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ABSTRACT
Jennifer Kay MacCormack: Feeling “Hangry”: When Hunger is Conceptualized as Emotion
(Under the direction of Kristen A. Lindquist)

Many of us have felt “hangry” before, but little research has explored its psychological
mechanisms. We hypothesized that feeling “hangry” occurs when participants (N=653) associate
bodily feelings with the context, interpreting hunger as high arousal, negative emotions. Studies 1 and
2 used an Affect Misattribution Procedure (Payne et al., 2005) to demonstrate that hungry participants
are more likely to experience ambiguous stimuli as negative when seen in a negative context. In
Study 3, we demonstrated that this effect occurs when participants are not explicitly focused on
emotions. We manipulated hunger vs. satiation and participants’ accessibility to emotion concepts
(anger vs. sadness vs. no emotion) prior to placing them in a frustrating situation. As predicted,
hungry participants who did not have access to emotion concepts reported greater negative, high
arousal emotions and more negative interpersonal perceptions. Implications for emotion theory are

discussed.
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CHAPTER ONE: THE NATURE OF FEELING HANGRY

“A hungry man is an angry one.” — Buchi Emecheta, 1994, p. 135

In 2015, the Oxford Dictionary added the word “hangry” to its entries, defined as “bad
tempered or irritable as a result of hunger” (Hangry, 2015). The scientific literature agrees that
“hanger” is real. Recent research shows that judges’ legal rulings are more severe prior to lunch than
after (Danzinger, Levav, & Avnaim-Pesso, 2011), that low blood sugar induced by hunger can drive
aggression towards one’s spouse (e.g., Bushman et al., 2014), and that hunger predicts impulsivity
(Anderberg et al., 2015). Despite these preliminary findings, little work has tested the mechanisms
underlying hunger’s impact on emotional experience, and more broadly, affect-based judgments and
interpersonal behaviors.

One common assumption, both in folk and experimental psychology, is that hunger impairs
self-regulation, thereby releasing the constraints that normally keep people from feeling unbridled
emotions, making impulsive or harsh judgments, and aggressing against others (e.g., Bushman et al.,
2014; DeWall, Deckman, Gailliot, & Bushman, 2011; DeWall, Pond, & Bushman, 2010). Much
research in social and health psychology is guided by the “regulation as muscle” analogy, where self-
control can fail after too much exertion or depleted biological resources (Baumeister, 2003, 2014;
Muraven & Baumeister, 2000; Vohs et al., 2014). Although self-regulation may be one route by which
hunger impacts emotions, the psychological literature points to other yet unexplored mechanisms.

One such mechanism may be the psychological construction of emotion. A psychological
constructionist view proposes that hunger influences emotions and other affect-based perceptions
and behaviors because hunger induces affective changes that can become conceptualized as
specific emotions. A psychological constructionist view of the mind (Barrett, in press; Clore & Ortony,

2013; Cunningham et al. 2013; Hackel et al., in press; Lindquist, 2013; Russell, 2003) suggests that



all mental states are constructed from more basic psychological components such as body-based
affective representations, knowledge from prior experience and culture, and executive functions.
Importantly, more recent constructionist views hypothesize that thoughts, feelings, and bodily
sensations are ultimately rooted in the brain’s situated inferences and predictions about what an
organism needs to maintain homeostasis in any given context (Barrett & Simmons, 2015; Chanes &
Barrett, 2016). Thus, emotions are created when more basic pleasant-unpleasant and activated-
deactivated affective representations from the body are made meaningful as instances of specific
emotions (e.g., anger), depending on the context. This occurs when people use conceptual
knowledge about emotion categories to parse affective representations into categorical experiences.

Key to this psychological constructionist view, affective representations from the body may
arise from any number of causes, such as activation of the peripheral nervous system due to proximal
environmental challenges (e.g., giving a public speech), but also due to less proximal causes such as
hormone shifts, inflammation, or even hunger (see discussion in MacCormack & Lindquist, in press).
For instance, assessment of the neurochemistry and neuroanatomy underlying hunger suggests that
hunger induces unpleasant, highly arousing affective bodily changes. These bodily changes may, in
the moment, push individuals to conceptualize their affective state in a manner that would be less
likely when the person is satiated. However, according to a psychological constructionist view,
awareness of conceptualizing hunger as a specific emotion might also allow a person to regulate their
emotions and behavior—a proposal that opposes traditional views of hunger as an overriding instinct
that depletes regulatory resources.

In the present paper, | report three studies supporting a psychological constructionist account
in which feeling “hangry” occurs when hunger is conceptualized in context as emotion (for example,
but not limited to “anger”). | assess “hanger” as changes in the intensity of individuals’ self-reported
emotional experiences and interpersonal judgments. Study 1 demonstrates that hunger increases the
extent to which individuals experience an ambiguous stimulus as negative in a negative context.
Study 2 replicates Study 1 and demonstrates the specificity of this effect, demonstrating that findings
do not extend to positive, high arousal contexts. Finally, Study 3 extends these findings by

manipulating hunger in a laboratory setting to demonstrate that people conceptualize hunger as



feelings of negative, high arousal emotions—but only when they are not aware of doing so. Study 3
furthermore provides preliminary evidence that when people are unaware of their conceptualizations,
feeling hangry influences interpersonal perception. | conclude by discussing how these findings are
consistent with not only psychological constructionist approaches to emotion, but also theories of
affect misattribution and excitation transfer (Schachter & Singer, 1962; Schwarz & Clore, 1983;
Zillman, 1971) and situated models of cognition (Barsalou, 2009; Loersch & Payne, 2011, 2014;
Mesquita, Barrett, & Smith, 2010).

What is Hunger? Definitions and Neurobiology

In the psychological and neuroscience literature, “hunger” is variably defined as feeding
behavior (i.e., the amount of food intake; e.g., de Castro & Elmore, 1988), as appetite or a perceived
need for food (e.g., Friedman, Ulrich, & Mattes, 1999), as a physiological or neurobiological process
(typically rooted in animal models; e.g., Anderberg et al., 2015; Dagher, 2009), or as a system of
neural representations in the brain (e.g., Tataranni & Del Parigi, 2003). Despite differences in
operationalization, hunger is at core defined as a complex biochemical interactions indicating when
glucose levels dip in the body as well as the perceptual representation of the desire or need for food
(Smith & Ferguson, 2008). In the present paper, | rely on this definition because it is consistent with
the psychological constructionist view that mental states are derived from the situated perception of
biochemical processes (Barrett, 2015; Barsalou, 2009; Lindquist, 2013; Wilson-Mendenhall, Barrett,
Simmons, & Barsalou, 2011).

The biochemical changes that promote hunger are well-documented. Hunger’s major function
is to maintain glucose levels for the purpose of allostasis. Allostasis is the active process by which the
body sustains and re-establishes homeostasis, thus promoting an organism’s adaptation to the
present situation. In contrast, homeostasis refers to the specific physiological processes that maintain
life, such as body pH, hormone production, digestion, respiration, etc. (McEwen & Wingfield, 2007,
2010).

Glucose must be maintained because it is the primary fuel for vertebrate cells. Much of
digested food is broken down into glucose, which is then released into the bloodstream to provide

energy throughout the body for most cellular functions. The pancreatic hormone insulin allows



glucose to enter cells throughout the body and brain. When insulin levels drop, glucose slows down
its entrance into cells, resulting in greater hunger (Pardal & Lopez-Barneo, 2002). The peptide
hormone ghrelin is also secreted in the gastrointestinal tract when glucose levels fall; ghrelin triggers
gastric wall contractions or “hunger pangs,” which are conveyed via the peripheral nervous system
and represented by the brain as the sensation of a distended, empty, and sometimes growling
stomach (Cummings et al., 2001; Date et al., 2000; Gnanapavan et al., 2002; Kim et al., 2003; Kojima
et al., 1999; Toshinai et al., 2001; Tschop et al., 2001).

In addition to ghrelin, the body releases a variety of other hormones in the glucose-depleted
state. For example, cortisol which has often been called a “stress hormone,” is a glucocorticoid that is
released when blood glucose is low, promoting the synthesis of new glucose (Baynes & Dominiczak,
2009). Besides cortisol, hormones such as catecholamines, glucagon, growth hormones, and other
glucocorticoids are released to help raise blood glucose concentration. These hormones are
associated with a variety of unpleasant somatic sensations such as shakiness, sweating, dizziness,
heart palpitations, weakness, as well as nausea, confusion, and even visual hallucinations in extreme
circumstances (Cryer, 1999; Marks & Rose, 1981). These subjective experiences of hunger are the
product of autonomic and visceromotor activation driven by the hormonal cascades described above
(Christensen, Alberti & Brandsborg, 1975; Corrall, Frier, Davidson, Hopkins & French, 1983; Heller,
Herbert, Macdonald & Tattersall, 1987).

Subjective experiences of hunger are likely unpleasant and high arousal in nature because
they motivate an organism to seek out food and to be less risk-averse in the face of potential
starvation. For example, fasting wood frog tadpoles (Lithobates sylvaticus) are more active and less
risk-averse when they hear alarm calls from other frogs than satiated wood frog tadpoles are (Carlson,
Newman, & Langkilde, 2015). Similarly, when compared to satiated fish, food-deprived fish will forage
for food further from home, even when in predator-laden waters (Damsgird & Dill, 1998; Godin &
Crossman, 1994). Furthermore, schooling fish exhibit reduced group cohesion when hungry but
maintain group cohesion when satiated, providing initial evidence that hunger impacts social
behaviors in other species besides humans (Sogard & Olla, 1997).

Early animal research provided the first evidence towards an understanding of how hunger is



represented in the brain. Based on research in rats, it was assumed that the neural representation of
hunger was almost exclusively associated with function of the lateral and vertromedial hypothalamus,
both which were associated with feeding and food avoidance behaviors. They were hence seen as
the “seat of hunger” and the “seat of satiety” respectively (Anand & Brobeck, 1951; Hetherington &
Ransom, 1940; Hoebel & Teitalbaum, 1962; Miller, 1957; Myers & McCaleb, 1980; Stellar, 1954).

Subsequent research confirmed that the hypothalamus is central to hunger and satiation; it is
one of the few regions in the brain containing receptors for hunger-relevant peptides such as leptin,
insulin, ghrelin, and cholecystokinin (Plata-Salaman, 1991; Woods et al., 1998; Schwartz et al., 2000;
Leibowitz & Wortley, 2004). However, several other regions besides the hypothalamus are now
understood to help represent hunger vs. satiation in the human brain—such as the thalamus, insula,
anterior cingulate, and orbitofrontal cortices (Del Parigi et al., 2002; Porubska et al., 2006; Tatarrani
et al., 1999; Tataranni & Del Parigi, 2003; Vandenbergh et al., 2005; for discussions, see Gautier et
al., 2000; Gautier et al., 2001; Killgore & Yurgelun-Todd, 2005, 2006). Critically, many of these
structures also help represent bodily arousal and pleasant-unpleasant affective states more generally
(Lindquist et al., 2016).

For instance, meta-analyses demonstrate that the hypothalamus, thalamus, insula, anterior
cingulate cortex, and orbitofrontal cortex show consistent increases in activation when individuals are
experiencing unpleasant and pleasant affect as well as specific discrete emotions in contexts
unrelated to hunger (Lindquist et al., 2012; Lindquist et al., 2016; Kober et al., 2008; Vytal & Hamann,
2010; Wager et al., 2015). Other anatomical analyses suggest that together these sub-cortical and
paralimbic regions are involved in the affective predictions that engage visceromotor control and
represent on-going bodily changes in the service of allostasis (Barrett & Simmons, 2015; Chanes &
Barrett, 2016). Taken together, these neurobiological findings are consistent with the idea that hunger
itself induces affective changes as part of allostasis, opening the possibility that hunger and emotions
may be less distinct than proposed by previous theories (e.g., Aunger & Curtis, 2013; Charnov, 1976;
Panksepp, 1998; Woods, Schwartz, Baskin, & Seeley, 2000).

Building off of overlaps in both peripheral and central neurobiology, a psychological

constructionist view predicts that both hunger and emotions share a common component, affect,



which can be conceptualized as either hunger or emotion depending on the context and where an
individual’s attention is directed. The psychological constructionist view thus predicts that how
hunger-induced affect is conceptualized in context will alter the subsequent emotions and behaviors
that occur when the individual is still hungry.

Hunger, Emotion, and Behavior

There is growing interest in hunger as a neurobiological state (e.g., Dagher, 2009; Drazen &
Woods, 2003) and in hunger management and eating behaviors (e.g., Batra et al., 2013; Blundell et
al., 2010). However, only a small body of research has examined the psychological consequences of
hunger: how hunger is related to emotions, perceptions, and behaviors'. It is typically assumed in
introductory psychology textbooks (e.g., Bernstein, 2015; Myers & DeWall, 2015; Nairne, 2014;
Reeve, 2015; Weiten, 2013) and numerous psychological theories (e.g., Charnov, 1976; Panksepp,
1998; Woods et al., 2000) that hunger is a “drive state” distinct from emotions. In this sense, hunger
may trigger specific emotions or alterations in behaviors, but is fundamentally unique in kind from
psychological states. This assumption can be seen in the existing literature, where it is assumed that
hunger leads to regulatory depletion, which then mediates the effects of hunger on emotions (e.g.,
anger) and behaviors such as aggression and decision-making (Bushman et al., 2014; DeWall et al.,
2011). However, this is the only pathway proposed to exist between hunger and emotion in the
existing literature.

To date, there is scant evidence directly assessing people’s self-reported emotions when
hungry. Consistent with the shared neurobiology between hunger and affect, there are a few studies
that have specifically measured mood-related changes (not specific to any one emotion); these
studies find that hunger tends to increase feelings of unpleasantness and high arousal. For example,
one experiment compared self-reports of “hedonic tone” and “energetic arousal” in diabetic vs. non-
diabetic individuals during induced hypoglycemia (low blood sugar) and found that both diabetics and

non-diabetics reported feeling more tense, stressed, tired and less energetic than their non-

' Although there is little work on hunger’s impact on emotion, research that investigates the role of
different nutrients (e.g., protein, fats, carbohydrates) in mood maintenance and mood disorders is
growing (see Lai et al., 2013 for review). Additionally, new work focuses on gut microbiology’s relation
to disorders such as depression, anxiety, and autism via the gut-brain axis (see Cryan & Dinan, 2012;
Luna & Foster, 2015; Mangiola et al., 2016 for reviews).



hypoglycemic counterparts (Hepburn, Deary, Munoz, & Frier, 1994). Taylor and Rachman (1988)
found that for subjects with borderline hypoglycemia, cognitive performance deteriorated and
negative mood increased as blood glucose levels fell. Similarly, experimentally-induced hypoglycemia
in Type 1 diabetics led to significant increases in negative mood, decreases in positive mood, and
higher arousal ratings of emotional images. However, hypoglycemia did not impact individuals’ ratings
of the valence or dominance of the images (Hermanns, Kubiak, Kulzer, & Haak, 2003). Two other
studies found that healthy individuals reported nervousness or anxiety during a glucose depleted
state (Hepburn et al., 1992; Deary, Hepburn, MacLeod, & Frier, 1993). In contrast, glucose levels that
are too high may also negatively impact mood, at least in individuals with Type 1 diabetes: by
experimentally inducing elevated glucose levels, individuals with diabetes reported feeling more tense
and angry compared to diabetics at a typical level of glucose (Hermanns et al., 2007).

If studies measure “emotional” outcomes of hunger, most measure aggression rather than
subjective emotion reports. These studies assume that aggression is the automatic output of
emotions such as anger, frustration, or irritability. This assumption is consistent with basic emotion
hypotheses (e.g., Ekman & Cordaro, 2011), but there is, in reality, little empirical support for the idea
that specific emotions directly cause specific behaviors (see DeWall, Baumeister, Chester, &
Bushman, 2016). Nonetheless, there remains a strong belief that anger and aggression are causally
linked, especially in the hunger literature.

Indeed, aggression is the most extensively and longest researched behavioral phenomenon
in relation to hunger, both in animals and humans, dating back to at least the 1950s (e.g., Andrew,
1956). Individuals in a hypoglycemic or hungry state do appear more prone to aggression (for reviews,
see Benton, 1988; 2002), even if this says nothing of their specific emotional feelings at the time. For
example, Virkkunen (1982, 1984, 1986) found that violent offenders were more likely to exhibit
intense fluctuations in glucose levels as compared to non-violent offenders. Benton et al. (1998)
found that young adult males whose blood glucose levels fell more rapidly than their cohort were
more likely to verbally abuse others and make aggressive comments during a frustrating situation.
This finding was replicated in young adult females, for whom lower levels of blood glucose correlated

with increased aggressive tendencies (Donohoe & Benton, 1999).



In a more recent study, Bushman and colleagues (2014) tracked glucose levels in 107
married couples both before breakfast and before bedtime for twenty-one days. Participants were
given a voodoo doll and instructed that the doll represented their spouse. At the end of the day,
participants were instructed to stick the doll with anywhere from 0 to 51 pins to represent the angriest
they felt with their spouse that day. Participants then recorded how many pins were used, which
served as a behavioral index for how angry individuals felt. After twenty-one consecutive days of
using the voodoo dolls, couples returned to the laboratory and performed a computer game in which
they putatively competed against their spouse (in actuality, a computerized confederate). After
participants lost the game to their “spouse” by a single point, the participant was then invited to blast
their spouse with an extremely loud, unpleasant noise—where greater intensity and duration of the
noise blast served as a measure of aggressive behavior. Results demonstrated that lower blood
glucose across the twenty-one days of measurement significantly predicted the number of pins
participants stuck into the voodoo doll and also predicted greater intensity and duration of the
aggressive noise blast.

Almost all studies comparing glucose with aggression are correlational, but a small body of
work provides preliminary support for a causal relation. In one study, researchers administered a
glucose drink vs. a placebo drink to 6-year-old children at the end of the school day and found that
the children who drank the glucose beverage were less likely to display irritable, frustrated behaviors
during a difficult computer game compared with the children who drank the placebo (Benton, Brett, &
Brain, 1987). A double-blind experiment with young adults replicated these results by showing that
drinking a glucose-containing beverage significantly decreased reports of irritability and tension
(Benton & Owens, 1993). More recently, Denson and colleagues (2011) found that adults who drank
a glucose-containing beverage were less likely to aggress against others than those who drank a
placebo.

Finally, other work has examined hunger’s impact on decision-making, under the hypothesis
that hungry individuals are more likely to struggle with prioritizing long-term goals and postponing
more immediate temptations. Lowenstein (1996, p. 275) originally proposed that hunger is a distinct

motivational state that should only lead to greater impulsivity towards food; as such, hunger-induced



impulsivity should not transfer to other domains of delayed gratification and decision-making (see
Loewenstein, 1996, 2000 discussions of visceral influences). A majority of research has thus focused
on hunger and impulsivity in the context of food and eating behaviors, such a binge eating (e.g.,
Nederkoorn et al., 2009; for review, see Schag et al., 2013) and healthy vs. unhealthy food choices
(Read & van Leeuwen, 1998). However, contrary to Loewenstein’s original hypotheses, hungry
individuals also make impulsive choices in other domains beyond eating behaviors. For example,
fasted individuals with higher circulating ghrelin and diminished leptin made riskier lottery decisions in
the laboratory compared to when those same individuals were satiated (Symmonds et al., 2010).
Taking these findings as a whole, hunger appears to induce affective changes and to
correlate with unpleasant, high arousal self-reported emotions such as anger, frustration, tension,
anxiety, and nervousness. Additionally, depleted glucose is causally linked with increased aggressive
and impulsive behaviors. Despite these preliminary findings, the precise mechanisms underlying the
link between hunger, emotional experiences, and behaviors remain unclear. | next discuss two
possible mechanisms.
Mechanisms of the Hunger-Emotion Link

The Regulatory Depletion Hypothesis

The maijority of the existing literature linking hunger to emotion and behaviors such as
aggression and impulsivity assumes that hunger depletes self-control, which in turn causes
individuals to mismanage negative affect, act aggressively, or to make poor decisions when hungry.
This is referred to as the regulatory depletion hypothesis (see discussions in Bushman et al., 2014;
DeWall et al., 2011; Gailliot & Baumeister, 2007). The regulatory depletion hypothesis was first
inspired by work demonstrating that mental effort can deplete blood glucose (Fairclough & Houston,
2004; Hall & Brown, 1979). Subsequent experimental research suggests that resisting temptation and
initiating self-control are cognitively draining tasks that utilize, and thus deplete, available blood
glucose (DeWall et al., 2011; DeWall, Pond, & Bushman, 2010; Gailliot et al., 2007; Gailliot et al.,
2009). In turn, it is assumed that if individuals are already in a depleted glucose state (i.e., hungry),
then they should not have enough biological resources to support emotional and behavioral self-

restraint (Bushman et al., 2014; DeWall et al., 2011; DeWall, Pond, & Bushman, 2010).



However, there are several problems with the regulatory depletion hypothesis that limit its
ability to serve as the only mechanism explaining hunger’s impact on emotions and behavior. First,
not all findings are consistent with the idea that hunger depletes regulatory resources. For example,
more recent evidence finds that hunger actually facilitates strategic decision-making (on the lowa
Gambling Task) and that in a delayed discounting task, hungry individuals were able to put off
momentary gratification for bigger, long term rewards (de Ridder et al., 2014).

Second, the regulatory-depletion hypothesis is grounded in Baumeister and colleagues’
resource model of self-control (Baumeister, 2003, 2014; Muraven & Baumeister, 2000; Vohs et al.,
2014), which has been critiqued in recent years (Carter & McCullough, 2014; Carter et al., 2015;
Dvorak & Simons, 2009; Job et al., 2013; Kurzban, 2010; Miles et al., 2016; Molden et al., 2012;
Niven et al., 2013; Vadillo et al., 2016) following failed replications and mixed findings (see review in
Inzlicht et al., 2014). According to the resource model of self-control, exerting self-control is like a
muscle that can be exercised but also depleted. Using self-control thus leads to a refractory period
during which self-control is impossible. Seeking to ground the resource model within biological
constraints, Baumeister and others suggested that glucose may become depleted when self-control is
exerted, leading to reduced biological resources for regulation (Gailliot et al., 2007; Gailliot &
Baumeister, 2007). However, this underlying biological premise is unfounded, as the brain’s glucose
supply does not depend on the type of short term glucose fluctuations that could be caused by
momentary exertion, but rather on longer term glucose stores in the liver (Coker & Kjaer, 2005;
Peters et al., 2004).

Even if glucose does relate to self-control, there are unexplored third variables, such as
glucose’s impact on affect, that may instead be responsible for the observed effects. For example,
simply receiving a reward (such as a sugary substance full of glucose) may have psychological
effects such as increasing positive affect. These increases in positive affect may then in turn promote
greater perseverance and perceived self-control (e.g., Clarkson et al., 2010; Molden et al., 2012;
Sanders et al., 2012). Consistent with this alternative explanation, positive mood is known to induce
greater self-efficacy and optimism about one’s abilities (e.g., Gentsch, & Synofzik, 2014; Tugade &

Fredrickson, 2004; see Lyubomirsky, King, & Diener, 2005 for review); positive mood can even
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reverse ego depletion (Tice, Baumeister, Shmueli, & Muraven, 2007). Additionally, individual
difference findings suggest that depletion is more in the mind of the perceiver rather than a fixed
biological response (Job, Dweck, & Walton, 2010; Job et al., 2013): for example, task fatigue can
actually promote greater effortful self-control rather than deplete it—at least in individuals who are
highly motivated to succeed (Wright, Patrick, Thomas, & Barreto, 2013).

Finally, to my knowledge, no studies linking hunger to emotion and aggression explicitly test
differences in self-regulation between hungry vs. satiated individuals. This gap in the literature is a
serious issue for clarifying whether hungry individuals are more likely to feel angry and then act on
those feelings due to regulatory depletion. Instead, | forward an alternate mechanism: that individuals
conceptualize the affect induced by hunger as emotions based on the context. This alternate
mechanism, that hunger can be conceptualized as emotional experiences, suggests a completely
different model that is grounded in psychological constructionist theory.

A Psychological Constructionist Hypothesis

In contrast to the regulatory depletion hypothesis, | propose an alternate hypothesis in which
individuals construct emotion out of the affective states induced by hunger. This hypothesis is
inspired by a psychological constructionist approach to the mind (Barrett, in press; Clore & Ortony,
2013; Cunningham et al. 2013; Hackel et al., in press; Lindquist, 2013; Russell, 2003). Psychological
constructionism hypothesizes that all mental states (including emotions, body states, thoughts, etc.)
occur when affective sensations from the body are made meaningful in context. In this view, hunger
and specific emotions such as anger are not different in essence from one another, but both involve
the same underlying mechanisms. The first shared mechanism is called core affect.

Psychological construction proposes that core affect derives from the brain’s initial affective
predictions about the allostatic condition of the body (Barrett & Simmons, 2015; Chanes & Barrett,
2016). The brain constantly predicts the body’s needs in a given context, marshaling visceromotor
changes, and then incorporating representations of afferent information from the body into conscious
experiences in order to update on-going predictions. The generation and representation of these
visceromotor changes comprise core affect (see Figure 1; Barrett & Simmons, 2015; Chanes &

Barrett, 2016; Russell, 2003). Subjectively, core affect is a “gestalt” sense of how pleasant vs.
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unpleasant (valence) and activated vs. deactivated (arousal) an individual feels at any given moment
(Barrett & Bliss-Moreau, 2009; Barrett & Russell, 2015; Lindquist, 2013; Russell, 2003). Arousal and
valence, as properties of core affect, are widely considered dimensions of emotions and of conscious
experiences more generally (Barrett, 2006; Barrett & Russell, 1998; Cacioppo et al. 2000; Duffy,
1957; Larsen & Diener, 1992; Mauss & Robinson, 2009; Reisenzein, 1994; Russell, 2003; Tellegen et
al., 1994; Thayer, 1967, 1989; Watson & Tellegen, 1985; Wundt, 1897).

Through the ongoing generation of core affect, organisms can infer whether objects and
situations are beneficial vs. harmful and whether they require action vs. not (Barrett & Bar, 2009;
Barrett & Bliss-Moreau, 2009; Cabanac, 2002; Lindquist, 2013). The idea that core affect allows for
basic evaluations of the world is consistent with other theories, such as Nauta’s idea that visceral
representations can inform and guide decisions (1971), Damasio’s somatic marker hypothesis
(Damasio, 1999; 2004), affect-as-information theory (Clore et al., 2001; Schwarz & Clore, 1983, 1988;
Storbeck & Clore, 2008), and embodied predictive coding models (Barrett & Simmons, 2015; Seth,
2013, 2015; Seth, Suzuki, & Critchley, 2012).

Core affect may sometimes relate to more overt bodily changes such as when increases in
heart rate and blood pressure correspond to increased perceptions of arousal. However, core affect
likely also encompasses more distal shifts in homeostasis that are not themselves consciously
perceived (see MacCormack & Lindquist, in press). Less overt bodily changes may still become
represented as core affect if they impact larger visceral organs and the nervous system. For example,
the effects of ghrelin can be felt as gastric wall contractions (involved in hunger pangs and a growling
stomach; Carlson, 1931; Schwartz et al., 2000). Thus, even low-level biochemical shifts that support
hunger, digestion, and other homeostatic functions, can still become represented as core affect via
their local impacts on organs and the nervous system. These more distal homeostatic shifts may
become incorporated into afferent peripheral representations that ultimately feed into central
representations in the brain. These central nervous system representations are where peripheral
information is integrated to produce a sense of the body’s overall allostatic state. The brain then
predicts what actions must be taken in order to maintain allostasis (e.g., engaging in action vs.

maintaining the status quo).
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Thus, a psychological constructionist hypothesis suggests that hunger does not necessarily
impact our emotions and reactions to the world through regulatory depletion alone (as suggested by
Bushman and other traditional models), but through core affect. However, the psychological
constructionist approach also maintains that a shift in core affect is insufficient to experience hunger
or an emotion—what differentiates the two is how a person makes meaning of his or her core affect in
context.

Besides core affect, conceptual knowledge is also a necessary component for the
psychological construction of any mental state. Conceptual knowledge refers to a person’s knowledge
about the world; it is at once both episodic and semantic because it is acquired from personal
experience and social observation but also from language and cultural norms (Lindquist,
MacCormack, & Shablack, 2015; Vigliocco et al., 2009; Wilson-Mendenhall et al., 2011). Conceptual
knowledge is thought to exist as a population of instances of prior experiences rather than a set of
prototypes for categories (Barrett, 2012; Barrett, Wilson-Mendenhall, & Barsalou, 2015). As such,
each instance can be thought of as a stored “snapshot” of a prior experience that includes
interoceptive representations and exteroceptive representations of what was happening in that
situation (Barsalou, 2009; Borghi & Binkofski, 2014; Vigliocco et al., 2009). Thus, conceptual
knowledge about emotion categories or body state categories such as hunger is ultimately rooted in a
context.

Psychological constructionist approaches propose that all mental states are constructed
when conceptual knowledge is used to make meaning of core affect via situated conceptualization
(see Figure 1). Situated conceptualization occurs when the brain automatically uses exteroceptive
information from the present situation and prior information from episodic and semantic memory to
disambiguate the body’s affective state, resulting in the construction of conscious experience
(Barsalou, 2009; Lindquist, MacCormack, & Shablack, 2015). Evidence from cognitive and
developmental science suggests that the brain uses statistical regularities derived from previous
experience to automatically categorize sensations, predict the meaning of those sensations, and
acquire new categories based on the statistical properties of ongoing sensations (see reviews in

Carey, 2011; Clark, 2013; Oaksford & Chater, 2009; Sirois et al., 2008; Xu & Kushnir, 2013). Situated
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conceptualization is thus a probabilistic process, determining which “meaning” is more probable given
the present situation. A present situation that shares statistical similarities with a prior situation makes
related information more accessible and can be used to inform future predictions, promoting learning
and adaptation. In social cognition, this increased accessibility is called “priming” (see Barsalou, 2016
for discussion of priming in relation to situated conceptualization).

Situated inferences may be especially important for making meaning of core affect, which
likely reaches the brain as relatively ambiguous representations of the body’s state due to the noisy,
unmyelinated pathways from the peripheral nervous system to the brain. The brain must therefore
use prior experiences and the context to help disambiguate the meaning of afferent information in the
moment (Barrett & Simmons, 2015). Depending on the context and the allocation of attention in any
given instance, core affect may thus be experienced as a mood (e.g., feeling generally unpleasant
and high arousal), a property of an external stimulus (e.g., evaluating a person as unpleasant), a
symptom (e.g., feeling nauseas), a body state (e.g., feeling hungry), or an emotion (e.g., feeling
angry).

More generally, what individuals know about the body, such as how the body feels when
satiated, and rested vs. hungry and tired, or how the body feels during different ilinesses, may be
relevant and important conceptual knowledge that helps the brain determine when afferent affective
information should be categorized as an emotion (“anger”) vs. a body state (“hunger”). In other words,
feeling shaky, sweaty, and nauseas could be concomitants of several different states: they could be
symptoms of “body states” such as hunger, food poisoning, caffeine overdose, or influenza. They
could also be features of “emotional” states such as anger and anxiety. Individuals with alexithymia,
characterized as a deficit in knowledge about emotions, tend to experience their core affect as
somatic symptoms (see Lindquist & Barrett, 2008a) rather than moods or emotions. It is possible that
such individuals tend to over-conceptualize core affect as body states and under-conceptualize it as
moods or emotions. By contrast, individuals with anxiety and depression may over-conceptualize core
affect as moods and emotions (e.g., anxiety, sadness) and under-conceptualize it as body states (e.g.,
the result of inflammation due to disorder).

Thus, | hypothesize that feeling “hangry” may stem not from impairments in self-regulation
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per se, but from making meaning of hunger-induced core affect as emotional in context. Given the
probabilistic predictions of situated conceptualization, someone who is hungry (in an unpleasant, high
arousal state) may be more likely to use these feelings of hunger to categorize core affect as anger or
stress than hunger if he or she is in a frustrating situation. As such, hunger should not always result in
feeling “hangry”—but only in situations where the individual is both hungry and the situation affords
certain emotional situated conceptualizations. Additionally, as conscious emotion knowledge may
help implicitly regulate resultant emotion states (e.g., Lieberman, Inagaki, Tabibnia, & Crockett, 2011),
individuals may be more likely to feel “hangry” when they are not consciously focused on their internal
emotional state but are instead focused on external circumstances. The present studies serve as an
initial step towards addressing whether people conceptualize the negative feelings of hunger as
feelings of emotions such as anger and stress when they are not aware they are doing so.
The Present Studies

In line with the predictions of psychological constructionist theory, | investigated whether
hungry individuals will make meaning of their hunger-induced core affective state as the experience
of emotions when 1) faced with a negative situation 2) when not explicitly aware of doing so. In Study
1, | used an Affect Misattribution Procedure (Payne, Cheng, Govorun, & Stewart, 2005) to manipulate
the affective context and to test the extent to which hungry vs. satiated individuals are more likely to
rate ambiguous stimuli as negative when in a negative context. Study 2 replicates Study 1 and
demonstrates that the misattribution of hunger to ambiguous stimuli is specific to negative, high
arousal contexts as opposed to any high arousal context. Finally, in Study 3, | directly tested whether
participants who were unaware of making meaning of their core affect as emotional would be more
likely to report increased emotions and interpersonal aggression following a frustrating interpersonal
task. Study 3 also ruled out the hypothesis that hunger leads to self-regulatory depletion and thus

increased emotions and aggression.
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CHAPTER TWO: HUNGER SHIFTS AFFECTIVE PERCEPTIONS IN CONTEXT

Study 1 sought to first demonstrate that hunger would increase the extent to which individuals
experienced an ambiguous stimulus as negative in a negative context. To do so, | used the Affect
Misattribution Procedure (Payne et al., 2005; Payne, Hall, Cameron, & Bishara, 2010). This task is
commonly employed as a measure of implicit bias in the context of social judgments (e.g., race,
politics) but more generally measures the implicit process whereby an individual perceives the affect
induced by one source as caused by another. | hypothesized that participants’ hunger would interact
with the negative context to further bias their affective ratings of ambiguous stimuli.

To test this hypothesis, participants first saw a negative, highly arousing or neutral image
followed by an ambiguous Chinese pictograph. We operationalized this first image as the affective
“context” in which the ambiguous Chinese pictograph was then experienced. Participants’ task was to
ignore the first image and use their “gut” response to judge whether the pictograph was negative or
positive in meaning. After the Affect Misattribution Procedure, all participants reported on how hungry,
fatigued, and thirsty they felt during the task. | predicted that hunger (but not fatigue and thirst) would
interact with context type, such that those individuals who were hungry would be more likely to judge
Chinese pictographs as negative when seeing it in a negative, highly arousing context.

Study 1 Method
Participants

In Study 1, 250 Mechanical Turk workers from the United States participated in the study for
monetary compensation. As the task uses Chinese pictographs for ambiguous stimuli, four
participants were excluded from analyses because they reported either a familiarity or fluency with
Mandarin Chinese. Additionally, twenty-five participants failed attention checks and were excluded
from subsequent analyses; another three participants had computer issues (e.g., the task froze) and
were unable to complete the study, leading to a final sample of 218 participants (46% female; M,g.=

35, SD,4.=10.41, ranged from 18-71 years old).
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Procedure

| used a mixed model design, where self-reported hunger was the continuous between-
subjects factor and context (negative, high arousal vs. neutral) was the within-subjects factor. After
consenting to participate in the study, participants were oriented to the computer-based Affect
Misattribution Procedure via Qualtrics. Participants were instructed that they would see affective
images before each Chinese pictograph, and that they should try their best to ignore the affective
image and instead focus on their intuitive judgment of the pictograph. All participants completed a
practice block of eight trials with four neutral and four negative, high arousal photos. For each trial,
participants saw a fixation cross on the center of the screen for 125 ms, then a neutral or negative
photo for 75 ms, followed by a grey noise mask for 125 ms and the randomly-assigned pictograph for
100 ms. Participants then saw another fixation cross prior to rating how positive vs. negative they
found the pictograph to be. All ratings were provided on a likert scale where 1= Extremely Positive, 4=
Neither Positive nor Negative, and 7= Extremely Negative.

The task consisted of 40 target trials total, not including the eight practice trials. After the
practice block, participants completed two counterbalanced blocks: a neutral image trial block or a
negative, high arousal image trial block, with 20 target images each. Following the rating task,
participants rated their engagement and attention during the task, followed by demographics and
retrospective likert ratings of hunger, fatigue, and thirst as felt during the task. Measures are
described in more detail below.

Materials

Affective images. | used a total of 24 neutral and 24 negative images selected from the
International Affective Picture System to serve as the affective contexts (Lang, Bradley, & Cuthbert,
1997). Based on the IAPS norms, | selected images that fell between 1-4 for negative images and 4-6
for neutral images. Thus, negative images had a mean valence of 3.17 and mean arousal of 5.37;
neutral images had a mean valence of 4.78 and mean arousal of 2.99. It was impossible to match
negative and neutral images on arousal as negative images tend to be higher arousal on average in
the IAPS set.

Chinese pictographs. Pictographs were randomly chosen from the standard, previously
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validated pictograph set (Payne et al., 2010) and randomly assigned for pairing with the affective
primes. Participants could rate each pictograph on a bipolar likert scale from 1= Extremely Positive to
4= Neither Positive nor Negative to 7= Extremely Negative. Participants’ trial-by-trial ratings of the
ambiguous pictograph targets were our dependent measures.

Self-reported engagement. All participants responded to six questions assessing how
engaged they were in the task, how easy it was to focus and stay on task, and how successful they
thought they were at ignoring the affective primes using a likert scale from 1 to 5 (1= Strongly
Disagree, 5= Strongly Agree). A mean score was created from these six items (Mengage= 4.42,
SDg¢ngage= .53, range from 2.83 to 5.00, a= .75).

Self-reported body states. Participants reported on their degree of hunger, thirst, and
fatigue. For example, participants responded to “How hungry were you during the rating task?” on a
likert scale from 1 to 6 (1= Not At All Hungry, 4= Somewhat Hungry, 6= Extremely Hungry). This was
our measure of participants’ hunger; participants’ self-reported hunger ranged from 1 to 5 (M= 2.15 or
“Mostly Full”), with no participants reporting feeling “Extremely Hungry”. Participants also reported
when they last ate something (a small snack, full meal, or protein shake), how long they can usually
go between meals with no snacks, and how typical today’s eating had been compared to their usual
eating habits. Participants further rated “How thirsty were you during the rating task?” on a likert scale
from 1 to 5 (1= Not at all Thirsty; 3= Somewhat Thirsty; 5= Extremely Thirsty) and “How sleepy were
you during the rating task?” (1= Extremely Wide Awake, 3= A Little Sleepy, 5= Extremely Sleepy) as
potential bodily covariates that might influence participants’ pictograph ratings. Thirst and sleep were
controls to demonstrate the specificity of our effects.

Analyses

Due to the nested nature of the data, | computed a two-level multilevel model in SPSS
software, with trial type (“Condition” with 0= Neutral, 1= Negative) as a predictor of participants’
pictograph ratings at Level 1, and participants’ self-reported Hunger as a predictor at Level 2.
Descriptive statistics for all relevant variables and demographics are provided in Table 1. For the
primary analyses (Hunger x Condition on pictograph ratings), | ran two models as part of standard

model-building practices in multilevel modeling (Raudenbush & Bryk, 2001).
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Model 1: Random effects ANOVA with no predictors. To first determine the degree of
dependence in the data with the pictograph ratings (denoted as “Ratings” in models) as the outcome,
| fit a random effects ANOVA with no predictors.

Model 2: Random intercepts model. After examining the degree of dependency between
and within participants’ pictograph ratings, | used a random intercepts model to examine the cross-
level interaction between hunger at Level 2 x condition at Level 1. | also examined interactions
between condition and both thirst and sleepiness to determine whether the effect was specific to
hunger or any body state.

Study 1 Results

Model 1: Random effects ANOVA with no predictors. The only fixed effect estimate in
Model 1 is Y, — that is, the model intercept or grand mean. Y,,, = 4.05, meaning that the overall
grand mean estimate of pictograph ratings for all possible individuals is 4.05 on the valence likert
scale (see Table 2). In other words, as predicted, the estimated population intercept for rating the all
pictographs is neither positive nor negative on the valence likert scale. Model 1 also revealed that the
within-subjects variance of participants’ pictograph ratings is 2.59 units, while the between-subjects
variance of individuals’ effect on pictograph ratings is .36 units.

Model 2: Random intercepts model. As in Model 1, in Model 2, the intercept was 4.30,
suggesting that on average, participants rated the pictographs as neutral across all negative and
neutral context trials. Yet as predicted, there was a significant main effect of Condition (B= .36,
p<.0001), such that there was an estimated .362 unit increase in participants’ pictograph ratings on
negative image trials compared to neutral image trials. Critical to our hypothesis, there was also a
significant Condition x Hunger (B= .06, p= .014) interaction, such that the hungrier an individual
reported feeling, the more negatively that individual rated the ambiguous pictographs in the context of
negative images. There was no significant main effect for Hunger (B= -.03, p= .403), suggesting that
feeling hungry does not make all pictograph ratings more negative; rather, hungrier participants only
experienced ambiguous pictographs as more negative in the context of a preceding negative image.
Consistent with this interpretation, a follow-up probe of the simple slopes found that negative

pictograph ratings were greater for hungry individuals in negative trials, but not neutral trials (see
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Figure 2).

Notably, individuals’ self-reported mean engagement was negatively correlated with Hunger
(r=-.211, p=. 002) such that the hungrier individuals were, the more likely they were to report feeling
like they struggled to concentrate on the task. On the one hand, this may be seen as a confound. On
the other hand, it might be seen as part of the effect, insofar as hunger impacts perceptions of
struggle. Regardless, when adding in mean engagement as a covariate (Model 3 in Table 2), the
results from Model 2 still hold and there is no significant main effect of mean engagement nor a mean
engagement x condition interaction on participants’ pictograph ratings.

Finally, to ensure the specificity of effects, | performed two follow-up models with thirst and
sleepiness as predictors instead of hunger. As in Model 2, there was again a significant main effect of
condition in both follow-up models, whereby participants rated pictographs more negatively in the
context of a negative image. However, there were no main effects of thirst nor sleepiness, nor a
condition x thirst or condition x sleepiness interaction (see Table 3). Our findings were hunger-specific
and not a product of participants experiencing any body state.

Study 1 Discussion

In Study 1, | found hunger-specific effects whereby the hungrier an individual self-reported
feeling, the more likely she or he was to rate ambiguous pictographs as negative in the presence of a
negative, but not neutral context. This suggests that the feelings engendered by hunger vs. satiation
are likely to be conceptualized as evidence that stimuli are negative when the context elicits such
conceptualizations.

According to some psychological models, judging a stimulus as negative (i.e., a “perception”
or an “attitude”) is a different psychological state from feeling unpleasant. However, this distinction is
not made by a psychological constructionist approach. Rather, a psychological constructionist
approach assumes that affect and conceptualization are ingredients in many different mental states
(Barrett, 2009; Cunningham et al. 2013; Lindquist & Barrett, 2012; Lindquist, 2013); whether affect is
attributed to an external stimulus (e.g., an attitude about a pictograph) or one’s own body (e.g., a
feeling of unpleasantness) depends on participants’ attention in that context (Lindquist & Barrett,

2008b; Lee, Lindquist, & Payne, under review). The former is referred to as “world-focused”
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experience and the latter is referred to as “self-focused” experience (Lambie & Marcel, 2002;

Lindquist & Barrett, 2008b). Participants engaged in world-focused experience because they were

asked to judge the affective qualities of the pictograph rather than how the pictograph made them feel.
One potential confound in Study 1 is that | cannot rule out the role of arousal in driving the

findings, since the negative images significantly differed from the neutral images in terms of both

valence (they were more negative) and arousal dimension (they were higher in arousal). Study 2

addresses this potential confound where the interaction of hunger and context is due to any high

arousal context (positive vs. negative) vs. specific to a negative high arousal context.
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CHAPTER THREE: HUNGER SHIFTS AFFECTIVE PERCEPTIONS IN A NEGATIVE CONTEXT

Study 2 built upon Study 1 to rule out whether hunger was likely to be conceptualized as
emotion in any high arousal context or whether this effect was specific to negative, high arousal
contexts. Study 2 thus replicated Study 1 in every way except it included an additional image
condition. Besides the negative, high arousal and neutral trial conditions where participants saw
negative, high arousal and neutral affective images prior to rating the ambiguous Chinese pictographs,
participants also saw positive, high arousal affective images that were arousal-matched with the
negative images prior to rating the pictographs.

| predicted that the effects of hunger on pictograph ratings would be specific to the negative
image trials, but not the positive or neutral image trials because people tend to report unpleasant,
high arousal states with hunger: In the literature previously reviewed, no study reported individuals
feeling positive emotions. Additionally, | predicted that hunger (but not fatigue and thirst) would again
interact with picture type, such that those individuals who were hungry would be even more likely to
judge Chinese pictographs as negative after experiencing it in a negative context, but not after
experiencing it in a positive or neutral context.

Study 2 Method
Participants

In Study 2, a new sample of 192 Mechanical Turk workers from the United States (48.4%
female; M,g.=35 years, SD.4= 10.85 years) participated in the study for monetary compensation. As
in Study 1, five participants were excluded from analyses because they reported either a familiarity or
fluency with Mandarin Chinese. Additionally, 18 participants were excluded from final analyses
because they reported knowing what the AFFECT MISATTRIBUTION PROCEDURE tests (e.g., one
participant reported that it “tests my automatic affective biases”) and 29 participants were excluded
because they failed attention checks. Thus, the final sample for analyses was 140 participants (46.4%

female; M,g.=35 years, SD,4= 10.54 years, range from 20-62 years old).
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Procedure

As in Study 1, | used a mixed model design, where self-reported hunger was the continuous
between-subjects factor and context (neutral vs. negative, high arousal vs. positive, high arousal) was
the within-subjects factor. Study 2’s procedure identically replicated Study 1’s procedure, with the
addition of the positive, high arousal images. After a practice block, participants completed three
counterbalanced blocks: a negative, high arousal image trial block, a neutral image trial block, and a
positive, high arousal image trial block. Each block had 20 target images.

Materials

| used a total of 24 negative, 24 neutral, and 24 positive images selected from the
International Affective Picture System to serve as our affective contexts with 20 target images each
used in experimental blocks and 4 practice trials each that were intermixed in the practice block. In
the IAPS, negative images range from 1-4, neutral images from 4-6, and positive images from 6-9.
Based on the IAPS norms, | selected images that fell in the middle of each range for the negative,
neutral, and positive images. These excluded highly graphic positive or negative images, which tend
to be higher in positive and negative valence.

Thus, the chosen negative images ranged from 2.5-3.5 with a mean valence of 3.17 and
mean arousal of 5.37, neutral images ranged from 4.5-5.5 with a mean valence of 4.78 and mean
arousal of 2.99, and positive images ranged from 6.5-7.5 with a mean valence of 6.93 and mean
arousal of 5.29. Negative and positive images did not significantly differ in terms of arousal [t(38)=.52,
p=.602], but negative [t(38)=12.24, p<.0001] and positives images [t(38)=11.96, p<.0001] each
differed from neutral images on arousal.

Analyses

Due to the nested nature of the data, | computed a two-level multilevel model similar to that
used in Study 1 with SPSS software package. Trial type was dummy-coded (“Negative Condition”
with 1= Negative, 0=Neutral, 0=Positive; “Neutral Condition” with 0=Negative, 1=Neutral, 0=Positive;
and “Positive Condition” with 0=Negative, 0=Neutral, 1=Positive,) as a predictor of participants’
pictograph ratings at Level 1, and participants’ self-reported Hunger as a predictor at Level 2,

resulting in cross-level interactions between the conditions and hunger. Descriptive statistics for all
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relevant variables and demographics are provided in Table 1. For the primary analyses (Hunger x
Condition on pictograph ratings), | ran two models as part of standard model-building practices in
multilevel modeling.

Model 1: Random effects ANOVA with no predictors. To first determine the degree of
dependence in the data with the pictograph ratings (written as “Ratings” in models) as the outcome, |
fit a random effects ANOVA with no predictors.

Model 2: Random intercepts model. After examining the degree of dependency between
and within participants’ pictograph ratings, | used a random intercepts model to examine the cross-
level interaction between hunger at Level 2 x dummy-coded conditions at Level 1. Neutral and its
interaction with hunger were used as the reference category. | also examined interactions between
condition and both thirst and sleepiness to determine whether the effect was specific to hunger or any
body state.

Study 2 Results

Model 1: Random effects ANOVA with no predictors. The only fixed effect estimate in
Model 1 is Yy, — thatis, the model intercept or grand mean. Y,,, = 3.80, meaning that the overall
grand mean estimate of pictograph ratings for all possible individuals is 3.80 on the valence likert
scale (see Table 3). In other words, as predicted, the estimated population intercept for rating the all
pictographs is neither positive nor negative on the valence likert scale. Model 1 also revealed that the
within-subjects variance of participants’ pictograph ratings is 3.14 units, while the between-subjects
variance of individuals’ effect on pictograph ratings is .22 units.

Model 2: Random intercepts model. In Model 2, the intercept was 3.56, suggesting that
participants rated the pictographs as neutral across all trials. As predicted, there was a significant
main effect of Negative Condition (B= .67, p<.0001), such that there was an estimated .67 unit
increase in participants’ pictograph ratings on negative image trials compared to neutral image trials.
However, there was also a significant main effect of Positive Condition (B= -.29, p<.0001), such that
there was an estimated .29 unit decrease in participants’ pictograph ratings on positive image trials
(e.g., pictographs rated more pleasant) compared to neutral image trials.

Critical to our hypothesis and replicating Study 1, there was only a significant Negative
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Condition x Hunger interaction (B= .06, p= .031), such that the hungrier an individual reported feeling,
the more negatively that individual rated the ambiguous pictographs in the context of negative images.
There was no significant interaction for Positive Condition x Hunger (B= -.04, p= .186). As in Study 1,
there was no significant main effect for Hunger (B= .05, p= .165), suggesting that feeling hungry does
not make pictograph ratings more negative in general. Consistent with this interpretation, a follow-up
probe of the simple slopes found that negative pictograph ratings were greater for hungry individuals
in the context of negative images, but not positive or neutral images (see Figure 3; Table 6).

Notably, as in Study 1, individuals’ self-reported mean engagement was again negatively
correlated with Hunger (r=-.211, p=. 002) such that the hungrier individuals were, the more likely they
were to report feeling like they struggled to concentrate on the task. However, when adding in mean
engagement as a covariate (Model 3 in Table 4), the results from Model 2 still held: there was no
significant main effect of mean engagement nor a mean engagement x condition interaction on
participants’ pictograph ratings.

Finally, to ensure the specificity of effects, | performed two follow-up models with thirst and
sleepiness as predictors instead of hunger (see Table 5). As in Model 2, there was again a significant
main effect of condition in both follow-up models, whereby participants rated pictographs more
negatively in the context of a negative image or more positively in the context of a positive image.
There was a significant main effect of thirst on pictographs being rated more negatively (B=.13,
p=.04) but no significant main effect of sleepiness (B=.02, p=.702). Additionally, there were no
significant interactions for Negative Condition x Thirst or Negative Condition x Sleepy, as in Study 1.

However, adding in the positive stimuli, there was a significant interaction for Positive
Condition x Thirst and Positive Condition x Sleepiness. Individuals who reported being thirstier during
the task were more likely to rate pictographs during the positive trials as more pleasant in nature (B=-
.20, p<.0001), but individuals who reported being sleepier were more likely to rate pictographs during
the positive trials as more negative (B=.10, p=.049). Although feeling thirsty and sleepy impacted how
individuals perceived the ambiguous pictographs in the context of positive images, the interaction
between hunger and negative context was again specific to hunger and not other body states. These

findings suggest that hunger is likely to induce negative, high arousal core affect.

25



Study 2 Discussion

In Study 2, | not only replicated our original findings from Study 1 but was also able to rule out
that effects were general to conceptualizing hunger as any high arousal state. Instead, my findings
suggest that hunger is conceptualized as unpleasant affect exclusively in the presence of a negative
context. In contrast, hunger is not conceptualized as pleasant in the presence of a positive context.
Consistent with Study 1, these data again suggest that the feelings engendered by hunger vs.
satiation are likely to be conceptualized as evidence that stimuli are negative when the context elicits

such conceptualizations.
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CHAPTER FOUR: FEELING HANGRY AS A SITUATED CONCEPTUALIZATION

Studies 1 and 2 demonstrate that the feelings engendered by hunger can shape how
negatively individuals perceive stimuli to be, but only when the context calls for such
conceptualizations. Study 3 thus builds upon Studies 1-2 in three ways. First, | explicitly manipulated
hunger vs. satiation to allow for causal inference. Consistent with Studies 1 and 2, | hypothesized that
hunger will induce negative, high arousal feelings that can become conceptualized as emotion in a
negative context (in this study, a frustrating situation). Second, | examined if hunger depletes
individuals’ willpower, as a test of the regulatory depletion hypothesis. Third, | manipulated individuals’
attentional focus on emotional vs. nonemotional information as a way to direct their situated
conceptualizations.

Given the relatively automatic, unconscious nature of situated conceptualizations (Barrett,
Ochsner, & Gross, 2007), it may be that individuals only conceptualize their hunger as emotion when
they are not explicitly focused on the emotional nature of their internal feelings. Becoming aware of
emotional situated conceptualizations could instead alter the situated conceptualization process, such
that individuals have the opportunity to implicitly regulate their states. That is, becoming aware that
one is feeling “hangry” because they are conceptualizing their hunger as anger could serve to reduce
the intensity of hangry feelings, effectively halting the automatic situated conceptualization process.

Thus, | predicted that whether participants make meaning of their core affective state as
emotion or not depends on whether their attention is specifically drawn to emotion conceptualizations
(e.g., self-focused awareness) or drawn to the current context (e.g., world-focused awareness).
Study 3 Method
Participants

In Study 3, 236 PSYC101 students (58% female; Mag.=19 years old, SDag.=2.48, ranging
from 17 to 45 years old) were recruited from the University of North Carolina at Chapel Hill study pool

and participated in the laboratory experiment for research credit.
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Procedure

Upon signing up for the experiment, participants were prescreened so that any individuals
with diabetes, an eating disorder, or a mood disorder were excluded from the study. Additionally,
individuals unwilling or unable to change their normal eating schedule prior to lab arrival were
excluded. After prescreening, participants were randomly assigned to a 2 (Body State: hungry vs.
satiated) x 3 (Attentional Focus: anger vs. sadness vs. no emotion) between-subjects design.
Participants in the hunger condition fasted for five or more hours prior to participation and participants
in the satiated condition ate a full meal or large snack less than one hour prior to participation. As a
cover story, participants were told that the study was about “visual performance” and that they
needed to fast vs. eat prior to arrival so that we could control for the impact of glucose on visual
performance.

Fasting manipulation check. Upon arrival, participants completed informed consent and a
“Blood Glucose Questionnaire” which served as our control to ensure that participants had actually
fasted or eaten as instructed. The questionnaire consisted of three items indexing when the
participant last ate or drank something other than water (7-point likert scale, 1=Less than one hour
ago, 7=More than six hours ago), how hungry the participant felt (7-point likert scale, 1=Not at all
hungry, 7= Extremely hungry), and what type of meal they had last eaten (a full meal, moderate
snack, small snack, or caloric beverage such as a protein shake, coffee, juice, soda, etc.). After
completing the questionnaire, the experimenter checked that the assigned hungry vs. satiated state
condition had been met. Participants in the hunger condition who had eaten less than 5 hours prior to
arrival or participants in the satiation condition who had eaten more than 1 hour prior to arrival and
had not eaten a full meal or moderate snack were rescheduled and re-instructed according to their
assigned condition.

Baseline measures of affect. Before beginning the session, all participants completed
baseline measures of affect. First, participants received a standard affect grid where they marked
their current feelings of valence and arousal; afterwards, they also completed an open-ended feelings
report where they were instructed to provide a detailed summary of their current feelings.

Measure of regulatory depletion. After completing the baseline measures of affect, all
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participants completed a tedious Mental Rotation task that consisted of geometric shapes taken from
Shepard and Metzler (1971). As per Williams & DeSteno, 2008, this task was used to assess
perseverance, which relies on self-regulation. Specifically, we examined whether individuals who
were hungry were less able to engage in self-regulation to complete the tedious task than those who
were satiated. On each trial, participants compared the images of two geometrical figures on a
computer screen and determined if these figures were able to be rotated in space to match one
another or not. Participants were told that the figure combinations were infinite and that the task
would take longer than the experiment would allow. Thus, participants were shown how to exit out of
the task when they felt they had completed as many trials as they could. Time (in minutes)
participants spent on this task thus served as our measure of self-regulation.

Storytelling prime task. Next, all participants completed a storytelling task meant to direct
participants’ explicit focus to emotional vs. non-emotional content (adapted from Lindquist & Barrett,
2008b). For this task, participants were randomly assigned to view a single male face that was either
a prototypically angry, sad, or neutral face. Participants were told that the individual was named Jon
and that they should describe what he was feeling. In each condition, they were told “Jon feels angry
(sad/neutral).” Please answer the following questions about what he is thinking, feeling, and what he’ll
do next.” Participants were told that the task measured their “cognitive complexity” and were
encouraged to be as detailed as possible. Participants wrote down their responses and this task was
later transcribed and coded for analysis using the Linguistic Inquiry and Word Count (LIWC2015;
Pennebaker et al., 2015) program.

Frustrating situation. Next, all participants went through the same negative, frustrating
situation to provide a believable context in which they could conceptualize their hunger-induced
negative affect as emotion. Adapting Bushman and Baumeister’s well-validated and replicated
displaced aggression paradigm (1998), participants completed a “Visual Dexterity” task on the
computer. In this task, participants saw a series of concentric colored circles and were asked to
decide as quickly and accurately as possible whether the number of circles was odd or even.
Participants were told that this task measured the speed and accuracy of their visual perception. After

100 rating trials, participants suddenly received an error message that was programmed into Eprime,
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simulating a Windows computer crash. This prompted the participant to seek out the experimenter
outside the testing room to inform him/her of the computer crash. All experimenters were trained to
deliver the exact same performance in reaction to the computer crash. The experimenter entered the
testing room, looking surprised, confused, and slightly annoyed. The experimenter then tried fixing
the crash by typing on the keyboard and clicking the mouse. The experimenter said “This has never
happened before”, then asked the participant: “What did you do? What keys did you press?” Next, the
experimenter said: “l don’t know how to fix this, but I'm going to go contact my supervisor to find out.
Once | get the task fixed, you’re going to have to do the whole task over again.” After this, the
experimenter left the room for a brief period (2 minutes), allowing the participant to consider the
situation alone.

Dependent measures. After the brief period was over, the experimenter re-entered the
testing room with a manila envelope filled with questionnaires. S/he said s/he needed to go talk to the
study supervisor about the computer crash but asked the participant to fill out the questionnaires in
the meantime to save time. Inside the envelope were the two dependent measures: one
questionnaire rating the quality of the experimenter and the study; another questionnaire rating the
participants’ emotions. The cover story was that our lab had been randomly selected by the
Psychology and Neuroscience Department for a routine quality control study on research within the
department. Participants were informed that the questionnaires would be used to evaluate whether
the experimenters were performing their jobs well. The participant was ensured that the
questionnaires were completely anonymous and that she or he should seal the envelope after
finishing the questionnaires to ensure the confidentiality of the responses.

For the “Rate Your Experience” questionnaire, participants rated their personal impressions
of the experimenter on a scale created by the lab—as aggressive, helpful, lacking empathy,
professional, and judgmental. All items were rated for agreement using a 7-point likert scale (0= Not
At All to 6= Extremely). For the “Participant Satisfaction” questionnaire, | used the modified
Differentiated Emotion Scale (mDES; Fredrickson et al., 2003) for participants’ self-reported emotion
experiences. Participants rated how many times they had experienced that emotion during the lab

visit today using a 5-point likert scale (0=Not At All to 4=Extremely). The mDES covers 20 emotion
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questions, with each question containing 3 similar emotion terms that are fairly synonymous. In total,
there were 10 positive emotion questions (e.g., “What is the most grateful, appreciative, or thankful
you felt?”) and 10 negative emotion questions (e.g., “What is the most angry, irritated, or annoyed you
felt?”).

Demographics and debriefing. After the participant completed the dependent measures,
the experimenter re-entered the testing room and told the participant that the study supervisor had
decided the participant did not need to redo the “Visual Dexterity” task after all. Participants then
completed a standard demographics questionnaire before beginning a funneled debriefing. For
funneled debriefing, participants were interviewed about their general thoughts and reactions to the
experiment and also their impressions about what the experiment assessed. After participants
provided their perspective, they were debriefed as to the true nature of the experiment. No
participants reported that they thought the study was about hunger’s influence on their emotions and
interpersonal judgments.

Analyses

To prepare the data for analysis, | first created a mean score for participants’ self-reported
Negative, High Arousal Affect (mean score included ratings for the anger, contempt, disgust, hate,
fear, embarrassment, and stress items; a= .73). These items were chosen because the literature
consistently shows that hunger induces unpleasant, highly aroused affect, as discussed in the
previous literature review. As | was interested in participants’ interpersonal judgments of the
experimenter, | also created a mean score for participants’ ratings of the experimenter consisting of
ratings on how helpful, professional, empathetic, difficult, aggressive, and judgmental the
experimenter was. Positive items were reverse scored resulting in an index of unpleasant
interpersonal judgments (a=.72). | also examined the manipulation check (Blood Glucose
Questionnaire) to double-check that fasting participants were hungry and that satiated participants
were indeed not hungry. There were 119 hungry vs. 117 satiated participants originally. However, 47
participants who were assigned to fast for 5 or more hours still reported being somewhat full (3) or
lower on the “How hungry are you right now?” scale (1=Not At All Hungry to 7= Extremely Hungry).

This likely represents individual differences in satiety between meals: however, as these participants
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were not hungry, they were re-assigned to the respective satiated condition, resulting in 72 hungry
participants and 162 satiated participants. These re-assignments of hunger vs. satiation were used in
the final analyses.

Additionally, as a manipulation check, | content-coded participants’ responses on the
storytelling task using the LIWC (2015 version; Pennebaker et al., 2015) to ensure that participants in
the Anger-focused condition were using more anger words than those in the Sadness-focused and
No Emotion focused conditions and vice versa in the Sadness-focused condition. In the No Emotion
focused condition | ensured that participants were not explicitly focusing on emotion categories.

Finally, to test the primary hypotheses, | performed two steps. First, to rule out that hunger
induces self-regulatory depletion, | used an independent-samples t-test to compare how long hungry
vs. satiated participants persisted at the mental rotation task. Second, to test the primary hypothesis
that hunger can become conceptualized as emotion, | examined main effects and interactions using a
series of 2 body state (hunger vs. satiated) x 3 emotion-focus (anger vs. sadness vs. no emotion)
between-subjects ANOVAs. The dependent variables in the ANOVAs were participants’ self-reported
emotions and perceptions of the experiment and experimenter.

Study 3 Results

LIWC manipulation checks. A one-way ANOVA with counts of anger words as the outcome
revealed significant differences between the Anger-focused conditions (M=5.39), Sadness-focused
conditions (M=.835), and No Emotion-focused conditions (M= .319) [F(2,235)=200.32, p<.0001].
Post-hoc simple effects confirmed that individuals in the Anger-focused conditions were significantly
more likely to write about anger than individuals in the Sadness-focused (p< .0001) and No Emotion-
focused conditions (p< .0001), but there was no significant difference in use of anger words between
Sadness-focused and No Emotion-focused conditions (p=.182).

Similarly, a one-way ANOVA with counts of sadness words as the outcome revealed
significant differences between the Anger-focused conditions (M=.803), Sadness-focused conditions
(M=5.65), and No Emotion-focused conditions (M= .669) [F(2,235)=211.42, p<.0001]. Post-hoc
simple effects confirmed that individuals in the Sadness-focused conditions were significantly more

likely to write about sadness than individuals in the Anger-focused (p< .0001) and No Emotion-
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focused conditions (p< .0001), but there was no significant difference in use of sadness words
between Anger-focused and No Emotion-focused conditions (p=.950).

To ensure that the No Emotion-focused conditions did not prime emotional information, |
used a one-way ANOVA with counts of affective words as the outcome. This ANOVA revealed
significant differences between the Anger-focused conditions (M=9.913), Sadness-focused conditions
(M=10.457), and No Emotion-focused conditions (M=6.803) [F(2,235)=30.12, p<.0001]. Post-hoc
simple effects confirmed that individuals in the No Emotion-focused conditions were significantly less
likely to use affective words than individuals in the Anger-focused (p< .0001) or Sadness-focused
conditions (p< .0001), but there was no significant difference in use of affective words between
Anger-focused and Sadness-focused conditions (p=.627). This suggests that, as intended,
participants in the No Emotion-focused conditions wrote less about pleasantness and unpleasantness
in general as compared to individuals in the Anger- and Sadness-focused conditions.

As an additional control, | wanted to ensure that hungry participants did not talk about food
more than satiated participants and that there were no interactions with hunger and attention
conditions in relation to food word use. Thus, | ran a 2 (Hunger vs. Satiation) x3 (Anger-focused,
Sadness-focused, No Emotion-focused) ANOVA and examined the proportion of food-related word
use as the dependent variable. There were no significant main effects or interactions for Body State
or Attentional Focus on the use of food-related words. This supports the inference that being hungry
did not lead individuals to talk about food more than satiated individuals and that hunger did not
interact with Attentional Focus to influence participants’ discussion of food words.

Regulatory depletion. Contrary to prior hypotheses (Bushman et al., 2014), hunger did not
induce self-regulatory depletion: hungry participants persevered as long as satiated participants on
the mental rotation task (mean time for hunger = 7.96 minutes vs. satiated = 9.48 minutes), {(197)= -
1.64, p=.103. See Figure 4.

Self-reported emotions. With regard to self-reported mean high arousal and negative
emotions, the 2 (Hunger vs. Satiation) x 3 (Anger-focused, Sadness-focused, No Emotion-focused)
ANOVA did not reveal any significant main effects of the Body State or Attentional Focused factors.

However, as predicted, there was a significant interaction between Body State x Attentional Focus
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[F(2,225)=3.70, p=.026]. Table 7 shows these mean differences with reported confidence intervals
(see Figure 5 for graph). A doubly centered interaction contrast (cf. Abelson & Prentice, 1997)
confirmed my a priori predictions that hungry participants who did not focus on emotional information
(M= .847) were more likely to report experiencing negative, high arousal emotions as compared to
other hungry participants who focused on anger (M= .497) vs. sadness (M= .487), or as compared to
satiated participants who focused on anger (M= .556), sadness (M= .514), or no emotional
information (M= .488) [F(1,225)=7.45, p=.006].

As a follow-up, | further probed participants’ self reports of the emotion categories that were a
priori most relevant to the negative interpersonal situation that participants had just experienced:
anger, hate, and stress. Again using a 2 (Hunger vs. Satiation) x 3 (Anger-focused, Sadness-focused,
No Emotion-focused) ANOVA, | found significant effects for self-reports of hate and stress, but
contrary to expectations, not for anger. See Table 7 for the non-significant Anger mean differences
with reported confidence intervals.

For self-reports of “hate,” there was a significant main effect for Body State [F(1,223)=5.34,
p=.022] such that individuals who fasted were more likely to report feeling hate compared to
individuals who were satiated. | also observed a marginally significant main effect for Attentional
Focus [F(2,223)=2.40, p=.093]. Simple effects revealed that within the Attentional Focus factor,
participants in the No Emotion-focused condition were significantly more likely to report feeling hate
than participants in the Anger-focused (p=.002) and Sadness-focused conditions (p=.022). Finally,
there was a significant interaction between Body State x Attentional Focus [F(1,223)=5.32, p=.006].
Table 7 shows these mean differences with reported confidence intervals (see Figure 6 for graph). A
doubly centered interaction contrast confirmed my a priori predictions that hungry participants who did
not focus on emotional information (M= .583) were more likely to report experiencing hate as
compared to other hungry participants who focused on anger (M= .091) vs. sadness (M= .231), or as
compared to satiated participants who focused on anger (M= .211), sadness (M= .078), or no
emotional information (M= .082) [F(1,223)=8.78, p=.003].

For self-reported Stress, there were no significant main effects for Body State or Attentional

Focus [F(1,225)=.02, p=.899; F(2,225)=1.64, p=.196]. However, there was again a significant
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interaction between Body State x Attentional Focus [F(2,225)=3.16, p=.044]. Table 7 shows these
mean differences with reported confidence intervals (see Figure 7 for graph). A doubly centered
interaction contrast confirmed my a priori predictions that hungry participants who did not focus on
emotional information (M= 1.625) were more likely to report experiencing stress as compared to other
hungry participants who focused on anger (M= 1.045) vs. sadness (M= .885), or as compared to
satiated participants who focused on anger (M= 1.246), sadness (M= 1.173), or no emotional
information (M= 1.080) [F(1,223)=6.28, p=.012].

Self-reported perceptions of the experimenter. Finally, to examine participants’
interpersonal judgments of the experimenter, | ran a 2 (Hunger vs. Satiation) x 3 (Anger-focused,
Sadness-focused, No Emotion-focused) ANOVA using the mean experimenter ratings score as the
dependent variable (i.e., how helpful, professional, empathetic, difficult, aggressive, and judgmental
the experimenter was). This ANOVA did not reveal any significant main effects of the Body State or
Attentional Focus factors nor a significant interaction. Table 7 shows these mean differences with
reported confidence intervals.

As a follow-up, | examined the items that were a priori most likely to relate to the negative
interpersonal situation participants had experienced (how aggressive, lacking empathy, and
judgmental the experimenter was) to ascertain whether hunger interacted with awareness to influence
individuals’ interpersonal judgments. Again, | ran 2 (Hunger vs. Satiation) x 3 (Anger-focused,
Sadness-focused, No Emotion-focused) ANOVAs with experimenters’ rated aggressiveness, lack of
empathy, and judgmentalness as the dependent variables. No models emerged as significant for
participants’ ratings of aggressiveness or lack of empathy. See Table 7 for the non-significant
aggressiveness and lack of empathy mean differences with reported confidence intervals.

There were, however, significant effects for participants’ ratings of the experimenter as
judgmental. There was no significant main effect for Body State [F(1,225)= 2.70, p=.152] but there
was a significant main effect for Attentional Focus [F(2,225)=4.48, p=.012]. Simple effects revealed
that within the Attentional Focus factor, participants in the No Emotion-focused conditions were
significantly more likely to rate the experimenter as judgmental compared to participants in the Anger-

focused (p=.004) and Sadness-focused conditions (p=.041). There was also a marginally significant
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interaction between Body State x Attentional Focus [F(2,225)=2.78, p=.064]. Table 7 shows these
mean differences with reported confidence intervals (see Figure 8 for graph). A doubly centered
interaction contrast confirmed my a priori prediction that hungry participants who did not focus on
emotional information (M= .625) were more likely to rate the experimenter as more judgmental as
compared to other hungry participants who focused on anger (M= .045) vs. sadness (M= .154), or as
compared to satiated participants who focused on anger (M= .070), sadness (M= .173), or no
emotional information (M= .173) [F(1,227)=5.59, p=.018].

Self-regulation as a covariate. To determine if self-regulation interacted with participants’
manipulated Body State or Attentional Focus to impact self-reported emotions or interpersonal
judgments, | re-ran the ANOVA models above as ANCOVAs. Self-regulation did not bear any
significant main effects on emotions or interpersonal judgments, nor did self-regulation significantly
interact with Hunger vs. Satiation or participants being Anger-focused, Sadness-focused, or No
Emotion-focused.

Study 3 Discussion

In Study 3, | found evidence that hunger can become conceptualized as emotion in a
frustrating situation, but only when individuals are not focused on emotions. Consistent with my
predictions, hungry individuals reported greater unpleasant, high arousal emotions when their
attention was not specifically drawn to their self-focused emotional experiences. In an exploratory
analysis, individuals were also more likely to view the research assistant as judgmental if they were
hungry but were not focused specifically on their emotions. Critically, contrary to the regulatory
depletion hypothesis, hungry vs. satiated individuals did not differ in self-regulation, nor did self-
regulation impact participants’ self-reported emotions and interpersonal judgments when controlled
for in analyses. This suggests that regulatory depletion, at least in the present study, did not play a
powerful role in shaping individuals’ emotions and judgments.

Of course, it remains a possibility that our measure of perseverance did not adequately
measure participants’ self-regulatory abilities. However, the fact that hunger interacted with
participants’ awareness about emotions and the fact that | did not consistently find a main effect of

hunger further underscores the interpretation that hunger does not automatically reduce self-
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regulation and heighten participants’ emotional responses. Instead, these findings are consistent with
the idea that hunger is experienced as emotion in a negative context when participants are not aware

of conceptualizing it as an emotional state.
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CHAPTER FIVE: THE AFFECTIVE POWER OF HUNGER

Across three studies, | found that hunger is experienced as emotion in a negative context, but
only when participants are not aware of conceptualizing it as an emotional state. In Studies 1 and 2,
participants completed an Affect Misattribution Procedure, which measures participants’ tendency to
misattribute primed affect to an ambiguous stimulus. Although participants are directed to ignore the
Affect Misattribution Procedure’s affective primes, they are largely unaware of misattributing the
meaning of the prime to a neutral stimulus and struggle to regulate this automatic process (Payne et
al., 2005; 2010). | observed that hungry participants misattribute unpleasant meaning to the
ambiguous stimuli even more strongly when in the presence of a negative, highly aroused affective
context vs. a neutral context.

Critically, hungry individuals did not see all ambiguous stimuli as more negative, suggesting
that hunger is only made meaningful as affective information in context. Study 2 replicated these
findings and demonstrated that participants did not misattribute pleasant meaning to the ambiguous
stimulus in a positive, highly aroused affective context. These findings suggest that hunger is made
meaningful as emotion in primarily negative contexts—most likely when participants are unaware of
doing so.

Study 3 built upon and extended these findings by conceptually replicating them in a real-life
interpersonal context. Study 3 also specifically manipulated participants’ level of hunger as well as
their awareness of making emotional conceptualizations. | found that individuals did make situated
conceptualizations of hunger as emotion, but only when they were not explicitly focused on emotional
information. Additionally, Study 3 ruled out that hunger leads to regulatory depletion, at least when
perseverance is used as a proxy of self-regulation. My findings thus do not support the idea that
regulatory depletion is the singular mechanism by which hunger impacts emotion.

Prior theory assumes that hunger reduces the constraints that normally prevent individuals

38



from feeling unbridled emotions, making impulsive or harsh judgments, and aggressing against others.
This hypothesis is largely inspired by Baumeister and colleagues’ work on ego depletion and the
potential role of glucose as a regulatory resource. There are recognized drawbacks to the regulatory
depletion hypothesis in general (Carter et al., 2015; Inzlicht et al., 2014; Job et al., 2013; Molden et al.,
2012; Vadillo et al., 2016) and these findings suggest a further limitation to the theory. Hunger may
influence emotion by depleting self-regulation in some instances, but it did not in the present study.

To my knowledge, this is the first study to explicitly manipulate hunger vs. satiation and examine the
effects of subjective hunger on self-regulation.

Rather than finding evidence that hunger causes regulatory depletion, Study 3 suggests that
the colloquial feeling of “hanger” stems from making meaning of hunger-induced core affective
sensations as feelings of emotion in an unpleasant context. The idea that conceptualizing one’s core
affect as an emotion alters experience is ultimately consistent with a psychological constructionist
account. In some cases, implicitly priming emotion concepts increases the likelihood that a person will
conceptualize his or her ensuing core affective state as a specific emotion and thus behave in an
emotional manner (Dutton & Aron, 1975; Lindquist & Barrett, 2008b; Schachter & Singer, 1962;
Oosterwijk et al., 2009).

Yet in other cases, more explicitly asking participants to label their core affective state (i.e.,
“affect labeling”) reduces the intensity of emotional experience (e.g., Kashdan et al., 2015; Lieberman
etal., 2007; 2011; Pond et al., 2011; Suvak et al., 2011). Both of these findings are ultimately
consistent with a psychological constructionist account (Lindquist et al., 2015), which suggests that
whether conceptual knowledge is made accessible in a more or less explicit manner alters the
dynamics between core affect and conceptualization.

For instance, the literature on “affect labeling” may help clarify why hungry individuals were
not more likely to report feeling unpleasant emotions when explicitly focused on anger vs. sadness.
Much research suggests that drawing attention to affective feelings by putting feelings into words can
actually regulate or reduce the distress and affective intensity of an emotion (Pennebaker & Beall,
1986). For example, writing or talking about emotions can help individuals better cope with and even

reduce the long-term distress caused by trauma (Pennebaker, 1997). A recent meta-analysis of 356
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neuroimaging studies also found that the presence of emotion labels in tasks reduced amygdala
activation, which is associated with processing affective information (Brooks, Shablack et al., 2016).

Similarly, work by Lieberman and colleagues (2007, 2011) shows that by simply pairing a
single word with a stimulus—such as saying the word “sadness” when looking at a frown—can
actually reduce the intensity of the emotion, both as a result of perceiving emotions on the faces of
others and during experiences of emotion. It is sometimes assumed that this “muting” effect of affect
labeling may be because engaging in conscious reflection (e.g., telling a story about why Jon is angry
vs. sad) causes detachment, disrupting the more automatic, first person flow of subjective experience
(cf., Lieberman, 2011). While this account is plausible, it is also possible that more explicit labeling of
one’s core affective state allows a person to make meaning of that state and then subsequently
engage in regulation (Lindquist et al., 2015). In this view, identifying that the source of one’s body
state is emotional allows a person to implicitly regulate that emotion.

Studies 1 and 2 did not ask individuals to label their feelings and in fact, no emotion terms
were used. Participants saw terms like pleasant, unpleasant, and neutral to rate their perceptions of
the ambiguous Chinese pictographs, but never categorized their perceptions as a specific emotion.
However, in Study 3, participants were randomly assigned to write about anger, sadness, or no
emotion in particular. As only individuals in the Hunger x No Emotion-focused condition reported
significant differences in emotion experience, it may be that the presence of anger and sadness
labels disrupted the impact of hunger on emotion, consistent with the affect labeling work. Further
research explicitly testing the impact of affect labeling on hunger’s connection to emotion could clarify
the mechanisms behind these results.

Broader Implications

The present findings have important implications for psychological theory. First, they support
the psychological constructionist view that affect is made meaningful in context via conceptual
knowledge. Other common emotion theories, such as basic emotion and causal appraisal theories
cannot easily account for the findings observed in Studies 1-3. Basic and causal appraisal views of
emotion assume that discrete emotion states such as anger, fear, and happiness are inborn, inherited

states that are produced by specific anatomical regions in the brain, which in turn produce emotion-
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specific facial muscle movements, physiological patterns, and cognitions (e.g., basic emotion views:
Ekman & Cordaro, 2011; Panksepp, 1998; Sprengelmeyer et al., 1996; Tracy, 2014; causal appraisal
views: Arnold, 1960; Lazarus, 1966; Roseman, 2011; Scherer, 2001).

In these approaches, bodily changes such as hunger can never constitute or become an
emotion because emotions and hunger stem from two distinct biological systems. Granted, the two
biological systems could have reciprocal influences on one another, such that hunger activates
discrete emotions. This interpretation would not readily explain the opposite effect however: that
people sometimes confuse core affect for hunger. For instance, individuals with restrained or
maladaptive eating sometimes interpret anxiety as hunger (Herman et al. 1987; McKenna, 1972).
This finding is much more consistent with the idea that hunger and emotion are both the result of
relatively ambiguous core affective states than the idea that they are completely separate systems
with their own distinct phenomenology.

Furthermore, in Study 3, hunger did not demonstrate an exclusive relationship with any
specific emotion (e.g., anger). In fact, there were no significant effects for self-reports of “anger.”
Instead, hungry participants reported several negative, high arousal states (e.g., hate, stress).
Consistent with the fact that the No Emotion-focused condition did not direct individuals to focus on
specific internal states, it is possible that the emotions endorsed by individuals in this condition reflect
world-focused emotions (Lambie & Marcel, 2002; Lindquist & Barrett, 2008b) that characterize the
situation (e.g., a hated researcher, a stressful situation). Nonetheless, endorsement of these specific
emotions were only significant in the Hunger x No Emotion-focused condition, suggesting that without
a specific emotion label that is easily accessible to attach to affective feelings, hunger does not
automatically lead to anger or any single emotion.

Critically, the emotions endorsed all share the same underlying core affective feelings (i.e.,
negative and high arousal), suggesting that individuals can construct a variety of emotions out of the
affective sensations associated with hunger, depending on the situated conceptualization that is
made. Again, this is consistent with the idea that hunger and emotion are both the result of relatively
ambiguous core affective states. Despite the colloquial expression of feeling “hangry”, these data

reveal that hunger may result in any given negative, high arousal emotion depending on how it is
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conceptualized in context.

My findings also help refine the construct of core affect. It is often assumed that core affect is
only computed centrally in the brain, in turn altering body states. However, there is growing
acknowledgement for the opposite direction of effects, such that affective representations in the brain
incorporate on-going bodily changes (Barrett & Simmons, 2015; Critchley & Nagai, 2012;
MacCormack & Lindquist, in press; Russell, 2003). In this sense, bodily phenomena that may not be
proximally linked to the present context (e.g., hunger in the presence of an offense) are able to
ultimately influence evaluations of that context. This idea has important implications for how we think
of “accurate” and “inaccurate” perceptions of the world.

For instance, it is often assumed that when core affect related to a less proximal cause (e.g.,
hunger) influences judgments of the context (e.g., the presence of an offense) that it is an “inaccurate”
perception of the world. Core affect is thus said to be misattributed in such situations. However, the
psychological constructionist conception of core affect begins to break down the boundaries between
attribution and misattribution. Psychological construction does not assume conscious access to this
meaning-making process, but rather that the brain is predicting and drawing on converging stimuli in
the moment to construct meaning about what the body is feeling and what is happening in the
environment. The brain does make prediction errors (e.g., Iglesias et al., 2013) but assuming that all
instances of “misattribution” (e.g., getting hangry) are prediction errors ignores the fact that core affect
is always relevant in the context of allostasis.

Even if the unpleasant, high arousal affect induced by hunger seems irrelevant to the current
situation (e.g., finishing a task at work), it is ultimately relevant because affect motivates behaviors
that facilitate a return to or maintenance of allostasis in the present. That is, a shift in core affect due
to hunger is ultimately relevant when, say, finishing a task at work because it means that the body
needs to return to homeostasis. This allostatic need could in fact change the momentary affective
relevance of certain stimuli for the organism.

The present findings thus complement affect misattribution theory and the situated inference
model of cognition. Affect misattribution theories of emotion are traditionally seen as distinct from

psychological construction, but can, in our view, be classified as psychological constructionist in
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nature (see Gendron & Barrett, 2009; MacCormack & Lindquist, in press; Shaked & Clore, in press).
Affect misattribution theories propose that emotions occur when core affect (either as ambiguous
arousal, valence, or valence plus arousal) is made meaningful based on some feature or aspect of
the present situation. This is similar to the constructionist proposal that core affect can be constructed
into emotion via situated conceptualization.

Affect misattribution has a long history dating back to Schachter and Singer (1962), who
proposed a two-component model where emotions result when ambiguous, unexplained bodily
arousal is attributed to a specific cause using situated interpretation (i.e., what explanation is readily
accessible to the individual). Schachter and Singer’s two-factor theory is often characterized as a
“cognitive” appraisal approach to emotion as it involves “meaning-making,” but is better characterized
as an early psychological constructionist model given its emphasis on the situated categorization of
bodily arousal (see Gendron & Barrett, 2009; MacCormack & Lindquist, in press for further
discussion). Although undoubtedly important, demonstrating that random physiological changes can
be attributed to the environment may not be the most ecologically valid way of demonstrating that
experiences are constructed more generally. This is especially the case if most core affective states
are not truly without an ultimate cause that is relevant to the organism’s survival (as is a shift in
arousal artificially induced by a shot of epinephrine).

Other classes of misattribution theory are also relevant to the present studies. For example,
Zillmann’s (1971) excitation transfer theory can be subsumed under the psychological constructionist
idea that body states are made meaningful in context. Excitation transfer theory proposes that the
arousal generated from one state or behavior can “transfer” to another state or behavior. However,
this transfer can only occur if those states or behaviors occur when the physiological arousal induced
by the antecedent state or behavior is still elevated and the individual has not returned to his of her
more typical physiological baseline.

In his classic studies, Zillmann focused on how experimentally inducing higher levels of
physiological arousal—be that through exposure to sexual stimuli or exercise—can facilitate more
aggressive behaviors (1971, with Katcher & Milavsky, 1972). Similar to Schachter and Singer,

Zillmann and colleagues also proposed that arousal is inherently ambiguous and that the causal
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sources of arousal are difficult to interoceptively determine, leading individuals to rely on the most
salient situational cues to guide their emotion labels and social perceptions (Zillmann et al., 1972; p.
247). In line with Zillman’s theory, hunger in the present studies appears to potentiate negative high
arousal affect, which in turn can translate into emotional experience as well as more general
perceptions and behaviors.

Finally, Schwarz and Clore’s (1983) classic mood as information findings are relevant to the
present work. Their classic study found that transient external conditions (such as the weather)
shifted core affective states and influenced participants’ subsequent judgments of happiness and life
satisfaction—but only when participants were unaware of the source of their core affect. The primary
contribution of this work was that people are unaware of how core affective shifts can influence affect-
based judgments in subtle, unconscious ways. Only when the source of core affect is brought to
individuals’ attention can these subtle influences be controlled.

Similarly, in any given moment, individuals may be unaware of hunger’s impact on their
feelings, perceptions, and behaviors, especially if they are consciously focused on other stimuli, such
as the task at hand or the person with whom they are interacting. In these conditions of unawareness,
hunger may be more likely to be conceptualized as emotions as compared to times when a person is
aware of being hungry, or aware of making emotional conceptualizations about their state. The
findings in Studies 1 and 2 in which individuals are unaware of hunger’s influence on their judgments
of the ambiguous pictographs, and in Study 3, where individuals are not focused on emotional
information, all support the notion that attention and the limits of awareness play important roles in
whether or not hunger impacts our emotions, judgments, and behaviors.

Finally, affect misattribution and psychological constructionist approaches to emotion join
growing efforts to develop situated models of cognition (Barsalou, 2009; Loersch & Payne, 2011,
2014; Mesquita, Barrett & Smith, 2010; Semin & Smith, 2008). For instance, according to the situated
inference model of cognition (Loersch & Payne, 2011, 2014), individuals make situated inferences
about the meaning and cause of their feelings and thoughts based on currently accessible information
in the situation—which may or may not be the true “source” of their feelings. Loersch and Payne

propose that the power of stimuli to activate associated concepts (i.e., “primes”) are deeply tied to the
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present situation, including what an individuals’ goals are in that situation and what an individual is
paying attention to in that situation.

The situated inference model is particularly relevant to the present studies’ findings: simply
being hungry did not alter participants’ feelings and behaviors; what mattered was how hunger
interacted with both the present context and what individuals attended to in that context. Loersch and

Payne (2014) refer to this as the different “questions” that the situation affords: such as the “who,”

” o, ” oK

“‘what,” “when,” “where,” and “why” of a given situation. For example, two individuals with highly
similar affective states and conceptual associations in the same situation (e.g., receiving criticism)
could construct different mental states if even a single aspect of the situation is altered: that is “who”
is delivering the criticism (e.g., a respected colleague who likely has one’s best interests at heart vs. a
complete stranger who has no right to deliver such personal critiques).

Strengths and Limitations

Findings held across three different studies using two different methodologies—behavioral
studies drawn from a representative online sample and a laboratory experiment. Given that all studies
had ample power and the primary finding that hunger shapes emotion replicated across all studies,
we can be more confident in the reliability of the effects. | also experimentally manipulated hunger vs.
satiation in Study 3, allowing for preliminary causal inferences about the role of hunger in emotion
conceptualization. Furthermore, these studies are novel: prior hunger research focuses on
aggression and impulsivity, with less of an emphasis on the affective outcomes of hunger. As such,
the present studies open up several new directions for research to better understand the mechanisms
underlying phenomenon such as “hanger”.

One potential limitation is that hunger was not manipulated in Studies 1 and 2. Although a
large proportion of individuals were satiated (outside the laboratory, people eat when hungry, so
finding hungry participants online in their day to day lives is more difficult), hunger was rated on an
ordinal scale to approximate a continuous variable, allowing for greater variability. The within-subject
nature of Studies 1 and 2 also increases power, enabling more consistent inference on the effects of

hunger.

Another potential limitation, as noted in Study 3, is that the operationalization of regulatory
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depletion as perseverance may not adequately capture the type of regulatory depletion that is

induced by hunger. Future work should examine hunger’s impact on self-regulation using other
regulation measures. However, Study 3 provides first evidence that individuals are not feeling “hangry”
simply out of depleted regulatory resources, but rather due to an interaction of hunger and situated
conceptualization.

When manipulating emotion vs. nonemotional focus in Study 3, | could have instead
manipulated higher order emotion-focus (have individuals write about “emotions” in general) rather
than writing about specific emotions (e.g., anger vs. sadness). At first glance, this may seem like a
better way to contrast the effect of focusing on emotional information vs. not. However, this kind of
higher-order manipulation could be problematic because without the use of specific emotion
categories, emotion can be confounded with general affect. Using anger vs. sadness or other discrete
emotion labels provides individuals with a specific category to disambiguate the meaning of affect,
which is vague and non-specific in nature (Kashdan, Barrett, & McKnight, 2015; Lindquist & Barrett,
2008a). As such, manipulating emotion-focus by having participants focus on specific categories may
actually be a strength of the study, rather than a limitation.

One final limitation is that | did not find much evidence that hunger impacts interpersonal
judgments. In Study 3, the strongest effects were for self-reported emotions. Besides finding that
individuals in the Hunger x No Emotion-focused condition marginally rated experimenters as more
judgmental, there were no interactions of hunger and attentional focus on the different dimensions of
interpersonal judgments. This may be due to the displaced aggression paradigm used. Some
participants reported feeling sorry for the experimenter during debriefing, blaming themselves for the
computer crash. This may explain why there are so few interpersonal judgment findings. It might also
be difficult to get participants to explicitly sanction their peers due to social norms, even though |
attempted to reduce the influence of social norms by making the measures as confidential as possible.

The researcher was also likely to be a sympathetic character—another undergraduate who
participants could relate to. Individuals are much more likely to de-mentalize and punish individuals
who are members of a different out-group (e.g., non-UNC student, non-young person, member of a

different racial or class group; Haslam, 2006). Future studies could thus make the researcher less
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sympathetic by making them a member of an out-group. Future studies could also use a different
paradigm that does not evoke sympathy or could more directly look at how hunger—in the context of
situated conceptualization—impacts social attributions (e.g., dominance, trustworthiness; see
Todorov, Olivola, Dotsch, & Mende-Siedlecki, 2015).

Conclusion

It is hard to shake the commonsense assumption that hunger and emotions are distinct
biological systems. These assumptions live on in models such as the regulatory depletion hypothesis,
and are an important starting point for research. However, as the present studies demonstrate,
hunger is more than an instinct that automatically reduces self-control. Hunger generates affective
feelings that can become conceptualized and integrated into our thoughts, emotions, and behaviors.
As such, the situated conceptualization of hunger, especially when we are unaware or not focused on
hunger’s impact, has very real world consequences for our social and emotional lives. The fact that
judges pass harsher sentences before than after lunch and that low blood sugar relates to greater
strife in intimate relationships (Danzinger, Levav, & Avnaim-Pesso, 2011; Bushman et al., 2014) is
motivation enough for future research.

In line with the present work, the emerging scientific picture suggests that the boundaries
between body states, emotions, and cognitions are far less distinct than traditionally assumed (e.g.,
Oosterwijk et al., 2012). Growing research suggests that every moment of consciousness is infused
with embodied representations (Craig, 2009; Damasio, 1999, 2004a; Duncan & Barrett, 2007; Kiefer
& Barsalou, 2013; Russell, 2005; Seth, Suzuki, & Critchley, 2012) and that momentary fluctuations in
homeostatic processes shape affect and subsequent emotional experiences.

For example, in the context of inflammation, administration of pro-inflammatory cytokines
predicts increased reports of general unpleasantness (Raison et al., 2010; Reichenberg et al., 2001;
Schiepers et al., 2005) and injections of pro-inflammatory bacterial endotoxin also increase negative
mood (Brydon et al., 2008; Strike et al., 2004; Wright et al., 2005). Induced inflammation can also
produce high arousal states (e.g., irritability, insomnia, hyperactivity) which are experienced as either
positive or negative affect (Constant et al., 2005). In contrast, acetaminophen, a drug that may

dampen central nervous system inflammation, reduces the self-reported intensity of positive and
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negative states (Durso, Lutrell, & Way, 2015). Besides affect, growing research in social psychology
and social affective neuroscience suggests that person perception, social judgments, and social
comparison are shaped by present moment homeostatic processes (e.g., Akinola & Mendes, 2012,
2013; Inagaki et al., 2012; Muscatell, Devodic et al., 2016; Muscatell, Moieni et al., 2016).

Of course, it’s possible that hunger’s impact on emotions and behaviors is carried out by two
different mechanisms: it could be both regulatory depletion and situated conceptualization. But the
present studies suggest that hunger does not automatically lead to failures of self-regulation. Instead,
“hanger” occurs under very specific boundary conditions: when hungry, in the right kind of situation
with access to relevant concepts and when attention is directed away from internal affective states.
It's promising that feeling hungry does not automatically make people more mean, irritable, or harsh.
This opens up the possibility for training individuals to recognize when their body states are shaping
their emotions and perceptions: simply becoming aware of internal feelings when hungry, fatigued,
sick, and so on may actually help mitigate the negative social and emotional consequences of these
body states.

Finally, although the present studies examined hunger’s contributions to emotional
experience and social judgments, these results may extend to other bodily states such as exhaustion
or inflammation (see discussion in MacCormack & Lindquist, in press). Future research should
pursue these questions, assessing how more basic, homeostatic bodily changes are driving changes
in emotional experience and socioemotional perceptions. A research program exploring homeostatic
impacts on social and emotional experience, perceptions, and behaviors would be an important step

towards understanding how the body constitutes emotions and the mind more generally.
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APPENDIX 1: TABLES

TABLE 1. Studies 1 and 2 descriptive comparisons

| Study 1 | Study 2

Hunger

Mean (SD) 2.15(1.32) 2.34 (1.40)

Skew (SE) 71(17) 45 (.205)

Kurtosis (SE) -.94 (.33) -1.24 (.40)
Sleepiness

Mean (SD) 1.65 (.72) 1.72 (.79)

Skew (SE) 1.02 (.16) .97 (.20)

Kurtosis (SE) 1.33 (.32) .98 (.40)
Thirst

Mean 1.61 (.77) 1.66 (.76)

Skew (SE) 1.27 (\16) 1.16 (.20)

Kurtosis (SE) 1.29 (.32) 1.75 (.40)
Attention

Mean 4.42 (.53) 4.49 (.50)

Skew (SE) -.67 (.16) -.81 (.20)

Kurtosis (SE) -.32 (.32) -.09 (.40)
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TABLE 2. Study 1 models for hunger x context effects

B S.E. t 95% Cl  95% CI
Lower Upper
Model 1
Fixed Effects
Intercept 4.051 .044 91.945*** 3.964 4.138
Random Effects
Residual Variance (c°) 2.663 .040 - 2584  2.744
Random Intercept Variance (1*) .356 .040 - .285 445
Model 2
Fixed Effects
Intercept 3.866 .090 42.639***  3.687 4.044
Condition .362 .066 5.462*** 232 492
Hunger -.030 .036 -.838 -.101 .040
Condition x Hunger .064 .026 2.463* .013 116
Random Effects
Residual Variance (c°) 2.597 .039 - 2.520 2.676
Random Intercept Variance (1°) .358 .040 - .286 447
Model 3
Fixed Effects
Intercept 4.300 400 10.737***  3.511 5.090
Condition .362 .066 5.459*** .232 492
Hunger -.038 .036 -1.042 -.110 .034
Engagement -.094 .084 -1.113 -.261 .072
Condition x Hunger .064 .026 2.465* .013 116
Random Effects
Residual Variance (c°) 2.597 .039 - 2.520 2.676
Random Intercept Variance (1°) .357 .040 - .286 447

tp <.10. *p <.05. ** p <.01. ***p < .001.
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TABLE 3. Study 1 models for thirst x context and sleep x context effects

B S.E. t 95% CI 95% ClI
Lower Upper
Model 4
Fixed Effects
Intercept 3.866 .090 42.639***  3.687 4.044
Condition .524 .079 6.564*** .367 .680
Thirst -.055 .060 -.918 -175 .063
Condition x Thirst -.013 .044 -.302 -.100 .073
Random Effects
Residual Variance (o°) 2.599 .039 - 2.522 2.678
Random Intercept Variance (1*) .355 .040 - 284 444
Model 5
Fixed Effects
Intercept 3.782 A17 32.146™** 3.550 4.014
Condition .526 .086 6.109*** 357 .695
Sleepiness .01 .065 .861 - 117 .140
Condition x Sleepiness -.014 .048 .756 -.109 .079
Random Effects
Residual Variance (c°) 2.599 .039 - 2.522 2.678
Random Intercept Variance (1°) .357 .040 - 286 447

tp <.10. *p <.05. ** p <.01. ***p < .001.
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TABLE 4. Study 2 models for hunger x context effects

B S.E. t 95% ClI  95% Cl
Lower Upper
Model 1
Fixed Effects
Intercept 3.805 .044 86.841**  3.718 3.891
Random Effects
Residual Variance (c°) 3.139 .045 - 3.050 3.229
Random Intercept Variance (1) 225 .032 - 169 298
Model 2
Fixed Effects
Intercept 3.565 .093 38.094**  3.380 3.749
NegCondition .670 .081 8.210™** 510 .830
PosCondition -.293 .081  -3.595"** -.453 -.133
Hunger .048 .034 1.395 -.019 115
NegCondition x Hunger .064 .029 2.158* .006 122
PosCondition x Hunger -.039 .029  -1.323 -.097 .019
Random Effects
Residual Variance (c°) 2.907 .042 - 2.826 2.992
Random Intercept Variance (1°) 224 .032 - 169 296
Model 3
Fixed Effects
Intercept 3.582 AT7 7.504*** 2.638 4.526
NegCondition .670 .082 8.210™** .510 .830
PosCondition -.293 .082  -3.595 -.453 -.133
Hunger .047 .035 1.360 -.021 116
Engagement -.004 .099 -.036 -.199 192
NegCondition x Hunger .064 .029 2.158* .006 122
PosCondition x Hunger -.039 .029  -1.323 -.097 .019
Random Effects
Residual Variance (c°) 2.907 .042 - 2.826 2.992
Random Intercept Variance (1°) 226 .032 - 170 299

tp <.10. *p <.05. ** p <.01. ***p < .001.
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TABLE 5. Study 2 models for thirst x context and sleep x context effects

B S.E. t 95% Cl  95% CI
Lower Upper
Model 4
Fixed Effects
Intercept 3.463 114 30.398***  3.239 3.688
NegCondition .790 .099 7.989*** .596 .984
PosCondition -.043 .099 -.436 -.237 .150
Thirst 128 .062 2.070* .006 .249
NegCondition x Thirst .018 .053 .345 -.086 123
PosCondition x Thirst -.205 .053 -3.829*** -.309 -.099
Random Effects
Residual Variance (c°) 2.904 .042 - 2.823 2.989
Random Intercept Variance (1°°) 227 .032 - A71 299
Model 5
Fixed Effects
Intercept 3.636 116 31.290**  3.407 3.865
NegCondition T77 101 7.709%** 579 975
PosCondition -.566 .101 -5.615*** -.764 -.368
Sleepiness .025 .061 .384 -.097 144
NegCondition x Sleepiness .025 .053 478 -.079 129
PosCondition x Sleepiness .104 .053 1.965* .001 .209
Random Effects
Residual Variance (c°) 2.909 .042 - 2.828 2.994
Random Intercept Variance (1°) 227 .032 - 172 .301

tp <.10. *p <.05. ** p <.01. ***p < .001.
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TABLE 6: Studies 1 and 2 simple slopes tests for Model 2 with neutral as reference

Effects Estimate (S.E.) [t p
Study 1
Intercept 4.23 (.091) 46.54 <.0001
Slope .03 (.036) .96 337
Study 2
Negative Context
Intercept 4.23 (.099) 42.63 <.0001
Slope .11 (.036) 3.09 .002
Positive Context
Intercept 3.27 (.099) 32.93 <.0001
Slope .01 (.036) .23 .821
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TABLE 7. Study 3 means with 95% confidence intervals

Anger-focused
(Cl Lower, Upper)

Sadness-focused
(Cl Lower, Upper)

No Emotion-focused
(Cl Lower, Upper)

HA Neg Emotion

Hunger

497 (292, .702)

1487 (.299, .675)

.847 (.651, 1.043)

Satiated

556 (.429, .683)

514 (.380, .647)

488 (.352, .624)

Anger

Hunger

1.636 (1.108, 2.165)

1.346 (.860, 1.832)

1.833 (1.328, 2.339)

Satiated

1.509 (1.181, 1.837)

1.423 (1.079, 1.767)

1.520 (1.170, 1.870)

Hate

Hunger

1091 (-.136, .318)

231 (.022, .440)

583 (.366, .801)

Satiated

.211 (.069, .352)

.078 (-.071, .228)

1082 (-.070, .234)

Stress

Hunger

1.045 (.607, 1.484)

885 (481, 1.288)

1.625 (1.205, 2.045)

Satiated

1.246 (.973, 1.518)

1.246 (.888, 1.458)

1.080 (.780, 1.371)

Overall Experimenter

Hunger

427 (126, .728)

500 (.223, .777)

742 (454, 1.030)

Satiated

614 (427, .801)

485 (.289, .680)

505 (.309, .701)

Experimenter is Aggressive

Hunger

.045 (-.180, .271)

192 (-.015, .400)

083 (-.133, .299)

Satiated

105 (-.035, .246)

.058 (-.089, .205)

1096 (-.051, .243)

Experimenter Lacks Empathy

Hunger

273 (-.278, .824)

.692 (.185, 1.199)

1.042 (514, 1.569)

Satiated

.768 (.422, 1.113)

.596 (.238, .955)

.800 (.434, 1.166)

Experimenter is Judgmental

Hunger

.045 (-.234, .325)

154 (-.103, .411)

.625 (.357, .893)

Satiated

.070 (-.104, .244)

173 (-.009, .355)

173 (-.009, .355)
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APPENDIX 2: FIGURES

FIGURE 1. Conceptual model of a psychological constructionist theory of emotion
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Core affect is likely generated when afferent information from peripheral body representations (e.g.,
autonomic nervous system changes, changes in the visceral organs, neuroendocrine and immune
system shifts) are received, monitored, and re-represented in the central nervous system (including
but not limited to the insula, anterior cingulate cortex, orbitofrontal cortex, and amygdala).
Psychological constructionist views of emotion posit that an emotional experience emerges from the
situated interaction between exteroceptive sensations, core affect, conceptual knowledge, and
executive functions. This integrative process that generates an emotional experience is called
situated conceptualization.
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FIGURE 2: Study 1 hunger x context interaction
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FIGURE 3. Study 2 hunger x context interactions
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FIGURE 4. Study 3 mean differences for time spent on the self-regulation task
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FIGURE 5. Study 3 mean differences for negative, high arousal emotions
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FIGURE 6. Study 3 mean differences for hate
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FIGURE 7. Study 3 mean differences for stress
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FIGURE 8. Study 3 mean differences for experimenter as judgmental
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