Mayer and Stevens (1994). Although the adjusted
version did not reproduce some significant correlations observed in their original study, such
as the intercorrelations observed with mood influence, the directions of most correlations
were maintained. The lack of significant correlations might be due to the smaller sample size
(N = 63), relative to Mayer and Stevens (1994; N = 225). In terms of the relationships
between mood maintenance and mood evaluation facets, in line with Mayer and Stevens
(1994), among the present participants, higher mood maintenance was associated with higher
mood clarity, mood acceptance and mood typicality. In terms of the relationships between
mood repair and mood evaluation facets, this research found, in line with Mayer and Stevens
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Table 2.1
Intercorrelations of the Meta-Experience Scales and Correlations with Pleasant-Unpleasant
Mood (Mayer & Stevens, 1994; N = 225)

Variables
Clarity
Acceptance
Typicality
Influence
Pleasant-unpleasant mood
Mean
SD
Number of items
* p < .05, ** p < .001

Cl

.26*
21.0
5.1
6

Meta-experience scales
Evaluation
Regulation
Ac
Ty
In
Re
Da
.47*
.17*
-.25*
-.02
.10
.38*
-.27*
-.23*
-.06
.05
-.18*
-.12
.07
-.19*

Ma
.22*
.54*
.49*
-.02

.61*
23.9
4.9
6

.59*
21.4
3.4
5

.49*
17.8
4.9
6

-.15*
16.2
5.3
6

-.13
16.8
5.3
5

-.05
15.6
5.0
5

Note. Cl = clarity, Ac = acceptability, Ty = typicality, In = influence, Re = repair, Da =
dampening, Ma = maintenance. Four-factor evaluative scales have six items each (total score
for each factor = 30), three-factor regulatory scales have five items each (total score for each
factor = 25).

Table 2.2
Intercorrelations of the Meta-Experience Scales and Correlations with the BRUMS,
Categorised into Positive Affect and Negative Affect (Present Sample; N = 63)

Variables
Clarity
Acceptance
Typicality
Influence
Positive affect
Negative affect
Mean
SD
Number of items
* p < .05, ** p < .001

Cl

.39*
-.25*
11.5
1.8
3

Meta-experience scales
Evaluation
Regulation
Ac
Ty
In
Re
Da
.44*
.46*
-.21
-.23
-.18
.35*
-.10
-.23
-.19
-.17
-.40*
-.12
.61*
.49*

Ma
.34*
.70*
.44*
-.003

.25*
-.60*
11.2
1.8
3

.40*
-.50*
17.2
3.0
5

.23
-.22
10.4
1.8
3

-.11
.22
9.0
2.5
3

-.23
.34*
13.2
3.9
5

-.23
.20
8.5
2.7
5

Note. Cl = clarity, Ac = acceptability, Ty = typicality, In = influence, Re = repair, Da =
dampening, Ma = maintenance. Four-factor evaluative scales have three items each (total
score for each factor = 15), three-factor regulatory scales have five items each (total score for
each factor = 25).
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(1994), that higher mood repair was associated with lower mood typicality and mood
acceptance (though not significantly so). The present data set revealed an additional finding
that higher repair was associated with higher mood influence, which was not found in the
original study, but consistent with their theory. Additionally, unlike the original study, this
research found that higher mood influence was associated with higher mood dampening
(which is consistent with their theory), implying that, in the present population, engaging
corrective strategies (i.e., repair and dampening) might be conditional upon mood having a
subjective influence on the individual.
Similarly, the current correlational findings for SMMS and mood mostly replicated
those observed in Mayer and Stevens (1994), in descriptive terms if not statistical
significance. Higher positive affect and lower negative affect were associated with higher
mood clarity, mood acceptability, mood typicality (not significant), and mood maintenance,
and lower mood influence (not significant), mood repair (not significant) and mood
dampening (not significant).
2.3.3 Overnight activities. An overnight activity log was provided for the
participants to record their experiences of the various activities that they participated in
during the overnight period (defined as the period when they were awake overnight, when
they would have been asleep on a normal day). In this log, the participants described the
activities in a few words (e.g., doing household chores) and the duration of time they spent in
each activity, in chronological order. Additionally, for each activity, they rated their
perceived physical and mental exertion, from 1 (very light) to 5 (very heavy), adapted from
the perceived exertion scale (Varghese, Saha, & Atreya, 1994). This perceived exertion scale
measures the subjective feeling of exertion and has been strongly correlated with
physiological responses when engaged in activities (Varghese et al., 1994). However, given
that a physically exertive activity (e.g., cleaning the house, exercising) might be experienced
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quite differently from a mentally exertive activity (e.g., revising for exams, work planning),
physical exertion and mental exertion were measured separately, to avoid participant
confusion. The participants also rated their perceived level of enjoyment for each activity
from 1 (low) to 5 (high), to gauge the degree of interest/pleasure they derived from the
activity.
2.3.4 Objective measures of sleep/wakefulness. The Fitbit Charge HR
(manufactured by Fitbit Inc.) was used in this study to monitor the participants’ sleeping
behaviours. It uses an algorithm to measure objective sleep/wake status by matching threedimensional motion sensing technology with a heart rate sensor. Sleep is recorded when
movement and heart rate simultaneously reduce below the user’s baseline; however, the
device does not produce independent raw data for movement and heart rate. Fitbit data were
recorded using a 1-minute epoch setting, synchronised daily to the Fitbit’s online user
website via Bluetooth and Internet. Given the context of my naturalistic design, this flexible
real time monitoring was essential to minimise non-compliance with sleep requirements. The
motion-sensing Fitbit technology has been validated as a possible device to track sleep
quantity in the normative population, when compared to the accuracy of actigraphy and
standard overnight polysomnography (Montgomery-Downs, Insana, & Bond, 2012). The
recordings from this technology were used to verify (a) the baseline usual-sleep reports, (b)
adherence to the 24-hour sleep deprivation protocol, (c) recovery daytime nap reports, and (d)
recovery night time sleep reports.
The PVT is an objective measure of alertness commonly used in sleep studies (e.g.,
Dinges et al.,1997; Jewett, Dijk, Kronauer, & Dinges, 1999) due to its sensitivity to the
impact of sleep loss (Roach, Dawson, & Lamond, 2006). In the present research, a 5-minute
online PVT was used as an objective check that the sleep deprivation manipulation and
recovery affected cognitive alertness as expected, by measuring reaction time to stimuli. This
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measure was designed by the Harvard Medical School to provide an objective measure of
alertness level (http://healthysleep.med.harvard.edu/), based on the empirical research into
psychomotor vigilance. Roach et al. (2006) found that the laboratory-based 5-minute PVT
correlated strongly with a traditional 10-minute PVT among participants who had undergone
a 28-hour sleep deprivation manipulation.
2.4 Procedure
All procedures were conducted in accordance with the 1964 Helsinki declaration and
its later amendments. Ethical approval was obtained from the Murdoch Human Research
Ethics Committee (approval number 2015/019). A condition of the ethics approval was that
the participants had to undergo sleep deprivation in a safe environment. This condition was
carefully met by allowing the participants to nominate a preferred day of sleep deprivation, so
they could arrange to be in a safe environment during the high risk period of sleep
deprivation and soon after the deprivation period. Informed written consent was obtained
from all participants included in the study (see Appendix C).
As mentioned earlier (see section 2.1), the first 36 participants were allocated to
experimental and control groups of equal size, and the two groups completed their phases of
testing at the timepoints shown in Figure 2.1. Subsequent participants followed the same
protocol as the experimental group (1) baseline, (2) sleep deprivation, and (3) three-day
recovery (see Figure 2.1). The overall schedule of the experiment was timed in a way that
each of the recovery days coincided with each baseline day of the previous week; to fulfil this
purpose, a short gap between the first two phases (i.e., baseline and sleep deprivation) was
included.
For all participants, the baseline phase lasted three days, with participants instructed
to undertake their usual hours of sleep each day (see Appendix D). To maintain ecological
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Grp

Day 1
AM
PM

E
B1

Day 2
AM
PM
BM
1
B2

Day 3
AM
PM
BM
2
B3

Day 4
AM
PM
BM
3

Day 5
AM

BM
1
B1

Day 7
AM
PM

Day 8
AM
PM
DM
R1

Baseline
C

Day 6
AM
PM

BM
2
B2
Baseline

BM
3

Sleep
Deprivation
CM

Day 9
AM
PM
RM
1
R2

Day 11
AM
PM
RM
3

Day 12
AM

Three-day recovery
DM

B3

RM
1
R1

Control

Day 10
AM
PM
RM
2
R3

Sleep
Deprivation

RM
2
R2

RM
3
R3

Three-day recovery

Figure 2.1. Time-lagged design of the 12-day sleep deprivation protocol for the experimental (E) and control (C) groups.
Note. Grp = group, AM = before midday, PM = after midday,
= Fitbit on,
= Fitbit off,
= night sleep,
= sleep deprivation, B1,2,3
= baseline day 1,2,3, R1,2,3 = recovery day 1,2,3, BM = baseline measurement, DM = measurement after sleep deprivation, CM = measurement
after control night, RM = measurement after recovery day.
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validity, this “sleep as usual” regime was adopted in preference to prescribing optimised
sleep schedule. In the context of my naturalistic design, I decided to minimise disruption to
participants’ daily routine, as it might create unnatural circumstances and atypical affective
states. Participants were given a sleep log (see Appendix E) to record their sleep information
(time-in-bed and time-out-of-bed) and were loaned a Fitbit Charge HR to be worn from the
day prior to starting the first baseline day. Soon after awakening the next day, the participants
were instructed to log in to the online platform to complete a series of questionnaires in the
following order: sleep log for the previous night, the SMMS, 5-minute online PVT, and the
BRUMS. The BRUMS was completed after the SMMS to prevent possible priming effects
that might influence the measurement of mood clarity in the SMMS (completing the BRUMS
before the SMMS might raise mood salience). The PVT was completed after the SMMS to
allow time for the participants to settle in and orientate into objective testing. The PVT also
acted as a buffer between the SMMS and the BRUMS, so that if the participants felt any
particular salient mood that arose from completing the SMMS, the likelihood of that mood
being carried forward into the BRUMS responses was reduced. During these baseline days,
the participants were instructed to continue their usual caffeine and alcohol consumption, as
well as napping habits. Scores were averaged from the three days measured during the
baseline phase.
The sleep deprivation phase began with the participants waking up at an agreed time
that reflected their usual waking time. Upon waking, the participants were instructed to begin
their 24-hour sleep deprivation (see Appendix F). During this period, the participants were
instructed not to nap or sleep and to maintain their usual caffeine and alcohol consumption
habits, with no caffeine or alcohol allowed during the overnight period (defined as the period
when they were awake overnight, when they would have been asleep on a normal day). The
sleep deprivation took place that night at an agreed low-risk venue of their own choosing
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(most participants stayed at home, four participants spent the night in the university library).
During the overnight period, the participants were required to record their experiences when
engaging in activities, using the overnight log provided (see Appendix G). At the 24th hour of
sleep deprivation, the participants logged in to the online platform to complete surveys
identical to those in the baseline phase (excluding the sleep log) and they entered the
overnight log online. Compliance with the sleep deprivation protocol was verified by Fitbit
Charge HR and compliance with survey submission was verified by time stamp.
The third phase of the experiment was sleep recovery, which lasted from immediately
after the sleep deprivation survey was submitted to the morning three days after sleep
deprivation. During this period, the participants were free to consume caffeine, take daytime
naps and extend their night sleep. Participants were required to record, on a logsheet, the start
and end times of all daytime naps and of their night sleeps across the three recovery days (see
Appendix H). If the participants consumed caffeine, they were also required to describe the
type and quantity of caffeinated food (e.g., chocolates) and beverages (e.g., coffee) they
consumed. Participants logged in to the online platform every morning on each of the three
recovery days to complete surveys identical to those in the baseline phase, including
submitting their personal records of caffeine consumption, daytime naps and night sleeps.
The experiment ended when the last set of surveys was submitted by the participants on the
third morning after sleep deprivation.
For the first 36 participants who were allocated to experimental and control groups,
the control group differed slightly in the sleep deprivation phase (see Figure 2.1). To serve
their function as controls, one day prior to their sleep deprivation, the participants in the
control group slept as usual in accordance to baseline requirements, while the experimental
group underwent sleep deprivation. At the 24th hour of sleep deprivation for the experimental
group and soon after awakening the next day for the control group, the participants logged in
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to the online platform to complete surveys identical to those in the baseline phase (excluding
the sleep log for the experimental group). The waking time of the participants in the control
group on that day was also the start time of their 24-hour sleep deprivation protocol.
2.4.1 Fitbit Charge HR sleep/nap verification. Data were checked for discrepancies
between self-reported night sleep/daytime naps and those captured by the Fitbit Charge HR.
No discrepancy was detected regarding the verification of night sleep; however, 14
discrepancies were detected in relation to daytime naps, and these were discussed with the
participants. In all instances, these were verified as short naps (lasting less than 20 minutes)
that were self-reported but not detected by the Fitbit Charge HR, and were included in the
dataset. Nonetheless, the start times of sleep and naps detected by the device were aligned
with self-reported start times with a maximum discrepancy of 10 minutes, in line with the
validation study that compared the accuracy of Fitbit technology to actigraphy and standard
overnight polysomnography (Montgomery-Downs et al., 2012). Thus, the discrepancy
between measures does not indicate inaccuracy of time estimation, but insensitivity to sleep
onset. Possibly, in those instances of short nap (lasting less than 20 minutes) that indicated
discrepancies, the participants’ heart rate and/or movements did not fall sufficiently below
baseline, that is, the requirements for the device to detect sleep were not met (see section
2.3.4), but to the participants, they were considered naps.
Having addressed the issues of false negatives (i.e., short naps that were undetected
by the device), there were no instances of false positive data (i.e., the device detected sleep
when the participants were awake). The greatest risk for this arises when participants engage
in sedentary activities, in which movement could be reduced for a long period of time (e.g.,
watching movies, reading a book). On no occasion in the entire experimental timeframe did
this occur. As explained by Fitbit inc. (https://www.fitbit.com), the Fitbit Charge HR uses an
algorithm that matches heart rate data to movement data; therefore, when there are instances
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of movement reduction, as long as heart rate is maintained in a wakeful state, sleep will not
be detected.
2.5 Data analysis
The three main types of analyses performed in this research were: (1) between-time
comparisons using multivariate analyses of variance (MANOVA), (2) path analyses within
each phase (e.g., immediately after sleep deprivation, for each recovery day), and across time,
and (3) hierarchical linear modelling.
2.5.1 Between-time comparisons. Between-time comparisons of group means were
utilised to investigate the change in mean emotional responses (i.e., mood, mood evaluation
and mood regulation) across the various phases of the experiment, from baseline to
immediately after sleep deprivation to each of the recovery days (see Chapters 3, 4 and 6).
MANOVA was the selected analytical method as it accounts for familywise errors in
analysing related constructs (e.g., happiness, depression as facets of the BRUMS; Tabachnick
& Fidell, 1996). If a significant main effect of time was detected using MANOVA, univariate
analyses were examined to investigate the variables that underwent significant change. In the
univariate analyses, depending on the number of pairwise comparisons that was required to
disambiguate the main effect, Bonferroni adjustments were conducted on the alpha level to
account for Type I error (e.g., if three pairwise comparisons were required to probe the
significant univariate main effect, the adjusted alpha would be .017 [i.e., .05/3]; Tabachnick
& Fidell, 1996). If a significant main interaction effect was observed between time and
control variables (i.e., age and gender), univariate interaction effects were probed using
simple slopes analyses.
2.5.2 Path analyses. Path analyses (IBM Statistical Package for the Social Sciences
AMOS Version 21) were used to model predictive relationships between variables,
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specifically, to capture simultaneously how individual variation in behaviours (e.g., daytime
napping) might relate to several outcomes (e.g., positive affect recovery and negative affect
recovery). Path analyses were employed two ways: (1) within each phase, and (2) across
time. Firstly, for the within-phase analyses, in Chapter 5, I focus on data gathered at the sleep
deprivation phase of the repeated measures design, to study the moderating influences of
overnight activities on the effects of sleep deprivation, while accounting for the effects of age
and gender. In Chapter 4, I focus on the recovery phase (one day after sleep deprivation) of
the repeated measures design, to study the moderating influences of recovery strategies on the
effects of sleep recovery, while accounting for the effects of age and gender. Collectively,
this set of analyses allowed me to identify moderators that buffered the effects of sleep
deprivation or enhanced the subsequent recovery process, taking advantage of the naturalistic
design to explore the influences of overnight activities and recovery strategies.
The purpose of these within-phase analyses placed primary importance on the path
weights between the predictor variables (e.g., overnight activities) and outcome variables
(e.g., mood at the end of sleep deprivation), after accounting for control variables (e.g., age).
The issue of overall model fit was less relevant than path weights because misspecification of
the model was likely to occur (Mueller & Hancock, 2008); particularly, when there was no
existing theory to detail how factors of overnight activities and recovery strategies relate to
sleep loss and sleep recovery, respectively. Without theories to underpin these path analyses,
two forms of misspecification could happen: (1) external specification error – where
irrelevant variables are included in the model or important ones are left out, and (2) internal
specification error – where unimportant paths among variables are included or where
important paths are omitted (Mueller & Hancock, 2008). Thus, the usefulness of these models
is evaluated in terms of the percentage variance explained in the outcome variables by the
predictors, rather than overall fit. The findings that emerge from these path analyses are
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relevant to the secondary aims of the current research, but should be seen at this stage as
exploratory and interpreted conservatively.
Another set of within-phase analyses were undertaken in Chapter 7, where data
gathered at baseline and immediately after sleep deprivation were used to detail the
relationships between mood, mood evaluation and mood regulation, guided by two
competing theories. This set of analyses differed from the ones discussed previously in that
these models tested the theoretical relationships between mood and mood regulation
proposed by Mayer and Stevens (1994). This theoretical grounding served to reduce the
chances of external and internal specification errors, so in this case, overall model fit provides
important information about the theories tested. By using path analyses to detail these
relationships, this research furthered the findings presented by Mayer and Stevens (1994),
based on bivariate correlations, by simultaneously accounting for the influences of multiple
predictor variables on a range of outcome variables in a path model (Chin, 1998; Chin &
Newsted, 1999; Fornell & Larcker, 1987). By accounting for a range of outcome variables
simultaneously, particularly when given the multi-faceted nature of the SMMS (see section
2.3.2), path analysis has a clear advantage over multiple linear regression, which can only
predict one outcome variable at any one time (Jose, 2013). These path analyses allowed the
examination of the typical relationships between mood, mood evaluation and mood
regulation of participants in a well-rested state and compared to relationships after sleep
deprivation.
The second form of path analyses modelled relationships between variables across
time. This method was employed to explore whether mood regulation (e.g., mood repair) had
a functional influence on mood (i.e., positive affect and negative affect) the next day, after
accounting for the concurrent within-day effects of mood regulation on mood, from baseline
to immediately after sleep deprivation to after the first recovery day (see Chapter 7). This
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type of analysis of concurrent and time-lagged relations in structural modelling has been
adopted by studies to examine simultaneously the short-term and long-term effects of
predictor variables on outcome variables (e.g., Meyer, Allen, & Gellatly, 1990). In this
analysis, both path weights and overall fit model are relevant to the goal of inferring the
typical degree to which mood regulation predicts affective outcomes the next day, and
whether such prediction continues to be observed after sleep deprivation.
2.5.3 Hierarchical linear modelling. A central question in this thesis is whether
sleep deprivation impairs mood regulation. Although we can readily assess changes over time
in absolute levels of mood regulation, it is less straightforward to test whether the observed
levels of regulation are appropriate and functional, especially when we are predicting
concomitant changes in mood, possibly mood evaluation, and likely individual differences in
trait tendencies to experience positive or negative mood (e.g., Franzen et al., 2008; Franzen et
al., 2009). That is, examining mood regulation in isolation and detecting no change after
sleep deprivation, we distinguish between interpretations of normal processing, and deficient
processing for the given mood state and/or mood evaluation. Rather than asking whether
level of mood regulation is high or low, in the context of sleep deprivation, a more
meaningful question is whether mood regulation differs from the level we would predict,
given how far the individual’s mood and evaluation of that mood differ from their usual,
personal levels.
In view of the potential effects mood, mood evaluation and trait individual differences
might impose on mood regulation, hierarchical linear modelling (HLM 7.03, Raudenbush,
Bryk, & Congdon, 2013) was employed to statistically control for these effects and to clarify
the direct effects sleep deprivation and sleep recovery had on regulatory responses.
Hierarchical linear modelling allowed me to simultaneously control for and understand the
effects of the various facets of mood and mood evaluation on mood regulation, presenting a
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more comprehensive model than simpler covariate analytical approaches, such as the analysis
of covariance. The model that I adopted nested daily mood, mood evaluation and mood
regulation (Level 1) within person (Level 2). The mood and evaluation data were centred
around each individual person’s mean, representing the extent to which scores were high or
low for them (not high or low compared to other people). Each day was dummy coded to
capture phase of experiment (baseline, sleep deprivation, recovery). Level 1 regression
equations predicted mood regulation levels on each day from the person’s mood, mood
evaluation and the phase of experiment (with personal intercept and random error included in
the model). Level 2 modelled mean intercept for the sample, allowing person intercepts to
vary randomly around this, and overall regression coefficients associated with mood, mood
evaluation and phase of experiment for the whole sample.
Inferences were made about various unknown parameters: level-1 random
coefficients, level-2 fixed coefficients, variance-covariance parameters (e.g., variancecovariance matrix of the level-1 coefficients), and the residual level-1 variance. Restricted
maximum likelihood estimation was used as the method of estimation for variancecovariance parameters and residual level-1 variance, and empirical Bayes estimation was
used for level-1 random coefficients and level-2 fixed coefficients (Raudenbush & Bryk,
2002). This mixed model allowed me to account for the expected effects of mood and
evaluation on regulation on each day, and then test whether phase of experiment predicted
regulation over and above these factors. If it does, this represents evidence that sleep
deprivation status indeed alters normal mood regulation.
Having detailed the overarching methodology used in this research, the next chapter
describes the first empirical investigation, which adopts an experimental approach to assess
the effects of acute sleep deprivation on mood and mood regulation. Of particular interest,
this upcoming investigation addresses whether sleep-deprived individuals, who have
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experienced the drastic emotional decline that resulted from acute sleep loss, have the
capacity to regulate their worsened mood states.
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Chapter 3
Investigation 1
Mood Regulation After Acute Sleep Deprivation: Rejecting but
not Repairing Mood
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The effects of acute sleep deprivation on mood and cognition have been welldocumented over the past five decades, providing strong evidence that sleep deprivation has
large adverse effects on human functioning. Moreover, these detrimental effects have been
found to permeate into higher-order domains of cognitive functions, such as metacognition
(e.g., Beebe et al., 2008; Lau & Maniscalco, 2013), and emotional functions, such as impulse
inhibition (e.g., Kamphuis et al., 2012) and emotional reactivity (e.g., Franzen et al., 2009).
Hence, pertaining to the observed emotional consequences of sleep deprivation, these
detrimental effects on mood may be compounded by the depletion of cognitive resources
needed for effective mood repair. The possible adverse effect of sleep deprivation on mood
regulation has possible implications for the emotional wellbeing of persons at risk of sleep
loss, yet has received little empirical attention to date.
3.1 Background
3.1.1 Mood, cognition, and metacognition. The effects of sleep deprivation are
widespread, ranging across the domains of mood, cognitive performance, and metacognition.
In the domain of mood, sleep deprivation has been found to have an adverse effect on
multiple facets (Durmer & Dinges, 2005); in particular, feelings of fatigue (Franzen et al.,
2008; Pilcher & Huffcutt, 1996), vigour (Deary & Tait, 1987), anxiety (Franzen et al., 2008),
tension (Franzen et al., 2008; Jean-Louis, Gizycki, Zizi, & Nunes, 1998), confusion (JeanLouis et al., 1998), and depression (Jean-Louis et al., 1998), as well as SS (Angus et al.,
1985). In the domain of cognition, sleep deprivation has commonly been found to worsen
performance on tasks measuring reaction time (Babkoff et al., 1991; Kleitman, 1963),
vigilance (Glenville, Broughton, Wing, & Wilkinson, 1977), sustained attention (Dinges,
1995), mental arithmetic (Kleitman, 1963), short-term recognition memory (Elkin & Murray,
1974; Polzella, 1975), logical reasoning (Babkoff et al., 1991), and tracking ability (Lamond
& Dawson, 1999; Mullaney, Kripke, Fleck, & Johnson, 1983). In the domain of
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metacognition, sleep loss is reported to impair behavioural regulation (e.g., impulse control,
behavioural flexibility) and regulatory cognitive functions (e.g., self-monitoring, selfinitiation) in adolescents (Beebe et al., 2008). In adults, it worsens not only basic perceptual
decision-making performance but also the metacognitive capacity to distinguish
introspectively between one’s own correct and incorrect perceptual decisions (Lau &
Maniscalco, 2013). Placed in the context of emotional regulation, sleep-deprived individuals
may not only experience mood decline, but also have reduced ability to engage in the
processes necessary for mood regulation.
3.1.2 Mood regulation. The processes of monitoring and evaluating one’s mood, and
subsequent conscious efforts to equilibrate it, collectively termed the “meta-mood
experience” (Mayer & Gaschke, 1988), are aspects of mood regulation. As metacognition is a
general self-reflective ability to monitor the performance of cognitive processes and adjust
them as necessary (Beebe et al., 2008), meta-mood experience will involve some facets of
metacognition, such as awareness of thoughts and feelings, metacognitive judgment (e.g.,
evaluation of the functions of these thoughts and feelings) and decision-making (e.g., whether
to perform self-regulation; Mayer & Gaschke, 1988).
A crucial component common to the top-down function of metacognition and metamood experience is sustained inward attention (Wells & Cartwright-Hatton, 2004). This
inward attention is necessary to evaluate the contextual functionality of a mood state. This
evaluation could involve identifying the mood, determining whether it is acceptable, typical
and influential to the person. Depending on the evaluation, different mood regulation
strategies may be adopted. For instance, one may choose mood repair to overcome sadness in
a social setting, whereas mood dampening may be required when one becomes too
emotionally aroused in an interview, and mood maintenance may suffice when the mood is
convenient to the person and context (Mayer & Gaschke, 1988).
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If metacognition deteriorates with sleep deprivation (e.g., Beebe et al., 2008), then
there would also be an adverse effect on mood regulation, and preliminary empirical evidence
suggests that this might be so. Evidence exists that sleep deprivation reduces general
emotional and behavioural coping, with Killgore et al. (2008) finding that an acute sleep
deprivation of 55.5 to 58 hours was associated with lower self-reported scores for stress
management (e.g., reduced impulse control) and behavioural coping (e.g., reduced positive
thinking and action orientation). The reduction in stress management suggests that a sleepdeprived individual could be more emotionally reactive to negative stimuli, while the
reduction in behavioural coping suggests that sleep deprivation could result in a person
adopting a less active approach to coping. However, Killgore et al. (2008) focused on a
subset of the outputs of emotion regulation, leaving uninvestigated the prior components of
mood awareness, evaluation and decision-making about the need for regulation.
In addition to self-reported coping, studies adopting objective measures have found
that sleep-deprived individuals demonstrate greater emotional reactivity than well-rested
individuals when presented with negative stimuli (Franzen et al., 2009; Yoo et al., 2007). A
35-hour period of sleep deprivation was found to induce 60% additional amygdala activation,
measured using functional magnetic resonance imaging, in a sleep-deprived group compared
to a control group (Yoo et al., 2007). This increased magnitude of limbic activity was
associated with a loss of functional connectivity with the medial prefrontal cortex in the
sleep-deprived group, suggesting a neural substrate for increased emotional reactivity.
Consistent with this finding, a review commenting on the relationship between poor sleep and
hostile behaviours postulated that sleep loss in adults causes reduction in prefrontal cortical
activity, a potential mediator between sleep loss and aggression (Kamphuis et al., 2012). If
aggressive impulse inhibition reduces with sleep deprivation, it is likely that the same might
happen to the inhibition of other prepotent emotional responses (e.g., holding back the
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expression of sadness), and that other regulatory responses might also be affected, since both
inhibition and regulation require active cognitive effort (Amodio et al., 2008). Hence, the
cortical deficiency associated with this increased emotional reactivity (Yoo et al., 2007) and
reduced impulse inhibition (Kamphuis et al., 2012) could generalise to other aspects of
emotional regulation after sleep deprivation.
3.2 Linking mood with mood regulation
When assessing emotional regulation, it is necessary also to have a detailed
assessment of the facets of positive and negative mood experienced, to provide a clear
context for regulation. Previous studies using the Positive and Negative Affect Schedule
(PANAS), which measures the two uncorrelated dimensions, positive and negative affect,
have reported that after sleep deprivation positive affect decreases significantly from
baseline, while negative affect does not reliably change (Franzen et al., 2008; Liu et al., 2015;
Talbot et al., 2010). Given that the current literature lacks evidence to identify which specific
facets of positive affect worsen after sleep deprivation, an ideal mood measure for this
purpose would assess specific facets of both positively and negatively valenced affective
response.
As well as clarifying the nature of mood change resulting from sleep deprivation,
identifying the specific affect facets (e.g., tension, vigour) that show the greatest change is
relevant to understanding how sleep deprivation affects mood regulation. With reference to
the structure of meta-mood experience proposed by Mayer and Gaschke (1988), I postulate
that the cycle of emotional regulation processing includes: (1) mood monitoring, followed by
(2) mood evaluation, then (3) deciding whether to instigate regulation, (4) selecting an
appropriate type of regulation and, lastly, (5) performing the actual regulatory activity (after
which the cycle recommences). Importantly, different affect facets will be regulated in
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different ways. Evaluating a decrease in cheerfulness or increase in fatigue as unacceptable
might require mood repair, whereas evaluating an increase in anger or tension as
unacceptable would require mood dampening, and an evaluation of a mood as acceptable
could instigate mood maintenance. Sleep deprivation could impair any part or parts of this
cycle from mood monitoring through to implementing regulation strategies.
If sustained inner attention is a crucial element of emotional regulation, and sustained
attention is generally worsened after sleep deprivation, as indicated by a deterioration in
psychomotor vigilance (e.g., Dinges, 1995), impaired cognitive control may contribute to
emotional dysregulation; possibly beginning at the initial stage of mood monitoring. After
sleep deprivation, a person typically becomes less cheerful and more fatigued. However, the
person might also monitor their mood less effectively than usual, resulting in less accurate
identification of their mood state. If the mood state remains sufficiently salient, they might be
expected to evaluate their mood as less acceptable, less typical and more influential than
usual, as these evaluations are likely to require only relatively low-level processes, but
individuals may be too depleted to enact more complex processes such as mood repair. If
evidence is found for such obstructions to the mood regulation cycle, then it could be inferred
that sleep-deprived individuals not only experience mood decline but also show impaired
mood regulation efficacy.
3.3 Limitations of existing research
When designing sleep deprivation studies to investigate mood change, there are
several potential problems to avoid. One of these is the influence of participants’ chronotype.
As discussed earlier (see section 1.8.1), the design of most sleep deprivation studies involves
a standard timeframe for participants to undergo sleep deprivation and for measurement of
outcomes to occur (e.g., Franzen et al. 2008, Short & Louca, 2015, Talbot et al., 2010).

86

However, depending on the specific timeframe, effects on mood may be systematically overor underestimated for particular chronotypes. Indeed, one study found that morning-type
participants reported a significant increase in depression scores from baseline, while eveningtype participants reported a significant decrease in depression scores from baseline, based on
data collected at 0800 hours at the end of a standard sleep deprivation protocol (Selvi et al.,
2007). To improve the interpretability of data in future studies, it is desirable to isolate the
effect of sleep deprivation from the effect of individual differences in chronotype.
A second problem is that of setting. Sleep deprivation studies have been conducted
predominantly in laboratory settings, which have the advantage of allowing researchers to
control for various factors (e.g., protocol adherence, overnight activities, social environment).
However, as discussed earlier (see section 1.3.2), it has been found that being in a sleep
laboratory, even without inducing sleep deprivation, yields negative effects on the
participants’ mood, performance, and sleeping patterns (Paterson et al., 2013). This means
that the sleep deprivation effects in laboratory studies are likely to be greater than those
experienced in a person’s usual environment; suggesting that the process of controlling for
confounds itself introduces a new one. Also, the controlled laboratory setting may not
produce results generalizable to the everyday context. For example, individuals might
undergo sleep deprivation under a variety of contexts (e.g., meeting a work deadline,
preparing for major events [e.g., examinations, functions]), which could differ drastically
from those conditions in a laboratory.
3.4 The current investigation
The current investigation involves a sleep deprivation manipulation, aligned to
participants’ usual sleep and waking times, set in their natural environment; a design to
simulate how an individual might undergo sleep deprivation in an everyday context. This
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investigation seeks to compare the changes in mood and meta-mood experience of a group of
sleep-deprived adults to those of a well-rested control group. I firstly hypothesise that facets
of positive affect (e.g., vigour, happiness) will deteriorate more than facets of negative affect
(e.g., depression, anger) after sleep deprivation, based on existing studies that found positive
affect to decrease significantly from baseline after sleep deprivation, while negative affect
does not reliably change (e.g., Talbot et al., 2010). Secondly, due to the expected
metacognitive and mood worsening effects of sleep deprivation, I hypothesise a reduction in
self-rated mood clarity, acceptability and typicality, and an increase in self-rated mood
influence (Mayer & Stevens, 1994). Thirdly, I hypothesise that the poorer meta-mood
evaluation will be accompanied by reduced mood maintenance, as a relatively less
energetically demanding form of regulation. Fourthly, however, I expect no increase in the
active regulation strategy of mood repair, due to the predicted metacognitive deficits that
follow sleep deprivation (e.g., Beebe et al., 2008; Killgore et al., 2008).
If group differences in the engagement of regulation strategies emerge, there are two
major potential reasons for these: (1) the influence of mood itself, and (2) the influence of
cognitive alertness. Group differences in regulation strategies (repair, maintenance or
dampening) may simply be attributable to differences in mood between the groups. For
example, the sleep-deprived participants may engage in less mood maintenance than controls
because they are experiencing undesirable mood states (e.g., high depression, fatigue,
confusion). Under the mood explanation, I would predict that any differences in strategy use
will reduce to non-significance when the relevant undesirable mood facet is statistically
controlled. Alternatively, group differences in engagement of regulation strategies may be
attributable to impaired cognitive alertness. That is, under similar mood states, and with
similar levels of awareness of mood state, sleep-deprived participants might lack the
cognitive alertness necessary to engage in effortful regulation. Under this explanation, I
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would expect that group differences in regulation strategy use would reduce to nonsignificance after controlling for objective performance on a task sensitive to cognitive
fatigue, the PVT (Basner, Mollicone, & Dinges, 2011). Finally, it is possible that impaired
implementation of regulation strategy may occur through both of these pathways, in which
case both predictions would be upheld.
3.5 Method
3.5.1 Design
A 2 (group: sleep-deprived and control) x 2 (time: before and after experimental
protocol) factorial design was used to investigate the effects of sleep deprivation on the
dependent variables: (1) mood, including negative affect (anger, confusion, depression,
fatigue and tension) and positive affect (calmness, happiness and vigour), and (2) mood
regulation, including meta-evaluation (clarity, acceptance, typicality and influence) and metaregulation (mood repair, maintenance and dampening).
3.5.2 Participants
Of the 63 participants recruited in this project (see section 2.2), at the time of
commencing this first investigation, 36 participants (12 males, 24 females), ages ranging
from 18 – 46 years (M = 24.68, SD = 7.70), were recruited. Participants were allowed to
nominate their preferred days of the week to undergo sleep deprivation.
The participants provided information on their age, gender, napping and beverage
(i.e., caffeine and alcohol) intake habits. Participants also provided their self-perceived
chronotype (written question: “are you a morning or evening person?”), usual time-into-bed
(TIB) and time-out-of-bed (TOB), which correlated significantly with the objective TIB and
TOB during the baseline phase of the experiment (rs ranging from .45 to .72, ps < .01). In
addition, participants provided information on their baseline SS by completing the Epworth
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Sleepiness Scale (Johns, 1991), in which they rated the likelihood from recent experience that
they would doze off or fall asleep in eight separate situations (e.g., watching television), on a
4-point scale, from 0 (would never doze) to 3 (high chance of dozing).
Participants with similar profiles were paired and allocated randomly to experimental
and control groups, forming 18 pairs (N = 36; see Table 3.1 for descriptive statistics). The
experimental and control groups did not differ significantly in their caffeine and alcohol
drinking habits, napping habits, sleeping hours, SS or self-perceived chronotype (ps > .05).
After being matched primarily on the aforementioned criteria, the groups were slightly
dissimilar in terms of age and gender. Thus, I included age and gender as factors in my
preliminary analyses. All participants successfully completed their respective protocols. As
seen in Table 3.1, the participants had low SS at the point of entering this study.
Table 3.1
Descriptive Statistics for the Matching Variables Used for the Experimental (n = 18) and
Control (n = 18) Groups
Variables
Subjective sleepiness
Usual sleeping hours
Self-perceived
chronotype
Age
Gender

Experimental
M = 5.52, SD = 4.19
M = 7.56, SD = .80
33.33% morning, 66.67%
evening
M = 26.28, SD = 7.99
55.56% female, 44.44% male

Control
M = 5.33, SD = 2.93
M = 7.72, SD = 1.09
27.78% morning, 72.22%
evening
M = 23.72, SD = 7.58
77.78% female, 22.22% male

3.5.3 Materials
The measures used in this present study were: (1) the BRUMS (Lane & Jarrett, 2005),
to measure mood, (2) the SMMS (Mayer & Stevens, 1994), to measure mood regulation, and
(3) the online PVT (Roach et al., 2006; see section 2.3), to measure objective alertness. The
Fitbit Charge HR was used in this study to monitor the participants’ sleeping behaviours, and
verify the self-reported night sleep duration (Montgomery-Downs et al., 2012).
3.5.4 Procedure
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I adopted an experimental design, with the experimental and control groups
undergoing two phases (see section 2.4): (1) baseline, and (2) experimental (see Figure 3.1).
The baseline phase involves the same procedures for both the experimental and control
groups. In the experimental phase, the experimental group underwent sleep deprivation while,
on the same night, the control group was instructed to sleep as normal.
3.6 Results
3.6.1 Data analysis and transformation
Initial 2 (group: experimental, control) x 2 (time: time 1, time 2) x 2 (gender) x 2
(age: 22 years and under, over 22 years [median split]) x 2 (chronotype: morning-type,
evening-type) mixed design MANOVA (N = 36, 18 pairs) was used to assess changes in the
dependent variables (mood and mood regulation) from baseline measurement to measurement
after the experimental group had undergone sleep deprivation. Where effects involving age,
gender and/or chronotype were not significant, data were pooled across these factors and
results from the simplified design reported. The baseline scores for all variables were
calculated as the mean scores from the three days of baseline measurement. All variables
showed positive skewness coefficients exceeding three standard errors in magnitude in at
least one of the experimental design cells. Consequently, logarithmic transformations were
applied to all variables. After transformation, the skewness of all variables was within an
acceptable range (Field, 2013). For simplicity, the descriptive statistics reported in the
following section refer to raw scores, but the inferential statistics were calculated from
transformed scores, using two-tailed tests with α = .05.
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Grp

Day 1
AM
PM

E
B1

Day 2
AM
PM
BM
1
B2

Day 3
AM
PM
BM
2
B3

Day 4
AM
PM
BM
3

Day 5
AM

BM
1
B1

Day 7
AM
PM

Day 8
AM
PM
DM
R1

Baseline
C

Day 6
AM
PM

BM
2
B2
Baseline

BM
3

Sleep
Deprivation
CM

Day 9
AM
PM
RM
1
R2

Day 11
AM
PM
RM
3

Day 12
AM

Three-day recovery
DM

B3

RM
1
R1

Control

Day 10
AM
PM
RM
2
R3

Sleep
Deprivation

RM
2
R2

RM
3
R3

Three-day recovery

Figure 3.1. Time-lagged design of the 12-day sleep deprivation protocol for the experimental (E) and control (C) groups for Investigation 1.
Note. Grp = group, AM = before midday, PM = after midday,
= Fitbit on,
= Fitbit off,
= night sleep,
= sleep deprivation, B1,2,3
= baseline day 1,2,3, R1,2,3 = recovery day 1,2,3, BM = baseline measurement, DM = measurement after sleep deprivation, CM = measurement
after control night, RM = measurement after recovery day. Boxed area: measurement points used in the current investigation.
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3.6.2 Manipulation checks
To check that sleep deprivation decreased the participants’ psychomotor vigilance,
two t-tests were conducted, comparing Time 1 (before experimental protocol) to Time 2
(after experimental protocol) responses for the experimental and control groups, using
Bonferroni-adjusted alpha of .025. The experimental group had significantly slower reaction
time at Time 2 (M = .34 seconds, SD = .04) than Time 1 (M = .31 seconds, SD = .03; p <
.001), and the control group demonstrated no significant change in reaction time (p > .05).
The results showed that my sleep deprivation manipulation had its intended effects on
objective psychomotor vigilance.
3.6.3 Effects of sleep deprivation on mood
To examine the effects of sleep deprivation on the affect facets of anger, tension,
depression, confusion, vigour, fatigue, happiness, and calmness, MANOVA was used to
compare the experimental and control groups at Time 1 and Time 2 for the affect facets (see
Table 3.2 for descriptive statistics). Initially, age, gender and chronotype were included as
between-subjects factors and a series of five-way MANOVAs performed (group x age x
gender x chronotype x time) for the variables of (1) mood, and (2) mood regulation. As age,
gender and chronotype showed no significant main effects or interactions with time in the
mood or mood regulation analyses (ps > .05), they were eliminated as factors, and I report
here results from two-way analyses of group x time.
3.6.3.1 Multivariate analyses. To examine the effects of sleep deprivation on the
positive mood facets of vigour, happiness and calmness, a MANOVA was performed to
compare the experimental and control groups at Time 1 and Time 2. The multivariate results
showed a significant main effect of group, F(3,32) = 18.19, p < .001, partial η2 = .63, and

93

Table 3.2
Descriptive Statistics for the Mood Facets for Experimental (n = 18) and Control Groups (n
= 18) at Time 1 (Before Experimental Protocol) and Time 2 (After Experimental Protocol)
Mood Facet
Vigour

E
C
Happiness
E
C
Calmness
E
C
Fatigue
E
C
Confusion
E
C
Depression E
C
Tension
E
C
Anger
E
C
* p < .05, ** p < .001

Time 1
M
(SD)
6.04
(2.77)
6.19
(2.54)
8.39
(2.68)
6.96
(2.88)
8.94
(2.69)
7.59
(2.62)
4.11
(3.02)
4.65
(3.46)
1.35
(1.63)
1.31
(2.14)
1.35
(1.70)
0.80
(1.49)
2.20
(3.21)
1.93
(2.07)
0.91
(1.28)
0.81
(1.12)

Time 2
M
(SD)
1.00
(1.53)
6.72
(3.14)
4.00
(2.99)
7.44
(3.28)
5.94
(3.23)
7.89
(3.08)
13.39
(2.17)
4.33
(4.79)
4.11
(4.32)
1.33
(2.25)
2.39
(3.31)
1.33
(2.47)
1.89
(2.00)
2.17
(2.55)
1.33
(1.57)
1.11
(2.68)

Change Scores
d
95% CI
1.69** -6.80, -3.27
0.09
-0.69, 1.77
1.32** -6.20, -2.57
0.09
-0.44, 1.40
0.86*
-4.50, -1.50
0.11
-0.63, 1.22
1.67** 7.44, 11.11
0.35
-1.68, 1.05
0.48
0.57, 4.95
0.14
-0.85, 0.89
0.36
-0.41, 2.49
0.16
-0.20, 1.27
0.06
-1.96, 1.33
0.00
-0.69, 1.17
0.21
-0.52, 1.37
0.08
-0.90, 1.50

Note. E = experimental group, C = control group.

time, F(3,32) = 13.38, p < .001, partial η2 = .56. Also, there was a significant interaction
effect between group and time, F(3,32) = 14.86, p < .001, partial η2 = .58.
A parallel analysis was conducted to examine the effects of sleep deprivation on the
negative mood facets of fatigue, confusion, depression, tension and anger. The multivariate
results showed no significant main effect of group, F(5,30) = 2.34, p > .05, partial η2 = .28,
but a significant main effect of time, F(5,30) = 13.38, p = .002, partial η2 = .46. Also, there
was a significant interaction effect between group and time, F(5,30) = 10.60, p < .001, partial
η2 = .64. A series of univariate analyses was conducted to examine these significant
interaction effects.
3.6.3.2 Univariate analyses. Significant interaction effects between time and group
were found for the following affect facets: vigour, F(1,34) = 44.89, p < .001, d = 2.30;
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fatigue, F(1,34) = 38.43, p < .001, d = 2.13; happiness, F(1,34) = 25.61, p < .001, d = 1.74;
and calmness, F(1,34) = 12.72, p = .001, d = 1.22. The Cohen’s d values reported here for
interaction effects represent the magnitude of group differences in affect change over time
(Time 2 – Time 1). Table 3.2 shows that the experimental group worsened significantly in
vigour, fatigue, happiness and calmness scores from Time 1 to Time 2, whereas the control
group did not undergo substantial change in these affect facets across time. Providing
indicative support to the first hypothesis that facets of positive affect will deteriorate more
than facets of negative affect, all of the positive affect facets underwent significant change,
whereas only one of the five negative affect facets, fatigue, showed significant change with
sleep deprivation.
To further test the first hypothesis that the change in positive affect would be
significantly greater than the change in negative affect, Bayesian paired samples t-test was
conducted to compare the change scores from baseline to after sleep deprivation. Negative
affect was constituted of anger, tension, depression, confusion and fatigue, and positive affect
was constituted of vigour, happiness and calmness. In comparing the change scores of
positive affect to negative affect, the Bayesian analysis revealed that the alternative
hypothesis predicted the data 263025 times better than the null hypothesis. Additionally, in
examining the difference between the change scores of positive affect and negative affect, the
credible interval capturing the 95% most likely population values for effect size of this
difference were far from 0 [-2.74, -1.48]. These results support the first hypothesis that
positive affect facets deteriorate significantly more than negative affect facets after sleep
deprivation.
At this initial stage of the research, I opted to not adjust for inflated Type I error risk
in the analyses of mood and state meta-mood facets because the limited sample size,
particularly the number of participants who underwent sleep deprivation (n = 18), does not
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provide high statistical power. Therefore, adjusting for inflated Type I error risk, in this
context of a small sample size, might risk not detecting meaningful changes in the metamood facets (Tabachnick & Fidell, 1996). Nonetheless, I recognised that the mood and state
meta-mood facets are family-related constructs that share family-related error variance,
respectively in the BRUMS (Lane & Jarrett, 2005) and the SMMS (Mayer & Stevens, 1994).
3.6.4 Effects of sleep deprivation on mood regulation
To examine the effects of sleep deprivation on each of the state meta-mood facets, a
MANOVA was conducted to compare the experimental and control groups at Time 1 and
Time 2 (see Table 3.3 for descriptive statistics). Age, gender and chronotype showed no
significant effects, so data were pooled across these factors. The multivariate results showed
a significant main effect of group, F(7,28) = 5.35, p = .001, partial η2 = .57, and time, F(7,28)
= 3.13, p = .014, partial η2 = .44. Also, there was a significant interaction effect between
group and time, F(7,28) = 5.22, p = .001, partial η2 = .57. A series of univariate analyses was
conducted to examine this interaction effect.
To test the hypothesis that mood clarity, acceptability and typicality would reduce, and mood
influence would increase after sleep deprivation, univariates analyses were used to examine
the effects of sleep deprivation on each of these state meta-mood facets by comparing the
experimental and control groups at Time 1 and Time 2 (see Table 3.3 for descriptive
statistics). Significant interaction effects between time and group were found for
acceptability, F(1,34) = 7.16, p = .011, d = .92; typicality, F(1,34) = 34.56, p < .001, d =
2.02; influence, F(1,34) = 11.73, p = .002, d = 1.18, but not clarity, F(1,34) = 1.14, p > .05, d
= .37. These results partially support the second hypothesis, in that poorer mood was
associated with more negative meta-evaluation, but this did not generalise to mood clarity.
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Table 3.3
Descriptive Statistics for the State Meta-Mood Scales for Experimental (n = 18) and Control
Groups (n = 18) at Time 1 (Before Experimental Protocol) and Time 2 (After Experimental
Protocol)
Meta-Mood
Scale
Metaevaluation
Clarity
Acceptability
Typicality
Influence
Metaregulation
Repair
Maintenance
Dampening

Time 1

Time 2

Change Scores

M

(SD)

M

(SD)

d

95% CI

E
C
E
C
E
C
E
C

11.81
11.24
11.37
11.61
10.74
9.96
9.09
8.67

(1.56)
(2.32)
(1.97)
(1.60)
(1.80)
(2.08)
(2.23)
(2.05)

11.61
11.56
8.78
11.67
6.39
11.06
11.39
8.22

(2.45)
(1.85)
(3.64)
(2.03)
(2.03)
(2.65)
(2.73)
(3.17)

-0.15
0.21
-0.68*
0.00
-1.56**
0.30
0.79*
-0.34

-1.26, 0.85
-0.55, 1.18
-4.46, -0.72
-0.94, 1.05
-5.65, -3.05
-0.13, 2.32
0.98, 3.61
-1.48, 0.59

E
C
E
C
E
C

13.00
13.41
16.69
17.24
8.41
7.96

(4.31)
(2.91)
(3.60)
(2.47)
(2.77)
(2.52)

13.22
12.89
12.00
17.50
7.44
7.72

(4.53)
(3.32)
(4.07)
(3.67)
(3.26)
(3.03)

0.03
-0.20
-0.93*
0.02
-0.49
-0.20

-2.05, 2.50
-2.22, 1.18
-7.24, -2.36
-1.50, 2.02
-0.11, .001
-0.07, 0.03

* p < .05, ** p < .001
Note. E = experimental group, C = control group.
Parallel analyses were conducted for the meta-regulation subscales of repair,
maintenance and dampening. A significant time by group interaction effect was found for
maintenance, F(1,34) = 12.52, p = .001, d = 1.21, but no significant effects were found for
repair, F(1,34) = .30, p > .05, d = .19, or dampening, F(1,34) = 1.05, p > .05, d = .35. While
no significant effect was found for repair, Bayesian analysis was used to ascertain whether
the null hypothesis predicted the data more accurately than the alternative hypothesis.
Bayesian paired samples t-test was conducted for repair (at Time 1 and Time 2) to
compare the null hypothesis to the alternative hypothesis. For repair, the null hypothesis
predicted the data 4.1 times better than the alternative hypothesis. This set of results supports
the third and fourth hypotheses that poorer meta-mood evaluation was accompanied by
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reduced mood maintenance and the participants did not increase their engagement in active
mood repair after sleep deprivation.
To test the possibility that participants did not bother to engage in mood repair
because they expected to sleep at the conclusion of the sleep deprivation period, a post hoc
analysis was conducted. The experimental group was divided into two subgroups: (1) those
who slept within one hour after sleep deprivation (nappers [n = 11]), and (2) those who did
not sleep within the one-hour period (non-nappers [n = 7]). Mood repair change scores were
calculated by subtracting Time 1 from Time 2 scores. A t-test between the change scores of
the two groups revealed no significant difference (p > .05, d = .14). This result suggests that
the lack of change in mood repair after sleep deprivation was not due to the expectation of
imminent sleep.
3.6.4.1 Maintenance changes after controlling for mood and PVT. To investigate
whether the difference in mood maintenance scores between the sleep-deprived and control
groups was attributable to the changes associated with sleep deprivation in mood or objective
cognitive control, a series of analyses of covariance (ANCOVAs) was performed. The Time
2 maintenance scores of the experimental and control groups were compared, including as a
covariate, in turn, each individual affect facet, and PVT at Time 2. The ANCOVAs indicated
that only after controlling for vigour at Time 2 did the experimental and control groups cease
to differ significantly in their maintenance scores at Time 2 (p = .26, partial η2 = .04); the
significant difference between the experimental and control groups in maintenance scores
remained after controlling for each of the other mood facets and PVT.
3.7 Discussion
The current investigation found that, after a 24-hour sleep deprivation period, the
participants experienced significantly more deterioration in positive affect facets (i.e., vigour,
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happiness and calmness), than negative affect facets (i.e., only fatigue), supporting my first
hypothesis. Consistent with the deteriorated emotional state, and partially supporting my
second hypothesis, sleep-deprived participants evaluated their mood as less typical and
acceptable and having more influence on them than their mood state before sleep deprivation;
however, contrary to predictions, clarity levels were maintained after sleep deprivation.
Supporting my third hypothesis, sleep-deprived participants also experienced a significant
decrease in mood maintenance, with no significant increase in mood repair and dampening.
The results demonstrated that the null hypothesis of no significant change in mood repair was
more consistent with the data than the alternative hypothesis, supporting the fourth
hypothesis that sleep-deprived individuals were unlikely to engage in active mood regulation.
I found that differences in regulation strategy use (specifically, maintenance) were accounted
for only by vigour, not other mood facets and not objective psychomotor vigilance
performance, supporting the interpretation that reduced subjective energy level was
responsible for the reduction in maintenance. The overall results might support my
hypothesis that, after sleep deprivation, individuals would not engage in mood repair, despite
being consciously aware that their deteriorated emotional state was not worth maintaining,
consistent with other studies that found top-down cognitive or behavioural dysregulation
following sleep deprivation (Franzen et al., 2009; Killgore et al., 2008; Yoo et al., 2007).
The finding that a worsened mood state, accompanied by poor mood evaluation and
reduced mood maintenance, was not followed up with a significant increase in mood repair
runs counter to the general predictions of emotional regulation theory for people under
normal sleep conditions. This theory posits that one would maintain pleasant moods, while
not maintaining unpleasant moods but, rather, attempting to repair (or dampen) them (Mayer
& Stevens, 1994). In the original validation study of the state meta-mood scale, after testing
226 undergraduate participants, it was found that mood repair had a significant inverse

99

correlation with mood maintenance, acceptance and typicality (Mayer & Stevens, 1994). The
current investigation demonstrated that participants experienced a large and significant
worsening of specific positive and negative affect facets, while potentially not instigating
substantial mood repair. The absence of change in mood clarity after sleep deprivation
suggests that the participants felt just as emotionally self-aware as they were at baseline,
implying that the process of emotional regulation was not impeded at the awareness stage.
Collectively, this set of results indicates that, after undergoing a prolonged period of sleep
loss, one could remain emotionally low for some time and be more emotionally reactive due
to the absence of active regulation.
This investigation may fill some theoretical gaps left unexplored by previous studies
examining emotional reactivity after sleep deprivation (Franzen et al., 2009; Killgore et al.,
2008; Yoo et al., 2007). Sleep deprivation has been found to correlate with low subjective
ratings of emotional and behavioural coping (Killgore et al., 2008). Similarly, based on
objective responses to negative stimuli, sleep deprivation has been found to induce low
functional connectivity between the medial prefrontal cortex and amygdala (Yoo et al.,
2007), and higher anticipatory pupillary reactivity (Franzen et al., 2009), suggesting stronger
emotional reactions to negative emotional information when sleep-deprived. However, the
above studies focused on immediate involuntary reactions to negative stimuli. The current
investigation provides further insight into the internal, conscious processes adopted by sleepdeprived individuals in a neutral environment without specific response-testing
manipulations, generating results that could better generalize to the typical sleep-deprived
individual in a natural setting than previous studies. Furthermore, this investigation advances
the research indicating that sleep-deprived individuals tend to be emotionally reactive to
external negative stimuli (Franzen et al., 2009; Yoo et al., 2007) by showing that, in the
absence of negative stimuli, the sleep-deprived participants did not demonstrate any
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particular change in negative emotionality, other than a significant increase in fatigue. This
pattern of results suggests that where sleep-deprived people show an increase in negative
affect (other than fatigue), the change is likely due to the combined effects of a negative
stimulus encounter and sleep-deprived state, and not to sleep deprivation alone.
The current investigation showed that, in regard to emotional regulation, the
participants tended not to actively repair their mood state, despite not seeking to maintain it –
a position that arguably conserves energy, in alignment with the finding of Killgore et al.
(2008) that action orientation reduces after sleep deprivation. My finding also extends the
known inhibitory consequences of sleep deprivation to more general regulatory
consequences. Previously reported increases in emotional reactivity (Franzen et al., 2009;
Yoo et al., 2007) and reductions in impulse inhibition (Kamphuis et al., 2012; Killgore et al.,
2008) implied a reduction in inhibitory responses after sleep deprivation. My investigation
found an absence of mood repair despite participants not wanting to maintain that mood,
which implied an absence of active regulatory responses. It appears that reduction in
cognitive effort after sleep deprivation may be the common factor accounting for the deficit
in emotional inhibition and active regulation. This reduction of cognitive effort may be
attributable to prefrontal cortex depletion, given that this has also been detected after sleep
deprivation (Kamphuis et al., 2012). Jackson et al. (2003) posit that the left prefrontal cortex
has inhibitory projections on the amygdala that form part of the neural mechanisms
underlying voluntary and involuntary emotional regulation. Therefore, with a less active
prefrontal cortex after sleep deprivation, it is likely that a deficit in emotional inhibition and
regulation could occur simultaneously.
A pertinent area for exploration involves whether mood regulation occurs as a
function of mood. Most obviously, mood is the subjectively observed output that triggers
regulatory attempts. Research into “hot” cognitions demonstrates that emotions affect
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cognitive appraisals (Smith et al., 1993). Placed in the context of top-down emotional
regulation, it is likely that emotional states themselves will influence the cognitive process of
emotional self-regulation. Possibly, a person feeling extremely fatigued may generally
appraise challenges as more negative, influential and hopeless, as compared to a person
feeling less fatigued, resulting in reduced attempts to self-regulate. In the current
investigation, however, there was little evidence of mood itself accounting for the difference
in mood maintenance between alert and sleep-deprived participants. Only after controlling for
vigour post-sleep deprivation did the experimental group cease to differ significantly from the
control group in terms of mood maintenance, suggesting that vigour, but not other affect
facets, has a strong influence on whether people seek to maintain their emotions in this
context. Since vigour may be considered a proxy for subjective energy level, it seems more
likely that reduced mood maintenance in sleep-deprived individuals results from reduced
energy level, rather than the undesirability of the mood state per se.
An interesting finding that emerged from the above analysis is that, although
controlling for subjective mental energy (vigour) eliminated the mood maintenance
difference between groups, the same outcome did not occur after controlling for PVT
performance, an objective measure of alertness (e.g., Basner et al., 2011). This raises the
possibility that the subjective perception of energy level, not objective cognitive alertness,
may play a proximal role in determining whether a person initiates regulation strategy use. A
parallel finding was noted to exist in the literature on physical fatigue, where perceived
exertion during exercise was experimentally increased (by increasing environmental
temperature) while holding objective power output constant, and that the subjective measure
more strongly predicts how long a person persists with the exercise before reaching
exhaustion (Crewe, Tucker, & Noakes, 2008). Alternatively, since mood maintenance and
vigour were both measured subjectively, whereas cognitive alertness was measured
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objectively, common-methods variance (Doty & Glick, 1998) might also explain how these
subjectively- and objectively-measured covariates diverge in their correlations, and yield
different outcomes with mood maintenance.
Improving on the current investigation, a more robust approach to account for the
influence of mood on mood regulation might be to concurrently factor in all the mood facets,
and examine the effects of sleep deprivation on mood regulation after partialling out the
influence of mood on mood regulation. In view of the limited sample size in the current
investigation, the above-mentioned approach will be tested at a later stage of this research
with a larger sample size (see sections 6.5.3.1 and 6.5.3.2). Another post hoc exploration that
will be undertaken at a later stage of this research, with a larger sample, is an investigation of
the potential influences age and gender might exert on the effects of sleep deprivation (see
section 4.7.4.2). Lastly, given that my participants were allowed to freely engage with any
activity within their usual behavioural repertoire when undergoing sleep deprivation in a
home setting, an additional post hoc investigation will examine how activities during the
sleep deprivation period might influence the emotional outcomes of sleep deprivation (see
Chapter 5). In all, the current investigation provided preliminary findings on the emotional
consequences of sleep deprivation, which my later investigations aim to disambiguate.
Because the current investigation did not find any group differences in mood repair, it
was not possible to investigate reasons for such differences, except to note that the groups
showed large differences in several mood facets that should theoretically have prompted
mood repair, ruling out the interpretation that mood change itself necessarily triggers the
strategy. Future research could test the potential importance of subjective mental energy level
and objective cognitive control by inducing mood changes in well-rested controls that
resemble those observed in sleep-deprived individuals, and comparing the groups’
subsequent attempts to regulate.
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A possible way to further understand why repair does not occur would be to measure
the cognitive processes that precede mood repair, which may include (1) the intention to
repair, and (2) the perceived and actual self-efficacy to repair. According to the theory of
planned behaviour (Armitage & Conner, 2001), perceived and actual behavioural control and
intention predict behaviour. If mood repair does not occur after sleep deprivation, it may be
because of (1) a lack of intention to repair, or (2) an inability to repair, despite having the
intention to repair – which we might infer from the decrease in mood maintenance, although
the lack of maintenance does not necessarily reflect the intent to repair. A possible prediction
is that sleep-deprived individuals would have the intention to feel better, consistent with the
theory of emotional regulation but, due to cognitive deterioration, lack the self-efficacy in
mood repair that a well-rested individual would have. Intention and self-efficacy for mood
repair may thus represent more proximal constructs sensitive to the effects of sleep
deprivation. As a refinement to the sequence of emotional regulation processes proposed
earlier, intention and self-efficacy could be included in the decision-making stage.
I also note that the current meta-regulation scale (SMMS, Mayer & Stevens, 1994)
may not be sensitive to the full spectrum of relevant mood repair or dampening behaviours.
Regarding mood repair, this construct is largely quantified in the SMMS in terms of positive
thinking, imagination and planning. However, sleep-deprived participants may have been
engaging in mood repair behaviourally rather than cognitively, such as playing a video game
to raise alertness or going for a walk outdoors to instil calmness. These mood-repairing
behaviours could occur with minimal cognitive planning or consideration, which may mean
that such strategies were not captured by the current meta-regulation scale. Hence, the current
investigation only demonstrates that sleep-deprived individuals are limited in cognitive mood
repair, leaving open the possibilities that other forms of mood repair may still occur.
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Regarding mood dampening, this construct is framed in the SMMS in terms of
positive affect. However, arguably, dampening may not apply only to positive mood, but
more generally to feelings that carry high emotional arousal (e.g., anger, restlessness,
anxiety). Hence, it could be that the operational definition of dampening should be broadened
to encompass bringing back any overly-aroused emotional state closer to baseline level,
rather than only curbing excessive positive emotions. Based on this premise, after acute sleep
deprivation, participants might experience some form of mood change that could require
dampening (e.g., heightened impatience and agitation), and further investigation of this
broader construct in the context of sleep deprivation may be warranted. To do this, a more
inclusive measure of dampening would need to be developed.
The use of the BRUMS in the current investigation provided detailed data for
exploration of changes in specific affect facets after sleep deprivation. The current
investigation not only found that more positive affect facets underwent significant change
than negative affect facets, but also shed light on the relative magnitude of these changes:
vigour > fatigue > happiness > calmness. Vigour and fatigue are associated with the energetic
state of an individual. Considering that the energetic state of an individual may provide the
substrate for healthy cognitive functioning, and vigour and fatigue worsened the most, a
pertinent consideration is that perhaps the many cognitive and meta-cognitive consequences
of sleep deprivation (e.g., psychomotor vigilance, judgment, self-regulation, logical
reasoning) may be the result of subjective state. The conceptualisation of energetic state as a
substrate might imply that functional cognition depends on bottom-up factors, such as
adequate mood state, in addition to top-down factors, such as controlled attention and
decision-making. Alternatively, the worsened subjective mood states and cognitive functions
may be two independent outcomes of the same physiological state after undergoing acute
sleep deprivation. Further research will be necessary to test these interpretations.
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Tension and depression were found not to change significantly after sleep deprivation,
similar to one previous home-based sleep deprivation study that found no significant
difference in anxiety and sadness (Kaida & Niki, 2014). However, another home-based study
found that anxious arousal and anhedonic depression increased significantly in the
experimental group, but not in the control group (Babson et al., 2010). Given that Kaida and
Niki (2014) adopted a 36-hour sleep deprivation protocol using the POMS to measure mood,
while Babson et al. (2010) adopted a 24-hour sleep deprivation protocol using the Mood and
Anxiety Symptom Questionnaire (MASQ), the difference in results could be attributed to the
use of different mood measures. One difference is that, unlike the POMS, the MASQ
quantified anxious arousal inclusive of somatic tension and arousal (e.g., felt dizzy,
nauseous), which sleep-deprived individuals might experience and report. Another difference
is that the MASQ quantified anhedonic depression inclusive of the absence of positive affect
(e.g., felt really happy, optimistic), whereas the POMS only captured depressive mood states
(e.g., hopeless, miserable). As shown in previous research (e.g., Franzen et al., 2008) and the
current investigation, positive affect is likely to worsen after sleep deprivation, so this may
account for the apparent discrepancy in findings. Given that the BRUMS used in my study
was adapted from the POMS (Lane & Jarrett, 2005), the similarity of the present findings to
those of Kaida and Niki (2014) is not surprising.
Three factors (i.e., age, gender and chronotype) were incorporated in the preliminary
analyses to examine their potential main effects and interaction effects with the factor of
time. Although these factors did not influence the outcomes of sleep deprivation at this stage
of the research, they will be revisited with a larger sample at a later part of this research (see
Chapters 4 and 5). In the current investigation, the variable of chronotype (which was
indicated by the participants using one written question) was used as a secondary verification
of the participants’ usual sleeping hours to facilitate the matching process of the experimental
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and control groups. This variable of chronotype is unlikely to serve similar functions as the
validated measures of chronotype (e.g., Morningness-Eveningness Questionnaire) used in
previous sleep studies (e.g., Selvi et al., 2007), which included items pertaining to preferred
times of physical and mental performance, and subjective alertness after rising and before
going to bed. Nonetheless, the factors of age and gender are valid, and will be re-examined in
the upcoming investigations.
The current investigation suggested no significant increase in mood repair following
sleep deprivation, despite worse mood state, and despite the participants not seeking to
maintain their mood. These findings are in line with other sleep deprivation studies that have
found deterioration in executive functioning and metacognition (e.g., Lau & Maniscalco,
2013). For example, it has been postulated that such impairments may be linked to the
deficiency in prefrontal cortical activity after sleep loss. For mood maintenance, this
investigation also indicated that reduced subjective vigour, rather than poorer mood more
generally, or objective cognitive impairment, accounted for the difference in maintenance
between the experimental and control groups. Future research will be needed to ascertain why
mood repair does not occur; lower perceived self-efficacy in mood repair may be a possible
contributor.
Following on from the observation that sleep deprivation impedes personal and
interpersonal functioning (e.g., Beebe et al., 2008; Durmer & Dinges, 2005), this
investigation adds that, on an intrapersonal level, the sleep-deprived individual cannot be
expected to spontaneously, consciously and effectively regulate their worsened mood, which
includes flattened positive affect and increased fatigue. An indeterminate state arises when
the sleep-deprived person rejects their worsened mood yet does not act to repair it; a state that
is unlikely to resolve itself until sufficient mental resources for recovery are restored.
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Having detailed the emotional consequences of acute sleep deprivation on mood and
mood regulation, the following chapter will investigate the status of emotional recovery one
day after later, after allowing the sleep-deprived individuals the freedom to take daytime
naps, extend night sleep and consume caffeine in the 24 hours after sleep deprivation. At the
same time, the influences of these recovery strategies on mood and mood regulation recovery
will be examined. The next investigation will, thus, provide a depiction of how well sleepdeprived individuals recover from acute sleep loss in a naturalistic setting.
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Chapter 4
Investigation 2
One Day After Sleep Deprivation: Napping Helps Negative but
not Positive Affect Recovery
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Past research over many decades has documented the effects of acute sleep
deprivation, particularly its adverse impact on cognition (e.g., reaction time [Kleitman, 1963],
sustained attention [Dinges, 1995], logical reasoning [Babkoff et al., 1991]) and emotions
(e.g., Durmer & Dinges, 2005; Franzen et al., 2008). While the effects of acute sleep
deprivation have been well-researched, the subsequent recovery process has received little
attention. In reviewing the literature, it is apparent that the existing sleep recovery studies
primarily focus on sleep recovery after extended sleep restriction (i.e., sleeping fewer hours
over several days), with markedly fewer studies adopting acute sleep deprivation as their
intervention (i.e., having no sleep for a period of 24 hours). While focusing on recovery from
extended sleep restriction has application to chronic sleep loss relevant to pathological (e.g.,
sleep apnea) and occupational (e.g., shift work) contexts, acute sleep loss carries its own
distinct consequences (e.g., Durmer & Dinges, 2005) and may have its own recovery profile
(Belenky et al., 2003). In my previous investigation, acute sleep deprivation was found to
impede emotional regulatory function, with sleep-deprived participants not increasing mood
repair attempts, despite being consciously aware that their deteriorated emotional state was
not worth maintaining. Despite these consequences, to date, no research has detailed how
rapidly mood and mood regulation capacity recover following acute sleep deprivation. The
current investigation aims to clarify this recovery process, and to determine possible factors
enhancing recovery.
Upon comparing the existing research on sleep recovery between acute sleep
deprivation and extended sleep restriction, the efficiency of recovery of alertness, both
subjective and objective, is notably different between these two types of sleep loss. In one
acute sleep deprivation study, SS (an indicator of sleep sufficiency and waking function) and
performance on a PVT (a sustained-attention, reaction time task indicating alertness), after a
24-hour sleep deprivation, returned to baseline after one nine-hour sleep opportunity
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(Lamond et al., 2007). Similarly, another study found that SS returned to baseline after one
night of sleep opportunity (Ikegami et al., 2009). In contrast, for extended sleep restriction,
one study found that three days of recovery sleep (eight-hour time-in-bed [TIB]) were not
sufficient to restore performance on the PVT back to baseline after sleep restriction over
seven days (Belenky et al., 2003). Another study found that after sleep restriction for five
days, a 10-hour TIB for sleep recovery was insufficient for SS and PVT performance to
return to baseline (Banks, Van Dongen, Maislin, & Dinges, 2010). These studies suggest that
acute sleep deprivation may allow a faster alertness and performance recovery than extended
sleep restriction. However, it is unknown whether this recovery trend generalises to
emotional recovery post-sleep deprivation.
4.1 Emotional recovery
To date, only one study has examined mood recovery following acute sleep
deprivation (Ikegami et al., 2009). Using the POMS to track the changes in mood over time,
this study found that no mood facet recovered after one ordinary 7-hour sleep opportunity,
and fatigue and confusion took at least two sleep opportunities to recover back to baseline, as
did high-order cognitive measures (i.e., reading span test, continuous performance task and
paced auditory serial addition task) that were taken in the same study. The results suggest that
mood recovery is a relatively protracted process, since the mood facets that underwent
significant deterioration (i.e., fatigue and confusion) followed the slower recovery pattern of
high-order cognition, rather than the relatively rapid recovery pattern of SS and PVT
performance (Lamond et al., 2007).
While Ikegami et al.’s (2009) study has laid the foundation for research into
emotional recovery after sleep deprivation, some limitations could be addressed. The study
recruited only 10 healthy participants and collected baseline data once on the day prior to

111

sleep deprivation. From the limited sample size and single baseline measurement used to
capture the transient construct of mood (Belsky, Crnic, & Woodworth, 1995; Hornik, 1992),
a reliable mood baseline may not have been achieved, making it more difficult to distinguish
between systematic change over time and random error. Moreover, this study measured mood
states with the POMS, which has an inherent bias towards negative-valenced mood states
(e.g., anger, tension, depression, confusion). Recent research has suggested that acute sleep
deprivation affects positive-valenced mood states (e.g., happiness, calmness) to a larger
degree than negative-valenced mood states (Franzen et al., 2008; Liu et al., 2015; Talbot et
al., 2010), indicating that the POMS may not be an ideal measure to capture the full extent of
emotional deterioration and recovery. The BRUMS (Lane & Jarrett, 2005), adapted from the
POMS, incorporates additional positive affect subscales (i.e., happiness and calmness), that
might better capture the emotional impact of sleep deprivation. Thus, although Ikegami et al.
(2009) provide important preliminary work in cognitive and emotional recovery after acute
sleep deprivation, their findings require replication and some improvements could be made to
the design, such as increasing the sample size, having multiple observations to establish
baseline, and better quantifying both positive- and negative-valenced mood facets. My
present investigation seeks to incorporate these improvements and extend the findings of
Ikegami et al. (2009).
4.2 Mood regulation
Having established the need for further research into mood recovery, it is also
essential to highlight the importance of mood regulation in the recovery process. The
construct termed “meta-mood experience” (Mayer & Gaschke, 1988, p. 102) encompasses
the conscious evaluation of mood experience, alongside the regulatory thoughts and feelings
regarding the mood experience (Mayer & Gaschke, 1988). This meta-mood experience is
relevant to acute sleep loss recovery because it implies that, faced with mood disruptors such
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as sleep deprivation, human beings are unlikely simply to endure them passively. Instead,
they are likely to actively monitor their mood and take steps to regulate it.
How a person evaluates their emotional state – whether they find it acceptable and
functional – is important in this context for two reasons. Firstly, it indicates whether declines
in mood with sleep deprivation are perceived by the individual to be problematic. While
researchers may assume that increases in fatigue and confusion are undesirable, individuals
themselves may experience these increases as normal fluctuations. Secondly, an unfavourable
mood evaluation is arguably a prerequisite for self-initiated attempts to regulate the mood
(Mayer & Stevens, 1994).
Mood regulation is construed as an effortful, intentional cognitive process (Mayer &
Gaschke, 1988). As such, it may be subject to the same impairment as other cognitive
processes following sleep deprivation. While mood is likely to deteriorate with sleep loss and
improve with sleep recovery, it is unknown whether mood regulation will follow the same
course. It may be that the individual’s mood returns to baseline, but the individual does not
demonstrate self-regulation because it might involve high-order cognition (e.g., evaluation
and decision-making) that could take a longer time to recover (Ikegami et al., 2009). This
impairment of mood regulation might render mood less stable after sleep deprivation, given
that emotional stability is associated with active regulatory effort (Larcom & Isaacowitz,
2009). Alternatively, it may be that mood and mood regulation recover at the same rate, when
given sufficient access to recovery opportunities throughout the day. A third possibility is that
mood recovery must await the recovery of mood regulatory processes that enable successful
mood repair attempts.
4.3 Setting Effects
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In the sleep recovery studies cited thus far, the experiments were conducted in a
laboratory setting (e.g., with standard lighting, limited choice of activities), and with standard
sleep deprivation hours and prescribed recovery sleep opportunities (e.g., Belenky et al.,
2003; Lamond et al., 2007). Notwithstanding the benefits of experimental control in isolating
the effects of recovery sleep, such a design has its limitations. As discussed in Chapter 1,
firstly, the negative effects imposed by a laboratory setting (Paterson et al., 2013; see section
1.3.2) could exaggerate the apparent effects of sleep deprivation, creating a larger disparity
for recovery. Secondly, given unrestricted conditions with more recovery opportunities made
available in a naturalistic setting, the recovery process is likely to be faster than those detailed
in laboratory studies (see section 1.4). Moreover, little is currently known about which
recovery strategies (e.g., napping, extended night sleep, caffeine consumption) are more
effective, and a correlational study investigating naturally occurring individual differences in
recovery strategy choice and their outcomes would be a useful preliminary step to identify
candidates for future experiments (see section 1.7).
4.4 Recovery strategies
Each of the three methods most commonly reported by Americans to recover from
sleep loss, namely, (1) daytime napping, (2) sleep extension (sleeping longer than usual hours
at night), and (3) consumption of caffeinated beverages (National Sleep Foundation, 2008)
may have its own unique role in sleep recovery. Each of these methods may have its own
unique role in assisting sleep recovery (see section 1.5), yet there is little evidence supporting
their efficacies in generating longer-term benefits (i.e., benefits lasting till the following day).
Additionally, these strategies could often be adopted simultaneously (e.g., a sleep-deprived
individual could, in a single day, consume caffeine, take daytime naps and sleep earlier in the
night to extend the duration of night sleep); nonetheless, in the existing literature, little is
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known about the relative longer-term efficacies of these strategies when adopted
concurrently.
The relative efficacies of these strategies become a concern when there is evidence
suggesting that the adoption of one strategy might affect the adoption and/or outcomes of
other strategies. For instance, caffeine could suppress EEG power density for rapid eye
movement (REM) sleep (Landolt, Werth, Borbély, & Dijk, 1995), and increase sleep latency
from the day of caffeine administration till the following day (Landolt, Dijk, Gaus, &
Borbély, 1995), possibly limiting the potential efficacies of daytime naps and night sleep.
Also, if one had extensive duration of daytime naps, the person might have less need to
extend night sleep. While daytime napping and night sleep are postulated to confer emotional
benefits via a similar process of REM sleep (see section 1.5), if daytime napping and night
sleep indeed possess unique mechanisms to effect these benefits, then the use of napping
might limit the potential efficacy of night sleep. Therefore, there is a need to highlight the
outcomes of one strategy, after accounting for the possible counteracting effects of other
strategies. The current investigation will examine the relative efficacies of these strategies in
predicting emotional recovery one day after sleep deprivation.
4.5 The current investigation
The current investigation aims to track how mood states and mood regulation change
over time, from baseline to immediately after sleep deprivation, to one day after sleep
deprivation, in a naturalistic setting. For comparison, basic cognitive performance will also
be tracked. While it is generally accepted that mood and cognition deteriorate with sleep
deprivation and improve with sleep recovery (e.g., Durmer & Dinges, 2005; Kleitman, 1963),
the degree and process of recovery is less well understood. Participants will be given the
freedom to consume caffeine, take daytime naps and extend night sleep, and I will explore
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which of these factors enhances sleep deprivation recovery. Firstly, I hypothesise that naps
and sleep extension will exert more influence on recovery the next day than caffeine
consumption. This is because I predict that the benefits of caffeine will wear off after the
caffeine is metabolised. Additionally, it is unlikely that my participants will naturally
consume the high doses of caffeine used in Penetar et al. (1993) to generate the sleep
deprivation reversal effect. In contrast, naps and sleep extension might provide additional
REM sleep recovery opportunities for the sleep-deprived individuals, which could be more
long-lasting than caffeine as a chemical stimulant. Secondly, given that participants can
freely engage various recovery strategies, I hypothesise that mood evaluation and regulation
will recover at the same rate as mood, such that participants will evaluate their mood as more
acceptable, typical and less influential, and display less mood repair and more mood
maintenance, after one day of recovery compared to post-sleep deprivation. This
investigation is expected to provide findings high in ecological validity, allowing insight into
how a sleep-deprived person recovers cognitively and emotionally in an everyday naturalistic
setting.
4.6 Method
4.6.1 Participants
Of the 63 participants recruited in this project (see section 2.2), at the time of
commencing this second investigation, 57 participants (17 males, 40 females), ages ranging
from 18 – 46 years (M = 23.21, SD = 7.06), were recruited. No additional participants were
screened out or failed to complete this phase.
4.6.2 Materials
As described in Chapter 2, the measures used in this investigation were: (1) the
BRUMS (Lane & Jarrett, 2005), to measure mood, (2) the SMMS (Mayer & Stevens, 1994),
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to measure mood regulation, and (3) the online PVT (Roach et al., 2006; see section 2.3), to
measure objective alertness. The Fitbit Charge HR was used in this study to monitor the
participants’ sleeping behaviours, specifically, their self-reported night sleep and daytime nap
durations (Montgomery-Downs et al., 2012) to be used as indications of recovery strategies.
4.6.3 Procedure
I adopted a repeated measures design, including three phases (see section 2.4): (1)
baseline, (2) intervention, and (3) recovery (see Figure 4.1). The recovery phase in the current
phase is restricted to the first day after sleep deprivation, as described below.
The recovery phase lasted from immediately after the sleep deprivation survey was
submitted until the following morning, when the participants submitted the recovery survey.
During this period, the participants were free to take daytime naps, consume caffeine and
extend their night sleep. Participants were required to record the start and end times of all
daytime naps and of their sleep at night. If the participants consumed caffeine, they were also
required to describe the type and quantity of caffeinated food (e.g., chocolates) and beverages
(e.g., coffee) they consumed. The recovery phase was completed the following morning when
the participants logged in to the online platform approximately 24 hours later to complete
surveys identical to those in the baseline phase, including submitting their personal records of
daytime naps, night sleep and caffeine consumption.
In processing the self-reported recovery strategies provided by the participants, the
caffeine intake (in mg) for the participants was estimated and summed from the type and
quantity of caffeinated food and beverages reported (Barone & Roberts, 1996; Chou & Bell,
2007; McCusker, Goldberger, & Cone, 2006; Zoumas, Kreiser, & Martin, 1980). The
daytime naps and night sleep self-reported durations were verified with those recorded using
the Fitbit Charge HR (see section 2.4.1). The total nap duration was summed from separate
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Figure 4.1. Time-lagged design of the 12-day sleep deprivation protocol for the experimental (E) and control (C) groups for Investigation 2.
Note. Grp = group, AM = before midday, PM = after midday,
= Fitbit on,
= Fitbit off,
= night sleep,
= sleep deprivation, B1,2,3
= baseline day 1,2,3, R1,2,3 = recovery day 1,2,3, BM = baseline measurement, DM = measurement after sleep deprivation, CM = measurement
after control night, RM = measurement after recovery day. Boxed area: measurement points used in the current investigation.
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naps (defined as sleep periods outside of participants’ usual sleeping hours), if applicable, to
represent the strategy of daytime napping. The single duration of night sleep was used to
represent the strategy of night sleep extension.
4.7 Results
4.7.1 Data analysis and transformation
This investigation used a repeated measures design for all the participants over three
points of measurement (see Figure 4.1): (1) Time 1 (T1; baseline measurement), (2) Time 2
(T2; measurement immediately after sleep deprivation), and (3) Time 3 (T3; measurement
one day after sleep deprivation). Baseline scores were calculated as the average of the three
days measured during the baseline phase. After analysing the normality of the variables,
positive skewness was detected in the dependent variables of mood (except calmness), PVT
performance and caffeine intake. Consequently, logarithmic transformations were applied to
these variables, reducing their skewness to within three standard errors of zero. Descriptive
statistics are reported from raw scores, whereas inferential statistics are calculated using the
transformed scores, using two-tailed tests with α = .05. Some missing data were detected,
with no more than two cases for any variable. The missing data were found to be missing
completely at random (ps > .05) using Little’s Missing Completely At Random test (Little,
2002), and were imputed with expectation maximisation (Dempster et al., 1977). No outlier
was detected using the outlier labelling rule (Hoaglin & Iglewicz, 1987).
4.7.2 Manipulation check
PVT performance functioned as a manipulation check to determine whether
participants’ cognitive alertness declined with sleep deprivation and recovered after the
recovery period. Initially, in view of the over-representation of females and younger
participants in my sample, I included age and gender as between-subjects factors and
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performed a 3 (time: time 1 to time 3) x 2 (gender) x 2 (age: 20 years and under, over 20
years [median split]) analysis of variance on reaction time. As age and gender showed no
significant main effects or interactions with time (ps > .05), they were eliminated as factors,
and I report here results from the one-way analysis for the main effects of time. Table 4.1
shows descriptive statistics indicating a decline in performance with sleep deprivation and
increase in the following 24 hours. The univariate analysis revealed a main effect of time for
reaction time, F(2, 104) = 35.86, p < .001, partial η2 = .41. Post hoc Bonferroni-adjusted
pairwise comparisons indicated that, from T1 to T2, reaction time significantly worsened (p <
.05). Over the recovery period, from T2 to T3, significant improvements were detected in
reaction time (p < .05). Comparing T1 to T3, participants showed no significant difference in
reaction time (p > .05), indicating complete recovery.
Table 4.1
Descriptive Statistics for Psychomotor Vigilance Task Performance and Mood Variables over
the Three Points of Measurements
Variables
Reaction time (s)
Vigour
Happiness
Fatigue
Calmness
Confusion
Depression
Anger
Tension

Baseline (T1)
M, SD
.32, .03
6.29, 2.88
7.61, 2.90
4.59, 3.27
8.52, 2.59
1.44, 1.87
1.22, 1.99
.80, 1.29
1.98, 2.43

Sleep deprivation (T2)
M, SD
.36, .06
1.16, 1.97
2.86, 2.78
13.30, 3.13
3.98, 3.17
4.07, 3.84
2.60, 3.29
2.05, 2.95
1.91, 2.21

Recovery day 1 (T3)
M, SD
.32, .04
6.16, 4.14
7.12, 4.36
5.20, 4.75
7.39, 3.96
1.93, 3.13
1.54, 2.95
1.51, 2.93
1.79, 2.88

4.7.3 Recovery of mood and mood regulation
The recovery of mood and mood regulation needs to be understood from three
perspectives: (1) whether these variables worsened between T1 and T2, (2) whether these
variables improved between T2 and T3, and (3) whether these variables at T3 returned to the
baseline levels of T1. Describing the average changes in mood and mood regulation provides
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the foundation to later explore whether the recovery strategies influence the recovery
processes. To investigate the above-mentioned processes, two separate repeated measures
MANOVAs were conducted across the three points of measurements to examine change over
time in the following variables: (1) mood facets, and (2) mood regulation subscales.
Subsequently, planned comparisons were conducted to examine the changes with specific
reference to post-recovery.
4.7.3.1 Mood. To examine the emotional recovery process of the eight mood facets,
repeated measures MANOVA was conducted to compare mood over time, with descriptive
statistics summarised in Table 4.1. For the combined dependent variables of vigour,
happiness, fatigue, calmness, confusion, depression, anger and tension, a significant main
effect of time was found, F(16,41) = 24.53, p < .001, partial η2 = .91. In the subsequent
univariate analyses, significant changes over time were detected for vigour, (1.61,90.24) =
108.81, p < .001, partial η2 = .66, happiness, F(1.66,92.72) = 73.74, p < .001, partial η2 = .57,
fatigue, (1.75,98.05) = 66.35, p < .001, partial η2 = .54, calmness, F(2,112) = 46.12, p < .001,
partial η2 = .45, confusion, (1.86,104.37) = 16.86, p < .001, partial η2 = .23, depression,
F(2,112) = 7.02, p = .001, partial η2 = .11, and anger, (2,112) = 4.19, p = .018, partial η2 =
.07; but not for tension (p > .05).
Planned comparisons indicated that, from T1 to T2, participants reported significant
increases in fatigue, (1,56) = 158.37, p < .001, partial η2 = .74, confusion, (1,56) = 20.59, p <
.001, partial η2 = .27, depression, (1,56) = 9.57, p = .003, partial η2 = .15, and anger, (1,56) =
7.28, p = .009, partial η2 = .12, and significant reductions in vigour, (1,56) = 215.55, p < .001,
partial η2 = .79, happiness, (1,56) = 139.78, p < .001, partial η2 = .71, and calmness, (1,56) =
100.42, p < .001, partial η2 = .64.
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Next, planned comparisons indicated that, from T2 to T3, participants reported
significant reductions in fatigue, F(1,56) = 95.22, p < .001, partial η2 = .63, confusion,
F(1,56) = 23.05, p < .001, partial η2 = .29, depression, F(1,56) = 9.02, p = .004, partial η2 =
.14, and increases in vigour, F(1,56) = 94.91, p < .001, partial η2 = .63, happiness, F(1,56) =
59.89, p < .001, partial η2 = .52, and calmness, F(1,56) = 37.87, p < .001, partial η2 = .40;
anger and tension changes were non-significant. At T3, participants still reported
significantly lower happiness, F(1,56) = 6.92, p = .011, partial η2 = .11, and calmness,
F(1,56) = 6.40, p = .014, partial η2 = .10, than at T1; no significant differences remained for
vigour, fatigue, confusion, depression or anger (ps > .05).
4.7.3.2 Mood regulation. To examine how sleep deprivation and recovery affect the
state meta-mood facets of clarity, acceptability, typicality, influence, repair, maintenance and
dampening, repeated measures MANOVA was conducted with these variables over the three
points of measurement, with descriptive statistics summarised in Table 4.2. For the combined
dependent variables, a significant main effect of time was found, F(14,43) = 10.46, p < .001,
partial η2 = .77. In the subsequent univariate analyses, significant changes over time were
detected for acceptability, F(2,112) = 39.61, p < .001, partial η2 = .41, typicality, F(2,112) =
56.42, p < .001, partial η2 = .50, influence, F(1.63,91.25) = 14.47, p < .001, partial η2 = .21,
repair, F(2,112) = 6.30, p = .003, partial η2 = .10, maintenance, F(2,112) = 42.26, p < .001,
partial η2 = .43, and dampening, F(2,112) = 10.52, p < .001, partial η2 = .16, but clarity did
not undergo a significant change.
Planned comparisons indicated that, from T1 to T2, participants reported significant
reductions in acceptability, F(1,56) = 58.77, p < .001, partial η2 = .51, typicality, F(1,56) =
100.60, p < .001, partial η2 = .64, maintenance, F(1,56) = 85.20, p < .001, partial η2 = .60,
dampening, F(1,56) = 9.81, p = .003, partial η2 = .15 and an increase in influence, F(1,56) =
19.13, p < .001, partial η2 = .26.
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Table 4.2
Descriptive Statistics for the Mood Regulation Variables over the Three Points of
Measurements
Meta-Mood Scale

Baseline (T1)
M, SD

Sleep deprivation (T2)
M, SD

Recovery day 1 (T3)
M, SD

Meta-evaluation
Clarity
11.53, 1.84
10.88, 3.04
11.46, 2.35
Acceptability
11.12, 1.89
7.67, 3.35
11.07, 3.16
Typicality
10.43, 1.84
6.77, 2.38
10.37, 2.96
Influence
8.94, 2.37
10.56, 2.93
8.75, 2.92
Meta-regulation
Repair
13.20, 3.93
14.23, 4.89
12.30, 4.58
Maintenance
17.17, 3.06
11.26, 3.67
16.32, 4.85
Dampening
8.56, 2.75
7.51, 3.16
7.11, 2.48
Next, planned comparisons indicated that, from T2 to T3, participants reported
significant increases in acceptability, F(1,56) = 52.69, p < .001, partial η2 = .49, typicality,
F(1,56) = 62.97, p < .001, partial η2 = .53, maintenance, F(1,56) = 45.25, p < .001, partial η2
= .45, and reductions in influence, F(1,56) = 16.63, p < .001, partial η2 = .23, and repair,
F(1,56) = 11.43, p = .001, partial η2 = .17. At T3, participants still reported significantly
lower dampening than at T1, F(1, 56) = 22.10, p < .001, partial η2 = .28; but no significant
differences remained in reported acceptability, typicality, influence, repair or maintenance (ps
> .05).
4.7.4 Roles of caffeine, napping and night sleep on mood recovery
To model the influence of caffeine, napping and night sleep on mood recovery, from
T2 to T3, a path analysis was conducted using caffeine (M = 91.96 mg, SD = 100.61),
napping (M = 275.75 min, SD = 144.82) and night sleep (M = 528.32 min, SD = 118.59) as
predictors of mood changes. I also estimated sleep latency, the time that elapsed before
participants had their first nap or night sleep after the sleep deprivation protocol (M = 119.40
min, SD = 266.31). This estimation was calculated by subtracting the time they submitted the
survey at the 24th hour of their sleep deprivation protocol from the time of their first nap or
night sleep. Logarithmic transformation was applied to sleep latency to reduce its skewness to
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within three standard errors of zero. Sleep latency was included as a control variable in the
path analysis.
Out of the 54 participants who took naps, 36 participants took one nap, 16 participants
took two naps and two participants took three naps. Figure 4.2 summarises the number and
duration of naps taken by each participant. One napper had a maximum nap duration of 30
minutes, while all other nappers had a maximum nap duration of at least 75 minutes. This
shows that most of the nappers were likely to have experienced REM sleep during their naps.
The longest nap lasted 480 minutes, while the shortest nap lasted 15 minutes. Under the
unrestricted recovery conditions , the durations of night sleep and daytime nap/s summed to
an average of 804.07 min (SD = 141.46).
4.7.4.1 Composition of positive and negative affect. The positive and negative
mood variables were analysed separately for two main reasons. Firstly, positive affect was
found to show greater deterioration than negative affect with sleep deprivation (cf., Franzen
et al., 2008), hence, positive affect might recover differently from negative affect. Indeed, as
evident in my results thus far, specific positive mood facets (i.e., happiness and calmness)
demonstrated poorer recovery relative to baseline than specific negative mood facets (i.e.,
depression, confusion and fatigue); therefore, it is possible that positive and negative affect
recovery might be influenced differentially by my predictor variables. Secondly, as
mentioned earlier, REM sleep, observed during naps and night sleep, is known to buffer the
effects of stress on negative affect, while less is known about its impact on positive affect
(Vandekerckhove & Cluydts, 2010).
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Figure 4.2. Duration of night sleep and nap/s taken by each participant.
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For the subsequent analyses, only the mood facets that underwent significant recovery
from T2 to T3 were included (i.e., happiness, calmness, vigour, depression, confusion and
fatigue, excluding anger and tension). Composite variables for positive (i.e., happiness,
calmness and vigour) and negative (i.e., depression, confusion and fatigue) affect were
constructed by summing the means of their constituent mood facets for each participant.
Vigour was grouped under positive affect in keeping with the International Positive and
Negative Affect Schedule (Thompson, 2007), which lists the mood items of “active” and
“alert” under the construct of positive affect.
4.7.4.2 Path analysis. I used IBM Statistical Package for the Social Sciences AMOS
Version 21 to conduct the path analysis. This analysis aims to quantify the distinct roles of
night sleep, napping, sleep latency and caffeine consumption on PVT performance, positive
and negative affect at T3, while controlling for their respective scores at T2 (see Figure 4.3;
see Appendix I for unstandardised coefficients and correlational matrix). Age and gender
were also included as control variables (age coded as continuous variable; gender coded as
dichotomous variable [male: 0; female :1]). In view of the non-normal distribution of age,
bootstrapping was performed on 500 samples, using 95% bias-corrected confidence intervals.
While bootstrapping resolved the issue of non-normality of variables, which the
earlier data transformation (see section 4.7.1) also resolved, the data transformation served
two additional unique functions that needed to be carried out at the initial stages of analysis.
Firstly, in view of missing data, my current data were transformed to approximate the
assumption of normality for multiple imputation (Sterne et al., 2009). Secondly, the data
transformation facilitated the earlier MANOVAs (see section 4.7.3). Bootstrapping was
required at this stage in view of the non-normal distribution of age.
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Figure 4.3. Path analysis for night sleep, napping, caffeine intake and sleep latency predicting for recovery in PVT performance (s) and positive
and negative affect, while controlling for age and gender. Standardized coefficients are presented. * significant at p < .05. Italics: R2, percentage
of variance explained by the predictor variables. T2 = measurement after sleep deprivation, T3 = measurement after recovery day.
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Returning to the present path analyses, maximum likelihood was used as the method
of estimation (χ2 [39, N = 57] = 95.37, p < .05, CFI = .49, RMSEA = .16). Upon examining
the fit indices, the model fit was lower than desirable. Given that model fit is related to the
strengths of correlations present in the correlational matrix (e.g., Hoelter, 1983), the inclusion
of control variables (i.e., age and gender) that were not strongly correlated with positive
affect, negative affect and PVT performance (see Appendix I), reduced model fit.
Nonetheless, as discussed earlier (see sections 1.8.2 and 1.8.3), the decision to control for age
and gender was necessary in view of their potential influences on affective outcomes, as
inferred from their theoretical relevance to emotional processing. As such, conclusions about
path weights can be drawn having controlled for the influences of these variables.
In this path model, my results demonstrated that accumulating more napping time
after sleep deprivation predicted significantly greater recovery in negative affect the
following morning, after controlling for sleep latency, night sleep, caffeine intake and,
respectively, level of negative affect and PVT performance immediately after sleep
deprivation. The other predictors did not show significant independent effects. To further test
whether napping and night sleep exerted significantly more effect than caffeine consumption
on negative affect recovery the following morning (hypothesis one), I examined the 95%
confidence interval using the bias-corrected percentile method of the path weights of these
three recovery strategies on negative affect the next day. I observed a small overlap between
the confidence intervals of napping [-.61, -.07] and caffeine consumption [-.16, .33], and a
much larger overlap between night sleep [-.37, .17] and caffeine consumption. This
observation suggests that the difference in the strengths of the path weights between napping
and caffeine consumption was nearly significant, while the difference between night sleep
and caffeine consumption was not significant. Hence, napping exerted more influence than
caffeine consumption on mood recovery the next day, but not night sleep.
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On a separate note, napping was found to have significant inverse correlations with
night sleep and sleep latency. Unexpectedly, age influenced positive and negative affect
recovery, with older participants reporting greater positive and negative affect recovery than
younger participants the next morning, after controlling for effects of recovery strategies and
gender. In examining the unstandardised coefficients, each decade of age predicted 11.1%
greater recovery of total positive affect score, and 6.2% greater reduction of total negative
affect score the day after sleep deprivation.
Next, I performed a similar path analysis to examine the roles of these recovery
strategies on the state meta-mood facets that underwent significant recovery from T2 to T3
(i.e., acceptability, typicality, influence, repair, maintenance and dampening; see Figure 4.4;
see Appendix J for unstandardised coefficients and correlational matrix). Maximum
likelihood was used as the method of estimation (χ2 [105, N = 57] = 305.07, p < .05, CFI =
.37, RMSEA = .18). The results showed that accumulating more napping time after sleep
deprivation predicted significantly greater recovery in mood maintenance the following
morning, after controlling for sleep latency, night sleep, caffeine intake and level of mood
maintenance immediately after sleep deprivation. Also, accumulating more night sleep
predicted less mood dampening the next morning. In terms of sleep latency, delaying the
onset of the first sleep event after sleep deprivation predicted significantly higher
acceptability and mood maintenance, and lower mood repair the next morning. Aligned with
the age effect seen in the mood analysis, this analysis showed that older participants also
reported greater mood acceptability and maintenance than younger participants the following
morning. Lastly, female participants tended to report more mood repair than males the next
morning.
In view of age emerging as a facilitative factor of recovery for both mood and state
meta-mood facets, a possibility exists that age might also be a protective factor against the
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Figure 4.4. Path analysis for night sleep, napping and caffeine predicting for recovery in state meta-mood facets, while controlling for age
and gender. Standardized coefficients are presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor
variables. T2 = measurement after sleep deprivation, T3 = measurement after recovery day.
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effects of sleep deprivation on mood and state meta-mood facets. Hence, I conducted two
additional post hoc path analyses using T1 (baseline) and T2 (immediately after sleep
deprivation), to examine the influence of age on the effects of sleep deprivation. In the first
path analysis involving mood facets (see Figure 4.5; see Appendix K for unstandardised
coefficients and correlational matrix), bootstrapping was performed on 500 samples, using
95% bias-corrected confidence intervals. Maximum likelihood was used as the method of
estimation (χ2 [19, N = 57] = 41.75, p < .05, CFI = .71, RMSEA = .15). The analysis revealed
that older participants reported higher positive affect immediately after sleep deprivation than
younger participants, after controlling for baseline positive affect and gender. In the second
parallel path analysis involving state meta-mood facets (see Figure 4.6; see Appendix L for
unstandardised coefficients and correlational matrix), using maximum likelihood as the
method of estimation (χ2 [73, N = 57] = 280.25, p < .05, CFI = .18, RMSEA = .23), older
participants also reported lower mood repair immediately after sleep deprivation than
younger participants, after controlling for baseline mood repair and gender. These findings
suggest that older age mitigated sleep deprivation effects and escalated the subsequent
recovery process.
4.8 Discussion
The current investigation found that allowing one day of unrestricted sleep recovery
after acute sleep deprivation was sufficient to return alertness and most mood facets, except
happiness and calmness, to baseline levels. The hypothesis that, given the freedom to access
recovery opportunities, mood and mood regulation would recover simultaneously was
supported. The full recovery of most mood facets was accompanied by mood acceptability,
typicality, influence, repair and maintenance also returning to baseline, but mood dampening
remained below baseline. Partially supporting the next hypothesis, only napping exerted a
significant influence on negative affect recovery, while night sleep and caffeine consumption

131

.26
T2 Positive affect
.25*
T1 Positive affect
.40*

Age

-.14
-.11
.10
T2 Negative affect

-.19

.20
.19

Female gender

T1 Negative affect

-.06
.50
T2 PVT
.70*
T1 PVT
Figure 4.5. Path analysis for age and gender predicting for effects of sleep deprivation on PVT performance (s) and positive and negative affect.
Standardized coefficients are presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor variables. T1 =
measurement at baseline, T2 = measurement after sleep deprivation.

132

.09
T2 Acceptability
.22
T1 Acceptability
.04
T2 Typicality
.15

T1 Typicality

.19

.26

.12
-.23
-.20*
.14

Age
.09

T2 Influence
.46*
T1 Influence

.30

T2 Repair

.51*

-.11
-.03

.01

Female gender

-.002
.07
-.15

T1 Repair

.03

T2 Maintenance
-.04
T1 Maintenance

.26

T2 Dampening

.48*
T1 Dampening
Figure 4.6. Path analysis for age and gender predicting for effects of sleep deprivation on state meta-mood facets. Standardized coefficients are
presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor variables. T1 = measurement at baseline, T2 =
measurement after sleep deprivation.

133

did not. My results showed that accumulating more napping time after sleep deprivation
significantly enhanced negative affect recovery the following morning. Additionally,
although the confidence intervals of the effects for all three strategies overlapped to some
extent, the effects of napping on negative affect recovery showed relatively little overlap with
that of caffeine consumption, whereas the difference between the effects of night sleep and
caffeine consumption was not significant. On the contrary, positive affect recovery was not
assisted by any of the three recovery strategies (the model [see Figure 4.3] explained twice as
much variance in negative affect as it did in positive affect). While this investigation has
delineated near-complete emotional recovery one day after acute sleep deprivation, the reason
for the incomplete recovery of happiness and calmness remains unknown.
Several unexpected results also emerged. My results demonstrated that, the day after
sleep deprivation, older participants tended to recover more efficiently in terms of positive
and negative affect, as well as mood regulation, than younger participants. After conducting
post hoc analyses, this investigation also found that older participants tended to report higher
positive affect and lower mood repair immediately after sleep deprivation, than younger
participants. At the same time, females reported more active mood regulation than males the
following morning. Also, night sleep and sleep latency were found to predict certain aspects
of mood regulation. Although my findings demonstrated that sleep-deprived individuals
could recover quite efficiently the following day, some individuals were more vulnerable to
the emotional impacts of sleep deprivation than others.
4.8.1 Overall recovery
This investigation provides evidence that individuals who underwent a 24-hour sleep
deprivation could recover almost fully to baseline after one day of sleep recovery, with the
freedom to take daytime naps, extend night sleep and consume caffeine. Participants

134

underwent more emotional recovery, in terms of returning to baseline levels, in a naturalistic
setting as compared to a laboratory setting (cf., Ikegami et al., 2009). While Ikegami et al.
(2009) found that fatigue and confusion required at least two recovery days to return to
baseline, with no reported measurement of the mood facets of happiness and calmness, my
study found that most mood facets, including fatigue and confusion but not happiness and
calmness, returned to baseline levels after one recovery day. One potential contributor to this
faster emotional recovery was the freedom to access resting opportunities. Under the
naturalistic conditions of my study, my participants experienced a total duration of night
sleep and nap/s (an average of 13 hours 24 min) that was nearly twice as long as the seven
hours of night sleep prescribed by Ikegami et al. (2009). Alternatively, a contributor to this
faster recovery could be that Ikegami et al. (2009) applied a longer duration of sleep
deprivation (i.e., 41 hours) than the current study. Nonetheless, as discussed earlier (see
section 1.3.1), longer periods of sleep deprivation would not necessarily generate
proportionally larger emotional effects. Hence, we cannot assume that the participants in
Ikegami et al. (2009) had a proportionally larger disparity for recovery than my participants,
or that this would account for the observed faster recovery in my participants. However, it
remains unknown whether a longer period of sleep deprivation might increase the persistence
of deteriorated mood after sleep deprivation.
Though happiness and calmness remained significantly below baseline, the mean
values indicated substantial progress: happiness recovered by 90% and calmness recovered
by 77%. However, the recovered happiness and calmness scores demonstrated greater
variability than at baseline, which suggests that certain individuals possibly recovered better
than others (an observation that will be discussed later). Moreover, the participants evaluated
their mood states as acceptable, typical and of similar influence to those of baseline. Finally,
the participants maintained and repaired their mood at levels similar to those of baseline. The
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recovery of these evaluation and regulation facets back to baseline suggests that my
participants perceived their emotional recovery to be near-complete. Given that mood repair
was found not to change significantly after sleep deprivation in the previous investigation
(see section 3.6.4), a possibility might be that mood repair remained at baseline level
immediately after sleep deprivation and one day after sleep deprivation; in other words, there
is a chance that my measurement of mood repair might not be sensitive to the effects of sleep
deprivation. Since Investigation 4 aims to disambiguate the findings of Investigation 1, with a
larger sample size, and track emotional responses sequentially from baseline to three days
after sleep deprivation on a daily measurement basis, Investigation 4 will provide further
findings to address the above-mentioned possibility.
The observation that dampening remained significantly lower than baseline at T3 may
be an indication that the participants were not emotionally aroused or activated at that point.
Given that happiness also remained below baseline at T3, dampening may be low due to the
incompleteness of positive affect recovery, since the construct of dampening is defined as a
response to positive affect (Mayer & Stevens, 1994). However, the expected regulation
strategy to equilibrate low positive affect is mood repair, which was only at baseline levels at
T3 rather than above-baseline, suggesting suboptimal emotional regulation.
The incompleteness of positive affect recovery is not an unexpected finding. As
mentioned previously, one reason I measured additional positively valenced mood facets in
this study is because numerous previous studies have found that positive affect is affected to
a larger degree by acute sleep deprivation than negative affect (e.g., Franzen et al., 2008; Liu
et al., 2015). Supporting these studies, my study also found larger effect sizes for specific
positive affect facets, indicating they underwent larger change than specific negative affect
facets; which may explain why the specific positive affect facets (i.e., happiness and
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calmness) may require a longer time to recover to baseline compared to specific negative
affect facets.
4.8.2 Influence of sleep recovery strategies
Considering the lack of recovery of happiness and calmness, my finding that positive
affect recovery was not significantly influenced by any recovery strategy is noteworthy. From
this finding, I deduce that the recoveries of happiness and calmness were dependent on
factors other than night sleep, naps and caffeine consumption, which were not measured in
this study (e.g., physiological or behavioural variables). I could also deduce that such factors
had not exerted their full impact within one day of recovery from sleep deprivation. Future
research may need to lengthen the post-sleep deprivation measurement period to capture the
point where the recovery to baseline for happiness and calmness occurs. While my three focal
recovery strategies did not assist positive affect recovery, at least one of these strategies,
napping, exerted some degree of advantage to negative affect recovery.
My results showed that accumulating more napping time after sleep deprivation
predicted significantly greater recovery in negative affect and mood maintenance the
following morning, after controlling for sleep latency, night sleep, caffeine intake, age,
gender and, respectively, level of negative affect and mood maintenance, immediately after
sleep deprivation. Given that most participants took only one nap, one interpretation of this
finding could be that having a daytime nap of longer duration is helpful to assist recovery in
negative affect and mood maintenance the next day after sleep deprivation. My results
suggest that latency to daytime nap/s after sleep deprivation was not particularly influential;
rather, the duration factor of the accumulated napping time played a more significant role in
the recovery process. My finding extends previous research that found napping to improve
mood immediately in a non-sleep-deprived context (e.g., Betrus, 1986), and further indicate
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that such benefits might be sustained to the following day for acutely sleep-deprived
individuals.
In examining the significance and path weights from napping and night sleep to
negative affect recovery, napping stands as a more effective recovery strategy than night
sleep. This finding suggests that the effectiveness of a recovery strategy may not be solely
dependent on the amount of REM sleep, since night sleep is likely to contain more successive
cycles of REM sleep than napping on the basis of rest duration. Also, having controlled for
sleep latency, I could also rule out the factor of timeliness of rest as a criterion for a recovery
sleep to be effective. Nonetheless, there are other differences between napping and night
sleep that may play some role in explaining my finding, such as the presence or absence of
sunlight, the consistency with participants’ usual circadian rhythm, and the level of sleep
pressure. Of these differences, the existing quantity of sleep pressure at the onset of rest may
provide the most plausible explanation. Out of the 57 participants, 54 participants took naps,
with most nappers having nap durations of at least 75 minutes. This pattern of naps shows
that most participants would have taken naps with strong sleep pressure sustained from the
sleep deprivation, which also means that most participants were likely to enter night sleep
with comparatively lower sleep pressure. Thus, resting with strong sleep pressure (i.e.,
napping) might confer more benefit to reduce negative affect the next morning, as compared
to resting with reduced sleep pressure (i.e., night sleep). This finding opens avenues for future
research to compare how sleep experiences and benefits might differ under various degrees of
sleep pressure (this notion of sleep pressure, with relevance to chronotype and age, will be
discussed in further detail in section 8.3.2).
Of additional relevance are the findings that, in a naturalistic setting, participants who
napped more on the recovery day tended to have shorter sleep latency and night sleep
duration. Individuals who took their first nap sooner would likely have more available time to
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nap throughout the day. Also, individuals who napped more during the day would likely have
less need to sleep at night, supporting the notion that naps and sleep fulfil similar functions in
easing the sleep pressure sustained from the previous day of sleep deprivation.
Another interesting note is that high levels of napping only reduced the levels of
negative affect facets, but did not raise the levels of positive affect facets the next day. It is
possible that napping restores the cognitive processes associated with inhibiting negative
emotions, but not those associated with amplifying positive emotions, which could operate
via distinctly different mechanisms. As mentioned earlier, only one napper had a nap duration
no greater than 30 minutes, while all other nappers had nap durations of at least 75 minutes.
This long nap duration suggests that most nappers could have engaged in REM sleep in their
naps, which could have contributed to their negative affect recovery (Vandekerckhove &
Cluydts, 2010).
As this study occurred in a naturalistic setting, it is important to note that the ability to
take daytime naps may have been constrained by individuals’ schedules. The participants
who took daytime naps might have experienced a more flexible and effective recovery day,
compared to others who perhaps would have liked to take a daytime nap but were unable to
do so (e.g., due to work or family commitments) and had to exert themselves further with
little rest. This factor of individuals’ schedules could serve to exaggerate the effects of
napping on negative affect recovery, and it will be important for future research to replicate
napping dose effects using experimental methodology. Nonetheless, this investigation
demonstrated that daytime napping confers longer-term emotional recovery benefits.
Finally, the path weights reveal that night sleep and daytime naps exerted more
influence on the recovery process than caffeine consumption. As discussed earlier, caffeine is
a chemical stimulant that could generate a short-term cognitive and emotional improvement,
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but this improvement is unlikely to be sustained long-term after the caffeine is metabolised
the following day. By comparison, night sleep and naps contain REM sleep, which has been
found to play an important role in moderating mood overnight (e.g., Cartwright et al., 1998);
hence, night sleep and naps are likely to have more long term and substantial impacts on
emotional recovery than caffeine consumption. Nonetheless, my measure of caffeine was
estimated from self-report; thus, future studies may consider adopting a more controlled and
objective approach to examine the function of caffeine in sleep recovery.
Four unexpected findings emerged in this investigation, namely, the effects of: (1)
age, (2) gender, (3) sleep latency and (4) night sleep on recovery. Firstly, this investigation
found that older participants tended to report more positive and negative affect recovery, as
well as more mood acceptability and maintenance the next day after sleep deprivation, after
controlling for gender and recovery strategies usage, than younger participants. Age not only
facilitated emotional recovery one day after sleep deprivation, age also mitigated the effects
of sleep deprivation. Immediately after sleep deprivation, older participants tended to report
higher positive affect and lower mood repair than younger participants. As seen with these
findings, the effects of age in buffering emotional consequences immediately after sleep
deprivation and escalating emotional recovery one day after sleep deprivation suggest that
older age confers resilience to individuals experiencing sleep deprivation. This notion of age
being a factor of resilience has not been documented in the sleep literature, but a related field
of evidence might be relevant to this notion. Older adults are likely to show enhanced and
optimised emotional regulatory processes, which possibly links to higher levels of wellbeing,
as compared to younger adults (Urry & Gross, 2010). Additionally, an experience-sampling
study showed that negative emotional experiences were less likely to persist, while positive
emotional experiences were more likely to endure, in older participants than younger
participants (Carstensen, Pasupathi, Mayr, & Nesselroade, 2000). This evidence suggests that
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similar enhanced emotional regulatory processes might have been adopted by my older
participants to buffer emotional decline during sleep deprivation and escalate emotional
recovery after one recovery day. Future research could expand on this finding using
experimental sleep deprivation methodologies to test the degree of emotional decline and
subsequent rate of recovery on different age groups of participants.
Secondly, this investigation showed that female participants tended to report more
mood repair than males the following day, after controlling for age and recovery strategies.
Given that positive affect had not returned to baseline, there was a reasonable need for mood
repair. As females have been found to be more likely to report using emotional regulation
strategies than males (Nolen-Hoeksema & Aldao, 2011), two interpretations are possible: (1)
both males and females were performing mood repair, but females were more likely than
males to self-report, or (2) females indeed had more capacity to perform mood repair after
sleep recovery than males. Assuming that this can be established as a replicable result, future
research could examine this gender difference in emotional regulation systematically.
Thirdly, greater sleep latency significantly predicted more mood acceptability and
maintenance and less mood repair the following day. Noting that sleep latency did not predict
mood recovery and that sleep latency showed no significant bivariate correlations with mood
acceptability, mood maintenance and mood repair (see Appendix J), it is unlikely that
maximising sleep latency functioned as an effective recovery strategy. Rather, a third factor
might explain this relationship. For instance, individuals who napped/slept later could be
more experienced in undergoing sleep deprivation (e.g., shiftworkers), such that they tend to
perceive the emotional effects of sleep deprivation to be less intrusive or drastic, which might
translate into faster mood regulation recovery the next morning.

141

Lastly, longer night sleep after sleep deprivation was found to predict less mood
dampening the following day. This relationship might be attributed to accumulated sleep
inertia with lengthened sleep. As a caveat, mood dampening, as quantified in the SMMS, is
not only constructed as a response to positive affect, but also to the state of hyperarousal,
with the items using words like “the mood is so high”, “make a fool of myself” and
“reminding myself of reality”. Hence, it is possible that having extended length of sleep
generates a heavier sense of sleep inertia, which naturally inhibits the state of arousal (Tassi
& Muzet, 2000). Since participants were instructed to attempt the survey soon after
awakening, the effects of sleep inertia might be still present; thus, the lowered levels of
arousal might prompt them to report less mood dampening efforts.
This investigation has expanded our knowledge about recovery from sleep deprivation
by incorporating additional measurements of positively valenced affect facets and adapting
the sleep deprivation and recovery procedures to a naturalistic setting. In doing so, this
investigation showed not only that happiness and calmness remained below baseline after one
day of unrestricted sleep recovery, but also that such recovery in happiness and calmness as
did occur was not associated with quantity of night sleep, daytime naps or caffeine
consumption. These unexpected findings raise the need for further investigation, perhaps
starting by clarifying the recovery trajectory of the positive affect facets on subsequent
recovery days, then identifying the factors responsible for their recovery.
Nonetheless, my study furthered the literature on several fronts. Providing evidence
that is generalizable to an everyday context, this investigation showed that sleep-deprived
individuals demonstrated resilience to recover cognitively and emotionally on most mood
facets, and evaluated themselves as feeling quite-as-usual the next day. Given a naturalistic
setting and the freedom to engage in recovery behaviours, most mood facets, all mood
evaluation and regulation facets, as well as cognitive alertness, returned to baseline after one
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sleep recovery day. This faster recovery rate could be attributed to the substantially longer
total sleep duration experienced by my participants, as compared to the prescribed seven
hours of sleep opportunity in Ikegami et al.’s (2009) study, which found more incomplete
mood recovery after one day of sleep recovery.
With the use of a naturalistic design, in this investigation I was able to collect
behavioural data to quantify the effectiveness of the various recovery strategies adopted by
sleep-deprived individuals. This investigation showed that accumulating more napping time
after sleep deprivation was beneficial for recovery of negative affect the next day, while night
sleep and caffeine intake did not exert any significant impact. Also, on the day after sleep
deprivation, this investigation found that female participants reported more active mood
regulation than males. Additionally, older participants tended to be impacted to a smaller
extent emotionally by sleep deprivation and demonstrated more efficient subsequent recovery
than younger participants. While the emotional effects of sleep deprivation can be severe, as
seen in the previous investigation, these adverse effects could be reversed to a large degree
with one day of unrestricted recovery. Nonetheless, residual mood effects of sleep
deprivation (e.g., happiness and calmness) were found to persist after one recovery day,
which provides evidence that sleep deprivation is likely to impose a longer-term carry-over
effect.
The next chapter is a follow-up exploratory investigation that probes the findings of
the current investigation. Since behaviours (i.e., daytime napping) after acute sleep
deprivation might accelerate emotional recovery, it is possible that behaviours during sleep
deprivation mitigate the adverse effects of acute sleep loss. The subsequent investigation will
examine how the subjective experiences of activities during sleep deprivation might have
influenced affective outcomes detected immediately after the 24 hours of sleep deprivation.
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Chapter 5
Investigation 3
Exploratory Study: Overnight Activities Mitigate Effects of Sleep
Deprivation on Mood
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Adopting a naturalistic design allows us to explore how overnight activities (defined
as the activities undertaken during the sleep deprivation period) might influence the
emotional outcomes of sleep deprivation. Given the present naturalistic design, participants
were allowed to freely engage with any activity within their usual behavioural repertoire
when undergoing sleep deprivation in a home setting. As such, my participants engaged in
various activities, different in nature, that might have influenced their mood overnight. Of the
recorded overnight activities, 62.9% were leisure-related (e.g., playing computer games,
surfing social media), 16.5% were chore-related (e.g., cleaning, cooking), 13.9% were
academic-related (e.g., completing assignments, revising for exams), and 6.8% were exerciserelated (e.g., working out, walking the dog). From the variety in these activities, I can infer
that, on the one hand, some activities might have aggravated the emotional consequences of
sleep deprivation, such as when participants were working through academic tasks, engaging
in complex thinking processes in a sleep-deprived state that might have augmented confusion
or frustration. In addition, performing cleaning chores might have compounded physical
fatigue due to sleep loss, which might have augmented the feeling of exhaustion. On the other
hand, some activities could have been beneficial in helping the participants to cope with the
emotional consequences of sleep loss. For instance, participants who played computer games
or watched movies that they enjoyed thoroughly might have derived a relatively more
positive experience than other activities that were undertaken with less enjoyment, such as
those performed out of obligation (e.g., preparing for exams). By exploring how perceived
exertion and enjoyment of overnight activities might possibly influence the emotional
outcomes of sleep deprivation, this investigation could clarify whether overnight activities
might serve as behavioural strategies to buffer the effects of sleep deprivation.
While some research evidence suggests that sleep-deprived individuals might incur
additional fatigue and exhaustion from the activities they undertake during sleep deprivation
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(e.g., Rodgers et al., 1995), it is equally possible that other forms of overnight activities might
serve to mitigate the emotional consequences of accumulating sleep loss (e.g., Raedeke,
2007). Firstly, addressing overnight activities as a compounding factor on the consequences
of sleep loss, studies investigating the effects of sleep deprivation on physical activity found
that sleep loss increases ratings of perceived exertion on exercise intensity (Myles, 1985;
Rodgers et al., 1995). These studies suggest that sleep deprivation might influence the
subjective evaluation of effort expenditure when performing exercise. This increase in
perceived exertion is linked to poorer endurance performance (Oliver, Costa, Laing, Bilzon,
& Walsh, 2009), and decreased tolerance of prolonged heavy exercise (Martin, 1981),
resulting in activity cessation within a shorter timeframe. The increase in perceived exertion
of activities, as a by-product of sleep loss, might also have an emotional dimension that
renders the experience of exercise less pleasant than in a rested state. Indeed, a study using
cycling trials (without implementing sleep deprivation) found that manipulating perceived
exertion, by increasing environmental temperature, resulted in shorter duration of exercise to
fatigue and exhaustion (Crewe et al., 2008).
Drawing on similar logic, we could deduce that my participants who were deprived of
sleep might perceive that more effort was required, relative to a rested state, in performing
tasks, both physically and mentally; and this increase in perceived exertion might translate
into certain negative emotional ramifications (e.g., increase in fatigue/frustration or decrease
in happiness/energy level). Given this possible effect of perceived exertion on emotional
responses, this investigation will examine how the perceived physical and mental exertion in
overnight activities might have influenced the emotional outcomes immediately after sleep
deprivation.
Secondly, addressing overnight activities as a mitigating factor on the consequences
of sleep loss, across a diverse range of activity-based studies, perceived enjoyment of
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activities has been linked to positive emotional outcomes. In terms of physical exercise, a
study examining the effects of an acute bout (30 minutes) of aerobic exercise in a group
fitness setting found that perceived enjoyment of the activity was positively related to
increased post-exercise energetic arousal and vigour, after controlling for pre-test scores
(Raedeke, 2007). Another study found that, at the end of brief walking for 10 minutes in an
outdoor environment, young female participants reported positive affective responses that
were positively correlated to their self-reported perceived enjoyment of the walk (Focht,
2009), extending the relationship between perceived enjoyment and positive affective
outcomes from an acute exercise of longer duration (Raedeke, 2007) to milder forms of
exercise, such as a brief walk of 10 minutes (Focht, 2009). Aside from physical activities, a
review study on playing games also found that experiencing deep enjoyment and immersion
in game playing could also lead to positive emotional outcomes (Granic, Lobel, & Engels,
2014). In fact, besides gaming activities, such immersive experience of enjoyment could be
applicable to a myriad of activities that hold important meaning/motivation for the individual
(e.g., creating art [e.g., Byrne, MacDonald, & Carlton, 2002; Csikszentmihalyi, 1997],
listening to music [e.g., Diaz, 2013]). From this set of findings, I expect that participants who
engage in enjoyable activities will experience better emotional outcomes immediately after
sleep deprivation than others who had engaged in less enjoyable activities.
5.1 Hypotheses
The current investigation aims to explore whether perceived physical and mental
exertion, as well as perceived enjoyment, influence emotional outcomes immediately after
sleep deprivation. Given that my participants were increasingly sleep-deprived in the
overnight period, firstly, I expect that higher perceived physical and mental exertion in
overnight activities will predict more negative emotional outcomes (i.e., higher negative
affect/ lower positive affect), with unfavourable mood evaluation (i.e., lower mood
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acceptability and lower mood typicality). Secondly, I expect that higher perceived enjoyment
of overnight activities will predict more positive emotional outcomes (i.e., lower negative
affect/ higher positive affect), with favourable mood evaluation (i.e., higher mood
acceptability and higher mood typicality). My predictions did not include the variable of
mood influence as part of mood evaluation because mood influence, relative to mood
acceptability and mood typicality, does not connote a similar degree of relevance to the
favourability of mood. This exploratory investigation will provide a description of naturally
occurring behaviours and their correlates in terms of emotional outcomes.
5.2 Method
This investigation analysed the same dataset from the previous investigation (see
section 4.7.1), except that only Time 1 (T1; baseline measurement) and Time 2 (T2;
measurement immediately after sleep deprivation) were used. Baseline scores were calculated
as the average of the three days measured during the baseline phase. Consistent with the
previous investigation, the mood facets were separated into positive and negative affect. In
addition, the variables of perceived physical exertion, perceived mental exertion and
perceived enjoyment associated with the overnight activities were included (see section
2.3.3). Each of these variables was computed by summing the products of the respective
ratings (i.e., perceived physical exertion, perceived mental exertion and perceived enjoyment)
and the reported duration (in minutes) engaged in that activity. As a result, each participant
had three scores: omnibus perceived physical exertion, omnibus perceived mental exertion
and omnibus enjoyment, representing the weighted average of all the overnight activities
undertaken by the participant during the sleep deprivation period.
5.3 Results
5.3.1 Data analysis and transformation
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After analysing the normality of the variables, positive skewness was detected in the
dependent variables of mood (except calmness), PVT performance, perceived physical
exertion and perceived mental exertion. The processes of data treatment to address the
normality of variables (i.e., data transformation) and missing data (i.e., multiple imputation)
were the same as the previous investigation (see section 4.7.1). Descriptive statistics are
reported from raw scores, whereas inferential statistics are calculated using the transformed
scores, using two-tailed tests with α = .05.
5.3.2 Role of overnight activities on the emotional consequences of sleep deprivation
5.3.2.1 Positive and negative affect. I used IBM Statistical Package for the Social
Sciences AMOS Version 21 to conduct the path analysis. With this analysis, I aim to quantify
the role of perceived physical (M = 753.79, SD = 488.82) and mental (M = 1381.25, SD =
605.14) exertion, as well as perceived enjoyment (M = 1624.05, SD = 571.53), of overnight
activities on positive and negative affect at T2 (see Table 4.1 for descriptive statistics), while
controlling for age and gender (coded as dichotomous variable [male: 0; female: 1]). In view
of the non-normal distribution of age, bootstrapping was performed on 500 samples, using
95% bias-corrected confidence intervals. Maximum likelihood was used as the method of
estimation (χ2 [37, N = 57] = 116.69, p < .05, CFI = .44, RMSEA = .20). The results
demonstrated that higher perceived physical exertion in overnight activities predicted higher
positive affect after sleep deprivation, and higher perceived mental exertion predicted faster
PVT performance after sleep deprivation, while controlling for age, gender and, respectively,
baseline positive affect and baseline PVT performance (see Figure 5.1; see Appendix M for
unstandardised coefficients and correlational matrix).
5.3.2.2 State meta-mood. Next, I performed a similar path analysis to examine the
role of perceived physical and mental exertion, as well as perceived enjoyment, of overnight
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Figure 5.1. Path analysis for perceived physical and mental exertion, as well as perceived enjoyment, predicting for deterioration in positive and
negative affect and PVT performance (s), while controlling for age and gender. Standardized coefficients are presented. * significant at p < .05.
Italics: R2, percentage of variance explained by the predictor variables. T1 = measurement at baseline, T2 = measurement after sleep deprivation.
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activities on the state meta-mood facets (see Table 4.2 for descriptive statistics) that
underwent significant deterioration from T1 to T2 (i.e., acceptability, typicality, influence,
repair, maintenance and dampening). Maximum likelihood was used as the method of
estimation (χ2 [100, N = 57] = 374.21, p < .05, CFI = .15, RMSEA = .22). The results
showed, aligned with the perceived physical exertion effect seen in the mood analysis, higher
perceived physical exertion predicted higher mood typicality and higher mood maintenance
after sleep deprivation, controlling for age, gender and, respectively, baseline mood typicality
and maintenance (see Figure 5.2; see Appendix N for unstandardised coefficients and
correlational matrix).
5.4 Discussion
The current investigation demonstrated that overnight activities predicted the degree
of deterioration after sleep deprivation. Contrary to my hypotheses, after accounting for age,
gender, perceived enjoyment and perceived mental exertion, higher perceived physical
exertion in overnight activities predicted higher positive affect, mood typicality and mood
maintenance after sleep deprivation, positioning perceived physical exertion as a buffer to the
emotional outcomes of sleep deprivation. Also, higher perceived mental exertion predicted
faster PVT performance after sleep deprivation. Taken together, these findings suggest that
the subjective evaluation of physical and mental exertion associated with overnight activities
could reduce emotional and cognitive decline after sleep deprivation, implying that overnight
activities could function as strategies to mitigate the effects of sleep deprivation.
Perceived physical exertion buffered the deterioration of positive affect, with
accompanying relevant responses from mood regulation facets. Having controlled for
perceived enjoyment, I deduce that this benefit was associated with being physically active,
rather than the enjoyment of the physical activities. This set of findings suggests that some
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Figure 5.2. Path analysis for perceived physical and mental exertion, as well as perceived enjoyment, predicting for deterioration in state metamood facets, while controlling for age and gender. Standardized coefficients are presented. * significant at p < .05. Italics: R2, percentage of
variance explained by the predictor variables. T1 = measurement at baseline, T2 = measurement after sleep deprivation.
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degree of physical activity or the perception of using physical effort during sleep deprivation
could be helpful in mitigating the reduction of positive affect after sleep deprivation.
However, the degree of physical activity requires clarification. As discussed in the
introduction, sleep deprivation has been found to increase perceived exertion of physical
activities (Rodgers et al., 1995), which is linked to poorer endurance performance (Oliver et
al., 2009) and decreased tolerance of prolonged heavy exercise (Martin, 1981), and shorter
duration to fatigue and exhaustion (Crewe et al., 2008). Given the accelerated build-up of
exhaustion and reduced stamina with increased perceived exertion due to sleep loss, a pattern
seen in physically demanding activities thus far, these studies suggest that the perceived
exertion associated with their prescribed physical activities might serve different functions
from the perceived exertion associated with activities undertaken voluntarily by my
participants in the current investigation.
My study differed from the above experimental studies in several ways. Firstly, the
participants from the above-mentioned studies were prescribed an objective amount of work
(e.g., Rodgers et al., 1995), then the researchers measured the subjective perception of the
actual energy expended in the experiments when their participants were sleep-deprived. In
my study, participants engaged in a variety of activities voluntarily and rated their subjective
experience, where actual energy expended in the various activities differed across time
throughout the period of sleep deprivation. Thus, my measured subjective perception of
physical exertion cannot be assumed to function identically to those measured in the above
studies. Secondly, on the note of energy expenditure, in my study, perceived physical
exertion referred to the physical effort participants expended in voluntary activities within
their usual behavioural repertoire (e.g., walking the dog, doing chores), not physical activities
designed to push their endurance limits (Oliver et al., 2009) , as mentioned in the above
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studies. Therefore, my finding should be interpreted with the caveat that physically strenuous
activities might not necessarily confer similar benefits.
While perceived physical exertion buffered mood deterioration, this investigation
showed that higher perceived mental exertion predicted faster responses in PVT after sleep
deprivation, implying that perceived mental exertion buffered deterioration in cognitive
alertness. Having controlled for perceived enjoyment, I can rule out the factor of enjoyment
in the process of mental participation that might act, for example, to increase motivation. This
finding is a novel contribution to the existing literature, that participating in mentally
engaging activities could reduce the decline of cognitive alertness after sleep deprivation. No
study has yet established how mental exertion in voluntary selected activities during sleep
deprivation might influence cognitive outcomes. Nonetheless, an occupational research study,
addressing fatigue and drowsiness in prolonged driving, found that sleep-deprived drivers’
alertness was maintained in drowsiness-inducing conditions (in a driving simulator) by
engaging the drivers with mentally stimulating tasks (Verwey & Zaidel, 1999). In the study,
the drivers were instructed to engage with a gamebox via speech, containing twelve activities
varying in type and complexity, during the driving simulation, without having any sleep on a
regular day prior to the experiment. They found that when driving with the gamebox, drivers
reported a lower degree of drowsiness and fewer instances of sleep episodes, as compared to
a control condition. Their findings suggest that mental activity, during prolonged monotonous
activity while lacking sleep, reduced drowsiness and maintained mental alertness. Although
my participants were not tasked to intentionally maintain high levels of vigilance during the
sleep deprivation period in the current study, my findings provide support that generally
staying mentally active with accumulating sleepiness could maintain basic cognitive alertness
(measured using the PVT). My study also suggests that staying mentally active during sleep
deprivation is more beneficial to cognition than mood. Possibly, staying mentally active
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overnight and utilising different forms of cognition (e.g., planning, problem-solving,
decision-making) are beneficial in preserving cognitive alertness.
Given the correlational nature of my results, alternative interpretations might explain
my findings. For example, participants who are generally high on positive affect (e.g.,
happiness, vigour), might be more likely to remain physically active overnight (e.g., doing
chores around the house), and participants who generally have good PVT performance might
be academically-driven or prefer to pursue mentally stimulating activities overnight.
Although statistically controlling for baseline mood and PVT would have offset these
possible trait influences, my conclusions remain tentative pending future experimental
investigation.
This investigation has demonstrated an association between the activities undertaken
during sleep deprivation and positive outcomes at the end of the deprivation period. Higher
perceived physical exertion in overnight activities might buffer the deterioration of positive
affect, and higher perceived mental exertion might buffer the deterioration of cognitive
alertness, after controlling for perceived enjoyment. Perceived enjoyment, when considered
alongside perceived exertion, was not found to be predictive of mood, despite its theoretical
relevance to affective responses (e.g., Raedeke, 2007). Also, in contrast to the previous
investigation (see Chapter 4), which found the recovery strategy of daytime napping to
benefit only negative affect recovery, the current investigation showed that overnight
activities might mitigate only positive affect deterioration. This distinction in how changes in
affect dimensions vary with different forms of activities provides support for my postulation
that the deterioration and subsequent recoveries of positive affect and negative affect are
likely to involve separate mechanisms (see section 4.8.2).
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Given that these findings resulted from activity participation in a naturalistic setting,
these findings are likely to be generalizable to an everyday context, providing preliminary
evidence that the effects of sleep deprivation might be mitigated by engaging in physically
and mentally stimulating overnight activities – potentially as forms of behavioural coping.
Future studies may extend these findings by experimentally testing the effects of physical and
mental exertion on the emotional outcomes of sleep deprivation comparing different
conditions (e.g., physically and mentally active vs. physically and mentally inactive).
Additionally, future research may quantify the threshold beyond which physical and/or
mental exertion in overnight activities becomes excessive (e.g., working laboriously
overnight, cramming for exams), conferring negative consequences to the individuals. At this
stage of my research, I established that behavioural strategies may mitigate the effects of
sleep deprivation (e.g., being physically and mentally active overnight) and escalate the
subsequent emotional recovery process (e.g., daytime napping).
Thus far, this research has shown that full emotional recovery is unlikely to occur
after one recovery day following acute sleep deprivation. The next chapter will examine the
trajectories of emotional recovery for three days after sleep deprivation. With a larger sample
size, the next chapter will also aim to disambiguate the findings of the first empirical
investigation (see Chapter 3), and adopt a more rigorous approach to investigate how mood
regulation changes with sleep deprivation and during subsequent recovery.
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Chapter 6
Investigation 4
Three Days After Sleep Deprivation: Incomplete Positive Affect
Recovery But Little Active Regulation
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Supporting the notion of impaired top-down regulation after sleep deprivation (e.g.,
Franzen et al., 2009; Yoo et al., 2007), my first investigation (see Chapter 3) found a lack of
mood repair immediately after sleep deprivation, despite the drastic mood decline.
Subsequently, my second investigation (see Chapter 4) found that most of the mood facets
affected by sleep deprivation returned to baseline levels after one recovery day (i.e., vigour,
fatigue, confusion, depression and anger), with the exception of happiness and calmness,
which remained below-baseline levels. Mood regulation demonstrated a recovery to baseline
levels, parallel with the majority of mood facets after one recovery day. However, at this
point of my research, a degree of uncertainty remains. Firstly, the time period required for
happiness and calmness to return to baseline is still unknown; and secondly, I cannot
conclude that the state of recovery achieved one day after sleep deprivation would necessarily
be sustained over time (i.e., across the next few days). While acute sleep deprivation carries
pervasive emotional effects that could render sleep-deprived individuals emotionally
vulnerable, the full recovery process from this state of vulnerability remains ambiguous at
this stage of my research.
Most sleep recovery studies following acute sleep deprivation have not extended their
investigation beyond one day after sleep deprivation (e.g., Leproult et al., 1997; Reynolds et
al., 1986; Wu et al., 2006). However, as will be discussed in the next section, neurologically,
acute sleep deprivation causes certain frontal lobe impairments related to emotional
processing and regulation and these are known to require more than one sleep opportunity to
fully recover (Wu et al., 2006), suggesting the need to extend the length of studies to
delineate the recovery trajectories after sleep deprivation. Moreover, the meta-mood appraisal
theory suggests that the evaluation stage of emotional processing is highly influential in how
emotions are regulated (e.g., Bartsch et al., 2008). Hence, if these cortical impairments
translate into impaired emotional processing, then it is likely that the emotional recovery
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measured one day after sleep deprivation does not reflect stable longer-term recovery; and, in
turn, any such impairment of emotional processing might hamper the recovery of happiness
and calmness, and extend their recovery period beyond one day.
6.1 Mood recovery after sleep deprivation
6.1.1 Prolonged recovery period expected for mood and mood regulation. Acute
sleep deprivation has been found to have adverse physiological impacts (e.g., cortical
metabolism, circadian system; see section 1.4.1) that persist beyond one recovery day, and
which may influence emotional states (Leproult et al., 1997) and, possibly, regulatory
capacity (Wu et al., 2006). In terms of mood-related physiological indicators, sleep
deprivation has been found to result in a delay of hypothalamic–pituitary–adrenal (HPA) axis
activity, slowing down the natural rate of decline in cortisol concentration across the day, and
resulting in a significant elevation of cortisol levels relative to normal evening levels on the
next evening following sleep deprivation (Leproult et al., 1997). Elevated cortisol levels are
associated with heightened emotional arousal (Melamed et al., 1999); hence, it is likely that
the emotional state of an individual might remain volatile after acute sleep deprivation.
Staying emotionally aroused in the evening, when the individual usually relaxes, may cause
emotional disturbances and restlessness. Moreover, it is likely that the delay in HPA axis
activity could adversely impact the mood state of the recovering individual in the following
days. It is, as yet, unknown when this effect would be expected to stabilise.
In addition to reported HPA axis activity, research has demonstrated that full recovery
of the brain cortices (measured by positron emission tomography scan) is unlikely to occur
within one night of ordinary sleep opportunity (Wu et al., 2006; as discussed in section 1.4.1).
If these brain structures’ metabolic levels have yet to return to baseline after one night of
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recovery, their functions may not be performed optimally and emotional regulatory capacity
may not be fully efficient.
In line with the expectation that mood recovery after sleep deprivation is likely to be a
prolonged process, one laboratory study that has tracked emotional recovery more than one
day after acute sleep deprivation found that the mood facets of fatigue and confusion were the
only ones to deteriorate with sleep deprivation and these required at least two recovery nights
to return to baseline (Ikegami et al., 2009). However, these findings were inconsistent with
Reynolds et al. (1986), who found vigour, fatigue and tension deteriorated with sleep
deprivation, but returned to baseline after one night of sleep recovery, indicating that mood
recovery after sleep deprivation could occur faster than expected. One difference between
these two studies that might account for this discrepancy is that Ikegami et al. (2009) used a
much younger sample than that recruited in Reynolds et al. (1986), so the conclusions drawn
about the emotional recovery process could have been influenced by participants’ age, in
addition to their capacity to regulate their emotions. Indeed, my second investigation (see
Chapter 4) found that older participants tended to be impacted to a smaller extent emotionally
by sleep deprivation and demonstrated more efficient subsequent recovery than younger
participants.
In view of the physiological effects that remain one day after acute sleep deprivation
(e.g., Leproult et al., 1997; Wu et al., 2006), a possible inference is that the emotions
experienced on the first recovery day might only represent a transitional stage in the broader
scheme of emotional recovery after sleep deprivation. For instance, when Reynolds et al.
(1986) concluded that the deterioration in vigour, fatigue and tension returned to baseline
after one night of sleep recovery, I cannot ascertain whether this one-day-after indication was
an accurate indicator of stable recovery (knowing that brain cortices have yet to fully recover)
or whether fluctuation or relapse occurred over the following days. On the one hand, relapse
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could occur if sleep deprivation indeed impaired mood regulation longer-term, rendering the
recovering individual emotionally vulnerable for days after sleep deprivation. On the other
hand, further physiological recovery could still occur on the subsequent days, which might
improve the mood states of the recovering individual. For example, as the brain cortices
begin to recover their usual metabolic functions over subsequent days, individuals might be
able to more precisely process and regulate their emotions than before, resulting in mood
states that are less reactive and more stable across time. Thus, generalising from the findings
of sleep studies measuring recovery only one day after sleep deprivation is likely to give an
incomplete account of mood recovery.
6.1.2 Detailing the process of mood recovery. Nonetheless, Ikegami et al. (2009)
and Reynolds et al. (1986) shared a common limitation – they measured predominantly
negative affect facets (i.e., fatigue, depression, confusion, anger, tension), and included only
one positive affect facet (i.e., vigour). Thus, although both studies outlined the recovery of
negative affect facets, little is known about how positive affect facets (e.g., happiness and
calmness) might change with sleep loss and recovery. On a broad level, positive affect is
known to deteriorate to a larger degree than negative affect after sleep deprivation (Franzen et
al., 2008; Liu et al., 2015; Talbot et al., 2010). According to these studies, which
operationalised mood using the Positive and Negative Affect Schedule (PANAS), the effects
of sleep deprivation were more likely to comprise elements of flattened affect (e.g., lack of
energy, motivation, happiness) than states of negative affective arousal (e.g., anger, sadness
and nervousness). Hence, the process of subsequent positive affect recovery after sleep
deprivation is likely to involve regaining mood states associated with pleasure (e.g.,
enjoyment, satisfaction, joy), while negative affect recovery is likely to involve reducing
negative arousal. Given that positive and negative affect show little natural correlation with
each other (e.g., Thompson, 2007), the recovery trajectories of positive and negative affect
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are unlikely to exist on a single recovery continuum; there is no reason to expect the
reduction of negative affective arousal will necessarily translate into a synchronous increase
of pleasurable affect. Thus, the contrasting nature of recovery between positive and negative
affect warrants longer-term investigation of mood recovery, in order to outline the timeframe
needed for such distinct processes to reach completion. Indeed, with positive affect typically
showing a greater sensitivity to sleep deprivation than negative affect (e.g., Franzen et al.,
2008), the recovery process for positive affect may take longer than for negative affect.
Considering how mood has been operationalised in previous sleep deprivation studies
(e.g., Ikegami et al., 2009; Reynolds et al., 1986), it appears that the full spectrum of mood
changes might not have been captured in those studies. As mentioned earlier, given their use
of the POMS (Lorr, McNair, Heuchert, & Droppleman, 1982) with its focus on negatively
valenced mood facets, one of the current study’s strengths is its use of the BRUMS (Lane &
Jarrett, 2005), which has a more balanced representation of specific positive and negative
mood facets. In detailing the process of mood recovery, if fatigue and confusion (negatively
valenced mood facets) required at least two recovery opportunities to return to baseline
(Ikegami et al., 2009), it can be predicted that positively valenced mood states may take a
similar duration or longer to return to baseline.
6.1.3 Building on existing studies. The only sleep recovery study to date that has
tracked the emotional recovery process three days after a single night of sleep deprivation is
Ikegami et al. (2009). However, several factors might limit these findings in reliably
portraying longer-term emotional recovery after sleep deprivation, and may explain why the
researchers found a longer duration for mood recovery, when compared to Reynolds et al.
(1986). Firstly, Ikegami et al. (2009) captured their baseline mood with a single-day
measurement. Also, they recruited only 10 participants. Using one day to capture the baseline
of a transient construct (such as mood) might have been inadequate, due to random mood
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fluctuations; moreover, using only 10 participants could further inflate the margin of error
and adversely influence the reliability of group baseline. Secondly, the collection of mood
data in Ikegami et al. (2009) was followed by a battery of cognitive laboratory tests lasting 90
minutes, which might have augmented the weariness participants felt as they self-reported on
their mood, particularly fatigue (Schatz, Egger, & Masuch, 2012). Lastly, the age range of
participants used in Reynolds et al. (1986; i.e., 62 to 77 years old) differs drastically from that
of Ikegami et al. (2009; i.e., 19 to 25 years-old), leaving the influence of age unaccounted for
in the comparison of these two studies. My present investigation aims to replicate Ikegami et
al.’s (2009) timeframe, by tracking sleep recovery for three days, while also incorporating
some improvements, such as increasing sample size with wider age range, lengthening the
baseline phase, broadening mood measures and altering testing context.
In addition to the discrepancies between Ikegami et al. (2009) and Reynolds et al.
(1986) that allow no firm conclusions to be drawn on the trajectory of emotional recovery
following acute sleep deprivation, it is also uncertain whether their laboratory findings
generalise to the natural environment, where individuals could extend night sleep and take
daytime naps to recover after acute sleep deprivation. In Investigation 2 (see Chapter 4), I
found that a longer duration of accumulated daytime naps after sleep deprivation predicted
more negative affect recovery on the following day, after controlling for the influences of
night sleep and caffeine consumption. Given that these recovery strategies could contribute to
the recovery process, mood recovery as detailed in the above laboratory studies (Ikegami et
al., 2009; Reynolds et al., 1986) is likely to differ from that evident in a naturalistic context.
In my present investigation, in addition to accounting for the effects of these recovery
strategies, I will also use night sleep and daytime napping as behavioural estimates of longerterm emotional recovery in the three-day recovery period, excluding caffeine consumption,
given that it is unlikely to be relevant in longer-term emotional recovery (see section 4.7.4.2).
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6.2 Mood regulation recovery after sleep deprivation
In the context of recovery after sleep deprivation, noting that a large degree of
recovery to baseline was found after one recovery day, particularly in terms of mood (except
happiness and calmness), mood evaluation and mood regulation (see Chapter 4), the focus of
the current investigation is on determining whether this recovery is maintained over time. If
this recovery is maintained over time, it suggests that emotional recovery after sleep
deprivation is a straightforward linear process. However, if delayed changes in these
emotional responses are detected, detailing the specific patterns of change amongst these
responses (possible scenarios as discussed below) would allow us to clarify how sleep
deprivation might emotionally impact an individual for the longer-term.
In my research thus far, Investigtion 1 (see Chapter 3) provided evidence that active
mood regulation was impaired immediately after sleep deprivation, with participants rejecting
existing unfavourable mood states, and demonstrating mood repair only at baseline levels.
Existing studies also suggest that emotional regulation functions might be compromised after
sleep deprivation, with sleep-deprived individuals more emotionally reactive to negative
stimuli (Franzen et al., 2009; Yoo et al., 2007), and poor sleep associated with increased
aggression (Kamphuis et al., 2012). Such findings suggest that sleep-deprived individuals are
less able to regulate or inhibit emotional impulses, particularly emotional arousal, than rested
individuals. This disinhibition of emotional impulses might be a result of various cognitive
deficits, which are also found after sleep deprivation, such as lack of self-awareness (Beebe et
al., 2008), which might obstruct the appraisal stage of emotional processing, poor decisionmaking (Lau & Maniscalco, 2013), or impaired sustained attention (Dinges, 1995), which
might reduce the ability to monitor emotional experiences over time. Hence, knowing that the
recovery of affect is a likely outcome of emotional regulation, poor emotional regulation
might translate into incomplete affect recovery. To obtain a comprehensive understanding of
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emotional recovery after sleep deprivation, in addition to investigating positive and negative
affect recovery, we need also to ascertain whether the underlying processes of regulation are
functional during the recovery process.
According to appraisal theory (Bartsch et al., 2008), the first stage of mood regulation
is mood appraisal. The appraisal of mood recovery adds value to my research in two ways.
Firstly, mood recovery is a subjective phenomenon that may be interpreted differently by
researchers and participants. Indeed, the criteria of mood recovery might differ between
researchers and participants; for instance, the researchers might rely on using baseline data of
faceted mood states (e.g., depression, vigour), while the participants might evaluate mood
depending on its functionality (e.g., whether their mood facilitates their studying experience).
Secondly, mood appraisal provides information that is more holistic in nature, relative to
measuring mood facets. As seen in Investigation 2 (see Chapter 4), mood acceptability, mood
typicality and mood influence returned to baseline after one recovery day, when most mood
facets (except happiness and calmness) returned to baseline. This holistic perspective of
mood appraisal is an indication of the overall experience of mood, and could assist us in
determining whether delayed fluctuations in mood recovery occurred in the current
investigation and, if so, whether the overall experience of mood was also impacted.
The subjective perception of mood recovery provides important information when
contrasted with the recovery of individual mood facets. For instance, the possibility exists
that during recovery after sleep deprivation, the specific mood scores might have not returned
to baseline, but the individual already finds their overall mood state acceptable, typical and
similarly influential to that experienced at baseline. Such a circumstance might suggest that
subjective emotional recovery has taken place. Conversely, mood might have fully recovered,
yet mood evaluation might not (e.g., baseline mood levels may now be evaluated as
unacceptable and atypical). Such a finding would highlight that perceived emotional recovery
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encompasses additional criteria (e.g., subjective experiences/beliefs) on top of having
attained baseline mood levels.
Furthermore, according to its theoretical fundamentals, mood appraisal subsequently
influences the function of mood regulation (e.g., Bartsch et al., 2008). Therefore,
understanding how mood appraisal changes with sleep recovery might inform the
employment of regulatory strategies during the recovery process. Additionally, after sleep
deprivation, longer-term metabolic deficits have been found in brain cortices related to
emotional processing (Wu et al., 2006), and sleep deprivation has been found to impair
cognitive functions, such as self-awareness (Beebe et al., 2008) and sustained attention
(Dinges, 1995); thus, knowing how the recovering individual perceives mood could clarify
whether these instances of cognitive impairments permeate into the domain of mood
appraisal.
Besides the need to understand how the recovering individual perceives mood, the
next inquiry is to understand how mood regulation is subsequently adopted (e.g., Bartsch et
al., 2008). According to Mayer and Stevens (1994), mood regulation can be operationalised
in terms of three kinds of behaviour: (1) mood maintenance – allowing the experience of the
present mood, (2) mood repair – approaches to improve a deteriorated mood state, and (3)
mood dampening – approaches to lower an overly excited mood state. The ability to adopt the
appropriate form of mood regulation in a flexible manner provides an indication that the
recovering individual has the capacity to equilibrate their emotions (Larcom & Isaacowitz,
2009). This flexible adoption of mood regulation assumes that mood regulation is functional
and responds to the changes in mood appraisal. Therefore, under normal circumstances when
mood regulation is not impaired, if mood is appraised to be unfavourable (e.g., atypical,
unacceptable), then functional mood regulation should consist of lower mood maintenance
and higher mood repair/dampening to correct mood towards baseline (Mayer & Stevens,
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1994). If mood regulation is impaired (e.g., after sleep deprivation), it might resemble
maladaptive responses towards mood appraisal, as seen in Investigation 1 (see Chapter 3).
Specifically, when mood was appraised to be unfavourable, mood repair was not increased
above baseline to correct the worsened mood state, despite mood maintenance being below
baseline level. Tracking the adaptive function of mood regulation over the recovery period
would allow us to determine whether functional mood regulation is present, if delayed
changes in mood and mood evaluation occurred in the few days after sleep deprivation.
Current literature suggests that sleep deprivation is likely to impair this regulatory
process, which might require more than one sleep opportunity to fully recover (see section
1.6.2), implying that active mood regulation might be expected to be impaired in the days
following sleep deprivation. Therefore, if mood underwent delayed adverse changes, and
even if mood is then appraised as undesirable and the recovering individual responded by
decreasing mood maintenance, mood repair might not necessarily be functionally activated to
regulate the worsened mood states. In other words, the impairment of active mood regulation,
as seen in Investigation 1 (see Chapter 3), might recur if full recovery of functional mood
regulation requires more than three days to reach completion. In this scenario, impaired mood
regulation might delay complete emotional recovery after acute sleep deprivation.
6.2.1 Understanding mood regulation changes in the context of mood. Since the
process of mood regulation begins with mood (Bartsch et al., 2008), the functionality of
mood evaluation and mood regulation needs to be assessed relative to mood state (as
discussed in Chapter 3). As a working definition in this research, and building on the
appraisal theory of mood regulation (Mayer & Stevens, 1994), functionality of mood
regulation response refers to the degree of mood-consistent adjustment occurring in mood
evaluation and mood regulation that would be expected to identify discrepancy from baseline
and return mood states towards baseline (as detailed below). Therefore, unlike mood, which
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could be assessed by absolute change (e.g., sleep deprivation lowers happiness and vigour
levels), mood evaluation and mood regulation might require a more complex assessment.
Such assessment should take into account the mood context and the relationships that mood
evaluation and mood regulation are expected to show with mood. For instance, if during the
recovery phase, mood evaluation and mood regulation return to baseline before mood has
fully recovered, and if we examine only absolute mean evaluation or regulation values in
isolation, we might interpret this as functional regulation. Whereas, in the context of mood, it
is dysfunctional as mood repair should theoretically increase above baseline levels to return
mood to baseline. Thus, it would be more informative to determine whether the mood
regulation a person deploys on a particular occasion is proportional to the severity of their
poor mood relative to their typical emotional state.
In this context, I should also note that the terms “functional response” or “adaptive
response” do not connote a categorical state (e.g., functional versus dysfunctional), rather
they describe a continuum of possible responses. For example, sleep-deprived participants
might show signs of functional regulation if they increase their mood repair in response to an
increase in their depression, however, such as a response might be judged less than fully
functional if it fails to return depression levels to an acceptable level.
6.2.2 Detecting changes in functionality of mood regulation after sleep
deprivation. Changes in mood evaluation and/or mood regulation could be due to the direct
effects of sleep deprivation (e.g., low mood repair or lack of mood clarity could occur during
recovery due to the persisting cognitive impairments resulting from sleep deprivation) or the
indirect influence of sleep deprivation via changes in mood (e.g., low mood repair could
result from to high mood acceptability, which resulted from low negative affect). Since my
study is primarily concerned with the emotional outcomes of sleep deprivation, accounting
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for the influences of mood, and possibly mood evaluation, could serve as a statistical control
to isolate the effects of sleep deprivation on mood regulation.
We can infer that sleep deprivation alters mood evaluation (and may render it
dysfunctional) if, after accounting for a person’s day-to-day fluctuations in mood, their level
of mood evaluation after sleep deprivation differed systematically from baseline levels.
Similarly, we can infer that sleep deprivation alters mood regulation if, after accounting for a
person’s day-to-day fluctuations in mood and mood evaluation, their level of mood regulation
after sleep deprivation differed systematically from baseline levels.
We can also infer dysfunction if evaluation or regulation does not respond adaptively
to the worsened mood states (e.g., if lower positive affect on a particular day failed to predict
higher mood repair) or to unfavourable mood evaluation (e.g., if lower mood acceptability
failed to predict higher mood repair). Specifically, using the correlations from Mayer and
Stevens (1994) and the present sample’s correlations at baseline as a priori estimation (see
Tables 2.1 and 2.2), criteria for functional mood evaluation will include higher positive affect
and lower negative affect predicting higher mood acceptability and mood typicality, and
lower mood influence. Criteria for functional mood regulation will include, higher mood
maintenance being predicted by higher positive affect and lower negative affect, and higher
mood acceptability and mood typicality; and higher mood repair being predicted by lower
mood acceptability and mood typicality and higher mood influence. I will assess these
relationships after sleep deprivation and during the recovery phase of the experiment. By
assessing both evaluation and regulation, we can identify both the stage of emotional
processing, and the phase of the experiment in which the functions might show impairment
and recovery.
6.3 The current investigation
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The aim of this investigation is to delineate the emotional recovery trajectory across
three days after acute sleep deprivation, in a naturalistic setting with the freedom to access
recovery strategies (i.e., daytime naps, night sleep extension and caffeine consumption). This
investigation will focus on the three-day recovery of mood, mood evaluation and mood
regulation after acute sleep deprivation on the bases of (1) group means of mood, mood
evaluation and mood regulation, and (2) functionality of mood evaluation and regulation.
Firstly, in assessing the immediate effects of sleep deprivation, at the group mean level, I
expect similar findings to those in Investigation 1 (see Chapter 3), using a larger sample size,
namely, that mood evaluation will be more unfavourable (i.e., less typical and acceptable and
having more influence) than baseline immediately after sleep deprivation, that mood
maintenance will be lower than baseline, but mood repair will not differ significantly from
baseline.
Given that positive affect is expected to be impacted by sleep deprivation to a larger
degree than negative affect (e.g., Talbot et al., 2010), I hypothesise that positively valenced
mood facets will take longer to recover than negatively valenced mood facets, demonstrating
that positive affect has stronger recovery inertia than negative affect. Next, I hypothesise for
reasons of parsimony that, at the point of recovery when most mood facets have returned to
baseline, mood evaluation facets will also return to baseline, in line with the appraisal theory
of mood regulation (Mayer & Gaschke, 1988). I will infer recovery of mood evaluation
processes when mood evaluation no longer differs significantly from baseline, after
controlling for positive and negative affect.
Pertaining to mood regulation recovery, in examining group means, I hypothesise that
mood regulatory facets will recover in parallel with mood evaluation facets. According to
appraisal theory (e.g., Bartsch et al., 2008), mood regulation is a function of mood evaluation,
so the two should change in tandem. I will infer recovery of mood regulation processes when
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mood regulation does not differ significantly from baseline, after controlling for mood and
mood evaluation.
In examining functionality, this investigation will apply a more rigorous investigation
of changes in mood regulation than was possible in Investigation 1 (see Chapter 3),
controlling for deviations from baseline in mood and mood evaluation using hierarchical
linear modelling (Raudenbush & Bryk, 2002). This modelling technique was selected
because of the inherently nested structure of the data. Variations are expected to occur among
the measured variables (i.e., mood, mood evaluation and mood regulation) both within
individuals from day to day, and between individuals (i.e., as stable individual differences).
Hierarchical linear modelling will allow me to model associations between mood, mood
evaluation and mood regulation from day to day, while accounting for stable individual
differences in trait mood tendencies and likelihood of employing particular regulatory
responses (Raudenbush & Bryk, 2002; Woltman, Feldstain, MacKay, & Rocchi, 2012). By
adding information about the phase of the experiment to the daily data, I can test whether
sleep deprivation has any influence on mood evaluation or regulation beyond that predicted
by mood itself. Further, I can test whether the mood variables expected to show functional
relationships with mood evaluation, and the mood and mood evaluation variables expected to
show functional relationships with mood regulation actually do so. From this research, I
expect to outline trajectories of emotional recovery, while factoring in the effects of mood
and/or mood evaluation, after sleep deprivation in a naturalistic context.
6.4 Method
6.4.1 Participants
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Volunteers were students recruited from a Western Australian university. A total of
63 participants (17 males, 46 females), ages ranging from 18 – 55 years (M = 24.16, SD =
8.45), successfully completed this experiment (see section 2.2).
6.4.2 Materials
The measurements used in the current investigation were: (1) the BRUMS as mood
measure (Lane & Jarrett, 2005), (2) the SMMS to measure mood regulation (Mayer &
Stevens, 1994), and (3) the online PVT to measure objective alertness (Roach et al., 2006; see
section 2.3). Similar to previous chapters, the Fitbit Charge HR was used in this investigation
to monitor the participants’ sleeping behaviours, to verify the self-reported night sleep and
daytime nap durations (Montgomery-Downs et al., 2012).
6.4.3 Procedure
I adopted a repeated measures design, including three phases: (1) baseline, (2)
intervention, and (3) three-day recovery (see Figure 6.1). At this stage of the research, I draw
on the full dataset of 63 participants, on their measurements of mood, mood evaluation and
mood regulation, as well as PVT performance, from baseline to the third day of recovery
(detailed procedures as described in section 2.4).
6.5 Results
6.5.1 Data analysis and transformation
In this repeated measures design, there were five points of measurement (see Figure
6.1): Time 1 (T1; baseline, averaged across Days 1 to 3), Time 2 (T2; immediately after sleep
deprivation), Time 3 (T3; one day after sleep deprivation), Time 4 (T4; two days after sleep
deprivation), and Time 5 (T5; three days after sleep deprivation). Changes in the dependent
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Day 1
AM
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E
B1

Day 2
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PM
BM
1
B2

Day 3
AM
PM
BM
2
B3

Day 4
AM
PM
BM
3

Day 5
AM

BM
1
B1

Day 7
AM
PM

Day 8
AM
PM
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R1

Baseline
C

Day 6
AM
PM

BM
2
B2
Baseline

BM
3

Sleep
Deprivation
CM

Day 9
AM
PM
RM
1
R2

Day 11
AM
PM
RM
3

Day 12
AM

Three-day recovery
DM

B3

RM
1
R1

Control

Day 10
AM
PM
RM
2
R3

Sleep
Deprivation

RM
2
R2

RM
3
R3

Three-day recovery

Figure 6.1. Time-lagged design of the 12-day sleep deprivation protocol for the experimental (E) and control (C) groups for Investigation 4.
Note. Grp = group, AM = before midday, PM = after midday,
= Fitbit on,
= Fitbit off,
= night sleep,
= sleep deprivation, B1,2,3
= baseline day 1,2,3, R1,2,3 = recovery day 1,2,3, BM = baseline measurement, DM = measurement after sleep deprivation, CM = measurement
after control night, RM = measurement after recovery day. Boxed area: measurement points used in the current investigation.
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variables (mood and mood regulation) were tested with initial 5 (time: time 1 to time 5) x 2
(gender) x 2 (age: 21 years and under, over 21 years [median split]) MANOVA (N = 63).
Where effects involving gender and/or age were not significant, data were pooled across
these factors and results from the simplified design reported.
For each dependent variable, two sets of planned comparisons were conducted: (1) to
compare the T2 to T1, serving as a manipulation check that the sleep deprivation protocol
resulted in its intended effects and replication of Investigation 1 (see Chapter 3), and (2) to
compare each of the recovery days, T3-T5 to the baseline phase, T1, to assess whether the
variables still differed from baseline. Lastly, I examined the participants’ daytime naps and
night sleep from T3 to T5, as behavioural estimates of sleep recovery.
Positive skewness detected in the dependent variables of mood (except calmness), and
the mood regulation variables of clarity and dampening, was corrected by logarithmic
transformation. The transformed scores were used to calculate the inferential statistics, using
two-tailed tests with α = .05, while the raw scores were used for the descriptive statistics. Few
missing data were detected, with no more than three cases for each variable. The missing data
were found to be missing completely at random (ps > .05) using Little’s (2002) test, and were
imputed with expectation maximisation (Dempster et al., 1977). No outlier was detected
using the outlier labelling rule (Hoaglin & Iglewicz, 1987).
6.5.2 Recovery trajectories
6.5.2.1 Main effects of time. I first identified the variables that underwent significant
change over time. As age and gender showed no significant main effects or interactions with
time in the mood or mood regulation analyses (ps > .05) in my initial three-way MANOVA,
they were eliminated as factors, and I report here results (see Table 6.1 for descriptive
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Table 6.1
Descriptive Statistics for Psychomotor Vigilance Task over the Five Points of Measurements
Variable
PVT (s)

Baseline (T1)
M, SD
.32, .03

Sleep deprivation (T2)
M, SD
.36, .05

Note. PVT = psychomotor vigilance task performance.

Recovery day 1 (T3)
M, SD
.32, .04

Recovery day 2 (T4)
M, SD
.32, .04

Recovery day 3 (T5)
M, SD
.32, .04
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statistics) from the one-way analyses for the main effects of time. PVT performance showed
significant changes over time, F(3.26, 202.26) = 30.84, p < .001, partial η2 = .33.
The mood variables, too, showed a significant main effect of time, F(32, 31) = 24.68,
p < .001, partial η2 = .96 (see Figure 6.2 and Figure 6.3 for descriptive statistics; see
Appendix O for tabled raw data). Follow-up univariate analyses (presented in order of effect
size) detected significant changes in vigour, F(3.42, 211.82) = 73.58, p < .001, partial η2 =
.54, fatigue, F(3.72, 230.56) = 55.02, p < .001, partial η2 = .47, happiness, F(3.44, 213.39) =
36.08, p < .001, partial η2 = .37, calmness, F(3.66, 226.76) = 23.34, p < .001, partial η2 = .27,
confusion, F(3.28, 203.28) = 16.27, p < .001, partial η2 = .21, depression, F(4, 248) = 5.19, p
< .001, partial η2 = .07, and anger, F(3.56, 220.85) = 3.35, p = .014, partial η2 = .05. Tension
did not undergo significant change over time (p > .05).
The mood evaluation and regulation MANOVA showed a significant main effect of
time, F(28, 35) = 5.07, p < .001, partial η2 = .80 (see Figure 6.4 and Figure 6.5 for descriptive
statistics; see Appendix P for tabled raw data). Follow-up univariate analyses showed
significant changes over time for the mood evaluation variables: typicality, F(4, 248) = 38.56,
p < .001, partial η2 = .38, acceptability, F(3.43, 212.35) = 23.77, p < .001, partial η2 = .28,
influence, F(3.66, 226.67) = 9.60, p < .001, partial η2 = .13; and the mood regulation
variables: maintenance, (4, 248) = 21.63, p < .001, partial η2 = .26, dampening, (3.08, 190.63)
= 4.15, p = .007, partial η2 = .06, and repair, (4, 248) = 2.97, p = .021, partial η2 = .05. Clarity
did not undergo significant change over time (p > .05).
To delineate these findings further, planned comparisons were conducted to
investigate the effects of sleep deprivation and sleep recovery. Each of the univariate planned
comparisons consisted of four familywise comparisons; as such, a Bonferroni-adjusted alpha
of .013 was used (Tabachnick & Fidell, 1996).
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Figure 6.2. Mean (SE) positive affect facet scores over the five points of measurements. Vertical axis shows range of scale.
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Figure 6.3. Mean (SE) negative affect facet scores over the five points of measurements. Vertical axis shows range of scale.
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Figure 6.5. Mean (SE) mood regulation scores over the five points of measurements. Vertical axis shows range of scale.
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6.5.2.2 Effects of sleep deprivation. Planned comparisons of PVT performance at T1
and T2 showed that participants’ responses were slower after sleep deprivation, F(1, 62) =
83.47, p < .001, partial η2 = .57, than at baseline.
In terms of mood variables, from T1 to T2, the participants reported significant
deteriorations in vigour, F(1, 62) = 213.63, p < .001, partial η2 = .78, fatigue, F(1, 62) =
172.41, p < .001, partial η2 = .74, happiness, F(1, 62) = 136.51, p < .001, partial η2 = .69,
calmness, F(1, 62) = 110.69, p < .001, partial η2 = .64, confusion, F(1, 62) = 24.68, p < .001,
partial η2 = .29, depression, F(1, 62) = 9.73, p = .003, partial η2 = .14, and anger, F(1, 62) =
6.51, p = .01, partial η2 = .10.
In terms of mood evaluation and regulation variables, from T1 to T2, the participants
reported significant decreases in acceptability, F(1, 62) = 67.30, p < .001, partial η2 = .52,
typicality, F(1, 62) = 89.79, p < .001, partial η2 = .59, maintenance, F(1, 62) = 78.11, p <
.001, partial η2 = .56, and significant increases in influence, F(1, 62) = 26.09, p < .001, partial
η2 = .30. Clarity, repair and dampening did not change significantly (ps > .013).
6.5.2.3 Effects of sleep recovery. To investigate the recovery trend of PVT
performance over time, planned comparisons were performed between T1 and T3, T1 and T4,
and T1 and T5. PVT performance recovered to baseline at T3 and sustained its recovery;
response times did not differ significantly from T1 at T3, T4 or T5 (ps > .013).
6.5.2.3.1 Mood recovery. Univariate planned comparisons between T1 and T3, T4,
and T5, respectively, showed that no significant difference remained in anger, depression,
confusion and vigour at T3, T4 or T5 relative to T1 (ps > .013), indicating full and sustained
recovery.
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Fatigue showed no significant difference between T3 or T4 relative to T1 (ps > .013);
but the participants reported significantly less fatigue at T5, F(1, 62) = 10.82, p = .002, partial
η2 = .15, compared to T1.
For happiness, when compared to T1, participants reported significantly lower scores
at T3, F(1, 62) = 8.34, p = .005, partial η2 = .12, T4, F(1, 62) = 22.21, p < .001, partial η2 =
.26, and T5, F(1, 62) = 12.95, p = .001, partial η2 = .17. For calmness, compared to T1,
participants reported significantly lower scores at T3, F(1, 62) = 6.99, p = .010, partial η2 =
.10, T4, F(1, 62) = 12.01, p = .001, partial η2 = .16, and T5, F(1, 62) = 35.82, p < .001, partial
η2 = .37. These results indicate that happiness and calmness remained significantly below
baseline across the three recovery days.
6.5.2.3.2 Mood evaluation and regulation recovery. To investigate the recovery trend
of the mood evaluation and regulation facets over time, univariate planned comparisons were
performed between T1 and T3, T4, and T5, respectively. Participants did not report
significantly different acceptability, typicality, influence or repair at T3, T4 or T5, relative to
T1 (ps > .013).
Maintenance returned to baseline level at T3, but declined below baseline again at T5;
no significant difference was detected at T3 or T4 relative to T1 (ps > .013); but the
participants reported significantly lower scores at T5, F(1, 62) = 10.06, p = .002, partial η2 =
.14, than at T1. Dampening remained below baseline across the three recovery days;
compared to T1, participants reported significantly lower scores at T3, F(1, 62) = 18.74, p <
.001, partial η2 = .23, T4, F(1, 62) = 9.28, p = .003, partial η2 = .13, and T5, F(1, 62) = 6.38,
p = .012, partial η2 = .09.
6.5.3 Functionality of mood evaluation and mood regulation
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Hierarchical linear modelling (HLM 7.03, Raudenbush et al., 2013) was performed to
examine the influences of: (1) individuals’ concurrent mood on their mood evaluation, and
(2) concurrent mood and mood evaluation on mood regulation, between baseline and
immediately after sleep deprivation and between baseline and the recovery phase. Restricted
maximum likelihood was used as the method of estimation in these analyses, with robust
standard errors. Maas and Hox (2005) show that in hierarchical linear modelling, regression
coefficients, variance components and standard errors are all unbiased and accurate, even
with as few as five level 1 observations within person, provided the number of level 2
persons is greater than 50, which was attained in the current phase. Details are provided in the
next section.
6.5.3.1 Sleep deprivation effects on mood evaluation after accounting for mood.
First, I examined the effects of sleep deprivation on mood evaluation facets (i.e., mood
acceptability, typicality and influence), accounting for the influences of concurrent mood on
mood evaluation. To compare baseline to the time point immediately after sleep deprivation,
I created a predictor variable (phase: baseline = 0, immediately after sleep deprivation = 1) to
be used in the analyses. The data structure of these analyses nested daily measures of mood
variables (i.e., positive affect and negative affect), mood acceptability, typicality and
influence, and phase (i.e., baseline and immediately after sleep deprivation) at level-1, within
participants at level-2. As a preliminary test, experimental phase was included as the sole
predictor in the models for the evaluation facets and found to be significantly predictive of
lower mood acceptability (b = -3.43, p < .001), lower mood typicality (b = -3.51, p < .001)
and higher mood influence (b = 1.75, p < .001), respectively.
Next, I entered simultaneously the additional predictors of concurrent mood (i.e.,
positive affect and negative affect) to predict mood acceptability, typicality and influence.
Affect scores were centred around the individual mean for each participant, so can be
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interpreted as “high (or low) for this individual” rather than higher (or low) compared to the
sample mean. The results of the three separate analyses with robust standard errors are shown
in Table 6.2. When predicting mood acceptability (intraclass correlation coefficient [ICC] =
.32), the effect of phase ceased to be significant, but significant effects of positive affect and
negative affect were found, demonstrating that the observed changes between baseline and
after sleep deprivation in acceptability were fully accounted for by within-person changes in
mood. In contrast, when predicting mood typicality (ICC = .27), the effect of phase remained
significant, and additional significant effects of positive affect and negative affect were
found, indicating that participants experienced mood as more atypical after sleep deprivation
than would have been predicted from their mood. The pattern of prediction for mood
influence (ICC = .51) was different again. The effect of phase remained significant, but
positive affect and negative affect were non-significant, suggesting that the higher level of
influence experienced after sleep deprivation was not accounted for by positive or negative
affect.
Table 6.2
Hierarchical Linear Models of Mood Predicting Mood Evaluation Facets between Baseline
and Immediately after Sleep Deprivation with Robust Standard Errors
Fixed Effect
Model for mood acceptability
Intercept
Positive affect
Negative affect
Phase
Model for mood typicality
Intercept
Positive affect
Negative affect
Phase
Model for mood influence
Intercept
Positive affect
Negative affect
Phase

Coefficient

SE

t ratio

p value

10.46
0.80
-5.12
-0.51

0.24
0.16
0.80
0.45

43.23
4.84
-6.43
-1.13

<0.001
<0.001
<0.001
0.26

10.01
0.53
-2.54
-1.82

0.23
0.15
0.89
0.45

42.80
3.56
-2.86
-4.09

<0.001
<0.001
0.01
<0.001

9.03
0.16
1.99
1.44

0.31
0.20
1.06
0.44

28.85
0.79
1.87
3.26

<0.001
0.43
0.06
0.001
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6.5.3.2 Sleep deprivation effects on mood regulation after accounting for mood
and mood evaluation. Next, I examined the effects of sleep deprivation on mood regulation
facets (i.e., mood maintenance, dampening and repair), accounting for the concurrent
influences of mood and mood evaluation on mood regulation. The data structure of these
analyses resembled that of the earlier set of analyses (see section 6.5.3.1) except that daily
mood maintenance, dampening and repair were also included at Level 1, nested within
participant (Level 2). Preliminary tests with phase as the only predictor variable in the model
showed that sleep deprivation phase predicted lower mood maintenance (b = -5.56, p < .001),
and higher mood repair (b = 1.12, p = .04). Phase was marginally associated with lower
levels of mood dampening (b = -.80, p = .07).
Next, I entered simultaneously the predictors of concurrent mood (i.e., positive affect
and negative affect) and concurrent mood evaluation (i.e., mood acceptability, typicality and
influence), to predict mood maintenance, dampening, and repair, using three separate
analyses with robust standard errors (see Table 6.3). In the initial analyses, mood typicality
was consistently found to be unrelated to the regulation variables mood maintenance,
dampening, and repair; hence, it was removed from the analyses. When predicting mood
maintenance (ICC = .41), the effect of phase ceased to be significant, but significant effects
of positive affect and mood acceptability were found, demonstrating that the reduction in
mood maintenance after sleep deprivation was fully accounted for by reduced positive affect
and mood acceptability. In the model predicting mood dampening (ICC = .43), none of the
mood or mood evaluation predictors was significant, and the effect of phase remained
marginal. In the model predicting mood repair (ICC = .60), the effect of phase ceased to be
significant (although a marginal negative effect remained). However, repair was significantly
predicted by lower mood acceptability and higher mood influence. Mood itself was not a
significant predictor of repair. This finding suggests that participants engaged in some degree
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Table 6.3
Hierarchical Linear Models of Mood and Mood Evaluation Facets Predicting Mood
Regulation Facets between Baseline and Immediately after Sleep Deprivation with Robust
Standard Errors
Fixed Effect
Model for mood maintenance
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase
Model for mood dampening
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase
Model for mood repair
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase

Coefficient

SE

t ratio

p value

15.93
0.69
-1.74
1.00
0.02
-0.44

0.35
0.21
1.17
0.11
0.11
0.52

45.27
3.24
-1.49
9.10
0.19
-0.85

<0.001
0.001
0.14
<0.001
0.85
0.40

8.55
-0.11
1.47
0.11
0.09
-1.20

0.38
0.22
1.39
0.08
0.08
0.66

22.58
-0.49
1.06
1.38
1.10
-1.82

<0.001
0.63
0.29
0.17
0.27
0.07

13.74
-0.18
1.24
-0.34
0.26
-1.18

0.48
0.29
1.32
0.10
0.11
0.62

28.35
-0.64
0.95
-3.45
2.44
-1.89

<0.001
0.53
0.35
<0.001
0.02
0.06

of mood repair that was proportional to their evaluation of their mood immediately after sleep
deprivation. Thus, although mood repair did not demonstrate significant change on a
descriptive group mean level after sleep deprivation in the earlier analyses (see 6.5.2.2), from
the current analysis, I observed that mood repair demonstrated a degree of adaptive response
relating to mood evaluation, with only a marginally significant residual effect of sleep
deprivation reducing mood repair.
6.5.3.3 Sleep recovery effects on mood evaluation after accounting for mood.
Having investigated the effects of sleep deprivation, we then turn our attention to differences
from baseline in the mood evaluation facets (i.e., mood acceptability, typicality and
influence) observed during the sleep recovery phase. In this set of analyses, the codings for
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phase were: baseline = 0, recovery = 1. In preliminary tests of for phase effects without
including other predictors, phase predicted neither mood acceptability (b = -.27, p = .28), nor
mood typicality (b = .08, p = .75) nor mood influence (b = .20, p = .35). Although the lack of
significant difference between baseline and recovery phase means that there is insufficient
between-phase variance for mood to “account for”, I proceeded with the inclusion of daily
mood in the models because suppressor effects are still possible – that is, given a person’s
recovery phase mood state, his or her mood evaluation may still be unexpectedly high or low.
As a next step, I entered simultaneously the predictors of concurrent mood (i.e.,
positive affect and negative affect), to predict mood acceptability, typicality and influence,
using robust standard errors (see Table 6.4). When predicting mood acceptability (ICC = .35),
the effect of phase remained non-significant, but higher positive affect and lower negative
affect both significantly predicted acceptability. When predicting mood typicality (ICC =
.38), the effect of recovery phase emerged as a significant positive predictor, as well as
significant effects for both positive affect and negative affect being found, indicating that
participants experienced mood as more typical during the recovery phase than we would have
expected from their reported mood state. When predicting mood influence (ICC = .57), the
effect of phase remained non-significant, but greater negative affect was associated with
greater influence. Positive affect showed no significant effect.
These results suggest that concurrent mood was consistently associated with the mood
evaluation facets during the recovery phase, and after accounting for mood, the participants
experienced their mood as more typical during the recovery phase than at baseline. Unlike
mood acceptability and mood typicality, which were strongly predicted by both positive
affect and negative affect, mood influence was only predicted by negative affect, and not
positive affect.
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Table 6.4
Hierarchical Linear Models of Mood Predicting Mood Evaluation Facets between Baseline
and Recovery Phase with Robust Standard Errors
Fixed Effect
Model for mood acceptability
Intercept
Positive affect
Negative affect
Phase
Model for mood typicality
Intercept
Positive affect
Negative affect
Phase
Model for mood influence
Intercept
Positive affect
Negative affect
Phase

Coefficient

SE

t ratio

p value

10.95
0.75
-4.65
0.22

0.24
0.15
0.84
0.21

45.99
5.12
-5.55
1.04

<0.001
<0.001
<0.001
0.30

10.26
0.52
-3.33
0.42

0.23
0.12
0.86
0.20

45.42
4.18
-3.87
2.05

<0.001
<0.001
<0.001
0.04

8.95
0.05
2.31
0.20

0.31
0.13
0.78
0.23

28.75
0.37
2.97
0.88

<0.001
0.71
0.003
0.38

6.5.3.4 Sleep recovery effects on mood regulation after accounting for mood and
mood evaluation. In the next set of analyses, I examined the difference between baseline
mood regulation facets (i.e., mood maintenance, dampening and repair) and their levels
during the recovery phase, accounting for the concurrent influences of mood and mood
evaluation on mood regulation. Again, the data structure of these analyses nested mood
variables (i.e., positive affect and negative affect), mood evaluation variables (i.e., mood
acceptability, typicality and influence), mood maintenance, dampening and repair, and phase
(i.e., baseline and recovery) at level-1 of the model, within participant at level-2 of the model.
In preliminary tests with phase as the sole predictor, mood maintenance (b = -1.20, p = .007)
and mood dampening (b = -.87, p < .001) were significantly lower during recovery than at
baseline, whereas mood repair was not (b = -.30, p = .46).
Next, I entered simultaneously the predictors of concurrent mood (i.e., positive affect
and negative affect) and concurrent mood evaluation (i.e., mood acceptability, typicality and
influence), to predict mood maintenance, dampening and repair, using three separate analyses
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with robust standard errors (see Table 6.5). In the initial analyses, mood typicality was found
to be consistently unrelated to mood maintenance, dampening, and repair; hence, it was
removed from the analyses. When predicting mood maintenance (ICC = .49), the effect of
phase ceased to be significant, but significant effects of positive affect and mood
acceptability were found, demonstrating that the observed differences between baseline and
recovery in maintenance were fully accounted for by differences in positive affect and mood
acceptability. In the model predicting mood dampening (ICC = .55), none of the mood or
mood evaluation predictors was significant, but the effect of phase remained significant,
suggesting that mood dampening was lower during the recovery phase than at baseline levels
and that mood and mood evaluation were unrelated to dampening. In the model predicting
mood repair (ICC = .60), significant effects of positive affect, mood acceptability and mood
influence were found and, controlling for these, phase was still not significant but repair was
marginally lower than expected during recovery.
Thus, three separate patterns of results emerged for mood regulation. Mood
maintenance was reduced during recovery, but this effect was fully explained by mood and
mood evaluation. This may be construed as a functional response. Mood dampening was
unaccountably low during the recovery phase, and unrelated to mood or mood evaluation.
This does not fit our definition of functionality. Mood repair did not change from baseline. It
was somewhat lower than expected from mood and evaluation, but was generally well
predicted by these variables. This may suggest some mild dysfunction, but the result is
inconclusive.
6.5.3.5 Behavioural estimation of recovery. To validate subjective mood evaluation
during the recovery phase, I examined the trend of participants’ sleep recovery behaviours
(i.e., daytime naps and night sleep) as behavioural indicators of how participants experienced
their recovery from acute sleep deprivation. Impairment in mood evaluation processes could
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Table 6.5
Hierarchical Linear Models of Mood and Mood Evaluation Facets Predicting Mood
Regulation Facets between Baseline and Recovery Phase with Robust Standard Errors
Fixed Effect
Model for mood maintenance
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase
Model for mood dampening
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase
Model for mood repair
Intercept
Positive affect
Negative affect
Mood acceptability
Mood influence
Phase

Coefficient

SE

t ratio

p value

16.81
0.95
-0.64
1.03
0.12
-0.40

0.35
0.21
1.00
0.08
0.09
0.29

48.39
4.55
-0.64
12.73
1.28
-1.40

<0.001
<0.001
0.52
<0.001
0.20
0.16

8.48
-0.02
0.32
-0.06
0.06
-0.91

0.34
0.13
1.01
0.08
0.07
0.25

25.03
-0.16
0.32
-0.79
0.82
-3.62

<0.001
0.87
0.75
0.43
0.41
<0.001

13.38
-0.56
-0.24
-0.25
0.28
-0.73

0.50
0.20
1.24
0.09
0.13
0.41

26.74
-2.77
-0.19
-2.91
2.21
-1.78

<0.001
0.01
0.85
0.004
0.03
0.08

be inferred from elevated use of behavioural recovery strategies persisting after mood
evaluation had been reported to return to normal. Baseline sleep duration was calculated as
the average duration of night sleep the participants had during the three baseline days. Total
nap duration for each recovery day was summed from all the naps the participants took on the
respective days.
In view of the non-normal distribution of these variables, two non-parametric
Friedman tests were conducted to test: (1) whether each of the recovery nights’ sleep duration
differed from baseline, and (2) whether the nap durations differed among the three recovery
days. In terms of night sleep duration, median (interquartile range) night sleep durations for
baseline, recovery day 1, recovery day 2, and recovery day 3 were 500.00 (459.42 to 534.75),
523.50 (450 to 597.75), 518.00 (446.25 to 600.00), and 483.00 (420.00 to 541.50),
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respectively. A significant main effect of time was detected for night sleep durations, χ2(3) =
8.18, p = .042. Planned comparisons with Wilcoxon signed-rank tests (Bonferroni-adjusted α
= .017; three familywise comparisons) detected significant difference only between T3 and
T1 (Z = -2.60, p = .009), while T4 or T5 relative to T1 were non-significant (ps > .017).
These results suggest that night sleep duration was significantly higher than baseline at T3
(defined as the night sleep taken on Day 8, after completing the measurement at the end of
sleep deprivation; see Figure 6.1), and returned to baseline levels on subsequent days.
In terms of napping, median (interquartile range) napping durations for recovery day
1, recovery day 2, and recovery day 3 were 280.50 (172.50 to 375.25), 0 (0),and 0 (0),
respectively. A significant main effect of time was detected with the Friedman test, χ2(2) =
80.76, p < .001. Pairwise comparisons, at Bonferroni-adjusted α = .017, showed that total nap
duration recorded at T3 was higher than at T4 (Z = -6.32, p < .001) and T5 (Z = -6.31, p <
.001), and T4 was no different from T5 (p > .017). These results demonstrated that napping
was highest at T3 (defined as the naps taken on Day 8, after completing the measurement at
the end of sleep deprivation; see Figure 6.1), and dwindled on subsequent days. Thus, night
sleep and napping returned to baseline levels at the same time as mood evaluation.
6.6 Discussion
The current investigation investigated the effects of sleep deprivation and sleep
recovery on mood, mood evaluation and mood regulation on the bases of group means and
functionality, in a naturalistic setting. Supporting my first hypothesis, this investigation
showed that positively valenced mood facets took longer to recover than negatively valenced
mood facets. Supporting my second hypothesis, at the point of recovery when most mood
facets had returned to baseline (which was found to be one day after sleep deprivation), mood
evaluation facets also returned to baseline. However, my third hypothesis stating that mood

191

regulation facets would recover in parallel with mood evaluation facets was not supported;
mood dampening was found to be below baseline levels during the recovery phase, even after
accounting for mood and mood evaluation, and despite mood evaluation facets having
recovered sustainably across the three recovery days. Although mood maintenance was also
found to be below baseline levels during the recovery phase, these observed differences were
accounted for by mood and mood evaluation (see section 6.5.3.4), demonstrating a degree of
parallel recovery. During the recovery phase, mood repair was the only mood regulatory facet
that did not demonstrate significant difference from baseline at the group mean level, before
or after controlling for mood and mood evaluation.
In this discussion section, I will explore the above-mentioned findings in greater
depth and in the context of the other phenomena observed. I will examine how mood, mood
evaluation and mood regulation change respectively with (1) sleep deprivation, and (2)
subsequent recovery. With reference to these changes, the functionality of mood evaluation
and mood regulation will be assessed. Functionality of mood evaluation will be assessed in
terms of its associations with positive affect and negative affect (e.g., higher positive affect
and lower negative affect predicting higher mood acceptability). Functionality of mood
regulation will be assessed in terms of its associations with mood and mood evaluation (e.g.,
higher mood maintenance predicted by higher positive affect and lower negative affect, and
higher mood acceptance and mood typicality). Differences from baseline functionality
immediately after sleep deprivation and during the recovery phase will be discussed (see
section 6.2.2). We will see that, despite the inconsistencies amongst mood, mood evaluation
and mood regulation at the group mean level, the participants demonstrated at least somewhat
functional responses in mood evaluation and mood regulation, suggesting that sleep
deprivation did not fully impair the capacity for cognitive mood regulation.
6.6.1 Mood changes with sleep deprivation and recovery
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At the group mean level, participants reported larger degrees of deterioration in
specific positive mood facets (e.g., happiness and calmness) than specific negative mood
facets (e.g., confusion, depression) after sleep deprivation, relative to baseline. However, it
appears that a floor effect was present in negative affect, where confusion, depression, anger
and tension yielded rather consistent low values throughout the span of the study. This
phenomenon might suggest that the negative affect measures were not sensitive to change, as
compared to positive affect measures. This floor effect, which is a pervasive issue across
existing sleep studies (e.g., Ikegami et al., 2009), will be addressed in Chapter 8. Consistent
with the first hypothesis, although the majority of the mood facets and cognitive alertness
returned to baseline after the first recovery day and sustained their recovery across the
subsequent three recovery days, happiness and calmness remained below baseline
throughout. Unexpectedly, fatigue, a negative affect facet, reduced below baseline after the
third recovery day.
These findings stand in contrast to Ikegami et al.’s (2009) observation that fatigue
and confusion required at least two recovery nights to return to baseline. This faster recovery
might be attributed to the current naturalistic setting, placing fewer restrictions on use of
recovery strategies than Ikegami et al. (2009). Notably, and consistent with the first
hypothesis and some other studies (e.g., Franzen et al., 2008), the strongest effects in the
current investigation were in variables not assessed by Ikegami et al. (2009).
Other than the floor effect issue, the faster negative affect recovery (i.e., fatigue and
confusion) observed in this investigation may be attributable to the use of a naturalistic
setting with the freedom of recovery coping. This possible facilitatory effect may have
occurred for several reasons. Firstly, the use of a naturalistic setting is likely to have removed
the aggravation of mood deterioration associated with residing in a sleep laboratory (Paterson
et al., 2013). Secondly, given the freedom to access recovery strategies (e.g., sleep extension,
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daytime naps), the present participants had more opportunities to manage their own recovery,
when compared to a restricted setting that overrides the physiological need to rest. The
present participants slept for approximately 8 hours 40 minutes on the night after sleep
deprivation, compared to the standardised 7 hours sleep allowed in Ikegami et al. (2009).
They also napped for an average of 4 hours after sleep deprivation. We may assume that the
observed use of these recovery strategies better resembles the everyday context of a sleepdeprived individual, than the restricted recovery strategies used in previous laboratory studies
(e.g., Ikegami et al., 2009), and likely facilitated the faster negative affect recovery
(compared to Vandekerckhove & Cluydts, 2010; see section 4.8.2) observed in the current
investigation.
A strength of the present design was its large sample size. This reduced the standard
errors relative to Ikegami et al. (2009), indicating greater power to detect deviations from
baseline, reducing the probability of making Type II errors (false negative – determining no
deviation from baseline, when a deviation is present). Using a larger sample, this
investigation detected additional mood facets (i.e., depression and anger) that deteriorated
immediately after sleep deprivation, which were not detected in Ikegami et al. (2009). In the
current study, depression and anger were affected by sleep deprivation to a smaller degree
than fatigue and confusion, suggesting that the larger sample used in this investigation might
have facilitated the detection of subtler mood changes after sleep deprivation. Additionally,
this investigation showed that tension did not change significantly after sleep deprivation,
indicating that tension (as measured by the BRUMS) is unlikely to be affected to any great
extent by sleep deprivation.
6.6.1.1 Positive versus negative affect valence. The finding that positive affect
facets were more susceptible than negative affect facets to the ill-effects of sleep loss
replicates findings in the literature (e.g., Franzen et al., 2008), and the discovery that positive
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affect facets also took longer to recover than negative affect extends previous work. These
results point to a distinction between the two affect valences in relation to sleep loss. The
complete recovery of negative affect after the first recovery day did not imply complete
recovery of positive affect. This result is in line with existing literature suggesting positive
affect and negative affect to be relatively independent dimensions (e.g., Diener et al., 1985).
It indicates that there might be two distinct emotional recovery pathways that apply to each
respective affect valence, with the mood dimensions associated with pleasure and composure
(positive affect) possessing a greater inertia than the dimensions of negative arousal, such as
agitation and sadness.
6.6.1.2 Delayed fatigue improvement beyond baseline. The current investigation
found, unexpectedly, that fatigue scores dropped to a level significantly lower than baseline
after the third recovery day, a finding that has not been documented in sleep recovery
research. A possible interpretation of this finding is that changes in sleep physiology might
have occurred after acute sleep deprivation. Sleep studies have found that after acute sleep
deprivation, participants sometimes experience deeper sleep than before the intervention, as
indicated by a marked increase in slow wave sleep (Borbely & Neuhaus, 1979), and a
decrease in night-time interleukin-6 – a biomarker associated with the activation of HPA axis
(Vgontzas et al., 1999). Hence, the participants might have experienced a series of enhanced
deep sleep periods during the first two recovery days that might have mitigated the initial
fatigue levels captured during the baseline phase, resulting in a reduction in fatigue past
baseline levels after the third recovery day. Nevertheless, this interpretation is a conjecture
from a preliminary finding. An alternative explanation might be that, after the participants
experienced acute sleep deprivation, their subjective experience of fatigue was recalibrated to
that experience immediately after sleep deprivation; this change in the benchmark for
comparison might have resulted in the participants rating their fully recovered levels of
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fatigue as lower than at baseline. Future replication studies might investigate this
phenomenon by: (1) extending the measurement period beyond three recovery days to
examine the longevity of this effect, and (2) including objective measures of fatigue (e.g.,
biological indices).
6.6.2 Changes in mood evaluation with sleep deprivation and recovery
After sleep deprivation, consistent with the pattern of significantly worsened mood
across almost all facets, participants evaluated their mood to be less acceptable, less typical
and more influential than at baseline. There was no reported change in mood clarity. The
means for all of the mood evaluation facets returned to baseline after one day of recovery and
remained there across the three recovery days, despite the lingering low levels of positive
affect facets.
From Mayer and Stevens (1994) and the present sample’s correlations at baseline (see
Tables 2.1 and 2.2), it was expected that functional mood evaluation processes would
produce correlations between higher positive affect and lower negative affect with higher
mood acceptability and mood typicality and lower mood influence. In the following sections,
the relationships between each mood evaluation facet and both positive and negative affect
will be assessed.
6.6.2.1 Mood Acceptability. Participants apparently evaluated the acceptability of
their mood after sleep deprivation in much the same way that they usually did. Mood
acceptability was well-predicted by higher positive affect and lower negative affect
throughout the experimental procedure and phase of experiment provided no additional
information. Mood acceptability was more strongly associated with negative affect than
positive, declining between four and five units with each unit increase in negative affect, but
increasing less than one unit for every unit increase in positive affect – which may account
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for its return to baseline, along with negative affect, after the first recovery day. Thus, there
was no evidence of this mood evaluation facet behaving differently from normal after sleep
deprivation.
6.6.2.2 Mood Typicality. In contrast to acceptability, evaluation of mood typicality
did appear to be affected by sleep deprivation over and above the influence of mood itself.
Although greater positive affect and less negative affect were both consistently associated
with greater mood typicality, as predicted, phase of experiment also consistently showed an
influence or, more precisely, two separate influences. Typicality ratings declined to a greater
extent between baseline and after sleep deprivation than would have been expected from
changes in mood. During the recovery phase, the reverse occurred and typicality was rated as
significantly higher than would be predicted from mood alone. The very low typicality after
sleep deprivation indicates that the factors affecting mood typicality were not fully captured
by the positive and negative affect measures used in this study. The consistent alignment of
typicality with concurrent mood suggests at least some degree of functional response to
mood. However, the unexpectedly high ratings of typicality during recovery suggest that
evaluation processes are not functioning as normal. The alternative interpretation that poorer
mood simply falls within the bounds of baseline typicality is not tenable given the residual
effect of experimental phase on typicality scores. Rather, the participants’ internal standards
representing “typical” mood may have been recalibrated to a worse state by sleep loss and/or
the recovery process. Alternatively, there may be an unmeasured contributor to typicality
assessments, distinct from positive and negative affect, that was unusually low after sleep
deprivation and unusually high during recovery, so emotional self-evaluation may be based
on a broader context of overall mood recovery.
6.6.2.3 Mood Influence. Mood was evaluated to be more influential immediately
after sleep deprivation than at baseline, and this was largely unrelated to positive or negative
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affect (except for a marginal association with negative affect). As for typicality, this finding
suggests that the subjective factors resulting in the increase in mood influence were not
captured by the mood measures in the study, and the usual association between mood and
mood influence reported by Mayer and Stevens (1994) may have broken down under these
conditions. During recovery, however, only negative affect predicted mood influence
suggesting, firstly, that this evaluation process had returned to normal, secondly, that Mayer
and Stevens’ (1994) association between overall pleasantness of mood and mood influence
was likely driven by negative affect (e.g., feeling more depressed, confused) rather than
positive affect (e.g., feeling less alert, contented), and thirdly, making sense of the finding
that mean influence returned to baseline after one day of recovery as negative affect also
returned to baseline in this timeframe.
These patterns of results draw our attention to the disparate responses of the three
mood evaluation facets, acceptability, typicality and influence, to sleep deprivation. Changes
in acceptability across the phases of the experiment were fully explained by changes in
positive affect and negative affect, suggesting normal functioning of this facet. In contrast,
sleep deprivation affected both typicality and influence evaluations over and above mood.
The paradox of the means for evaluation facets returning to baseline during recovery while
positive affect lagged behind appears to be explained by the fact that negative affect (which
returned quickly to baseline) was the main predictor of these evaluation facets, not positive
affect. The validity of the general return of evaluation facets to baseline after one day is
further supported by the behavioural indicators of daytime napping and night sleep durations,
both of which were elevated for the first recovery day, but returned to baseline thereafter. The
only line of evidence suggesting that mood evaluation processes might be failing to detect
mood changes following sleep deprivation is the inexplicably elevated level of typicality
during the recovery period.
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Nevertheless, we are left with the finding that positive affect did not completely align
with mood evaluation. It was less strongly associated with mood evaluation facets than
negative affect and was insufficiently influential to cause mood evaluation to deviate from
baseline during recovery. Indeed, if mood evaluation does not sufficiently consider positive
affect, then the regulatory process that follows from this evaluation, as proposed by Mayer
and Stevens (1994), would likely be less than optimal under circumstances such as sleep
deprivation where the primary deficit is in positive affect.
To further investigate the emergence of this response within the scope of this
research, I need to know the detailed relationships between mood and mood evaluation at
baseline, so as to clarify which responses were eliminated by sleep deprivation, then
recovered during sleep recovery. The next investigation will address these relationships at
baseline (see Chapter 7).
6.6.3 Changes in mood regulation with sleep deprivation and recovery
6.6.3.1 Mood maintenance. Participants’ mood maintenance decreased after sleep
deprivation. Although it returned to baseline the next day, it subsequently declined over the
next two days to below-baseline levels, so that the hierarchical linear modelling analyses
identified both the sleep deprivation and recovery phases as significantly lower than baseline.
The decreases in mood maintenance from baseline during both the sleep deprivation
and recovery phases were fully accounted for by the decrease in positive affect and mood
acceptability, suggesting that the processes responsible for mood maintenance were not
affected by sleep deprivation, and the response appears to be adaptive.
Three points are worthy of note. First, despite participants’ mood evaluation being
more strongly aligned with negative affect than positive affect, the regulation strategy of
maintenance shows the opposite pattern – aligning with positive, but not negative, affect.
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This indicates that positive affect does indeed influence regulation. Second, of the evaluation
facets, only acceptability is relevant to maintenance. Thirdly, we see here that mood (positive
affect) influences mood maintenance over and above mood acceptability. This indicates that
regulation, at least in the case of maintenance, in response to mood is not fully explained by
the intermediate step of people’s conscious evaluation of their mood, which is somewhat
inconsistent with Mayer and Stevens (1994).
6.6.3.2 Mood repair. Mood repair showed minimal change through the sleep
deprivation procedure. No changes were found with MANOVA, but a significant increase
after sleep deprivation was detected with hierarchical linear modelling, which did not remain
over the recovery period (a discrepancy that will be discussed later in section 8.2.1).
Despite its small degree of change on average with sleep deprivation, a participant’s
daily level of mood repair was associated with their experiencing personally lower levels of
mood acceptability and higher levels of mood influence. During recovery, lower positive
affect also predicted greater repair. All of these associations suggest functional response.
However, after sleep deprivation, repair was marginally lower than would have been
predicted from the evaluation and mood variables, and the marginal reduction lingered into
the recovery phase, which hints at mild dysfunction.
The finding that positive affect did not independently predict mood repair in the
baseline-sleep deprivation analysis but did in the baseline-recovery analysis implies that,
immediately after sleep deprivation, mood repair was more sensitive to changes in mood
evaluation than to mood itself. This change in predictors is consistent with two
interpretations. Firstly, mood repair might simply be insensitive to the effects of mood
immediately after sleep deprivation. Alternatively, mood repair might remain sensitive to the
effect of mood but its influence is fully mediated by mood evaluation (e.g., mood
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acceptability) immediately after sleep deprivation. The absence of a significant bivariate
correlation between positive affect and mood repair immediately after sleep deprivation, in
contrast to the significant bivariate correlations on each of the recovery days, supports the
first interpretation that mood repair was insensitive to the effects of mood after sleep
deprivation.
6.6.3.3 Mood dampening. The small decline in mood dampening immediately after
sleep deprivation did not represent significant change, replicating the findings from
Investigation 1 (see Chapter 3). However, mood dampening continued to decline after sleep
deprivation and remained consistently below baseline throughout the three recovery days,
suggesting a delayed effect of sleep deprivation. Furthermore, levels of mood dampening
were unrelated to any of the mood or mood evaluation variables, leaving the decline from
baseline unexplained. This does not support the interpretation that dampening might fall in
response to reduced positive affect, supplying no evidence for a functional response of this
regulatory strategy.
6.6.3.4 Functionality of mood regulation. Similarly to the mood evaluation facets,
the mood regulation facets at the group mean level followed rather disparate trajectories,
preventing us from making generalisations about their impairment with sleep deprivation and
recovery. Mood maintenance and mood repair showed some evidence of functional
association with mood and mood evaluation throughout the experimental procedure, whereas
dampening did not. All three regulation strategies tended to be employed, if anything, less in
the days following sleep deprivation, or less than expected. In the case of maintenance, this
effect was fully explained by mood and mood evaluation. In the cases of repair and
dampening, the residual effects of phase of experiment were consistently in a negative
direction, though not consistently reaching significance, pointing to a need for replication
with greater statistical power. This leaves us with the conclusion that participants still have
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the capacity to regulate their mood to some extent using cognitive strategies after sleep
deprivation, but possibly a little less actively than normal.
Earlier research has suggested sleep deprivation to reduce inhibitory aspects of
emotion regulation, such as self-reported impulse inhibition (Beebe et al., 2008, Kamphuis et
al., 2012), and to cause cortical deficiency associated with the increased emotional reactivity
to negative stimuli (e.g., Yoo et al., 2007). The current investigation provides corresponding
evidence for reduction in inhibitory mood regulation (Mayer & Stevens, 1994) in the form of
dampening – and further indicates that the decline is greater in the recovery phase than
immediately post sleep deprivation. I predicted that the previously observed impaired
inhibitory response would generalise to reduced active mood repair. However, I found
evidence to suggest that sleep-deprived people could perform mood repair to at least some
extent, and that choosing to do so was functionally related to subjective mood evaluation. The
marginal effect of sleep deprivation on mood repair does not provide conclusive support for
impairment or for preservation of normal function. Nevertheless, I have with this
investigation for the first time sought to draw theoretical inferences (Mayer & Stevens, 1994)
about mood regulation in relation to positive affect and negative affect as well as mood
evaluation, and identified a possible method for testing these.
Nevertheless, to draw firm conclusions about the functionality of mood regulation, we
require additional information. For example, for accurate comparison, we would need to
establish the nature of the usual relationships among the mood, evaluation and regulation
variables at baseline. Also, we would need to evaluate the mood outcomes of regulatory
attempts and whether they successfully reduce future negative affect and increase future
positive affect. According to Mayer and Stevens’ (1994) model, mood evaluation influences
mood regulation and not vice versa. Nevertheless, concurrent correlations between mood
evaluation and mood regulation, as presented in Mayer and Stevens (1994) and in the current
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investigation, are equally consistent with the opposite direction of causality, or
bidirectionality. For instance, high levels of fatigue might inhibit engagement in mood repair,
and participants might then avoid the cognitive dissonance (Festinger, 1962) arising from
their failure to repair their low mood by evaluating their mood to be acceptable and typical.
These issues will be addressed in Chapter 7.
A second observation relevant to the functionality of mood regulation is that, during
recovery, when the mood evaluation facets had returned to baseline but positive affect had
not, the regulation variables, repair and maintenance, showed signs of compensating for the
insensitivity of evaluation by responding directly to mood (specifically, positive affect). This
will be discussed further in the following section.
6.6.4 What we have learned about appraisal theory?
The current investigation supports and refines the appraisal theory of Mayer and
Stevens (1994) in several ways. Their proposal that mood evaluation is a function of mood is
well supported, and extended to show the differential relations of positive and negative affect
with the evaluation facets. The current investigation also broadly supports the connection
between their evaluation facets and mood regulations strategies. The differential response of
their evaluation scales and regulation scales to sleep deprivation and recovery supports the
independence of these constructs and, from modelling multiple variables simultaneously, we
can see which ones make unique contributions to specific evaluation facets and regulation
strategies. For example, typicality did not make any unique contribution to the regulation
strategies after accounting for the other evaluation facets and mood, suggesting that, at least
in this context, it is not a major source of motivation for a person to regulate their mood.
Given that Mayer and Stevens (1994) reported bivariate correlations between typicality and
mood repair and maintenance, it may be that the variance in these strategies associated with
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typicality was subsumed by variance in mood acceptability and/or mood influence when
mood and all evaluation facets were considered simultaneously.
However, the present findings also indicate some gaps or limitations in the theory.
Firstly, the evaluation facets tend to be more strongly aligned with negative than positive
affect, thus potentially missing evaluative processing that occurs in response to specifically
depleted positive affect – for example, after sleep deprivation. This may feed forward into
sub-optimal prediction of regulation from evaluation alone, consistent with the residual
effects of positive affect on some regulation strategies. Secondly, the results for mood
influence suggest that this facet depends on variables other than positive and negative affect,
or overarching pleasantness-unpleasantness (Mayer & Stevens, 1994). It may be that factors
such as degree of mood arousal (e.g., Barrett, 1998) have closer relevance to mood influence
than does mood valence.
A third inconsistency with the original model, in which regulation is proposed to be a
function of evaluation (e.g., Bartsch et al., 2008), is the discrepancy between mood
evaluation and mood regulation results. Despite the sustained, rapid return to baseline
observed in mood evaluation, the mood regulation facets did not return in parallel.
Additionally, as noted earlier, positive affect accounted for variance in regulation strategy use
not captured by the evaluation variables. As discussed, this could be due to the evaluation
facets not capturing low positive affect. Alternatively, it could be that, as proposed by affectas-information theory (e.g., Clore & Huntsinger, 2007), affect might exert a direct influence
on regulation without the intermediate step of conscious evaluation.
A fourth inconsistency is that mood dampening, in the present context, was not
explained by any mood or evaluation variable. It showed a delayed decline, emerging as
significant only after the first day of recovery for reasons falling outside the appraisal model.
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While the construct of dampening was detailed as stabilising mood from an overly-positive
mood state (Mayer & Stevens, 1994), my finding shows that the below-baseline levels of
happiness on the recovery days were not sufficient to explain the lowered dampening efforts.
6.6.5 Conclusion
In summary, emotional recovery after acute sleep deprivation in a naturalistic setting
is likely to be more efficient than that documented in previous laboratory studies (e.g.,
Ikegami et al., 2009). This investigation showed that negative affect facets and vigour
recovered to baseline levels after one night of recovery, while happiness and calmness, which
have not previously been investigated, remained below baseline across the three recovery
days. These findings highlight the need to investigate positive affect further, to determine the
timeframe required for it to return to baseline. Of the mood facets that recovered, all
sustained their recovery across the three recovery days, with fatigue further decreasing below
baseline level by the end of the third recovery day. Further research is needed to examine the
possibility that sleep deprivation could assist an individual in feeling less tired than at
baseline within a few days after sleep loss.
Individuals’ evaluation of mood, in terms of acceptability, typicality and level of
influence, although correlated with their mood within person, is not sensitive to their
atypically low positive affect after sleep deprivation, suggesting either that, subjectively, the
recovering emotional state was not a salient deviation from baseline, or that the SMMS does
not capture the relevant dimension of evaluation.
The deviation between mood evaluation facets and mood regulation facets suggests
that the appraisal theory (Bartsch et al., 2008) might be overly parsimonious in not
accounting for the possibility that mood facets might have a direct impact on mood regulation
facets. Mood dampening remained below baseline across the three recovery days, and was
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not accounted for by mood and mood evaluation, suggesting perhaps sleep deprivation had a
longer-term direct impact on mood dampening. While inconsistencies between the recoveries
of mood evaluation and mood regulation were present, mood repair and mood maintenance
demonstrated qualitatively functional responses to mood and evaluation immediately after
sleep deprivation and during the recovery phase, suggesting that sleep-deprived individuals
are still at least partially capable of performing functional cognitive mood regulation. My
findings thus far have revealed that the state of recovery detected one day after sleep
deprivation (see Chapter 4) is not representative of longer-term recovery seen in the current
investigation.
6.6.6 Areas for further research
The current investigation suggests mood evaluation and mood regulation
demonstrated degrees of functionality in relation to mood immediately after sleep deprivation
and during the recovery phase. However, several questions arise. Firstly, in order to more
accurately determine the change of functions immediately after sleep deprivation and during
the recovery phase, I need a baseline reference. In this investigation, two responses emerged
during the recovery phase that were not found immediately after sleep deprivation suggesting
that mood evaluation and mood regulation were more responsive to mood during recovery
than immediately after sleep deprivation. However, I cannot determine whether those
responses are signs of recovery to baseline, or they are incidental phenomena. The next
investigation will supply the required information by deriving a baseline reference for
comparison.
Secondly, in this investigation, I have examined the functions of mood evaluation and
mood regulation in terms of their concurrent predictors, according to the working model
proposed by Mayer and Stevens (1994). From the current investigation, I found evidence that
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mood can have a direct relationship with mood regulation facets, even after accounting for
mood evaluation. In the next investigation, I will attempt to expand the working model of
Mayer and Stevens (1994), using the affect-as-information theory (e.g., Clore & Huntsinger,
2007).
Thirdly, in the next investigation, I will extend our understanding of concurrent
associations between mood, evaluation and regulation by examining the functionality of
mood regulation in terms of its affective outcomes in the future.
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Chapter 7
Investigation 5
Acute Sleep Deprivation Alters Emotional Processing and Mood
Regulatory Outcomes
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The previous investigation showed that acute sleep deprivation has relatively longlasting detrimental effects on positive affect (see section 6.6.1). At the same time, the
findings thus far provide mixed indications of the extent to which mood regulation is
impaired after sleep deprivation. On the one hand, evidence for impairment was observed
when, immediately after sleep deprivation, mood repair did not increase above baseline level,
despite participants not wanting to maintain unfavourable worsened mood states (see
Chapters 3 and 6). On the other hand, we see evidence of functional mood regulation with
intraindividual variation in mood evaluation facets predictable from mood (see section
6.5.3.1) and intraindividual variation in the regulation strategies mood repair and mood
maintenance predictable from concurrent mood and mood evaluation (see section
6.5.3.2).These signs indicate that sleep deprivation did not fully incapacitate functional
cognitive mood regulation, as the participants demonstrated responses appropriate to return
mood states towards baseline (see section 6.2.1), immediately after sleep deprivation and
during recovery. Nevertheless, from the investigations so far, it is difficult to quantify the
deviation – if any – from normal, functional mood regulation processing that occurs with
sleep deprivation. The current investigation seeks to address this, firstly, by establishing a
baseline model to capture the associations among mood, evaluation and regulation between
subjects prior to sleep deprivation, secondly, by testing for deviations from the baseline
model after sleep deprivation and, thirdly, by testing whether regulation strategy use results
in subsequent improvements to mood.
7.1 A proposed model of emotional processing
Appraisal theory postulates that the appraisal of one’s mood (not mood itself) is the
object for emotional regulation (e.g., Bartsch et al., 2008; Mayer & Stevens, 1994). The
theory of meta-mood experience positioned mood evaluation as the mediating construct
between mood and regulatory decisions (i.e., to maintain or change mood; Mayer & Gaschke,
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1988; Mayer & Stevens, 1994). As captured in their general working model, Mayer and
Stevens (1994) argue that the appraisal of mood will influence a person’s attempts to regulate
mood. However, one limitation of their validation study (Mayer & Stevens, 1994) was that
this model was substantiated using only concurrent, bivariate correlations. They found that
pleasant mood was correlated with higher clarity, acceptability, typicality and lower
influence, respectively; and higher mood acceptability and typicality, in turn, were correlated
with lower repair and higher maintenance, respectively.
While the bivariate relationships between mood and mood evaluation facets were
straightforward, Mayer and Stevens (1994) did not investigate the combined influence of the
evaluation variables on regulatory strategies. When considered simultaneously as predictors,
the relative strength of independent influence each evaluation facet has on the respective
regulatory facets could be revealed. From the strengths of correlations presented by Mayer
and Stevens (1994), we might expect that affect is likely to predict mood acceptability and
typicality more than mood influence; and acceptability and typicality are likely to predict
mood maintenance more than mood repair. In my previous investigation investigating
variation in mood and regulation variables collectively within participants across time (see
Chapter 6), I found that higher positive affect and lower negative affect predicted higher
mood acceptability and higher mood typicality (see sections 6.5.3.1 and 6.5.3.3). Mood
influence, on the contrary, was not well-predicted by affect immediately after sleep
deprivation (see section 6.5.3.1) and, during recovery, it was predicted only by higher
negative affect (see section 6.5.3.3). My findings support the idea that affect is likely to
predict mood acceptability and typicality more than mood influence, consistent with the
strengths of correlations presented by Mayer and Stevens (1994).
When mood and mood evaluations were simultaneously considered as predictors of
mood regulation (in Investigation 4), I not only clarified the relative strength of association
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between each evaluation facet and the respective regulatory facets, but I also noticed
limitations in the approach of using only the appraisal theory to conceptualise mood
regulation (Mayer & Stevens, 1994). In terms of the relative influence each evaluation facet
had on mood regulation, there may be some redundancy in the variables predicting mood
regulation, and some variations in which specific aspects of evaluation were related to
specific regulatory strategies. Higher positive affect and higher mood acceptability
independently predicted higher mood maintenance (see sections 6.5.3.2 and 6.5.3.4). Lower
mood acceptability and higher mood influence consistently independently predicted higher
mood repair (see sections 6.5.3.2 and 6.5.3.4), and low positive affect was an additional
predictor for the baseline-recovery data (see section 6.5.3.4).
From these findings, firstly, it became clear that, taking this multivariate approach,
mood typicality did not emerge as a significant predictor of mood maintenance or mood
repair (rendering it redundant as a predictor of regulation). Secondly, I noticed that mood
influence consistently predicted mood repair, but not mood maintenance, highlighting a
degree of differentiation in which mood evaluation facets relate to different mood regulation
strategies. In sum, this set of findings suggests that reliance on bivariate correlations to test
the relationships between mood evaluation facets and mood regulation facets (Mayer &
Stevens, 1994) could be a limitation, in terms of evidence for the appraisal theory (e.g.,
Bartsch et al., 2008), as these relationships might not be substantiated when: (1) all mood
evaluation facets are factored in simultaneously, and (2) the effects of mood are accounted
for.
Another unexpected observation that emerged from the above-mentioned findings
was that positive affect consistently predicted mood maintenance and mood repair, after
accounting for mood evaluation. This finding is inconsistent with the appraisal theory, which
postulates that the appraisal of one’s mood (not mood itself) is the object for emotional
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regulation (e.g., Bartsch et al., 2008), because in this instance mood itself explains additional
variance in regulation directly. This inconsistency implies that the appraisal theory might be
overly parsimonious in neglecting mood’s possible direct influence on regulatory strategies,
by-passing mood evaluation. In the correlational findings presented by Mayer and Stevens
(1994), a strong relationship existed between mood maintenance and pleasant-unpleasant
mood (r = .59), suggesting that mood could possibly influence mood regulation directly, in
line with affect-as-information theory (e.g., Clore & Huntsinger, 2007; as discussed in detail
in section 1.6.1), which proposes that affect provides cues for decision-making that might
transpire faster than conscious thoughts (Pham, Cohen, Pracejus, & Hughes, 2001).
However, in Mayer and Stevens (1994), the relationship between mood repair and
pleasant-unpleasant mood was non-significant (p > .05). Given that I found lower positive
affect predicted higher mood repair during the recovery phase, there are three possible
explanations for my findings: (1) low positive affect is not synonymous with unpleasant
mood (e.g., Diener et al., 1985), as measured in Mayer and Stevens (1994), or (2) low
positive affect might be linked more strongly with mood repair in the context of recovery
after acute sleep deprivation than in an everyday context, as adopted in Mayer and Stevens
(1994), or (3) mood evaluation might be impaired during recovery from sleep deprivation,
and might not adequately capture the necessary repair-relevant information about mood,
leaving positive affect to predict mood repair directly. The current investigation will examine
whether mood evaluation mediates the relationship between positive affect and mood repair
at the various stages of the experiment. My previous investigation suggests that the paths
between mood, mood evaluation and mood regulation are more likely to be described by a
partial mediation model than the existing full mediation linear model (see Figure 7.1).
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An additional area that requires clarification is the relation of positive and negative
affect to mood evaluation and regulation. Using Mayer and Stevens’ (1994) pleasantunpleasant continuum, the absence of positive affect implies the presence of negative affect.

Mood evaluation
Appraisal theory pathway
(Mayer & Stevens, 1994)

Mood

Mood regulation
Inclusion of affect-as-information theory pathway
(Clore & Huntsinger, 2007)

Figure 7.1. Inclusion of affect-as-information theory as a theoretical addition to appraisal
theory. This process model will be tested in the current investigation.

However, this is inconsistent with the findings of the previous chapter, in particular, that low
positive affect (e.g., incomplete recovery of happiness) did not necessarily translate into an
increase in negative affect (e.g., higher depression, anger, fatigue or confusion). Moreover,
existing literature around the structure of affect (e.g., Diener et al., 1985; Watson, Clark, &
Tellegen, 1988) reports that positive affect and negative affect are relatively independent
dimensions. Thus, a unidimensional approach cannot fully capture the affect phenomenon of
my study. It may improve the working model suggested by Mayer and Stevens (1994) to
separate the construct of mood into positive affect and negative affect, allowing specific
relations with mood evaluation and regulation facets to be identified.
7.1.1. Disruption in processing model after sleep deprivation. Once a baseline
model is established of the naturally occurring relationships between the mood, mood
evaluation and mood regulation variables, either confirming or modifying that of Mayer and
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Stevens (1994), I will use this to compare emotional processing immediately after sleep
deprivation, to identify any changes in how emotions are processed and regulated.
Impairment to mood evaluation could be observed as increases or decreases in the association
between mood and mood evaluation – for example, it could be construed as equally
dysfunctional for evaluation to become insensitive to mood or for evaluation to become overreactive to mood. Although, in principle, impairment to mood regulation could be indicated
by a reduction or increase in the associations between mood and regulation, knowing that
sleep deprivation increases emotional reactivity, at least to negative stimuli (e.g., Franzen et
al., 2009; Yoo et al., 2007), it seems most likely that impairment from sleep deprivation will
result in a weakening of association between mood and regulation.
7.2 Affect as an outcome of emotional regulation
So far, in this thesis, I have focused on affect serving as input information guiding
mood regulation (e.g., Clore & Huntsinger, 2007). However, affect is also the output or
product of regulation – that is, the desired outcome of regulation is affective in nature. We
have assumed that the regulatory strategies, operationalised here as self-reports of cognitive
actions on the current mood state (e.g., mood repair: “I’m thinking good thoughts to cheer
myself up”; mood maintenance: “I’m not trying to change this mood”), express an inherent
functional intention for mood – yet this assumption has not been tested by Mayer and Stevens
(1994) or others, and the emotional outcome of the regulatory strategies is unknown. In
clinical research, emotional regulation training has been found to improve mood outcomes
and control over distressed mood states after 10 sessions of group therapy among adult
patients (Azizi, Borjali, & Golzari, 2010), and after 17 weekly group sessions among
adolescent patients (Schuppert et al., 2009); therefore, the capacity for mood regulation can
impact mood experiences directly, but much less is known about self-reported mood
regulation effects in healthy populations. The control theory of mood regulation stipulates
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that people have a desired subjective state, and when discrepancies occur between their
current state and desired state, a variety of regulatory mechanisms can be employed, as part
of a negative feedback loop, to reduce these discrepancies (e.g., Diefendorff & Gosserand,
2003; Larsen, 2000). While Mayer and Stevens’ (1994) measures of regulation might capture
information relevant to this crucial aspect (i.e., negative feedback function on mood) of
regulation, it is also possible that this self-reported regulation is epiphenomenal, occurring
when participants are asked to reflect on their emotions, but serving no useful function. The
longitudinal design of this investigation provides the opportunity to investigate whether
reported mood regulation is effective in changing future mood outcomes, closing the
feedback loop.
Examination of mood outcomes could offer an additional line of evidence for the
level of effectiveness of mood regulation after sleep deprivation. We have some initial
reasons to doubt this efficacy: for example, if mood repair responded successfully to low
positive affect during the recovery phase, then it should have served to equilibrate positive
affect towards baseline during the recovery phase; however, this outcome was absent at the
group mean level, with happiness and calmness remaining at below-baseline levels across the
three recovery days. We have also seen in Investigation 4 that, within individuals, regulation
levels were at least marginally lower than expected from mood state, following sleep
deprivation. Nevertheless, even unexpectedly low levels of emotional regulation might be
considered functional if they still produce the desired effect, equilibrating mood.
7.3 The current investigation
The aims of the current investigation must remain modest, given that the available
sample size for multivariate modelling is small. Given 63 participants, and referencing the
desirable ratio of the number of cases to the number of free parameters as a 10:1 ratio
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(Bentler & Chou, 1987; Bentler & Weeks, 1980; Kline, 2004), the number of free parameters
in the path models used in the current investigation should ideally not exceed six. It is also
acknowledged that small samples yield less stable results than large samples, so the analyses
presented in this chapter should be viewed as exploratory. Within these constraints, the
current investigation aims to test an extension to the emotional processing model proposed by
Mayer and Stevens (1994), which incorporates affect as a direct predictor of mood regulation,
in line with the affect-as-information theory (Clore & Huntsinger, 2007), in addition to
Mayer and Stevens’ proposition that mood affects regulation indirectly via mood evaluation.
I will test this dual-pathway model (see Figure 7.1) at baseline to determine whether there is a
direct path from mood to regulation, and to estimate the path weights in the model under
normal (i.e., not sleep-deprived) conditions.
Providing that acceptable model fit is achieved at baseline, I will compare the baseline
model to its counterpart after sleep deprivation. If mood regulation is impaired immediately
after sleep deprivation, we would expect the baseline model to be disrupted after sleep
deprivation. Evidence for disruption will include: significant model misfit when parameters
derived from baseline are applied to data at the sleep-deprived phase, and reduced total
effects of mood on regulation. Impaired mood evaluation will be inferred if unfavourable
mood ceases to predict unfavourable mood evaluation. Impaired mood regulation will be
inferred if unfavourable mood evaluation ceases to predict corrective mood regulation.
Finally, I aim to quantify the next-day outcome of mood regulation on affect at
baseline and immediately after sleep deprivation, with a focus on mood repair. A test of
whether mood regulatory processes are functional rather than epiphenomenal will be that
mood repair will predict higher positive and lower negative affect the following day at
baseline. If regulation efficacy is impaired by sleep deprivation, then mood repair employed
immediately after sleep deprivation will have a weaker regulatory influence on affect the
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following day than it does at baseline, in line with other forms of emotional dysregulation
that were found with sleep-deprived individuals (Franzen et al., 2009; Yoo et al., 2007).
7.4 Method & Results
This investigation involved analysing the same dataset as Investigation 4 (see section
6.5.1), using the three baseline days at Time 1 (T1; baseline, averaged across Days 1 to 3),
and the additional days: Time 2 (T2; immediately after sleep deprivation), and Time 3 (T3;
one day after sleep deprivation).
7.4.1 Meta-emotion process models
To examine whether sleep deprivation impaired mood evaluation (in responding to
mood) and/or mood regulation (in responding to mood and mood evaluation), first, I derived
a path model (using AMOS Version 21) at baseline to depict the relationships among mood,
mood evaluation and mood regulation under normal conditions. To obtain the most reliable
possible baseline parameter estimates of emotional processing, I analysed the data from each
of the three days of baseline observations in parallel, using maximum likelihood as the
method of estimation, and constraining the corresponding path weights from Day 1, Day 2
and Day 3 to be identical to each other (note that using average baseline mood and mood
regulation scores across three days, as in previous chapters, would have underestimated the
true associations among these variables, as we expect both scores to fluctuate over time but in
association with each other).
In this model, the predictor variables were positive and negative affect, mediator
variables were the mood evaluation variables of mood acceptability, typicality and influence
(excluding clarity; clarity was included in the initial testing and was the only evaluation facet
to not predict the outcome variables), and the outcome variables were the mood regulation
variables: mood repair, maintenance and dampening. The composite variables for positive
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(i.e., happiness, calmness and vigour) and negative (i.e., depression, confusion, fatigue and
anger) affect were constructed by averaging the means of their constituent mood facets for
each participant. Vigour was grouped under positive affect in keeping with the International
Positive and Negative Affect Schedule (Thompson, 2007), which lists the mood items of
“active” and “alert” under the construct of positive affect. Tension was excluded from the
mood variables as it remained at baseline levels throughout the experiment (see section
6.5.2.1).
Modelling the three baseline days in parallel, I first derived a saturated model,
including all possible forward paths from mood to mood evaluation to mood regulation, and
allowing all measures within a construct to covary (e.g., affect variables; evaluation
variables). Non-significant paths and covariances were then trimmed. This trimmed model
served as the baseline model, depicting emotional processing under normal conditions (see
Figure 7.2, see Appendix Q for unstandardised coefficients). At baseline, negative affect had
direct paths to mood evaluation (i.e., mood acceptability and influence) but not to mood
regulation, whereas positive affect had direct paths to both mood evaluation (i.e., mood
typicality) and mood regulation (i.e., mood maintenance and dampening). Between mood
evaluation and mood regulation, all facets of mood evaluation were relevant to at least some
aspects of mood regulation. Higher mood influence predicted greater mood repair and greater
mood dampening (i.e., regulatory facets associated with active mood regulation to equilibrate
mood state). In contrast, higher mood acceptability and typicality predicted higher mood
maintenance (i.e., the regulatory facet associated with prolonging existing mood state). Direct
paths from affect to mood regulation were weaker than those from mood evaluation.
The next step was to evaluate the fit of this trimmed model to each baseline day.
Thus, the parameters derived from the combined baseline days were applied to each baseline
day’s data individually. This was achieved by constraining the unstandardised path weights in
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Acceptability
.58

Typicality

-.25
.20

Influence
.15

.42

.27

Repair
Positive affect

.16

-.14

Maintenance

-.53

Negative affect

.28

Dampening

Figure 7.2. Path analysis of positive and negative affect on regulatory strategies, mediated via mood evaluation variables, trimmed model at
baseline. Significant paths (p < .05) are presented, with standardised coefficients.
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each model to be equal to those in the baseline model. Table 7.1 shows fit statistics for the
constrained model at each baseline day, which show very good model fit for the first two
baseline days and acceptable fit for the third day.
Table 7.1
Model Fit Indices for Baseline Days and Immediately After Sleep deprivation Models (N =
63)
Model
Baseline day 1
Baseline day 2
Baseline day 3
After sleep deprivation
* p < .05

χ2
17.36
28.42
35.10
57.84*

Df
28
28
28
28

CFI
1.00
1.00
.96
.66

RMSEA
< .001
.02
.06
.13

To examine whether sleep deprivation altered emotional processing, the baseline
model was then applied to the data from T2 (after sleep deprivation), using the process
described above, and fit statistics calculated. As can be seen from Table 7.1, after sleep
deprivation, the baseline model misfit is significant, and CFI and RMSEA both indicate
relatively poor fit. To investigate the nature of the misfit, I unconstrained the path weights of
the path model (see Figure 7.3, see Appendix R for unstandardised coefficients and
correlational matrices). The results showed marked differences from the baseline model.
Specifically, none of the baseline paths from mood to mood evaluation or regulation was
significant, and typicality became dissociated from both affect and from regulation.
Additionally, the number of significant paths from mood evaluation to mood regulation was
drastically reduced at T2, relative to baseline state (see Figure 7.2). This set of findings
suggests that emotional processing was altered to a large extent immediately after sleep
deprivation.
Total, direct and indirect effects of mood variables on mood regulation variables were
compared for baseline day 1 and immediately after sleep deprivation. From Table 7.2, we see
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T2 acceptability
.45

T2 typicality

T2 influence

.33

T2 repair
T2 positive affect

T2 maintenance
T2 negative affect
T2 dampening
Figure 7.3. Unconstrained trimmed path analysis of positive and negative affect on regulatory strategies, mediated via mood evaluation
variables, immediately after sleep deprivation (T2). Significant paths (p < .05) are shown in black, while non-significant paths are shown in grey,
with standardised coefficients.
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Table 7.2
Standardised Total, Direct and Indirect Effects of Mood on Mood Regulation at Baseline Day
1 Using Constrained Model (N = 63)
Relations
Positive affect -> maintenance
Positive affect -> repair
Positive affect -> dampening
Negative affect -> maintenance
Negative affect -> repair
Negative affect -> dampening
* p < .05

Total
.20*
-.04*
-.14*
-.30*
.12*
.08*

Direct
.17*
0
-.14*
0
0
0

Indirect
.03*
-.04*
0
-.30*
.12*
.08*

that the total effects of both positive and negative affect on each regulation facet were
significant. Positive affect had direct effects on mood maintenance and mood dampening
(consistent with affect-as-information theory), as well as indirect effects on maintenance and
repair (consistent with Mayer & Stevens). Negative affect showed indirect effects only on
each of the mood regulation facets. After sleep deprivation (see Table 7.3), affect produced
no significant effect, direct or indirect, on regulation.
Table 7.3
Standardised Total, Direct and Indirect Effects of Mood on Mood Regulation Immediately
After Sleep Deprivation Using Unconstrained Model (N = 63)
Relations
Positive affect → maintenance
Positive affect → repair
Positive affect → dampening
Negative affect → maintenance
Negative affect → repair
Negative affect → dampening
* p < .05

Total
.13
-.02
-.10
-.07
-.03
-.01

Direct
.13
0
-.10
0
0
0

Indirect
-.002
-.02
0
-.07
-.03
-.01

7.4.2 Next-day influence of regulatory strategies
My second path analysis assessed whether the participants' mood repair predicted
equilibrating effects on mood the following day, at baseline and after sleep deprivation. I
used a time-lagged model to examine the next-day effects of mood regulation on mood, while
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accounting for the concurrent within-day effects of mood regulation on mood. This type of
analysis has been adopted by studies to simultaneously examine the short-term and long-term
effects of predictor variables on outcome variables (e.g., Meyer et al., 1990). The predictor
variable was mood repair and the outcome variables were positive affect and negative affect.
Using maximum likelihood as the method of estimation, two time-lagged models were
constructed: (1) from baseline day 1 to baseline day 2 (see Figure 7.4, see Appendix S for
unstandardised coefficients) and (2) from immediately after sleep deprivation to the end of
the first recovery day (see Figure 7.5, see Appendix S for unstandardised coefficients).
At baseline (see Figure 7.4), mood repair employed at D1 predicted higher positive
affect and lower negative affect at D2, controlling for D1 affect and D2 mood repair,
indicating that mood repair demonstrated functional next-day outcomes. However, mood
repair employed immediately after sleep deprivation did not predict positive affect and
negative affect after one recovery day. This absence of time-lagged prediction suggests that
sleep deprivation might have altered the regulatory outcomes of mood repair.

D1 positive affect
-.23

.52

.29

D2 positive affect
-.40

D2 repair

D1 repair
.30

-.27

D1 negative affect

.34

D2 negative affect
.64

Figure 7.4. Path analysis of mood repair on positive and negative affect across time at
baseline. Significant paths (p < .05) are shown in black, while non-significant paths are
shown in grey, with standardised coefficients. D1 = measurement after baseline day 1, D2 =
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T2 positive affect

.31

.10

-.13

T3 positive affect
-.40

T3 repair

T2 repair
.22

-.18

T2 negative affect

.36

T3 negative affect
.42

Figure 7.5. Path analysis of mood repair on positive and negative affect across time, from
after sleep deprivation to recovery day 1. Significant paths (p < .05) are shown in black,
while non-significant paths are shown in grey, with standardised coefficients. T2 =
measurement immediately after sleep deprivation, T3 = measurement after recovery day 1.
Model fit: χ2 [4, N = 63] = 12.46, p < .05, CFI = .90, RMSEA = .19.

measurement after baseline day 2. Model fit: χ2 [4, N = 63] = .61, p > .05, CFI = 1.00,
RMSEA < .001.
7.5 Discussion
My baseline processing model provided substantive support for the theory of mood
regulation proposed by Mayer and Stevens (1994). Mood predicted mood evaluation, and
mood evaluation predicted mood regulation, and all variables were relevant to the model.
However, there were also distinctions between the paths involving positive and negative
affect; positive affect predicted mood typicality, while negative affect predicted mood
acceptability and influence. There was evidence of direct paths between mood and mood
regulation, but only for positive affect, which predicted mood maintenance and dampening
directly, after accounting for mood evaluation. This finding is in line with affect-as-
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information theory, postulating a direct path from affect to mood regulation (e.g., Clore &
Huntsinger, 2007) that might not be related to conscious cognitive appraisal.
In the current investigation, I took a different analytical approach from Mayer and
Stevens (1994). Firstly, I operationalised mood in terms of the two dimensions, positive
affect and negative affect, rather than unidimensional pleasant-unpleasant mood, and I found
that positive affect and negative affect associate differently with the state meta-mood facets.
Secondly, I used path modelling, rather than bivariate correlations, and found that not all of
the correlations presented in Mayer and Stevens (1994) were substantiated when mood, mood
evaluation and mood regulation were factored simultaneously into a baseline path model. By
testing whether this baseline path model was disrupted after sleep deprivation (e.g., Yoo et
al., 2007), this investigation indicated that emotional processing immediately after sleep
deprivation was less responsive to mood, with the elimination of this affect-to-regulation
path.
In mapping the next-day outcome of mood regulation on affect at baseline, mood
repair predicted functional outcomes on both positive affect and negative affect the following
day. Supporting my hypothesis, mood repair employed immediately after sleep deprivation
did not significantly predict higher positive affect or lower negative affect the following day.
These findings suggest that sleep deprivation impaired the effects of mood repair on next-day
affect. This lack of next-day regulatory influence immediately after sleep deprivation extends
the findings of other studies regarding signs of emotional dysregulation, such as increased
emotional reactivity, in sleep-deprived individuals (e.g., Franzen et al., 2009), by qualifying
that the regulatory attempts made in that sleep-deprived state would also be unlikely to be
successful in improving mood towards baseline the next day. Given that mood repair
influenced next-day affect at baseline, self-reported mood repair is unlikely to be simply an
epiphenomenon, as there is a significant pathway through which it might influence mood the
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following day. Nonetheless, replication of these results with a much larger sample will be
necessary before strong conclusions can be drawn.
7.5.1 Emotional processing models
The baseline model of emotional processing revealed how affect, mood evaluation
and mood regulation function under normal circumstances. There was support for the
working model proposed by Mayer and Stevens (1994), but also indications that
improvements to this model could be made. Comparing Mayer and Stevens’ (1994)
correlations with mood evaluation , using pleasant-unpleasant mood, and the present
correlations, using positive affect and negative affect (see Tables 2.1 and 2.2), this research
replicated the directionality, if not significance, of the correlations presented by Mayer and
Stevens (1994). From my results, I infer that positive affect and negative affect did capture a
portion of the construct of pleasant-unpleasant mood. Nonetheless, Mayer and Stevens’
(1994) pleasant-unpleasant mood still had generally stronger correlations with mood
evaluation than were found in this research. Possibly, people’s judgement of mood
pleasantness-unpleasantness indeed relates more to mood evaluation than do their positive
affect and negative affect; and the difference in correlations between mood and mood
evaluation observed between our studies might be due to more than just differences in sample
size. Nonetheless, by separating positive affect from negative affect, this research discovered
some nuances in how specific mood relates to mood evaluation and mood regulation, which
might be of relevance to pleasant-unpleasant mood that can be tested in future studies.
Mood evaluation predicted mood regulation, as expected, and to a larger degree than
affect. Greater mood influence predicted greater mood repair and greater mood dampening
(i.e., regulatory facets associated with active mood regulation to equilibrate mood state).
Additionally, higher mood acceptability and typicality predicted higher mood maintenance
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(i.e., regulatory facet associated with prolonging existing mood state). Therefore, it is evident
that some mood evaluation facets were more relevant to certain mood regulation facets than
others. By modelling all the meta-mood facets simultaneously, this research provided some
refinement to the working model of mood regulation proposed by Mayer and Stevens (1994).
Affect predicted mood regulation, but to a smaller degree than mood evaluation, with
only positive affect predicting mood maintenance and dampening. The appraisal theory of
Bartsch et al. (2008), postulating that the appraisal of one’s mood is the (only) object for
emotional regulation, was insufficient to fully account for the variance in regulatory
behaviour. As conjectured earlier, and consistent with the affect-as-information theory (Clore
& Huntsinger, 2007), positive affect also predicted the regulatory behaviour of mood
maintenance and dampening after controlling for mood evaluation facets, supporting the
notion that affect could directly influence decision-making in ways that might not be
consciously evaluated (Pham et al., 2001). A noteworthy observation is that only positive
affect, not negative affect, showed this direct influence on mood regulation; negative affect
only exerted an indirect effect on mood regulation via mood evaluation. These findings
suggest that the decision to maintain mood might be reflexive or spontaneous towards
pleasurable emotions, without requiring the deliberate process of appraisal. Indeed, as
discussed in Chapter 1, negative affect is associated with narrow attention, item-specific
cognitive processes (Clore & Huntsinger, 2007), which might explain why negative affect,
rather than positive affect, might be evaluated deliberately first, prior to associating with
mood regulation. Hence, positive affect could differ from negative affect in baseline
emotional processing by bypassing the evaluation stage to influence regulation directly, and
the sequential order of processing suggested by the original working model (Mayer &
Stevens, 1994) might be more applicable to negative affect than positive affect.
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My analyses of the process models across time revealed that emotional processing
was drastically altered immediately after sleep deprivation. This finding parallels Wu et al.’s
(2006) finding that the frontal lobe cortices related to emotional processing were impaired
after acute sleep deprivation. I found that immediately after sleep deprivation, affect ceased
to influence mood regulation – a relationship that had been found at baseline. Thus, in terms
of emotional processing, the employment of regulatory strategies was less directly sensitive
to the worsened mood states immediately after sleep deprivation. A possible link might exist
between the cortical impairments detected in sleep-deprived individuals (Krause et al., 2017;
Wu et al., 2006; Yoo et al., 2007) and the reduced sensitivity of regulatory strategies to
worsened mood states detected immediately after sleep deprivation found in the current
investigation.
7.5.2 Next-day emotional regulatory outcomes
In the previous investigation, mean mood repair remained at baseline level
immediately after sleep deprivation and across the three recovery days (see section 6.5.2.3.2).
To clarify whether this level of mood repair served a regulatory function, I investigated
whether mood repair influenced affect the following day. I found that the mood repair
employed at baseline predicted higher positive affect and lower negative affect the following
day, even after controlling for the concurrent influences of mood repair. This finding
indicates the baseline functionality of mood repair, meeting even the strong test of predicting
better mood 24 hours later.
However, this regulation effect was not observed immediately after sleep deprivation.
The apparent disruption of this regulatory function of mood repair on mood might extend into
the recovery phase and contribute to the incomplete recovery of positive affect across the
three recovery days. Future research with a larger sample will be necessary to establish the
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replicability and extent of this effect. Nonetheless, given that my investigation had
measurement points at 24-hourly intervals, my findings provide no evidence of whether
sleep-deprived participants could perform functional emotional regulation to cope with an
immediate stimulus. Sleep-deprived individuals might still perform mood regulation that is
functional in-the-moment but not necessarily as a strategy to return mood to its original
baseline level. Moreover, the effects of mood regulation might not always endure till the next
day.
In summary, as a follow-up to Investigation 4, the current investigation examined the
relationships between affect, mood evaluation and mood regulation, as well as mapping out
the next-day influences of mood regulation on affect from baseline to after sleep deprivation.
Further developing the working model proposed by Mayer and Stevens (1994), I found that
positive affect emerged as a significant direct predictor of mood regulation, in line with the
affect-as-information theory (e.g., Clore & Huntsinger, 2007). Using this dual-path model,
my findings suggest that acute sleep deprivation is likely to impact emotional processing
immediately after sleep deprivation, eliminating the direct path from positive affect to mood
regulation. Having mapped the next-day influences of mood repair on affect, I found that
mood repair employed immediately after sleep deprivation did not predict higher positive
affect and lower negative affect the next day, suggesting the effectiveness of mood repair was
impaired immediately after sleep deprivation.
The current investigation returned to the theoretical construction of the meta-mood
experience, extending this research field with an improved working model, and delineating
the outcomes of the regulatory constructs. We can conclude that, as these constructs had
functional outcomes on affect, they were not epiphenomenal. We can also conclude that
mood regulation probably was compromised in terms of its outcomes on mood, and its
responsiveness to mood and mood evaluation after sleep deprivation. At this stage of the
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project, I have determined that acute sleep deprivation has a pervasive adverse impact on
mood (particularly positive affect), and it has the potential to influence how mood is then
processed and regulated.
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Chapter 8
General Discussion
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This program of research sought to investigate how mood and mood regulation
change with sleep deprivation and sleep recovery in a naturalistic setting. The first part of this
research examined the emotional consequences of acute sleep deprivation. It established that
specific positive mood facets (i.e., vigour, happiness and calmness) were affected by sleep
deprivation to a larger degree than most specific negative mood facets (i.e., confusion,
depression, anger), with the notable exception of fatigue. Sleep deprivation also had adverse
impacts on the capacity for mood regulation, creating an indeterminate state of passive mood
rejection at the group mean level (reduced mood maintenance, with no significant increase in
mood repair), despite unfavourable mood evaluation (reduced mood acceptability, mood
typicality and increased mood influence) among sleep-deprived individuals.
Having conducted the acute sleep deprivation in a naturalistic environment, unlike
laboratory studies that prescribe standard hours for sleep deprivation for all participants (e.g.,
Ikegami et al., 2009), individual differences in sleep behaviours were accounted for in this
study (e.g., aligning the protocol with each participant’s normal sleep cycle). Having
accounted for these factors, this research detected additional worsening in depression and
anger, which was not detected in Ikegami et al. (2009). However, due to the other
modifications this research adopted (e.g., larger sample size, wider age range of participants,
extended baseline measurement), which may also have influenced the research outcomes, it is
not possible to conclude that the use of a naturalistic setting solely accounted for the
difference of my findings relative to existing research. Taking advantage of this naturalistic
design, my preliminary exploration of the influence of overnight activities revealed that
staying physically and mentally active overnight predicted better emotional and cognitive
outcomes at the end of sleep deprivation.
The second part of this research project examined the subsequent recovery process
after sleep deprivation. Firstly, consistent with the finding that specific positive mood facets
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were generally impacted more by sleep deprivation than specific negative mood facets, this
research found that sleep deprivation also had a longer-term impact on specific positive mood
facets than specific negative mood facets. Specific positive mood facets were found to take
longer to return to baseline than specific negative mood facets, particularly, happiness and
calmness, which did not return to baseline after three recovery days, while negative mood
facets, including fatigue, had returned to baseline after one recovery day. Despite the
incomplete recovery of positive affect across the recovery phase, mood evaluation (i.e., mood
acceptability, mood typicality and mood influence) returned to baseline after one recovery
day and stabilised there, providing evidence that mood evaluation might not be sufficiently
sensitive to the low level of positive affect during recovery. Additionally, sleep deprivation
appeared to have a longer-term effect on mood regulation facets, with a relapse found in
mood maintenance, and mood dampening not returning to baseline after three recovery days.
We saw that mood repair, at the group mean level, remained unchanged from baseline to the
recovery phase. Among the various sleep recovery strategies (i.e., night sleep extension,
daytime napping and caffeine consumption), only daytime naps predicted greater emotional
recovery the following day, and this only applied to negative affect. I found evidence that
older individuals might be more resilient to sleep deprivation than younger individuals, as
older age was found to associate with reduced emotional deterioration after sleep deprivation
and increased emotional recovery one day after sleep deprivation.
The third part of this research investigated the theoretical underpinnings of mood
regulation, from the perspectives of within-individual and between-individual differences,
and provided evidence that mood regulation was predicted by mood over and above the
influence of mood evaluation. Within individuals, the differences in mood maintenance
between baseline and after sleep deprivation, and between baseline and recovery phase, were
consistently accounted for by both positive affect and mood evaluation. Between individuals,
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positive affect directly predicted mood maintenance and dampening at baseline after
accounting for mood evaluation. These lines of evidence suggest that positioning emotional
appraisal as the sole predictor of mood/emotional regulation, which is a common feature of
existing mood regulation models (e.g., Larsen, 2000; Mayer & Stevens, 1994) and emotional
regulation models (e.g., Gross, 2015; Webb et al., 2012), might not fully capture the process
of how regulatory decisions are employed in relation to mood. In this chapter, the abovementioned main findings will be discussed systematically, highlighting the theoretical
contributions of this research project.
8.1 Functions of sleep on mood
8.1.1 Effects of sleep deprivation on mood. The current research found that acute
sleep deprivation worsened positive affect more than negative affect in a naturalistic setting.
Both Investigation 1 and Investigation 4 examined the mood consequences of sleep
deprivation; the larger sample size of Investigation 4 (63 participants underwent sleep
deprivation) extended the findings of Investigation 1 (18 participants underwent sleep
deprivation and 18 participants acted as controls). Upon examining the effect size of change
in Investigation 4 (see 6.5.2.2), the order of effect (starting from the largest effect size) on
mood facets in terms of mood percentage change was: vigour (65%) > fatigue (64%) >
happiness (55%) > calmness (40%) > confusion (23%) > depression (18%) > anger (10%),
with no significant change to tension (3%), also replicating the order of effect size observed
in Investigation 1 (see 3.6.3.1). Using the larger sample in Investigation 4 increased
experimental power, allowing the detection of significant changes in more mood facets (i.e.,
all measured mood facets except tension); whereas, the smaller sample in Investigation 1
detected fewer significant changes (i.e., anger, depression and confusion changes were nonsignificant). Collectively, these findings suggest that the effects of sleep deprivation on anger,
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depression and confusion were less than those imposed on the other mood facets (e.g., vigour,
happiness, calmness and fatigue).
Comparing this research to another home-based study, Kaida and Niki (2014) found a
similar ranking of mood facet change among 16 male university students after 36 hours of
sleep deprivation, using the POMS as their mood measure. Short and Louca (2015) also
reported a similar pattern of findings using the POMS in a laboratory-based 36-hour sleep
deprivation study on 12 adolescents. Despite these other studies using a longer duration of
acute sleep deprivation, different settings and participants populations, it is apparent that
acute sleep deprivation has a rather consistent effect on mood facets, in that fatigue, vigour
and confusion were more strongly affected by sleep deprivation, while the mood facets of
anger, anxiety, depressed mood and sadness were less affected.
The present research not only replicated existing laboratory and home-based studies,
but it also strengthened the notion that sleep deprivation impacts positive affect more than
negative affect (e.g., Franzen et al., 2008; Liu et al., 2015; Talbot et al., 2010), by including
specific positive mood facets (i.e., happiness and calmness). The above-named studies (e.g.,
Franzen et al., 2008) measured positive affect and negative affect broadly on dimensional
classification using the PANAS. In this research, the addition of measuring happiness and
calmness allowed the relative comparison of positive affect and negative affect on a facet
level, showing that the effects of sleep deprivation on happiness and calmness approximate
the magnitude seen in vigour. While there is no conclusive explanation of why positive affect
is affected more than negative affect after sleep deprivation in the existing literature, in
examining the order of effects in this research, it is possible to infer that, instead of
functioning as a stimulus for negative mood arousal, sleep deprivation generally reduces
experiences of pleasure, which might be a by-product of reduced energy and heightened
exhaustion (i.e., vigour, fatigue).
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As highlighted in Chapter 6, a pervasive problem in sleep and mood research is that
negative affect measures tend to yield zero or near-zero scores when measuring naturally
occurring negative affect – a phenomenon that was also observed in this research. To the
extent that this indicates that healthy individuals genuinely experience little negative affect
most of the time, this is unproblematic. However, if low scores are a symptom of reticence to
report negative affect, this could be a limitation as negative affect measures might be less
sensitive to naturally occurring mood change than positive affect measures in this research,
impacting the validity of comparisons of positive affect and negative affect change.
Therefore, the finding that sleep deprivation impacted positive affect to a larger degree than
negative affect needs to be interpreted with some caution. In the context of mood regulation,
future studies may avoid floor effects by employing interventions (e.g., mood inductions) that
could introduce variability in negative affect, rather than relying on naturally occurring low
levels of negative affect.
Another general limitation of the present research pertains to participant compliance
with experimenter instructions. While compliance with the sleep deprivation protocol was
monitored using the Fitbit, compliance with no alcohol and caffeine consumption instructions
during the sleep deprivation period was not objectively monitored. A similar issue may affect
the PVT task. As the measure was delivered online at home, I have no objective evidence that
the task was completed by the participants themselves, and no indication of the consistency
of environment while performing the task. Therefore, future studies may replicate the present
findings with a more thorough compliance protocol, such as biologically testing for alcohol
and caffeine consumption after the sleep deprivation period. Similarly, the PVT could be
administered with a researcher as a witness (e.g., via online conferencing).
Lastly, as a qualification to the results of this study, my findings were interpreted with
the condition that the participants underwent sleep deprivation on their preferred day and
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could spend the overnight period at home doing low-risk activities (e.g., watching movies,
doing housework). However, individuals in real life contexts may undergo sleep deprivation
under less-personally-desirable circumstances (e.g., working overtime, meeting deadlines, not
home-based setting). As such, my results might have underestimated the emotional
consequences of sleep deprivation, particularly when individuals do not have the choice to
choose the context and place to compromise sleep. This degree of uncontrollability may
augment additional stress to the effects of sleep loss.
8.1.2 Mood recovery following sleep deprivation. There was evidence of significant
emotional recovery one day after sleep deprivation in Investigation 2. Specifically, most of
the deteriorated mood facets (i.e., vigour, fatigue, confusion, depression and anger, but not
happiness and calmness) returned to baseline levels. This large degree of recovery was
inconsistent with Ikegami et al. (2009), the only other longitudinal study that tracked
emotional recovery three days after sleep deprivation, which found fatigue and confusion to
recover with at least two ordinary nights of sleep opportunities in a laboratory setting. I
attribute this difference in findings to my use of a naturalistic design; particularly, my
participants were free to engage in night sleep, naps and caffeine consumption, allowing
more opportunities for recovery than Ikegami et al. (2009), which only allowed standardised
ordinary night sleep opportunities. Thus, my findings suggest that emotional recovery after
acute sleep deprivation in a naturalistic setting is likely to be faster than that of a laboratory
setting.
Across the three days after sleep deprivation in Investigation 4, most mood facets
(i.e., vigour, fatigue, confusion, depression and anger) demonstrated sustained recovery
trends, but happiness and calmness did not recover to baseline within the three days
measured. Fatigue showed sustained recovery, followed by further improvement past baseline
after the third recovery day, implying that participants felt more rested after the third
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recovery day than at baseline. Amongst these findings, we saw that happiness and calmness,
two of the specific positive mood facets that deteriorated drastically immediately after sleep
deprivation, subsequently demonstrated stronger inertia to recover back to baseline than other
mood facets. Therefore, in addition to the immediate effect of sleep deprivation on mood,
which worsened positive affect more than negative affect (see section 8.1.1), the longer-term
effect of sleep deprivation also implicated specific positive mood facets more than specific
negative mood facets – a phenomenon not previously recognised in the sleep literature as a
key emotional cost following acute sleep deprivation.
However, previous research did indicate that, generally, positive affect was more
affected by acute sleep deprivation than was negative affect (e.g., Liu et al., 2015). This
research extended existing findings by specifying that happiness and calmness were not only
impacted to a larger degree, but also subsequently showed reduced recovery compared to
negative affect facets. In addition to reduced recovery, the results also detailed that the
recovery of positive affect showed more individual variation than negative affect during the
recovery phase. During the recovery phase, the between-subjects variance was amplified to a
greater extent for vigour, happiness, calmness and fatigue, relative to baseline and
immediately after sleep deprivation, than the variance observed for depression, confusion and
anger (see Appendix O). The amplified variance in positive affect during recovery suggests
that certain individuals might recover more efficiently than others, while such individual
differences might apply less to negative affect recovery, extending my postulation that
positive and negative affect recoveries could constitute distinct processes. One limitation of
the present research is that a non-sleep deprived control group was not included during the
recovery phase. Possibly, this observed amplified variance in positive affect might be a nonspecific effect of participants completing the same mood measure repeatedly for several days,
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regardless of sleep deprivation. This conjecture could be addressed if a control group were
included in the recovery phase.
8.2 Functions of sleep on mood regulation
8.2.1 Effects of sleep deprivation on mood regulation. In view of the worsened
mood states after acute sleep deprivation, Investigation 1 and Investigation 4 had similar
findings for mood evaluation, in that sleep deprivation caused a reduction in mood typicality
and acceptability, and an increase in mood influence, with no significant change to mood
clarity. These findings suggest that the mood state experienced immediately after sleep
deprivation was not only unfavourable, but also perceived (clearly) to be affecting the
emotional outlook of the individuals. In Investigation 4, which examined the within-subject
changes in mood and mood evaluation from baseline after sleep deprivation, the changes in
mood acceptability and mood typicality were related to the changes observed in positive
affect and negative affect (i.e., higher positive affect and lower negative affect predicted
higher mood acceptability and mood typicality); however, the change in mood influence did
not demonstrate any relation to the change in affect. In view of the changes at the group mean
level in the mood evaluation facets, which reflected unfavourable evaluation of mood after
sleep deprivation, and the correlated changes in mood and mood evaluation, this research
provided evidence that the functions of mood evaluation were unlikely to be disrupted
immediately after sleep deprivation in a way that would undermine mood regulation. In
relation to the appraisal theory of mood regulation (see section 1.6.1; Mayer & Stevens,
1994), this research suggests that when regulatory functions are disrupted after sleep
deprivation (e.g., heightened emotional reactivity [e.g., Yoo et al., 2007]), this disruption is
unlikely to stem from the appraisal stage of the regulatory process. If anything, such changes
in mood evaluation should increase the chance of regulation, not decrease it.
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Given the worsened mood states and unfavourable evaluation of mood, the next
question is whether people engage in appropriate mood regulation. From the analysis of
group means using MANOVA, we saw that sleep deprivation caused a reduction in mood
maintenance, with no significant accompanying change to mood repair or dampening. This
finding suggested minimal active mood regulation, despite rejecting the unfavourable mood
state experienced immediately after sleep deprivation and doing nothing to preserve it.
Nonetheless, using hierarchical linear modelling in Investigation 4, mood repair was
found to increase significantly after sleep deprivation. This within-subjects increase in mood
repair between baseline and after sleep deprivation was fully accounted for by the differences
in the mood evaluative factors of acceptability and mood influence. Mood had no additional
effect. From this result, we can see that mood repair formed functional associations with
mood acceptability and mood influence immediately after sleep deprivation (i.e., lower mood
acceptability and higher mood influence predicted higher mood repair). The presence of these
functional associations suggests that the qualitative nature of mood repair (Mayer & Stevens,
1994), in relating to mood evaluation facets, was still preserved immediately after sleep
deprivation.
The difference in results for mood repair between the above-mentioned MANOVA
and hierarchical linear modelling might be due to the statistical principle that MANOVA
controlled for the family error rate of all the state meta-mood facets in one analysis
(Tabachnick & Fidell, 1996), while hierarchical linear modelling did not (resembling that of a
univariate analysis of variance; Raudenbush & Bryk, 2002). Additionally, hierarchical linear
modelling adopts restricted maximum likelihood estimation to estimate variance-covariance
parameters and residual level-1 variance (see section 2.5.3), which ideally requires a large
number of observations within persons for the sampling distributions of these estimators to be
approximately normal (Raudenbush & Bryk, 2002). Nevertheless, Maas and Hox (2005)
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show that in hierarchical linear modelling, regression coefficients, variance components and
standard errors are all unbiased and accurate, even with as few as five level 1 observations
within person, provided the number of level 2 persons is greater than 50, which was the case
in Investigation 4. Therefore, the discrepancy between results can be attributed to MANOVA
being generally more conservative than hierarchical linear modelling, rather than either being
systematically misleading. Hence, integrating the findings of the above two statistical
approaches, it is clear that although mood repair remained indistinguishable from baseline
level after sleep deprivation, using the conservative estimate of MANOVA, the subtle
changes detected by hierarchical linear modelling in mood repair after sleep deprivation were
functional in relation to changes in mood evaluation.
Subsequently, the between-subjects across time path analysis of Investigation 5
identified another line of evidence of impaired mood regulation. In contrast to the
observations at baseline where level of mood repair predicted greater positive affect and less
negative affect the following day, the level of mood repair measured at the end of sleep
deprivation did not predict affect the following day, after controlling for the concurrent
influences of mood regulation; indicating that, between-subjects, those repairing more did not
experience better mood the next day. This contrast suggests that mood regulation was
impaired in terms of affective outcomes immediately after sleep deprivation. The conclusion
that sleep deprivation impairs cognitive mood regulation is in line with previous research
suggesting that domains associated with emotional regulation, such as impulse control,
behavioural flexibility and self-monitoring (Beebe et al., 2008) and metacognitive decisionmaking performance (Lau & Maniscalco, 2013), are affected by sleep loss.
The finding of impaired cognitive mood repair after sleep deprivation extends a
pertinent area of research that found sleep deprivation increased emotional reactivity
(Franzen et al., 2009; Yoo et al., 2007) and reduced impulse inhibition (Kamphuis et al.,
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2012; Killgore et al., 2008). In addition to increased emotional reactivity and reduced impulse
inhibition after sleep deprivation (collectively denoting a notion of reduced emotional
inhibition), the current research found that active mood regulation can also be impaired at the
same time. It appears that reduction in cognitive effort after sleep deprivation may be the
common factor accounting for the deficit in emotional inhibition and active cognitive
regulation (Amodio et al., 2008). This reduction of cognitive effort may be attributable to
prefrontal cortex depletion, given that this has also been detected after sleep deprivation
(Kamphuis et al., 2012). Jackson et al. (2003) posit that the left prefrontal cortex has
inhibitory projections on the amygdala that form part of the neural mechanisms underlying
voluntary and involuntary emotional inhibition. Additionally, the prefrontal cortex is also
involved in controlling attention to and cognitively changing the meaning of emotionally
evocative stimuli; thus, contributing to processes of active emotional regulation (Ochsner &
Gross, 2005). Therefore, with a less active prefrontal cortex after sleep deprivation, it is likely
that a deficit in emotional inhibition and regulation could occur simultaneously.
Nevertheless, we cannot conclude that sleep-deprived individuals are completely
incapable of effective emotional regulation from the present research. As discussed in
Chapter 3, mood repair is largely operationalised in terms of positive thinking, imagination
and planning (Mayer & Stevens, 1994). However, the sleep-deprived participants might have
been engaging in mood repair behaviourally rather than cognitively, such as playing a video
game to raise alertness or going for a walk outdoors to instil calmness. Moreover, the
participants might have turned away from cognitive regulation towards behavioural
regulation when they were cognitively fatigued from sleep loss. Possibly, considerable
portions of mood repair were left uncaptured (see section 8.3.1 for further discussion),
because they might have been of a behavioural nature.
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Additionally, the across time path analysis of Investigation 5 focused on next-day
mood outcomes. Although the effect of regulation is likely to improve mood in the shortterm, this improvement might not always last till the following day. Therefore, it might be
unrealistic to expect mood regulation to consistently predict functional mood outcomes the
following day, making this a conservative test of mood regulation function during recovery.
Future research might clarify the general longevity of the effects of mood regulation on
mood, and whether measuring mood one-day-after is a reliable estimate of mood regulatory
functions. Nonetheless, using the current across-time methodology, this research
demonstrated the relevance of mood repair in predicting later positive mood outcomes, an
area of research that has not been examined in the existing literature. This finding extends
Mayer and Stevens’ (1994) validation work on their model of mood regulation by
demonstrating some predictive validity.
Another caveat is that the research cannot conclude that sleep-deprived individuals
were incapable of moment-to-moment emotional regulation. The capacity for mood
regulation was measured under unstimulated conditions, where participants were no more
likely than usual to be encountering immediate stressors in a home environment. Future
research might consider using negative mood induction to systematically test the function of
mood regulation in relation to mood among sleep-deprived individuals; particularly, whether
any detected regulatory attempts subsequently improve mood; and if they do, whether the
identified need for improvement of mood is benchmarked around the deteriorated mood after
sleep deprivation or the original baseline of mood. The present research project highlights
that the functionality of mood regulation is best understood within the context of concurrent
mood, rather than examining it in isolation. Intentional regulation might still be within the
abilities of sleep-deprived individuals when stressors are present; however, the employment
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of such strategies might be more effortful or less effective in terms of outcomes, when
compared to rested states.
8.2.2 Mood regulation recovery following sleep deprivation. One day after sleep
deprivation, the absolute levels of all of the affected mood evaluation facets (i.e.,
acceptability, typicality and influence) and most mood regulation facets (i.e., repair and
maintenance, but not dampening), returned to baseline levels. Across the three recovery days
after sleep deprivation, mood acceptability, typicality, influence and mood repair
demonstrated immediate and sustained improvement. However, despite its initial recovery,
mood maintenance demonstrated delayed decline, and mood dampening remained below
baseline across the three recovery days. Thus, the one-day-after indication of emotional
recovery was not reflective of longer-term recovery; additionally, three recovery days were
not sufficient for mood regulation facets to fully return back to baseline for the sleepdeprived participants.
Interestingly, mood evaluation’s sustained return to baseline across the three recovery
days occurred despite mood facets not fully returning to baseline (i.e., happiness and
calmness remained below baseline levels across the three recovery days). After controlling
for mood, participants experienced mood as even more typical during the recovery phase than
at baseline. On the one hand, these findings suggest that the participants perceived
themselves as not feeling worse than their usual selves during recovery, even though mood
had not fully recovered. On the other hand, sleep deprivation might have impaired the
participants’ ability to accurately evaluate mood during the recovery phase. Possibly, the
absence of positive emotions is harder to detect than the presence of negatively aroused
emotions (e.g., Fox et al., 2000; Milders, Sahraie, Logan, & Donnellon, 2006), which could
be related to the processing bias towards negative, rather than neutral or positive, information
(e.g., Mogg et al., 1993; Yuan et al., 2007). Thus, sleep deprivation might have impaired the
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former evaluative capacity of detecting absence of positive emotions during the recovery
phase. This research cannot ascertain the accuracy of the interpretation that mood evaluation
recovered based on the finding of no significant difference at the group mean level between
recovery phase and at baseline, since the accuracy of mood evaluation involves a congruence
between actual mood states and perceived mood states.
The above inconsistency between positive affect and mood evaluation might be a sign
of impaired mood evaluation in terms of accuracy (i.e., the failure to detect significant
reductions in happiness and calmness, relative to baseline, as atypical). Consequently, if
mood evaluation was impaired, then recovering sleep-deprived individuals might recalibrate
to this “new normal” (i.e., evaluating and regulating as though at baseline) when there was a
genuine need to regulate positive affect. Along this line of reasoning, sleep deprivation might
put these individuals at risk of longer-term low mood (e.g., sustained negative mood in
burnout), which could be avoided if they proactively regulated.
8.3 Mitigating and enhancing factors related to sleep deprivation and sleep recovery
Having outlined the effects of sleep deprivation on mood and mood regulation, the
individual factors that mitigated the emotional effects of acute sleep loss were (1) overnight
activities, and (2) age, and the individual factors that enhanced the emotional effects of sleep
recovery were (1) daytime naps, and (2) age. Given that in these analyses, I included control
factors (e.g., age, gender) in considering their theoretical relevance, the number of cases to
the number of parameters exceeded the recommended 10:1 ratio (e.g., Kline, 2004). As such,
these analyses might be underpowered, yet they generated meaningful preliminary results that
have been interpreted conservatively in this thesis.
8.3.1 Overnight activities. As highlighted in the program of study (see section 1.9),
the naturalistic design of this research allowed a possibly pivotal factor to vary among
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participants during the administration of acute sleep deprivation: overnight activities.
Continuing the earlier discussion of behavioural mood regulation (see section 8.2.1),
Investigation 3 might have indirectly captured evidence of behavioural regulation. Firstly,
higher perceived physical exertion of overnight activities was found to predict higher positive
affect, mood typicality and mood maintenance after sleep deprivation. This finding is in line
with a review examining the benefits associated with physical activity, which found that
exercise, physical activity and physical-activity interventions have beneficial effects on
mental health outcomes and better mood states (Penedo & Dahn, 2005). This research
extends that physical activity may confer similar benefits even in the context of undergoing
acute sleep deprivation.
Secondly, higher perceived mental exertion of overnight activities was found to
predict faster response on the PVT after sleep deprivation. This finding supports an
occupational research study with sleep-deprived drivers (Verwey & Zaidel, 1999), which
found that mental activity, delivered via speech interaction with a gamebox during prolonged
monotonous activity while lacking sleep, reduced drowsiness and maintained mental
alertness. The current research extends this line of evidence by adding that generally staying
mentally active with accumulating sleepiness could maintain basic cognitive alertness, at
least till the end of the 24-hour sleep deprivation period. Unexpectedly, the enjoyment factor
of overnight activities did not influence the outcomes of sleep deprivation, which suggests
that activities tend to exert a mechanistic form of influence through exertion levels, rather
than an evaluative one.
Collectively, these findings suggest that undertaking physically and mentally
engaging activities during the overnight period of sleep deprivation might buffer emotional
and cognitive deteriorations, respectively, at the end of the sleep deprivation period.
Nonetheless, it is unclear whether the participants consciously engaged in such activities as a
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form of behavioural coping to actively mitigate the effects of sleep deprivation, or whether
they participated in such activities out of obligation (e.g., house cleaning, finishing
assignment), or selected them at random to pass the time (e.g., playing video games).
Although a myriad of possible intentions underlie the engagement of these activities,
Investigation 3 provided evidence that certain behaviours/activities could function as coping
mechanisms to reduce the effects of sleep deprivation, at least in the short term.
8.3.2 Daytime naps. In terms of the behavioural recovery strategies employed
immediately after sleep deprivation on emotional recovery the following day, having
controlled for sleep latency, only napping exerted a significant influence, while night sleep
and caffeine consumption did not; specifically, accumulating more napping time after sleep
deprivation significantly predicted more negative affect and mood maintenance recovery the
following morning. Of the three commonly used strategies to recover from sleep loss
(National Sleep Foundation, 2008), this research suggests that daytime napping might confer
more emotional benefits that can persist one day later, and the accumulated duration of these
naps is more influential in generating these benefits than the time taken to have the first nap
after sleep deprivation. These findings support previous research that found napping to
improve mood immediately in a non-sleep-deprived context (e.g., Betrus, 1986), and further
indicate that such benefits might be sustained to the following day among acutely sleepdeprived individuals.
Moreover, these findings enable inferences to be drawn about the function of REM
sleep. If REM sleep is a major factor in how sleep modulates emotions (see section 1.1.2),
then the functions of night sleep and daytime napping on mood states the following day
should have been similar in the current research. In fact, there are sufficient reasons to deduce
that night sleep should be more beneficial than daytime napping, since night sleep typically
contains more successive cycles of REM sleep than napping on the basis of rest duration.
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However, night sleep was found to exert no significant independent influence on mood states
the following day, relative to daytime napping. I postulated that a third factor might be
present in the relationship between REM sleep and mood. In Investigation 2, one main factor
that differed between daytime naps and night sleep was sleep pressure. Given that most of the
participants took naps of at least 75 minutes, prior to having night sleep on their first recovery
day, most participants would have taken naps with strong sleep pressure sustained from the
sleep deprivation, which also means that they were likely to enter night sleep with
comparatively lower sleep pressure.
Existing research has shown that resting with stronger sleep pressure is likely to
generate more benefits than resting with lower sleep pressure. Sleep studies have found that
after resisting sleep pressure during acute sleep deprivation, participants could experience
deeper sleep than before the intervention, as indicated by an enhancement of slow wave sleep
relative to baseline (e.g., Borbely & Neuhaus, 1979). Additionally, sleep immediately after
total sleep deprivation is likely to consist of more REM (known as REM rebound) and slow
wave sleep (known as slow wave sleep rebound) than sleep under conditions of lower sleep
pressure (Brunner, Dijk, Tobler, & Borbély, 1990). REM sleep has been associated with a
range of cognitive and emotional benefits. In terms of cognitive benefits, for instance, a
human functional imaging study found that REM sleep facilitates memory consolidation
(Maquet et al., 2000), and a circadian phase study found that REM sleep (that occurred
during naps scheduled after circadian peak) was positively correlated with task learning
(Cajochen et al., 2004). In terms of emotional benefits, REM sleep during a daytime nap, in
contrast to a nap without REM sleep, was found to reverse progressive enhancement in
experiences of fear, and simultaneously enhance ratings of positive stimuli (Gujar et al.,
2010). In addition, REM sleep serves a general modulation function for negative affect
(Vandekerckhove & Cluydts, 2010). In the context of sleep deprivation, possibly resting
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under high sleep pressure, naturally via daytime napping, might generate more or better
quality sleep that reduces negative affect – an effect that might last till the following day.
Nonetheless, the mechanism of REM sleep remains a postulation to explain the
difference in terms of recovery outcomes between daytime napping and night sleep. Future
research is required to test this postulation by investigating the relationship between the
factors of sleep pressure and REM sleep and the recovery efficacies of daytime napping and
night time sleep, following sleep deprivation. When the factor of sleep pressure is involved in
the context of acute sleep deprivation, additional considerations of individual differences are
required, such as age and chronotype of participants. Given that the build-up of sleep pressure
has been found to be slower in evening-type individuals than morning-type individuals
throughout a typical day (Taillard et al., 2003), it is likely that the morning-type individuals
would have accumulated stronger sleep pressure at the end of the sleep deprivation than
evening-type individuals. Additionally, in view of older age being associated with
morningness (e.g., Baehr, Revelle, & Eastman, 2000), age might be another pertinent factor
to influence the accumulation of sleep pressure after acute sleep deprivation. In sum, this
research provided preliminary evidence suggesting that daytime napping and night sleep
could play distinct functions in emotional recovery after sleep deprivation, which requires
future research to further investigate.
8.3.3 Age. In the existing literature, the evidence for age influencing the emotional
outcomes of acute sleep deprivation has not been consistent (see section 1.8.2). In view of
this inconsistency, age was included as a control variable in the MANOVA and path analyses
of the emotional effects of sleep deprivation in Investigation 3. Although age (when
operationalised as median split) did not exert a significant effect in the MANOVA, age was
found to influence the emotional effects of sleep deprivation when it was treated as a
continuous variable, with bootstrapping performed, in the path analyses. In view of the non-
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normal distribution of age (which was not specifically addressed in the MANOVA), the
bootstrapped results of the path analyses were more likely to represent the influence of age
than those of the MANOVA (e.g., Chin & Newsted, 1999). The path analyses showed that
older participants tended to report higher positive affect and lower mood repair after sleep
deprivation than younger participants. Subsequent path analyses also found that older age
escalated emotional recovery, with older participants tending to recover more efficiently than
younger participants one day after sleep deprivation, in terms of positive and negative affect,
as well as mood acceptability and mood maintenance. Collectively, these findings suggest
that older age is associated with greater resilience for an individual undergoing sleep
deprivation, in buffering the immediate effects of sleep deprivation and escalating its
subsequent recovery.
Because these results are correlational in nature, it cannot be concluded that growing
older necessarily makes individuals more resilient to the effects of sleep deprivation.
Nonetheless, these findings might lend support to the socioemotional selectivity theory
(Carstensen, Isaacowitz, & Charles, 1999; Carstensen et al., 2000; Löckenhoff & Carstensen,
2004), that older individuals are generally more aware of emotional goals and more adept in
regulating emotions than younger individuals. Given that this research recruited
undergraduates from a university population of whom only approximately 36% transition
directly from high school (i.e., the majority are returning to study at a mature age), there is
also a possibility that the older participants recruited in this research were generally resilient
individuals, having made the choice to return to university study amidst existing life
commitments (i.e., selection bias). To disambiguate this selection bias from the effects of age,
a longitudinal cohort study could be carried out by following a group of individuals similar in
age over time and testing their responses to sleep deprivation as they grow older.
8.4 Mood and mood evaluation as direct predictors of mood regulation
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In the discussion thus far, it was demonstrated at various junctures that mood has the
propensity to predict mood regulation directly, and not only via evaluation. These findings
provided evidence that the appraisal stage of regulation is unlikely to be the sole direct
proximal predictor of regulatory responses, as depicted across existing models of emotional
regulation (e.g., Gross, 2015; Webb et al., 2012) and mood regulation (e.g., Larsen, 2000;
Mayer & Stevens, 1994). In Investigation 4, it was discussed that the direct mood effect
might be due to the nature of the measure of mood evaluation, as constructed by Mayer and
Stevens (1994). As seen in Investigation 5, the baseline emotional processing model (see
Figure 7.2) showed that positive affect directly predicted mood maintenance and dampening,
lending support to the idea that the measurement of mood evaluation might not fully capture
positive affect to inform mood regulation. However, positive affect did predict the typicality
facet of mood evaluation, which then partially mediated positive affect’s relationship with
mood maintenance, indicating that mood evaluation was somewhat sensitive to positive
affect, yet was insufficient to fully mediate the association between mood and mood
regulation. In sum, from either of the above two perspectives, it is clear that the appraisal
theory (e.g., Bartsch et al., 2008) could not fully explain the employment of mood regulation
in relation to mood in this research.
The current findings support the affect-as-information theory (e.g., Clore &
Huntsinger, 2007; Clore & Huntsinger, 2009; Huntsinger, 2013; Isbell et al., 2013)
contention that affective cues are adaptive and serve to provide individuals with information
that can influence cognitive decisions. Indeed, the direct influence of mood on mood
regulation is likely to be less conscious than that of mood evaluation on mood regulation;
when in the latter relationship, the individual intentionally assesses whether there is a
discrepancy between current levels of mood/emotions and desired levels of mood/emotions
(Larsen, 2000). The current research highlights the need to consider direct mood effects when
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investigating mood regulation, as mood might have an automatic influence on regulation. For
example, the decision to maintain mood might be reflexive or spontaneous towards
pleasurable emotions, without requiring the deliberate process of appraisal (see section 7.5.1).
This spontaneity could arise via practice when, over time, the decision to select a certain
regulatory response (i.e., mood maintenance) becomes a default heuristic (Gigerenzer &
Gaissmaier, 2011) when experiencing a particular mood (e.g., feeling happy).
In studying the direct association between mood and mood regulation, this research
took a different approach to measuring mood (i.e., in terms of positive affect and negative
affect), in contrast to that taken by Mayer and Stevens (1994; i.e., in terms of pleasantunpleasant affect; see Table 2.1). The current research rationalised that measuring mood on a
single continuum of pleasantness and unpleasantness might not necessarily capture the
distinct nature of positive affect and negative affect (see section 7.1); particularly, low
positive affect is not synonymous with unpleasant mood (e.g., Thompson, 2007). Although
positive affect deteriorated more after sleep deprivation and subsequently recovered more
slowly than negative affect, positive affect had a more consistent influence on mood
regulation than negative affect. By contrast, negative affect, which recovered efficiently, did
not directly predict mood regulation facets across the different investigations. Therefore, this
research highlights that considering mood as a single continuum (as seen in Mayer and
Stevens [1994]) might be overly parsimonious in studying the association between mood and
mood regulation. This research also shows that the effect of positive affect occupies a central
position in the emotional experience of a sleep-deprived and subsequently recovering
individual, particularly influencing the employment of mood regulation, an occurrence not
widely recognised in the existing literature. Essentially, positive affect played a qualitatively
distinct role from that of negative affect in predicting mood regulation.
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Nonetheless, measuring mood as positive affect and negative affect may have its
disadvantages. This research’s baseline correlations between mood and mood evaluation
were considerably weaker that those presented in Mayer and Stevens (1994). While these
findings could result from a smaller sample size used in this research than in Mayer and
Stevens (1994), these findings could also imply that operationalising mood as positive affect
and negative affect might have lost some of its relevance to mood evaluation, as compared to
operationalising mood as pleasant-unpleasant mood (Mayer & Stevens, 1994). Future
research could replicate the current research using pleasant-unpleasant mood, and if it
associates more strongly with the meta-mood facets than positive affect and negative affect,
then pleasant-unpleasant mood might be a more relevant (and parsimonious) approach to
operationalising mood, in the context of studying mood regulation and sleep.
Another issue for consideration is that this research did not measure the element of
mood arousal (i.e., intensity of mood experience). Mood can be classified along two different
dimensions: valence (positive versus negative) and arousal (low versus high; e.g., Barrett,
1998; Gorn, Tuan Pham, & Yatming Sin, 2001; Jefferies, Smilek, Eich, & Enns, 2008;
Shapiro & MacInnis, 2002). Valence and arousal have been found to associate with cognitive
processing in different ways. For instance, when evaluating advertisements (i.e., excerpts
from movies), processing level was more shallow when the arousal level was high rather than
moderate (Shapiro & MacInnis, 2002). Positive valence was associated with the greater use
of schematic processing, whereas negative valence was associated with the greater use of
data-driven processing (Shapiro & MacInnis, 2002). Such findings demonstrate that arousal
influences the level of processing and valence influences the nature of processing. Possibly,
in the context of mood regulation, mood arousal might show an association with mood
evaluation (e.g., mood influence) distinct from what we have seen with valence, by perhaps
raising the salience of mood for mood regulation (e.g., corrective regulation of mood repair
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and dampening). In view of the various approaches to operationalising mood, (1) the single
continuum approach used in Mayer and Stevens (1994), (2) the two-factor valence approach
used in the present research and (3) the valence and arousal approach that is available in the
current literature, future research might clarify which of these approaches best represents
mood in relation to mood regulation.
8.5 Implications and conclusions
This research project has extended knowledge of the emotional impacts of sleep
deprivation on several fronts. Firstly, it has established that acute sleep deprivation impairs
cognitive mood regulatory attempts immediately after the occasion of sleep loss, and possibly
for many days. In the applied context of sleep research, insufficient sleep has been found to
be a strong risk factor for the development of burnout (Ekstedt et al., 2006; Rosen et al.,
2006; Söderström et al., 2012). Given that burnout is a psychosocial syndrome that involves
sustained feelings of emotional exhaustion, negative feelings and attitudes towards work and
diminished sense of work satisfaction (Montero-Marín et al., 2009), the present finding of
impairment in cognitive mood regulation following acute sleep deprivation suggests that
sleep loss could initiate or perpetuate the pathological processes in burnout. In view of the
evidence of bidirectional links between sleep and emotions (e.g., Kahn et al., 2013; Watling
et al., 2017), I found that sleep loss not only generates adverse mood outcomes, but it also
impairs active cognitive mood repair, fitting the bidirectional explanation in the review by
Kahn et al. (2013), that poor emotional/mood regulation could be one of the returning
pathways by which emotions then unfavourably impact sleep. Poor mood regulation might
result in negative emotional states (e.g., high stress and anxiety), which have been found to
be linked to sleep disruptions (e.g., Galambos, Howard, & Maggs, 2011).
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Secondly, this research also showed that, relative to negative affect, positive affect
deteriorated to a larger degree immediately after sleep deprivation, and also demonstrated
less efficient recovery in the following three days. Therefore, rather than expecting a sleepdeprived individual to possess high negative affect arousal (e.g., anger, confusion), the
individual is more likely to demonstrate signs of low positive affect (e.g., lack of energy and
low on elation), and these signs are likely to persist over the next few days after acute sleep
loss. Additionally, given that positive affect was relatively more disadvantaged with sleep
deprivation and sleep recovery than negative affect, positive affect also directly predicted
mood regulation, whereas negative affect did not demonstrate a similar trend. This finding
suggests that positive affect is likely to have a more pervasive influence than negative affect
on the meta-experience of emotions, and highlights the importance of understanding the
responses of positive affect to sleep loss and recovery.
Next, in addition to investigating cognitive regulatory strategies, this research also
studied the effects of behavioural strategies in the context of sleep deprivation and sleep
recovery. In terms of sleep deprivation, the findings suggest that staying physically and
mentally active overnight, but not perceived enjoyment of activities, predicts better emotional
and cognitive outcomes at the end of sleep deprivation; in a relatively benign home setting,
perceived enjoyment appeared to matter less than perceived physical and mental exertion. In
workplaces where employees are subjected to sleep deprivation (e.g., hospitals, military
surveillance), the activities undertaken by the employees during sleep loss could have an
influence on their emotional experiences at the end of the sleep deprivation period. For
example, in the medical setting, staying active physically and mentally on-call might buffer
the effects of sleep deprivation. Nonetheless, the emotional function of perceived enjoyment
in a workplace setting remains unknown; my finding obtained from a home setting might not
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necessarily generalise to a workplace (particularly in a high-stress environment). Therefore,
future research in this area is necessary.
In terms of recovery, this research found substantial emotional recovery one morning
after sleep deprivation had ended. However, only napping exerted a significant influence on
this recovery, while night sleep and caffeine consumption did not; specifically, accumulating
more napping time after sleep deprivation significantly predicted more negative affect and
mood maintenance recovery the following morning. Thus, napping might be a relatively more
effective recovery strategy to assist cognitive and emotional recovery, than night sleep and
caffeine consumption. Consequently, to assist sleep-deprived employees to recover from the
effects of sleep loss, naps could be incorporated to facilitate sleep recovery over time. Unlike
negative affect, positive affect recovery was not assisted by any of the three recovery
strategies. Given that positive affect also did not fully recover after three days, these
behavioural recovery strategies were not facilitative factors of positive affect recovery,
suggesting that the recoveries of positive and negative affect after sleep loss might occur
through separate mechanisms.
Besides behavioural activities, age also emerged to mitigate the effects of sleep
deprivation and escalate subsequent recovery. These findings suggest that older individuals
are likely to be more resilient to the effects of acute sleep loss than younger individuals.
Hence, in organisations where sleep loss is prevalent, consideration should be given to the
age of employees when scheduling tasks and recovery time.
Importantly, this research also demonstrated that the one-day-after state of emotional
recovery after sleep deprivation is not indicative of longer-term recovery. Indeed, there was a
delayed benefit where the participants became less fatigued than at baseline after sleep
deprivation. At the same time, mood maintenance demonstrated a delayed decline after the

256

third day of sleep recovery. These novel findings suggest that acute sleep deprivation has a
longer-term emotional impact, in line with the evidence that the metabolic deficits found in
brain structures, related to emotional regulation (e.g., frontal lobe), require more than one day
after acute sleep deprivation to fully recover (Wu et al., 2006). Given that sleep could
influence emotions via maintaining the functions of brain cortices (see section 1.1.2), the
current findings suggest that as these brain structures recover their usual functional capacity
across the next few days given more opportunities to sleep, a cascade effect might occur to
influence mood and mood regulation. In other words, the protracted neurological recovery
from sleep deprivation could translate to a parallel protracted emotional recovery.
Regarding the delayed emotional changes observed during the recovery period, while
the current research suggests that the delayed decline in mood maintenance might be
accounted for by the parallel change in positive affect, the precise mechanism to account for
why recovering individuals feel less tired than at baseline, days after sleep deprivation, is yet
to be determined. Fatigue is the only negative affect facet that underwent a large degree of
deterioration, comparable to positive affect, after sleep deprivation. Instead of demonstrating
incomplete recovery, as seen with happiness and calmness during the recovery phase, fatigue
fully recovered within one day and showed a delayed improvement beyond baseline levels.
This contrast in the recovery patterns between fatigue and positive affect (i.e., happiness and
calmness) is worthy of further investigation. Future research could attempt to replicate this
finding under different conditions (e.g., using a sleep laboratory), and objectively measure
fatigue (e.g., salivary cortisol; see Kumari et al., 2009; Nicolson & van Diest, 2000) in
addition to using self-report. Assuming that this finding is replicable, in view of the existing
literature postulating that sleep deprivation could benefit the clinically depressed population
by generating an antidepressant effect (Bunney & Bunney, 2013; Dallaspezia & Benedetti,
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2014), possibly sleep deprivation could benefit the healthy population by reducing fatigue
levels days after the occasion of acute sleep loss.
This research also uncovered several unknowns about positive affect that could direct
future sleep deprivation research, with some facets of positive affect (i.e., happiness and
calmness) showing strong recovery inertia. Low positive affect seemed to play a central role
in the experience of sleep deprivation that was distinct from increased negative affect. The
existing sleep literature would benefit from increased attention to positive affect, and the
associated quality of mood arousal. Achieving an encompassing perspective on how sleep
affects the different dimensions of mood, and subsequently regulation, would pave the way to
useful insights into the relationship between sleep and mood.
In conclusion, this research contributes a body of original work that furthers our
understanding of the impact of sleep loss on mood, and the pertinent factors that influence
this relationship. As this thesis highlights, the effects of sleep deprivation include severe
mood deterioration and mood regulatory impairment. The usual responsiveness of mood
regulation to mood input is disrupted. This research identified potential mitigating factors
(i.e., overnight activities) that correlated with better outcomes at the end of sleep deprivation,
and beneficial factors (i.e., recovery strategies) that correlated with more efficient emotional
recovery one day after acute sleep loss. At least under environmental conditions permitting
reasonable freedom, this research provided evidence that we might have avenues of control in
minimising the adverse effects of acute sleep deprivation.
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Appendix A
Brunel Mood Scale
Below is a list of words that describe feelings. Please read each one carefully. Then select the
option that best describes how you feel right now. Make sure you answer every question.

Active
Alert
Angry
Annoyed
Anxious
Bad tempered
Bitter
Calm
Cheerful
Composed
Confused
Contented
Depressed
Downhearted
Energetic
Exhausted
Happy
Lively
Miserable
Nervous
Panicky
Relaxed
Restful
Satisfied
Sleepy
Tired
Uncertain
Unhappy
Worn-out
Worried
Mixed-up
Muddled

Not At All

A Little

Moderately

Quite A Lot

Extremely

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
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Appendix B
State Meta-Mood Scale
Meta-Evaluation Scale
Please review your current mood and describe your thoughts and feelings about your present
mood and its influence on you right now

1

2

Definitely
disagree

3
Partly agree
and disagree

4

5
Definitely
agree

Reverse-scored items
Clarity
I know exactly how I’m feeling.
I understand why I feel this way.
My mood is easy to describe.
Acceptability
There’s no need to change how I feel.
There’s nothing wrong with me feeling
this way.
It’s ok for me to feel this way
Typicality
I feel this mood often.
This mood is very typical for me.
I don’t expect this feeling to change
soon.
Influence
This mood alters my outlook.
This mood changes how I think.
This mood affects my opinions
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Meta-Regulation Scale
Sometimes people try to change their moods, and at other times they let their moods be.
Describe how you would presently approach your mood. Please try to answer all the
questions using the following scale:

1
Definitely
disagree

Repair

Maintenance

Dampening

2

3
Partly agree
and disagree

4

5
Definitely
agree

I’m imagining something better to improve my mood.
I’m reminding myself of the nice things in life to improve this
mood.
I’m thinking good thoughts to cheer myself up.
I’m thinking of good things to come, so as to make this mood better.
I’m planning positive things to keep my mood going.
I don’t want to change this mood.
I’m not trying to change this mood because I believe it is important
to experience it.
I’m letting my mood continue because that will keep it steady and
positive.
I’m not trying to change this mood.
I’m allowing myself to experience this mood.
I don’t trust how good this mood is, and am trying to bring it down.
This mood is so high that I need to dampen it before I make a fool
of myself.
I am trying to relax because this mood is too high.
I’m reminding myself of reality to bring this mood down.
This mood is so high that I’m trying to bring it down to better
concentrate.
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Appendix C
Information Sheet & Consent
Dear Participant,
I invite you to participate in a study into the effects of sleep loss on mood. This study is part of
my PhD degree in Psychology, supervised by Dr Helen Davis and Dr Suzanne Dziurawiec at
Murdoch University.
Nature and Purpose of the Study
This is an experimental study that seeks to understand how sleep affects mood states and
mood regulation capacity. Given that the general population is likely to experience sleep loss
at some stage by choice or otherwise, it is important to understand how this affects us.
While lack of sleep is known to affect some aspects of mood and some cognitive abilities, little
is known about how it may affect people’s ability to manage their mood fluctuations. This is
termed ‘mood regulation.’ I also know relatively little about the effectiveness of different
recovery strategies such as drinking coffee, daytime napping, and going to bed early the next
night in restoring mood. These are phenomena that we hope to investigate in my study.
What the Study will Involve
To participate, you must be aged 18-55 years. If you have any medical or psychological
condition that might be exacerbated by lack of sleep, you should not take part at this time.
This study will take place over 8 days. During this period, you will mostly be free to go about
your usual activities. First, you will be given a survey asking a little about yourself as a
person and your usual behaviour to do with sleep. For the first week, you will be asked to
wear a FitBit Charge HR, a wristwatch-like device that monitors your normal activity and
sleep patterns. For some people, this will occur over seven days, for others, eight days. On
three consecutive days during the week, you will be asked to complete some questions online
about how you are feeling and to complete a brief reaction time task (also online). Each
survey session is expected to take about 20-30 minutes per session. After one week, you will
be asked to go without sleep for one night. You will be free to choose a convenient night for
this to happen. Afterwards, you will be asked to keep wearing the FitBit and keep completing
the online survey about how you are feeling and what (if anything) you are doing to cope
with sleep loss for the next three days. (This study is only concerned with sleep behaviour
and other FitBit activity data will be discarded.)
Voluntary Participation and Withdrawal from the Study
Your participation in this study is entirely voluntary. You may withdraw at any time without
discrimination or prejudice. If you withdraw, all information you have provided will be
destroyed.
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Privacy
All information is treated as confidential and no names or other details that might identify you
will be used in any publication arising from the research. At the conclusion of your
participation, your responses will have identifying removed and be linked by code number
only. Please note that survey information will be published in an aggregated form. If you
withdraw, all information you have provided will be destroyed.
Your privacy is very important. Because some of the research team are Murdoch staff members
who may teach in some of your units, whether you elect to participate or not will be kept
entirely confidential. Any members of the research team who are associated with you in other
roles will not know whether you have elected to participate and will view only anonymous
data. It will thus not be possible to identify you.
Benefits of the Study
It is possible that there may be no direct benefit to you from participation in this study. You
may gain new insights into your own sleep and mood patterns and find out the best conditions
for minimising disruption due to sleep loss.
While there is no guarantee that you will personally benefit, the knowledge gained from your
participation may help others in the future. Sleep loss is a common phenomenon in our
population for a host of different reasons and this study will shed light on several factors likely
to influence the effect of sleep loss on mood.
Possible Risks & Safety Information
No particular risks are anticipated for the first week of this study, but there are some risks
associated with sleep loss, as concentration and decision-making may be poorer than usual, and
mood may be poorer. Please read carefully the Safety Information Sheet attached. If you choose
to participate, it is important that you select a no-sleep night when you will not be required to
undertake risky activities (e.g. long-distance driving) the following day. The researchers will
discuss with you the best timing of participation, and will advise if the sleep loss procedure is
likely to be too risky in your case. I expect that your functioning will have largely returned to
normal by the end of the study, but if you are feeling any ill effects, physically or mentally, we
will arrange for you to see Murdoch’s Health and Counselling Service at no expense to you.
Reimbursement
At the conclusion of their involvement, all participants will receive a voucher for a large
beverage from an outlet on Murdoch campus and a personalized sleep profile report. They will
also be offered the choice entry in a draw to win a FitBit Charge (approximate chance of
winning = 1/30), or 7 hours of Psychology Subject Pool credit. (Student participants
withdrawing before the end of the study will receive Subject pool credit proportional to the
amount of data they have supplied.)
Feedback on Research Outcomes
The research feedback will be provided via SurveyMonkey. Once the research data is analysed,
you will be provided with a link via email to access the feedback section in SurveyMonkey,
summarising the main findings of the study. Feedback is expected to be available mid-2016.
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If you have any questions about this project please feel free to contact either myself, Greyson
Kim or my supervisor, Dr Helen Davis (contact details below), on ph. 9360 2859. My
supervisor and I are happy to discuss with you any concerns you may have about this study.
If you are willing to consent to participation in this study, please complete the Consent Form.
Thank you for your assistance with this research project.
Sincerely
Mr Greyson Kim

Dr Helen Davis

Dr Suzanne Dziurawiec

Student Researcher

Supervisor

Supervisor

Mbl: 0430209797

Tel: 9360 2859

Tel: 9360 2388

Email: Y.Kim@murdoch.edu.au
Email: H.Davis@murdoch.edu.au
Email: S.Dziurawiec@murdoch.edu.au
This study has been approved by the Murdoch University Human Research Ethics Committee (Approval
2015/019). If you have any reservation or complaint about the ethical conduct of this research, and wish
to talk with an independent person, you may contact Murdoch University’s Research Ethics Office (Tel. 08
9360 6677 or e-mail ethics@murdoch.edu.au). Any issues you raise will be treated in confidence and
investigated fully, and you will be informed of the outcome.
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Safety Information
This information sheet will explain the possible risks of sleep deprivation that may be
applicable to you. Please read it carefully. Only participate in this experiment in the time period
when you think its adverse effects are manageable in your daily schedule.
What is fatigue?
Sleep deprivation fatigues an individual physiologically and psychologically. A person can
display the following signs which could mean they are fatigued:












Headaches or dizziness
Wandering or disconnected thought
Decreased concentration and motivation
Blurred vision
Constant yawning
Moodiness
Impaired decision-making and judgment
Increased errors
Slowed reflexes and responses
Increased sleep pressure
Reduced hand-eye coordination and visual perception

Staying 17 hours awake continuously is equivalent to a blood alcohol content of 0.05, but
after 24 hours this becomes equivalent to a blood alcohol reading of .10. Sleep loss is at least
as potent as ethanol in its performance-impairing and amnestic effects (Roehrs et al., 2003).
What to do when fatigued
High levels of fatigue can reduce performance and productivity, and may increase the risk of
accidents and injuries. In view of this, the following advice is provided to ensure your safety
during the experimental period:






Avoid operating heavy machinery
Avoid driving, especially long-distance travel
Avoid critical tasks that require a high level of concentration
Avoid situations where the consequence of error is serious
Avoid making major life decisions (e.g., financial contracts)

To reduce your risk of personal safety, you are advised to take at least a 40 minutes nap
immediately after the sleep deprivation, and regular naps throughout the day to cope with
potential cognitive and emotional impairments. Only partake in the above activities when you
feel you have recovered substantially from the induced fatigue.
What to do when fatigue is unmanageable?
In the event when the fatigue is unmanageable or too disruptive in your lifestyle, you may
choose to opt out of this experiment at any point. Further information about opting out is
provided in the consent form.
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Consent Form
Effect of Sleep Deprivation and Sleep Recovery on
Mood and Mood Regulation

1. I agree voluntarily to take part in this study.
2. I have read the Information Sheet provided and been given a full explanation of the
purpose of this study, the procedures involved and of what is expected of me.
3. I understand that I will be asked to:
a) Sleep as usual for 3 days during baseline measurement
b) Experience one night sleep loss and three days of sleep recovery
c) Participate in self-report measures each day in a 7 to 8-day period (including
baseline and intervention procedures)
d) Perform psychomotor vigilance tasks (5-minutes)
e) Not consume above-usual amount of alcohol and mood-altering substances during
the period other than caffeine (e.g., drugs)
f) Be aware of sleep fatigue and take necessary precaution
g) Remove the FitBit device before shower and swimming, and other related activities
subjecting the device to contact with water
h) Be equipped with a FitBit device during the period and return it after the
experiment, on this date _________.
4. The researcher has answered all my questions and has explained possible problems that
may arise as a result of my participation in this study. The following areas of concern
have been discussed:
a) While wearing the FitBit device, I am aware that the FitBit company has access to
my personal data (e.g., sleeping hours, walking distance)
b) As the study may contain some level of risk, I have a support group (e.g., friends,
family) who is aware of my participation in a sleep deprivation study. I will provide
at least a member of this support group the contact information of the researcher in
case of emergency.
c) I am aware that after the 17 hour mark during sleep deprivation, sleepiness is
likely to have a significantly increased impact. Extra caution for personal safety is
needed.
d) In the event of not adhering to the 24-hour sleep deprivation protocol, I may
choose to arrange another date for the experiment; or withdraw with partial
reimbursements.
e) For the purpose of ensuring wellbeing after the sleep deprivation period, the
research will call me on this date and time ______________________.
5. I understand I am free to withdraw from the study at any time without needing to give
any reason.
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6. I understand I will not be identified in any publication arising out of this study.
7. I understand that my name and identity will be stored separately from the data, and
these are accessible only to the investigators. Identifying information linked with the
FitBit device will be removed. All data provided by me will be analysed anonymously
using code numbers. The data may be re-analyzed for future research and publications.
8. I understand that all information provided by me is treated as confidential and will not
be released by the researcher to a third party unless required to do so by law.
Name of participant: ________________________

Signature of Participant: ________________________

Date: …..../..…../…….

Contact information
Phone number:
Email:

I confirm that I have provided the Information Letter concerning this study to the above
participant; I have explained the study and have answered all questions asked of me.

Signature of researcher:

________________________

Date: …..../..…../…….

Contact information
Name: Greyson Kim
Phone number: 0430 209 797
Email: Y.kim@murdoch.edu.au

Approved by the Murdoch University Human Research Ethics Committee
(Approval 2015/019)
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Appendix D
Tasks Checklist for Baseline Phase
Tasks
Day 0 – Meeting with researcher
Access email link (“Trait Profile” survey), complete
survey
Set up your FitBit App & Charge FitBit
Day 1 – Sleep as usual
Wear Fitbit device
Maintain usual caffeine consumption and avoid aboveusual alcohol intake
Record sleep log to be keyed in tomorrow morning
(Use the provided sleep log hardcopy to assist noting
on-the-go)
Have usual amount of sleep
Day 2 – Sleep as usual
Access email link (“Week 1 Day 1” survey), complete
survey and sync FitBit
Wear Fitbit device
Maintain usual caffeine consumption and avoid aboveusual alcohol intake
Record sleep log to be keyed in tomorrow morning
(Use the provided sleep log hardcopy to assist noting
on-the-go)
Have usual amount of sleep
Day 3 – Sleep as usual
Access email link (“Week 1 Day 2” survey), complete
survey and sync FitBit
Wear Fitbit device
Maintain usual caffeine consumption and avoid aboveusual alcohol intake
Record sleep log to be keyed in tomorrow morning
(Use the provided sleep log hardcopy to assist noting
on-the-go)
Have usual amount of sleep
Day 4 – Last survey
Access email link (“Week 1 Day 3” survey), complete
survey and sync FitBit
Remove and safe-keep Fitbit device
Return the sleep log and Fitbit device to researcher on
the next meeting

Time to do
Before sleep
tonight
Before sleep
tonight
Whole day
Whole day
Before/After sleep
tonight
During sleep
tonight
Morning
Whole day
Whole day
Before/After sleep
tonight
During sleep
tonight
Morning
Whole day
Whole day
Before/After sleep
tonight
During sleep
tonight
Morning
After survey
Next meeting

Check?
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Appendix E
Baseline Phase Logsheet

Day 1
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

Mins

6

Great
7

Day 2
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

Mins

6

Great
7

Day 3
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

Mins

6

Great
7
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Appendix F
Tasks Checklist for Intervention and Recovery Phase
Tasks
Day 0 – Preparation
Fully charge Fitbit device with USB
Wear Fitbit device to sleep
Day 1 – Sleep deprivation
Wear Fitbit device
Maintain usual caffeine consumption and avoid
above-usual alcohol intake
Sleep-deprivation condition – not allowed to nap or
sleep until after tomorrow’s survey
Record overnight activities to be keyed in tomorrow
morning
(Use the provided sleep log hardcopy to assist
noting on-the-go)
Expect a call from researcher at agreed timing
Day 2 – Sleep recovery
Wear Fitbit device
Access email link (“Week 2 Deprivation” survey),
complete survey and key in log sheet
After survey completion, sleep-recovery condition
– allowed to nap, consume caffeine and extend
night sleep according to your needs
Record these activities to be keyed in tomorrow
morning
(Use the provided sleep log hardcopy to assist
noting on-the-go)
Avoid above-usual alcohol intake
Day 3 – Sleep recovery
Wear Fitbit device
Access email link (“Week 2 Recovery 1” survey),
complete survey and key in log sheet
After survey completion, sleep-recovery condition
– allowed to nap, consume caffeine and extend
night sleep according to your needs
Record these activities to be keyed in tomorrow
morning
(Use the provided sleep log hardcopy to assist
noting on-the-go)
Avoid above-usual alcohol intake
Day 4 – Sleep recovery
Wear Fitbit device
Access email link (“Week 2 Recovery 2” survey),
complete survey and key in log sheet

Time to do
Whole day
Tonight
Whole day
Whole day
Whole day
During sleep
deprivation

As negotiated
Whole day
Morning
Whole day

Whole day

Whole day
Whole day
Morning
Whole day

Whole day

Whole day
Whole day
Morning

Check?
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After survey completion, sleep-recovery condition
– allowed to nap, consume caffeine and extend
night sleep according to your needs
Record these activities to be keyed in tomorrow
morning
(Use the provided sleep log hardcopy to assist
noting on-the-go)
Avoid above-usual alcohol intake
Day 5 – Last survey
Access email link (“Week 2 Recovery 3” survey),
complete survey and key in log sheet
Remove and safe-keep Fitbit device
Return the log sheets and Fitbit device to researcher
on the next meeting

Whole day

Whole day

Whole day
Morning
After survey
Next meeting
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Appendix G
Intervention Phase Logsheet (Overnight Activities)
Use this log sheet during the night of sleep deprivation.

As you stay up over the night, you will be performing various activities of your own
choosing. Use this log sheet to record the main activities that you will be engaging in over the
night. These activities may include watching TV, surfing net, reading book, listening to
music, studying, exercising, gaming, planning and socialising.

Please record the main activities that you will be engaging in over the night – generally
activities that take considerable amount of personal involvement. You are provided with 18
entries for recording purpose. If you require more entries, you may attach additional sheets
and record the activities in the same preceding format.

While/after performing each task, record in the log sheets:
1. Times when you remove and put on of the Fitbit device, such as on occasions where
water contact with the device is unavoidable
2. Description of the activity in a few words
3. Rate your perceived physical and mental exertion on the scale
4. Rate your perceived enjoyment on the scale

The online survey tomorrow will provide space for you to enter these activities, if you wish.
Please retain these documents and return them to the researcher on the final meeting. Thank
you.

Removal and putting on of Fitbit device
Time Removed
Time Put on
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Describe main activities overnight

Perceived exertion
Very light

1.

For example:
Skipping rope lightly

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved 12 Minutes
Next main activity
2.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
3.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3
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Describe main activities overnight

Perceived exertion
Very light

4.

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved
Next main activity
5.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
6.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3
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Describe main activities overnight

Perceived exertion
Very light

7.

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved
Next main activity
8.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
9.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3
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Describe main activities overnight

Perceived exertion
Very light

10.

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved
Next main activity
11.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
12.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3
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Describe main activities overnight

Perceived exertion
Very light

13.

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved
Next main activity
14.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
15.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3

308

Describe main activities overnight

Perceived exertion
Very light

16.

Very heavy

Physical

1

2

3

4

5

Mental

1

2

3

4

5

Enjoyment level
Low
1

High
2

3

4

5

Number of hours/mins involved
Next main activity
17.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1

2

3

Number of hours/mins involved
Next main activity
18.

Perceived exertion
Physical

1

2

3

4

5

Mental

1

2

3

4

5

4

5

Enjoyment level
1
Number of hours/mins involved

2

3
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Appendix H
Recovery Phase Logsheet
Use this log sheet after the night of sleep deprivation.

Included in this document are 3 copies of identical log sheets, use one copy each day for the
next 3 days of sleep recovery.

Record the following behaviours in the log sheets:
1. Times when you remove and put on the Fitbit device, such as on occasions where
water contact with the device is unavoidable
2. Daytime naps
3. Caffeine intake (e.g., coffee, tea, chocolate, energy drinks)
4. Night time sleep

The online survey tomorrow will provide space for you to enter these activities, if you wish.
Please retain these documents and return them to the researcher on the final meeting. Thank
you.
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Day 1
Removal and put on of Fitbit device
Time Removed
Time Put on

Naps – if applicable
Nap No.

Start

Duration

End

1
Mins
2
Mins
3
Mins
4
Mins
5
Mins
6
Mins
Total length in minutes of napping
during the day

Mins
Caffeine intake on this day

Caffeine sources

Single shot espresso (e.g., coffee, latte,
cappuccino, macchiato, mocha)
[Description example: size of serving]

Type/Description
(e.g., latte, 1 serve; red
bull, 1 can; dark chocolate,
3 cubes)

Intake time/s & quantity
consumed
(e.g., 9am x 1)
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Double shot espresso
[Description example: size of serving]

Tea (e.g., black tea, green tea, ice tea)
[Description example: size of serving]

Energy drinks (e.g., Red Bull, Mother,
Monster, V, Max, Dr. Pepper, Reload)
[Description example: bottle, can,
pack]

Soft drinks (e.g., Cola, Diet Coke,
Pepsi, Pepsi Max, Mountain Dew)
[Description example: bottle, can,
pack]

Instant coffee (e.g., granules, packs)
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[Description example: number of
servings, spoonful, packs]

Chocolate (e.g., milk, dark, white,
Mars, Snickers, Awake, Hershey’s)
[Description example: number of
servings, blocks, bars]

Caffeine pills (indicate caffeine
dosage in mg)

Others (indicate caffeine dosage in mg
and description if applicable):

Sleep log
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Mins

Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

6

Great
7
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Day 2
Removal and put on of Fitbit device
Time Removed
Time Put on

Naps – if applicable
Nap No.

Start

Duration

End

1
Mins
2
Mins
3
Mins
4
Mins
5
Mins
6
Mins
Total length in minutes of napping
during the day

Mins
Caffeine intake on this day

Caffeine sources

Single shot espresso (e.g., coffee, latte,
cappuccino, macchiato, mocha)
[Description example: size of serving]

Type/Description
(e.g., latte, 1 serve; red
bull, 1 can; dark chocolate,
3 cubes)

Intake time/s & quantity
consumed
(e.g., 9am x 1)
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Double shot espresso
[Description example: size of serving]

Tea (e.g., black tea, green tea, ice tea)
[Description example: size of serving]

Energy drinks (e.g., Red Bull, Mother,
Monster, V, Max, Dr. Pepper, Reload)
[Description example: bottle, can,
pack]

Soft drinks (e.g., Cola, Diet Coke,
Pepsi, Pepsi Max, Mountain Dew)
[Description example: bottle, can,
pack]

Instant coffee (e.g., granules, packs)

315

[Description example: number of
servings, spoonful, packs]

Chocolate (e.g., milk, dark, white,
Mars, Snickers, Awake, Hershey’s)
[Description example: number of
servings, blocks, bars]

Caffeine pills (indicate caffeine
dosage in mg)

Others (indicate caffeine dosage in mg
and description if applicable):

Sleep log
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Mins

Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

6

Great
7
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Day 3
Removal and put on of Fitbit device
Time Removed
Time Put on

Naps – if applicable
Nap No.

Start

Duration

End

1
Mins
2
Mins
3
Mins
4
Mins
5
Mins
6
Mins
Total length in minutes of napping
during the day

Mins
Caffeine intake on this day

Caffeine sources

Single shot espresso (e.g., coffee, latte,
cappuccino, macchiato, mocha)
[Description example: size of serving]

Type/Description
(e.g., latte, 1 serve; red
bull, 1 can; dark chocolate,
3 cubes)

Intake time/s & quantity
consumed
(e.g., 9am x 1)
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Double shot espresso
[Description example: size of serving]

Tea (e.g., black tea, green tea, ice tea)
[Description example: size of serving]

Energy drinks (e.g., Red Bull, Mother,
Monster, V, Max, Dr. Pepper, Reload)
[Description example: bottle, can,
pack]

Soft drinks (e.g., Cola, Diet Coke,
Pepsi, Pepsi Max, Mountain Dew)
[Description example: bottle, can,
pack]

Instant coffee (e.g., granules, packs)
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[Description example: number of
servings, spoonful, packs]

Chocolate (e.g., milk, dark, white,
Mars, Snickers, Awake, Hershey’s)
[Description example: number of
servings, blocks, bars]

Caffeine pills (indicate caffeine
dosage in mg)

Others (indicate caffeine dosage in mg
and description if applicable):

Sleep log
Time to bed at night
Time out of bed in the morning
Total time in bed asleep
Mins

Hours
Rate your sleep quality last night
Awful
1

2

3

4

5

6

Great
7
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Appendix I
-.001
Night sleep
<.001
<.001

.19
T3 Positive affect-.02
.26

-.44*

-.02

.06*

T2 Positive affect

-.02

.001
.25

Napping

-.02

-.001*

-.02

-.01* Age

<.001
.35
T3 Negative affect-.02

.18
-.23

-.02

-.02

-.06

Caffeine intake

-.02

<.001

.51*
.02

-.39*

-.02

-.02

T2 Negative affect

.04

-.001
.006
-.04

Sleep latency

Female
gender

.29

.34

-.02

-.28

-.08
<.001

T3 PVT-.02
.23*
T2 PVT -.02

Note. Path analysis for night sleep, napping, caffeine intake and sleep latency predicting for recovery in PVT performance (s) and positive and
negative affect, while controlling for age and gender. Unstandardised coefficients are presented. * significant at p < .05. Italics: R2, percentage of
variance explained by the predictor variables. T2 = measurement after sleep deprivation, T3 = measurement after recovery day.
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Table
Correlations of Recovery Strategies, Age and Gender with the BRUMS, Categorised into Positive Affect and Negative Affect, and Psychomotor
Vigilance Task (PVT; n = 57) After Recovery Day 1.
Sleep duration
Sleep duration
Total nap
duration
Caffeine intake
Sleep latency
Positive affect
Negative affect
PVT
Age
Gender
* p < .05, ** p < .001

Total nap
duration
-.44**

Caffeine intake

Sleep latency

Positive affect

Negative affect

PVT

.26*
-.39**

.21
-.49**

-.01
-.02

-.08
-.07

-.08
-.26

.03

.003
.27*

.28*
-.25
-.54**

-.04
.09
-.28*
.29*

.33*
-.05

-.21
.19

-.11
.23
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Appendix J

.29
T3 Acceptability

-.002
Night sleep

-.003

<.001
<.001*

-.001

T2 Acceptability
.18

-.002

T3 Typicality

.18

.17

-.44*

T2 Typicality

.004
.002

.22
T3 Influence

-.005
-.004
.009*

Napping
.25

.35*

<.001

.30
T2 Influence

-.02
.48

-.12

T3 Repair
-.23
-.07
-.05
-.39*

.49

Caffeine

intake

.20

.96* .75
Sleep latency

.34

.11

-.04
-.42

-.002

T3 Maintenance

-.20
.02
-1.38*
1.55*
-.002

T2 Maintenance .43

1.30 -.08
2.93*
-.69

T3 Dampening
.49*

Age

.35*

.48*
T2 Repair

.14 .13*

-.03

-.09
Female
gender

T2 Dampening
Note. Path analysis for night sleep, napping and caffeine predicting for recovery in state meta-mood facets, while controlling for age and gender.
Unstandardised coefficients are presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor variables. T2 =
measurement after sleep deprivation, T3 = measurement after recovery day.
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Table
Correlations of Recovery Strategies, Age and Gender with the Meta-Experience Scales (n = 57) After Recovery Day 1.
Sleep duration
Total nap duration
Caffeine intake
Sleep latency
Age
Gender
* p < .05, ** p < .001

Acceptability
-.08
.003
.23
.59
.29*
-.01

Typicality
.01
-.06
.41
.42
.31*
.03

Influence
.02
-.24
.03
.79
.01
.22

Repair
-.01
-.04
.08
.16
-.21
.29*

Maintenance
.03
.05
.39
.59
.42**
.01

Dampening
-.30*
.14
.34
.35
-.16
-.28*
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Appendix K
.26
T2 Positive affect-.02
.32*
-.02

T1 Positive affect
.07*
Age

-.01
<.001
.10
T2 Negative affect-.02

-.47
Female gender

.21
.10

-.02

T1 Negative affect

-.002
.50
T2 PVT-.02
1.16*
T1 PVT

-.02

Note. Path analysis for age and gender predicting for effects of sleep deprivation on PVT performance (s) and positive and negative affect.
Unstandardised coefficients are presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor variables. T1 =
measurement at baseline, T2 = measurement after sleep deprivation.
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Table
Correlations of Age and Gender with the BRUMS, Categorised into Positive Affect and Negative Affect, and Psychomotor Vigilance Task (PVT;
n = 57) After Sleep Deprivation.
Age
Age
Gender
Positive affect
Negative affect
PVT
* p < .05

Gender
.17

Positive affect
.32*
-.19

Negative affect
-.11
.14
-.14

PVT
-.26
-.06
-.01
.28*
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Appendix L
.09
T2 Acceptability
.38
T1 Acceptability
.04
T2 Typicality
.20
T1 Typicality

.09

.26

.04
Age
.002

-.09
-.14*
.07

T2 Influence
.57*
T1 Influence

.30

T2 Repair
.63*

-.74
-.13
Female gender

.06

T1 Repair
-.02
.51
-.05

.03

T2 Maintenance
-.05
T1 Maintenance

.26

T2 Dampening
.56*
T1 Dampening
Note. Path analysis for age and gender predicting for effects of sleep deprivation on state meta-mood facets. Unstandardised coefficients are
presented. * significant at p < .05. Italics: R2, percentage of variance explained by the predictor variables. T1 = measurement at baseline, T2 =
measurement after sleep deprivation.
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Table
Correlations of Age and Gender with the Meta-Experience Scales (n = 57) After Sleep Deprivation.
Age
Gender

Acceptability
.23
-.06

Typicality
.13
-.02

Influence
-.21
.08

Repair
-.20
.06

Maintenance
.15
.08

Dampening
-.08
-.22

327

Appendix M
2.69*
Perceived physical exertion
-.27
.02

.48
T2 Positive affect-.02
.44*
-.02
T1 Positive
affect

.07*

-1.33
Perceived mental exertion

-.01

-.03
.15
-.02

Age

<.001

T2 Negative affect-.02
.24
-.02
T1 Negative
affect

<.001
Perceived enjoyment

<.001

.09
-.003

<.001

-.41
Female
gender

.58
T2 PVT-.02
1.10*
T1 PVT

-.02

Note. Path analysis for perceived physical and mental exertion, as well as perceived enjoyment, predicting for deterioration in positive and
negative affect and PVT performance (s), while controlling for age and gender. Unstandardised coefficients are presented. * significant at p <
.05. Italics: R2, percentage of variance explained by the predictor variables. T1 = measurement at baseline, T2 = measurement after sleep
deprivation.
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Table
Correlations of Perceived Physical and Mental Exertion, and Perceived Enjoyment, of Overnight Activities with the BRUMS, Categorised into
Positive Affect and Negative Affect, and Psychomotor Vigilance Task (PVT; n = 57) After Sleep Deprivation.
Perceived
physical exertion
Perceived
physical
exertion
Perceived
mental exertion
Perceived
enjoyment
Positive affect
Negative affect
PVT
* p < .05, ** p < .001

Perceived mental
exertion
.69**

Perceived enjoyment

Positive affect

Negative affect

PVT

.58**

.24

-.03

.43**

.57**

.13

-.10

.11

.01

.07

.20

-.14

-.01
.28*
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Appendix N

.16
T2 Acceptability
.39

3.69
4.99
-2.81

Perceived physical exertion
.15

7.39

1.14

T1 Acceptability
.27
T2 Typicality
.26
T1 Typicality
.31
T2 Influence

-2.55

-1.79

Perceived mental exertion
-.01

.56

1.79
.49
-3.23

T1 Influence

-.10
.40

-.16*

T2 Repair

<.001

.001

Perceived enjoyment

.001

-.002
-.001
<.001

Age

.08
.002

.73
T1 Repair

.06 .10

.22

T2 Maintenance

.08 -.09

-.03
T1 Maintenance

-.07
.28

.56

T2 Dampening
.52

-.04

-.72
Female
gender

T1 Dampening
Note. Path analysis for perceived physical and mental exertion, as well as perceived enjoyment, predicting for deterioration in state meta-mood
facets, while controlling for age and gender. Unstandardised coefficients are presented. * significant at p < .05. Italics: R2, percentage of variance
explained by the predictor variables. T1 = measurement at baseline, T2 = measurement after sleep deprivation.
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Table
Correlations of Perceived Physical and Mental Exertion, and Perceived Enjoyment, of Overnight Activities with the Meta-Experience Scales (n
= 57) After Sleep Deprivation.
Perceived physical
exertion
Perceived mental
exertion
Perceived
enjoyment

Acceptability
.05

Typicality
.26

Influence
.01

Repair
.09

Maintenance
.10

Dampening
.21

.05

.18

.04

.03

.000

.10

-.06

.19

.24

.08

-.07

.11
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Appendix O
Raw Data for Mood Variables (N = 63)
Variables

Baseline

Vigour
Fatigue
Happiness
Calmness
Confusion
Depression
Anger
Tension

M, SD
6.21, 2.99
4.59, 3.35
7.60, 2.91
8.42, 2.63
1.35, 1.81
1.13, 1.92
.80, 1.26
1.90, 2.34

After sleep
deprivation
M, SD
1.21, 2.03
13.33, 3.06
3.05, 2.89
4.03, 3.13
3.94, 3.78
2.40, 3.20
1.94, 2.86
1.81, 2.20

Recovery
day 1
M, SD
6.03, 4.05
5.02, 4.62
7.06, 4.28
7.26, 3.86
1.72, 2.97
1.40, 2.84
1.46, 2.82
1.71, 2.78

Recovery
day 2
M, SD
5.58, 3.67
4.69, 4.43
6.16, 3.84
6.94, 3.92
1.55, 2.37
1.10, 1.95
1.13, 2.12
1.52, 2.06

Recovery
day 3
M, SD
5.84, 3.93
3.56, 3.69
6.46, 3.96
6.35, 3.41
1.19, 1.94
1.05, 1.92
1.00, 2.30
1.90, 2.73
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Appendix P
Raw Data for Mood Evaluation and Mood Regulation Variables (N = 63)
Meta-Mood Scale

Meta-evaluation
Clarity
Acceptability
Typicality
Influence
Meta-regulation
Repair
Maintenance
Dampening

Baseline
M, SD

After sleep
deprivation
M, SD

Recovery
day 1
M, SD

Recovery
day 2
M, SD

Recovery day
3
M, SD

11.52, 1.82
11.20, 1.83
10.43, 1.84
8.95, 2.51

10.95, 2.94
7.76, 3.30
6.92, 2.52
10.70, 2.97

11.44, 2.31
11.11, 3.06
10.38, 2.85
8.81, 2.83

11.10, 2.50
10.95, 2.56
10.55, 2.53
9.44, 3.00

11.46, 2.29
10.71, 2.67
10.59, 2.31
9.22, 2.92

13.16, 3.90
17.21, 3.02
8.46, 2.74

14.29, 4.80
11.65, 3.98
7.65, 3.35

12.48, 4.61
16.38, 4.73
7.19, 2.52

12.89, 4.67
16.15, 4.29
7.79, 3.20

13.24, 5.02
15.51, 4.12
7.78, 2.97
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Appendix Q

Acceptability
.94

Typicality

-.39
.33

Influence

.62

.33

.36

Repair

Positive affect

.61

-.42

Maintenance

-5.68

Negative affect

3.11

Dampening

Note. Path analysis of positive and negative affect on regulatory strategies, mediated via mood evaluation variables, trimmed model at baseline.
Significant paths (p < .05) are presented, with unstandardised coefficients.
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Appendix R

T2 acceptability
.55

T2 typicality

T2 influence

.51

T2 repair
T2 positive affect

T2 maintenance
T2 negative affect
T2 dampening
Note. Unconstrained trimmed path analysis of positive and negative affect on regulatory strategies, mediated via mood evaluation variables,
immediately after sleep deprivation (T2). Significant paths (p < .05) are shown in black, while non-significant paths are shown in grey, with
unstandardised coefficients.
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Table
Intercorrelations of the Meta-Experience Scales and Correlations with the BRUMS, Categorised into Positive Affect and Negative Affect (N =
63) After Sleep Deprivation.
PA
Positive affect
Negative affect
Acceptability
Typicality
Influence
Repair
Maintenance
Dampening
* p < .05, ** p < .001

NA
-.20

Ac
.31*
-.41**

Ty
.09
-.30*
.46**

In
-.13
.08
-.22
-.22

Re
-.13
.22
-.33**
-.06
.40**

Ma
.35**
-.35**
.70**
.37**
-.21
-.36**

Da
.01
-.02
.15
.10
.03
.13
.27*

Note. PA = positive affect, NA = negative affect, Ac = acceptability, Ty = typicality, In = influence, Re = repair, Ma = maintenance, Da =
dampening.
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Appendix S

D1 positive affect
-.06

.50

.08

D2 positive affect
-.10

D2 repair

D1 repair
-.02

.02

D1 negative affect

.02

D2 negative affect
.58

Note. Path analysis of mood repair on positive and negative affect across time at baseline.
Significant paths (p < .05) are shown in black, while non-significant paths are shown in grey,
with unstandardised coefficients. D1 = measurement after baseline day 1, D2 = measurement
after baseline day 2.

T2 positive affect

.38

.03

-.03

T3 positive affect
-.12

T3 repair

T2 repair
.01

-.01

.02

T3 negative affect

T2 negative affect
.52

Note. Path analysis of mood repair on positive and negative affect across time, from after
sleep deprivation to recovery day 1. Significant paths (p < .05) are shown in black, while
non-significant paths are shown in grey, with unstandardised coefficients. T2 = measurement
immediately after sleep deprivation, T3 = measurement after recovery day 1.

