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Abstract

Self-control is the individual’s ability to alter cognitions, emotions, and behaviors by
shielding from short-term distractions in order to obtain longer-term goals. Failures of self-
control have been linked to a wide array of individual and societal problems, including
substance abuse and overweight (Baumeister, 2001). To study these failures, self-control
researchers focused on a dual-task setup in order to investigate performance decrements in
subsequent self-control efforts that can be linked as an underlying mechanism of the wide
array of problems mentioned above. Although there is a large body of research on the
limitations of self-control when performing consecutive tasks, often termed ego depletion,
evidence is still ambiguous regarding the existence and size of the ego depletion effect, as well
as regarding approaches to explain those observed ego depletion effects.

Based on the ambiguous evidence and the explanatory models, I identified four current
topics in ego depletion research which can help to advance research in this field. The first
research question aims at comparing current models of ego depletion in order to gain a deeper
understanding of which models can explain which facet of the phenomena ego depletion. The
second and third current topic investigates the internal and external validity of the ego
depletion evidence. The fourth topic focuses on alternative ways of capturing limited self-
control performance in laboratory research aside the dual-task paradigm.

Chapter 1 provides an overview of the theoretical and empirical background underlying
limited self-control performance and summarizes current hot topics in research on ego
depletion. Chapter 2 — 5 contain four self-contained studies that each addresses one of the
aforementioned topics in ego depletion research.

Chapter 2 examines the first topic, aiming to compare models of ego depletion. By
introducing a mild induction of positive affect in between two laboratory tasks, the study was

set out to test the diverging predictions of two models, the strength model of self-control
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(SMSC) and the conflict-monitoring theory (CMT), with regard to the impact of affect and
task characteristics on ego depletion within a dual-task paradigm. The results in Chapter 2
demonstrated that positive affect only benefitted consecutive self-control performance if
response conflicts in the two tasks were different. If they were the same, positive affect
impaired self-control performance. This effect cannot be explained by the SMSC, which
would assume a general performance improvement under positive affect, but by the CMT,
which predicts a stability-flexibility tradeoff favoring flexibility under positive affect.

Chapter 3 builds on this research in order to investigate if the flexibility-enhancing
effect of positive affect on self-control can be found in everyday life as well, evidencing
ecological validity (third current topic). In a 13-day diary study consisting of 297 participants,
positive affect was differently associated with self-control success depending on whether the
self-control strategies required stability or flexibility, in that individuals with higher positive
affect were most successful when following a strategy of distraction that requires flexible
disengagement from the current conflicting situation. These results reinforce the idea that
positive affect is associated with both cognitive flexibility and distractibility, which may help
people distract them from tempting desires, and provides evidence that the effects found in
laboratory research can be found in daily life as well, demonstrating the ecological validity of
the flexibility-enhancing effect of positive affect.

Although, the detrimental effect of positive affect on similar tasks that require stability
and not flexibility can be explained by the CMT, the explanation only holds true if the ego
depletion exists. However, one depletion condition in Chapter 2 failed to demonstrate
performance differences in comparison to the control condition, which can be connected to
recent research suggesting that the ego depletion effect size found in prior research (Hagger,
Wood, Stiff, and Chatzisarantis, 2010) is not robust (Carter, Kofler, Forster, and McCollough,

2015; Hagger et al., 2016), which questions the internal validity of the results. The purpose of
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Chapter 4 was, thus, to build on a crossover design that enables high statistical power with
only a single study. The findings in Chapter 4 showed that (a) the within-subjects ego
depletion effect only had small effect sizes, (b) there was substantial heterogeneity in the
results depending on the outcome measure, demonstrating the influence of the researcher’s
choice of analysis method which may explain the heterogeneous results in prior ego depletion
research, and (c) there was significant reactivity for our explicit, standardized ego depletion
manipulation check, resulting in worse performance after initial performance.

The results in Chapter 4 also demonstrated a large variability of the ego depletion effect
size within subjects, indicating performance decrements in some and gains in other individuals
due to consecutive self-control. Thus, Chapter 5 introduced a design that presents an
alternative way of capturing limited self-control: Instead of only comparing performance
between the conditions, goal strength towards performance in the second task was
additionally assessed between the two tasks which enables researchers to compare
performance in the second task with the goal participants set themselves. Chapter 5
demonstrated that participants who initially exerted self-control set themselves a stricter
instead of a more lenient goal than controls, in that they chose to eat less cookies or wanted to
perform better. However, these participants could not follow through with their more
ambitious intentions, whereas participants without an initial self-control task could adhere to
their self-set goal.

To sum up, the present dissertation shows that ego depletion can be influenced by
positive affect, is not as robust as suggest in prior research, and, thus, may be better captured
as the inability to follow through with one’s own intentions. Chapter 6 discusses the
implications of the presented set of studies and discusses prospects for future research.
Specifically, Chapter 6 shows how research on ego depletion could (a) benefit from connected

lines of work such as the literature on mental fatigue, (b) explain the large variability of the ego
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depletion effect found in Chapter 4, and (c) provide more evidence of ecological validity of
self-control limitations by further using ambulatory assessment as complementary tool to

laboratory research.
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Chapter 1:
General Introduction

People often believe that they could improve their lives if only they had more of that
elusive quality known as self-control. Life would radically change then: People would eat
healthy, exercise regularly, stop procrastinating, save money, and avoid drugs. However, as
tempting as that bowl of cookies might seem, lack of self-control is the major reason why
participants do not follow through with such changes according to the Stress in America 2011
survey (American Psychological Association, 2012), in that 27 percent of the participants in that
survey responded that lack of self-control was the most significant barrier to change. However,
although many people seem to blame limited self-control for their limited success in changing
their thoughts and behaviors, the Stress in America 2011 survey also demonstrate that
participant still have hope: 71 percent of the respondents believe that self-control can be learned
and that it can be done by improving their ability to make changes and by helping them to feel
better about themselves.

Interestingly, these rather optimistic views of improving self-control deviate from the
focus on limitations of self-control that has been given in psychological research. Here, se/f-
control is often defined as one’s ability to adaptively alter dominant responses (Baumeister, 2001)
by directing one’s thoughts and actions to control emotions, cognitions, and behaviours (Vohs
& Baumeister, 2004). Without the ability to exert self-control, people would merely stick to
dominant behaviours and pursue “old habits” (Baumeister, Vohs, & Tice, 2007), without any
freedom to choose (Baumeister, Masicampo, & DeWall, 2009; Rigoni, Kithn, Gaudino, Sartori,
& Brass, 2012). Although research on self-control has been conducted for a long time (e.g.,

Mischel, Ebbesen, & Raskoff Zeiss, 1972), interest in self-control sparked in recent years. Figure
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1 presents the number of articles on self-control published since 1986 and it shows that self-

control research was increasingly popular since the late 1990s.
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Figure 1. Publication trend in research on self-control.

In line with the Stress in America 2011 survey (American Psychological Association,
2012), research found that measures of self-control correlate with a number of important
outcomes such as weight gain or loss (Crescioni et al., 2011), substance abuse (Moffitt et al.,
2011), self-esteem (Tangney, Baumeister, & Boone, 2004), or academic achievement (Cleary,
2000). Specific examples of situations or acts where self-control seems to be limited are impulse
buying, drug use, gambling, unprotected sex, binge eating, procrastination, and violence

(Baumeister & Heatherton, 1990).
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The timing of the spike in interest in self-control research coincided with the development
of the dual-task paradigm by Roy Baumeister and his colleagues (e.g., Baumeister et al., 1998) as
a new approach to investigate the state of self-control failure in a controlled laboratory
environment. In the dual-task paradigm, participants complete two tasks where the first task
differs in self-control demands between an experimental and a control condition: Participants
in the experimental condition perform a first task that requires self-control (e.g., thought
suppression) while the control group participants perform a first task that does not require self-
control. The second task requires self-control in both conditions (e.g., resisting to eat cookies).
The performance in the second task can then be compared between participants in the
experimental and control condition. A plethora of studies have demonstrated that performance
after initial self-control is reduced compared to the control condition, termed ego depletion eftect
(Baumeister et al., 1998), as evidenced by a medium-to-large pooled effect size of 4 = .62 across
various spheres of self-control in a meta-analysis of 83 studies by Hagger and colleagues (2010).

This dissertation builds on and advances this dual-task paradigm to deepen the
understanding of the limits of self-control or ego depletion and its influencing factors. In the
present chapter, I outline the theoretical background, provide an overview of the relevant
literature, summarize prior research findings, introduce the models explaining the ego depletion
effect, and point to current topics in the research on limited self-control. Building on these
current topics, Chapter 2 to 5 present four empirical studies examining open questions regarding
alternative explanations of the ego depletion effect (Chapter 2), the external validity of the
moderating influence of positive affect on self-control performance in daily life (Chapter 3), the
robustness of the ego depletion effect (Chapter 4), and an alternative way of assessing limited
self-control in laboratory research (Chapter 5). In the final Chapter 6, I will summarize and
integrate the main findings, discuss the limitations and implications for the study of ego

depletion based on the presented four studies, and provide prospects for future research.
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1.1 Models Explaining Ego Depletion

1.1.1 Strength Model of Self-Control

To explain the observed ego depletion effects in the dual-task paradigm, Baumeister and
his colleagues formulated the strength model of self-control (SMSC; Baumeister, Vohs, &
Tice, 2007) which is based on five main assumptions (Muraven & Baumeister, 2000). The first
assumption is that acts of self-control draw from a self-control resource called self-control
strength, which is, second, limited, in that individuals have a finite capacity for self-control.
This means that self-control strength can get depleted by consecutive acts of self-control, for
example by performing the two tasks in the dual-task paradigm. Third, all acts of self-control
require the same self-control strength and, thus, executing self-control in the first (e.g,,
regulating emotions) should diminish self-control strength available for self-control in any
other sphere in the second task (e.g., performing the Stroop task). Fourth, performance in
self-control tasks, or more general the success of self-control, depends on the individual’s level
of self-control strength. Thus, the existence of depletion of the limited resource is (indirectly)
inferred from the deteriorating performance in the experimental condition in the second task
of the dual-task paradigm compared to the control condition. Fifth, executing self-control task
directly depletes self-control strength which diminishes the level of self-control strength
available for subsequent acts of self-control efforts and, thus, must be replenished first before
the full measure is available again.

These assumptions are often illustrated in terms of a muscle analogy: If an individual
uses a muscle for some period of time, this muscle becomes fatigued by exertion, leading to a
state of reduced capacity (e.g., Muraven et al., 1998). If this individual, then, uses the same
muscle immediately again for another effort, executing that act is more difficult and less

effective if the muscle had been at rest. To the best of my knowledge, there is only one study
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that tested how long such a break between the first and second task in the dual-task paradigm
must be until the limited resource is replenished: By manipulating the time of the break (i.e., 1,
3, or 10 minutes), Tyler and Burns (2008) found that performance in the experimental
condition in the second task was significantly worse in the 1-minute condition and 3-min
condition compared to the control condition but did not differ in the 10-minute condition.
Tyler and Burns (2008) further reported in a second experiment that a 3-minute break, where
participants were encouraged to actively relax, also diminished the ego depletion effect,
suggesting that short breaks should be enough for relatively short acts of self-control in the
first task.

Although the evidence for the ego depletion effect is impressive (Hagger et al., 2010),
there are a large number of moderators: positive affect (e.g., Tice, Baumeister, Shmueli, &
Muraven, 2007; Nealis, van Allen, & Zelenski, 2016), motivation (e.g., Muraven & Slessereva,
2003), autonomy (e.g., Muraven, Gagné, & Rosman, 2008; Moller, Deci, & Ryan, 2000),
implementation intention (e.g., Webb & Sheeran, 2003), priming (e.g., Alberts, Martijn, Greb,
Merkelbach, & de Vries, 2007; Martijn et al., 2007), distraction (e.g., Alberts, Martijn,
Nievelstein, Jansen, & de Vries, 2008), self-affirmation (e.g., Schmeichel & Vohs, 2009), trait
self-control (e.g., Imhoff, Schmidt, & Gerstenberg, 2014), lay theories about self-control (e.g.,
Job, Dweck, & Walton, 2010), or age of participants (Dahm et al., 2011), among others. This
rather long list demonstrates the large variability of the ego depletion effect which is
supported by the substantial degree of heterogeneity in the effect size across the studies in the
meta-analysis by Hagger and colleagues (2010). Moreover, the evidence regarding moderating
influences results in the need for auxiliary assumptions of the SMSC in order to keep the
model in line with the evidence. Thus, Baumeister and Vohs (2007) published an extension of
the SMSC where they added two auxiliary assumptions. First, people do not deplete their self-

control strength completely but conserve it for more important self-control efforts. Second,
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individuals with high motivation can overcome the effect of depletion to some extend by
compensating for the reduced ability to self-control in a depleted state.

However, at least three problems arise from the modification. First, the additional
assumptions can only explain some moderators such as motivation but not others such as
distraction. Second, extending models via auxiliary assumptions comes at the risk of
immunizing the theory which increase the difficulty to falsify it. This problem is even further
aggravated by the main assumption of the SMSC that the level of the limited resource cannot,
up to this date, be directly assessed but only indirectly inferred by the deteriorating
performance, which is the very thing the model tries to explain. Third, large evidence
regarding the influence of motivation on self-control performance in the dual-task paradigm is
hard to reconcile with the assumption of a limited resource in the SMSC. Eatly evidence of
the importance of motivation was reported by Muraven and Slessareva (2003) who found that
participants could maintain high levels of self-control if they were offered internal or external
incentives. In the same vein, the ego depletion effect disappeared when temptations were
reframed as tests of self-control (Magen & Gross, 2007) or when an unrelated reward was
given in the break between the two tasks of the dual-task paradigm such as smoking cigarettes
(Heckman, Ditre, & Brandon, 2012) or receiving a gift (Tice et al., 2007). By adding
motivation to consume or conserve self-control strength as an auxiliary assumption to the
SMSC, which then explains why participants in the experimental condition perform worse in
the second task, the question arises whether the limited self-control resource is a necessary
condition in order to explain the reduced self-control performance in the experimental
condition. If individuals have high self-control strength, self-control performance deteriorates
because individuals rate the tasks sufficiently important or interesting and, thus, are not willing

to apply enough effort. In turn, when they rate it as interesting, they are willing to exert self-
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control. Thus, it is an open question if the limited resource is more than a metaphor that is

necessary to explain the limits of self-control observed in the dual-task paradigm.

1.1.2 Motivational-Attentional Process Model

In recent years, several alternative approaches have been developed to explain ego
depletion and its moderating influences without necessarily relying on a limited self-control
resource. In the next sections, I will outline the three most important alternative explanations:
the motivational-attentional process model (Inzlicht & Schmeichel, 2012), the opportunity
cost model (Kurzban, Duckworth, Kable, & Myers, 2013), and the conflict-monitoring theory
(Botvinick, Braver, Barch, Carter, & Cohen, 2001; Dewitte, Bruyneel, & Geyskens, 2009).

Inzlicht and Schmeichel (2012) proposed a prominent re-formulation of the original
ego depletion model by adopting a process perspective on ego depletion (Inzlicht, Schmeichel,
& Macrae, 2014): In their motivational-attentional process model (MAPM), they argue that shifts in
motivation and attention offer a suitable alternative explanation for ego depletion that does
not necessarily require the recourse to a limited resource. The motivational process describes
changes in motivation that occur after an individual exerts self-control. Since practicing self-
control is effortful, motivation is thought to shift from self-control motives or ‘have-to’-tasks
towards reward motives or ‘want-to’ tasks. ‘Have-to’ tasks are seen to be carried out due to a
sense of duty, whereas ‘want-to’ tasks are seen to be carried out since they are inherently
meaningful and enjoyable (Inzlicht, Schmeichel, & Macrae, 2014). Thus, after the first,
effortful task in the dual-task paradigm, individuals, instead of wanting to control themselves
any longer, want something rewarding for their efforts, which is often absent in experimental
setups. The shift in motivation towards reward triggers the attentional process: People are, then,
more attentive for reward cues after initial self-control and less attentive for cues signaling

further self-control, leading to worse performance in the second task.



Chapter 1: General Introduction 8

The MAPM has several advantages over the SMSC. First, it accounts for the existing
evidence of the ego depletion effect without reference to the problematic resource concept
(Navon, 1984). The notion of a limited self-control resource is of little use when explaining
why short times of exerting self-control (e.g., one minute: Halali, Bereby-Meyer, & Meiran,
2014), which should not impact the self-control capacity substantially, still lead to observable
declines in performance. Second, it can account for phenomena that cannot be explained by
the SMSC. For example, research found that tasks that should not specifically require self-
control such as memory updating (Schmeichel, 2007) or the expressed willingness to help a
stranger in a hypothetical scenario (Gailliot et al., 2007) also lead to observable declines in
consecutive task performance in participants that performed a more difficult version of the
first task compared to participants with an easy version. Third, since ego depletion is seen as
the outcome of a process of shifting priorities, it enables research to investigate the conditions
at which ego depletion occur in more detail, leading to a deeper understand that can be used
for future interventions of self-control limitations.

A model that is closely connected to the MAPM is the justification-based account (de
Witt Huberts, Evers, & de Ridder, 2012; de Witt Huberts, Evers, & de Ridder, 2014; Prinsen,
Evers, & de Ridder, 2016), which ties in why and how people switch from ‘have-to’ to ‘want-
to’ goals. Here, decreases in subsequent self-control performance are seen as the result of self-
licensing: When individuals experience a self-regulation dilemma between immediate impulses
(e.g., discontinue a boring, effortful task) and long-term intentions (e.g., getting partial course
credit or being an agreeable person), they resolve the conflict by developing and employing
justifications that allow violations of the long-term goal they endorse (the ‘have-to’ goal) in

order to follow the immediate impulse (the ‘want-to’ goal).
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1.1.3 Opportunity Cost Model

In the opportunity cost model (OCM; Kurzban et al., 2013), which integrates from multiple
lines of research on cognitive control or mental fatigue, self-control is understood as a
decision to engage in one course of action over another. For effective self-control, individuals
must balance when to engage in a task, when to persevere, and when to disengage. If this
balance is not achieved, individuals may give up prematurely or spend too much effort for too
little reward. This view is based on the assumption that natural selection would favor
adaptations which minimize opportunity costs due to poor decisions regarding whether to
engage or to disengage from a task (Kurzban et al., 2013). Thus, such adaptation has inherent
disutility which makes self-control aversive (Kool et al., 2010). Consequently, individuals
constantly weighing up the costs associated with task engagement and disengagement and the
inherent disutility of continuing self-control accumulates the more individuals have already
engaged in self-control (Kool & Botvinick, 2014). Taken together, in this view, performance
decreases in subsequent self-control efforts are not due to some finite resource being
exhausted but due to the change in cost they associate with different options and, thus, in
individuals’ preferences and priorities.

Comparing to the MAPM, both the OCM and the MAPM share striking similarities.
Both models are based on modern theories of fatigue that do not rely on resources or energy
but motivation (Hockey, 1997; Hockey & Earle, 2006) and both models explain self-control
decrements by shifts in the valuation effort versus reward. A strength of the OCM compared
to the MAPM is that it captures a broader range of inputs that influence a decision such as
information, opportunity costs, task importance, task framing, and effortfulness which allows

for accommodating findings that are more difficult to account for with a resource model (e.g.,
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Clarkson, Hirt, Jua, & Alexander, 2010; Dang, Dewitte, Mao, Xiao, & Shi, 2013; Heckman et

al., 2012).

1.1.4 Conflict Monitoring Theory

However, although both the MAPM and the OCM demonstrates that a self-control
resource is not necessary in explaining the evidence regarding the ego depletion effect, both
still have difficulties in explaining why performing one short task results in performance
declines. For instance, one may assume it to be rather unlikely that participants who exert self-
control for as short as one minute (Halali et al., 2014) should already experience a decrease in
motivation to a degree that hampers subsequent self-control effort. If true, this would render
task engagement and, consequently, self-control surprisingly volatile. Moreover, the MAPM
draws on evidence from research on mental fatigue such as performing a Stroop task for 90
minutes (Marcora, Staiano, & Manning, 2009) to explain shifts in motivation. It is unclear,
however, if this translates to substantially shorter task. Furthermore, there is little direct
evidence for changes in motivation or goals that mediate ego depletion (Baumeister, 2014; see
1.2.1 for more information). Given the limited and ambiguous evidence on the role of task
motivation in ego depletion, self-control tasks in laboratory research may either be
extraordinarily boring and not engaging at all, leading to a prompt reevaluation of the given
options, or there may be another mechanism in place that mitigates self-control decrements.

Drawing on the conflict-monitoring theory (CMT; Botvinick, Braver, Barch, Carter, &
Cohen, 2001; Miller & Cohen, 2001), self-control decrements after a short initial task can be
explained by switch costs, in that switching from a first task that is too short for individuals to
completely adapt to its self-control demands leads to perseveration to outdated self-control
cues from the first task when performing the second task. In this view, a self-control situation

is characterized by a response conflict where competing responses are simultaneously activated,
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such as the response to name the color or the word in the Stroop task. Furthermore, cognitive
control is guided by two distinct putative neural systems, a conflict-monitoring system and a
regulatory system. The conflict-monitoring system should detect conflicts between intended and
actual responses, which are then passed on to the regulatory systems for further processing. In
case of different consecutive self-control demands, the response conflict in the first task could
still linger in the regulatory system, leading to difficulties to adapt to the novel response
conflict and, thus, to self-control decrements. Thus, ego depletion can be understood as
switch costs resulting in perseveration to outdated self-control cues. First evidence for switch
costs was reported by Inzlicht and Gutsell (2007) who conducted an electroencephalography
study in order to assess event-related potentials during consecutive self-control. As a measure
of activity in the conflict-monitoring system, a part of the event-related potential — the error-
related negativity — was used, which is evoked when people make errors on reaction time tasks
(Kerns, Cohen, MacDonald, Stenger, & Carter, 2004; Heathterton & Wagner, 2011). Inzlicht
and Gutsell (2007) found that participants who exerted initial self-control performed worse
than participant without initial self-control efforts and that this difference was mediated by a
weaker error-related negativity signal. This finding indicates that initial self-control weakens
monitoring of subsequent self-control demands by diverting attention away from (novel) self-

control cues towards, presumably, rewarding stimuli.

1.2 Current Topics in Research on Ego Depletion

To date, there has been much theoretical and empirical advancement in understanding
when and why self-control seems to be limited in laboratory research. In the following
paragraphs, I will outline several limitations of prior research and point to open questions that

provided the basis for the studies in this dissertation.
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1.2.1 Limited Evidence for Alternative Explanations

Since alternative explanations for the ego depletion have only recently been developed,
there is little direct evidence regarding motivational and attentional processes underlying ego
depletion compared to the large body of evidence for the demonstration of the ego depletion
effect itself. Regarding the role of motivation, both the MAPM and the OCM make strong
claims about motivational shifts towards reward mediating ego depletion. First evidence for
motivational influences on ego depletion was provided by Muraven and Slessareva (2003) who
found that exerting initial self-control did not reduce subsequent self-control performance
when a monetary incentive was offered to the participants. Moreover, Schmeichel, Harmon-
Jones, and Harmon-Jones (2010) reported that engaging in self-control in the first task
increased approach-motivated impulses, in that depleted participants gambled more often for
low-stakes winnings than controls. Other studies found that rewarding activities such as
watching television (Derrick, 2012), smoking (Heckman et al., 2012), or affirming core values
(Schmeichel & Vohs, 2009) also prevent ego depletion effects. Moreover, participants after
initial self-control efforts appraised their goals as less important and worthwhile as well as of
less priority (vanDellen, Shea, Davisson, Koval, & Fitzsimons, 2014) and reported lower levels
of commitment to their self-control goals (Walsh, 2014).

Evidence for the CMT is similarly scarce. Beside the first evidence provided by Inzlicht
and Gutsell (2007), switch costs have been shown within tasks on a trial-to-trial basis (Kiesel
et al., 2010), but also between consecutive tasks under certain conditions: Dewitte, Bruyneel,
and Geyskens (2009) only found ego depletion if both tasks in a dual-task experiment were
dissimilar and, therefore, required significant switching of responses for completing the
second task. When both tasks were similar, no ego depletion effect was found. The role of

switch costs was further supported by a recent study by Dang, Dewitte, Mao, Xiao, and Shi
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(2013) who found that performance in the second task of two dissimilar self-control tasks was
only impaired when the first task was too short to adapt to the self-control demands. If
participants performed the first task (a Stroop task) for a longer period of time that allowed
for adapting to the self-control demands (reflected in a reduced Stroop effect), no ego
depletion effect was found. Finally, evidence for adaptation effects have been found outside
laboratory research as well: Instead of increasing the risk of smoking relapse, the number of
recently resisted temptations to smoke decreased the chance of smoking relapse in a sample
with 11,176 smoking temptation episodes (O’Connell, Schwartz, & Shiffman, 2008). This
finding demonstrates that prior instances of resistance to smoking did not invoke but instead
protected people from indulging in current smoking temptations.

Although more research is accumulating to suggest that initial self-control does indeed
influences individual’s appraisal of their goals and motives or that it is associated with switch
costs, evidence, however, is still preliminary and, thus, more research is needed in order to
gain a deeper understanding of the underlying cognitive and motivational mechanisms of ego

depletion.

1.2.2 Limited Internal Validity

Over the past two decades, researchers have collected a large body of evidence for the
ego depletion effect: Hagger and colleagues (2010) conducted a meta-analysis of 83 studies
and reported a medium-to-large pooled effect size of 4 = 0.62 for the ego depletion effect.
Although an impressive amount of evidence has been amassed so far, the notion of ego
depletion and its supporting evidence have recently been challenged. Carter and McCollough
(2013; 2014) reanalyzed the studies used in the meta-analysis by Hagger and colleagues (2010)
and found evidence for small-study effects such as publication bias. By applying two bias-

correction methods, they found average effect sizes of 4 = 0.25 and 4 = -0.10, respectively. In
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addition, Carter and colleagues (2015) conducted a meta-analysis in which they included non-
published effect sizes (40% from the total of included effect sizes) and excluded studies with
tasks that did not directly relate to self-control (e.g., imagining cheating on a hypothetical
romantic partner). They reported a pooled effect size of Hedge’s ¢ = 0.43, 95% CI [0.34, 0.52].
This pooled effect was reduced to a Hedge’s g = 0.24, 95% CI [0.13, 0.34] when 25% extra
studies were imputed in order to counterbalance the funnel plot. However, although the trim-
and-fill procedure is widely used in meta-analytical research, it is also often criticized (e.g.,
Moreno et al., 2009; Simonsohn, Nelson, & Simmons, 2014). Carter and colleagues (2015),
thus, employed two novel bias-correction techniques — which are sparingly used in economic
research (e.g., Stanley, 2008) — that reduced the pooled effect size to zero. The two
metaregression techniques, the Precision Effect Test (PET) and the Precision Effect
Estimation with Standard Error (PEESE), rely on weighted least squares regression in order
to taking into account the association between the effect size and the standard error. Since the
association should not dependent on the sample size — which is strongly correlated to the
standard error —, a significant association is seen as evidence for publication bias and, in turn,
can be used to bias-correcting the meta-analytical results. While this assumption is not
uncontroversial (Borenstein, Hedges, Higgins, & Rothstein, 2009), there is evidence that this
association is not apparent in large studies (Kthberger, Fritz, & Scherndl, 2014).

However, research has shown that both PET and PEESE (as well as the trim-and-fill
procedure) perform pootly in case of heterogeneous effects (Moreno et al., 2009; Reed,
Florax, & Poot, 2015) which were found in both meta-analyses of the ego depletion effect
(Hagger et al. 2010; Carter et al., 2015). Inzlicht, Gervais, and Berkman (2015) simulated
40,000 meta-analyses with the presence of heterogeneous effects in order to compare several
bias-correction techniques including PET and PEESE. The authors found that none of the

techniques performed constantly adequately and that the bias-corrected estimates did not
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converge. Thus, although bias-correction is of use in ego depletion research, it is still of
limited use in order to decide whether the ego depletion is different from zero or not.

An alternative approach to facilitate this decision is a large-scale approach with high statistical
power. In 2016, the results of a pre-registered multi-lab replication study of the ego-depletion
effect including 23 labs with a total of 2141 participants were published (Hagger et al., 2016).
Out of the 23 participating labs, three labs found significant effect sizes, with one effect size in
the opposite direction (i.e., better performance in the experimental compared to the control
condition), converging to a non-significant pooled effect size of Cohen’s 4 =0.04, 95% CI |-
0.07, 0.15]. Unsurprisingly, the replication project was criticized by the authors of the original
study (Sripada, Kessler, & Jonides, 2014) by providing evidence that the results were
moderated by whether English was the first language or not, in that the effect was slightly
larger in the predicted direction, 4 = 0.14, 95% CI [-0.02, 0.30] (Sripada, Kessler, Jonides,
2016). Although this effect is still not significant considering the commonly used threshold of
p = .05, the authors conclude that the tasks in ego depletion research vary considerably across
studies and may depend on different underlying mechanisms, leading to heterogeneous results.
In order to test this assumption, single studies with high power are needed to compare the

various tasks and investigate undetlying mechanisms.

1.2.3 Limited Ecological Validity

Initially, research on ego depletion was set out to investigate problems associated with
low self-control (Muraven et al., 1998). For example, low levels of self-control have long been
associated with criminal behavior (Gottfredson & Hirschi, 1990), dieting (Herman & Polivy,
1975), smoking (Russel, 1971), risk of divorce (Kelly & Conley, 1987), aggression and lower
(Baumeister, 1997; Funder & Block, 1989; Funder, Block, & Block, 1983), stress (Shoda,

Mischel, & Peake, 1990), and obsessive or ruminative thoughts (Martin & Tesser, 1989;
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Wegner, Schneider, Carter, & White, 1987). Researcher, thus, argued that failure of self-
control is negatively related to success in many aspects of life (Muraven et al., 1998) and that
many of the individual and societal difficulties, ranging from unprotected sexual behavior to
addiction to school underachievement, involve failures of self-control (Baumeister,
Heatherton, & Tice, 1994).

However, it is striking that although research on ego depletion aimed at providing a
deeper understanding of the boundaries and conditions of those self-control breakdowns, it
rarely investigated the behavior where and when it happened. Instead, research focused on
more or less artificial tasks such as the Stroop task or attention control tasks without
investigating or discussing whether these tasks and experimental designs are appropriate to
examine the broad range of problematic behavior the research was set out to explain. Thus,
like the problems associated with the internal validity discussed in the Section 1.2.2, it is
unclear how ecologically valid the results found in laboratory research on ego depletion are.
In recent years, ambulatory assessment emerged as a necessary complementary strategy to
examine ecological validity (Kubiak & Stone, 2012). However, to the best of my knowledge,
only a few studies up to date expand on these approaches to emphasize the importance of
everyday behavior in self-control (e.g., Berkman, Falk, & Lieberman, 2011; Hofmann,
Baumeister, Forster, & Vohs, 2012; Quinn, Pascoe, Wood, & Neal, 2010). An impediment of
ambulatory self-control research was that self-report measures of self-control were mainly
focusing on trait instead of state self-control which renders it difficult to investigate self-
control related processes in daily life. Consequently, it remains an important, open empirical
question how the accrued evidence can be transferred to the large body of self-control related

problems in everyday life.
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1.2.4 Scarcity of Alternative Designs

As outline before, the SMSC has recently been criticized. A particular problematic
notion is the fourth assumption in the model that self-control success is tied to the level of
individual’s self-control strength (Muraven & Baumeister, 2000). Following, self-control
performance decrements in the second task are explained by reduced levels of self-control
strength. However, in order to empirically test this assumption, research must assess self-
control capacity independent of self-control performance in order to show that differences in
self-control capacity can explain differences in performance. Up to date, only glucose has been
investigated as a candidate for the limited self-control resource: Drawing on evidence from
research in diabetes, Gailliot and Baumeister (2007) posit that differences in the ability to
metabolize glucose should reflect differences in the in the level of individual’s self-control
strength. Thus, actual decreases in blood glucose levels after exerting self-control may, then,
mirror performance decrements in subsequent self-control efforts (Gailliot & Baumeister,
2007). Initial evidence for this assumption by a series of laboratory studies (Gailliot et al.,
2007) was confirmed by some studies (DeWall, Baumeister, Gailliot, & Maner, 2008; Dvorak
& Simons, 2009; Gailliot et al., 2007; Gailliot, Peruche, Plant, & Baumeister, 2009) but also
challenged by others (Denson, von Hippel, Kemp, & Teo, 2010; Hagger & Chatzisarantis,
2013; Job, Walton, Bernecker, & Dweck, 2013; Lange & Eggert, 2014; Molden et al., 2012;
Sanders, Shirk, Burgin, & Martin, 2012). The initial findings of Galliot & Baumeister (2007)
may have been difficult to replicate due to, on the one hand, methodological shortcomings
(e.g., insufficient fasting periods) and, on the other hand, conceptual problems: Although it
seems intriguing that cognitive control processes involved in self-control consume more
glucose in the brain since normal cognitive functioning relies on a constant supply of glucose

(McCall, 2004), variation in peripheral glucose levels might not be a good proxy brain glucose
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consumption: Peripheral blood glucose levels in healthy participants are tightly regulated
which renders it unlikely that increased brain metabolism considerably influences peripheral
glucose levels in normal physiological states (Messier, 2004). Moreover, previous research has
shown that cognitive demand in general is only slightly associated with increases brain glucose
uptake (Messier, 2004) and there is little evidence for specific effects of cognitive processes on
brain glucose uptake (Kurzban et al., 2013).

Taken together, glucose does not seem to be a good proxy for the self-control resource,
neither from a theoretical nor from an empirical point of view. Consequently, research could,
on the one hand, look for more promising candidates or, on the other hand, use and develop
other approaches and designs that do not infer underlying processes from performance only

(Converse & DeShon, 2009).

1.3 Model comparison

Table 1 provides an overview of important characteristics of the presented models

explaining ego depletion in Chapter 1.1.
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1.4 Dissertation Outline

This dissertation aims at investigating the boundaries and conditions of ego depletion by
comparing competing explanations of the ego depletion effect and by testing the internal and
external validity of this effect and associated processes. Thus, this work integrates research
from the models outlined in Chapter 1.1 in order to lay out the problems of and chances for
research on limited self-control.

The remainder of this dissertation consists of four chapters, which research objectives

are graphically represented in Figure 2.
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Figure 2. Overview of research objectives and the four studies (Chapter 2 to 5) of the present

dissertation.

Chapter 2 focuses on the question if positive affect improves self-control performance
after initial exertion of self-control and if this effect can be understood as replenishing a

limited self-control resource, as predicted by the SMSC, or as an adaptation process, as
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predicted by the CMT. Specifically, I employed two dual-task experiments with a mild
induction of positive affect and a manipulation of the similarity of the two tasks in the dual-
task paradigm.

To tie in with the limited ecological validity discussed in Section 1.2.3, Chapter 3
investigates the assumptions of the study tested in Chapter 2 in an ecologically more valid
context. Specifically, I investigated the flexibility-enhancing effects of positive affect on the
self-reported success of self-control strategies followed in daily life in which participants
completed a 13-day daily diary study that included measures of positive affect, desire, and
habit strength as well as three self-control strategies (i.e., monitoring, distraction, and stimulus
control).

Given the ambiguous evidence regarding the ego depletion effect (see Section 1.2.2), I
conducted a crossover study in Chapter 4 that enables high statistical power with only a single
study, pursuing three aims: (a) to investigate the robustness of the ego depletion effect
between and within subjects; (b) to compare ego depletion across a range of established
measures of a self-control task, thus allowing us to judge the influence of the researcher’s
choice of analysis method; and (c) to estimate the reactivity effects of an explicit manipulation
check of ego depletion.

Since evidence regarding glucose as a proxy for self-control strength is rather
discouraging, I followed Converse’s and DeShon’s (2009) recommendation to employ
alternative designs that capture limited self-control. The aim of Chapter 5 was, thus, to test the
different assumptions in two dual-task experiments where I operationalized ego depletion as a
performance deviation from a self-set goal. Instead of comparing performance in the
experimental with the control condition, participants were asked before the second task how

much cookies they wanted to eat during the product test of cookies that was introduced as the
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second task. This assessment, thus, provided a direct measure whether participants are able or
not to follow through with their intentions after initial self-control.

Finally, in Chapter 6 1 summarize and integrate the main findings of the empirical studies
presented in Chapter 2 to 5 and provide implications and future directions for studies on
limited self-control in laboratory and ambulatory research.

Please not that several studies in this dissertation are already published or were under
review at the time this dissertation was submitted, which is indicated in more detail in a
footnote for each chapter. Consequently, each chapter consists of a specific theoretical
background, sometimes leading to overlaps and repeating explanations of terms and
approaches due to common theoretical foundations. Moreover, due to the large number of
relatively diverse studies in this dissertation (four studies with six experiments), limitations and
implications of the results of each study will be discussed separately in the respective chapter
and the general discussion in Chapter 6 will include a short discussion of the overall

implications for future research on ego depletion.
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Chapter 2:
The Effect of Positive Affect on Consecutive Self-Control as a Test of

Competing Explanations of Limited Self-Control!

2.1 Introduction

Self-control reflects one’s ability to adaptively alter dominant responses (Baumeister,
2001). It enables people to avoid routinized, but possibly dysfunctional behaviors, and to
flexibly act in daily life. Without the ability to exert self-control, people would merely stick to
dominant behaviors and goals and pursue “old habits” (Baumeister, Vohs, & Tice, 2007). The
ability to exert self-control is limited though: People cannot control themselves all the time. A
common metaphor of the strength model of self-control (SMSC) is that self-control is a
“muscle” that gets tired from exertion and has to recover before self-control can be exerted
again (Baumeister et al., 2007). Findings consistent with the SMSC have been shown
experimentally in the dual-task paradigm (e.g., Vohs & Heatherton, 2000), in which
consecutive self-control performance usually deteriorates after initial self-control compared to
performance following a first task that did not require self-control. Evidence for this effect
on self-control performance has accumulated in many different domains including for the
control of emotions (Baumeister, Bratslavsky, Muraven, & Tice, 1998), thoughts (Muraven,
Tice, & Baumeister, 1998), food intake (Baumeister et al., 1998), and stereotypes (Vohs,
Baumeister, & Ciarocco, 2005). Despite the intuitiveness of the muscle metaphor, it is not
known whether the SMSC reflects the actual cognitive processes underlying the limits of self-

control. The goal of this article is to examine the cognitive processes underlying self-control

! 'This study was published in 2013 in a peer-reviewed journal. Wenzel, M., Conner, T.S., & Kubiak, T. (2013).
Understanding the limits of self-control: Positive affect moderates the impact of task switching on consecutive
self-control performance. European Journal of Social Psychology, 43, 175-184.
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and to compare two competing models by investigating the influence of positive affect on

self-control performance.

2.1.1 The Strength Model of Self-Control

According to the SMSC (e.g., Baumeister et al., 2007), decreased performance in two
consecutive self-control tasks occurs because every act of self-control, independent of its
specific domain, is based on a limited resource, that is, se/f-control strength. When this resource is
depleted, the ability to resist an active impulse is impaired. This effect is termed ego depletion to
describe the detrimental effects of exertion on self-control performance. The SMSC offers
explanations for many findings such as the deterioration of self-control performance in dieting
(Vohs & Heatherton, 2000) and emotion suppression (Schmeichel, Harmon-Jones, &
Harmon-Jones, 2010). Furthermore, associations between self-control decrements and
glucose metabolism (e.g., Gailliot, Peruche, Plant, & Baumeister, 2009) and trait heart rate
variability (e.g., Segerstrom & Nes, 2007; Geisler & Kubiak, 2009) might indicate a biological
basis of limited self-control strength with trait-like features.

However, recent studies question the generalizability of ego-depletion effects. Job,
Dweck, and Walton (2010) showed that self-control decrements might not be resource
depletion effects per se but rather reflect people’s implicit lay conceptions about the limited
resource. Dahm and colleagues (2011) found that self-control performance in two
consecutive tasks was only impaired for participants under 25 years old but not for older
participants. Moreover, Converse and DeShon (2009) demonstrated that those decrements
are limited to dual-task designs but do not appear in three-task designs with two initial self-
control tasks instead of one. Furthermore, a recent study reported by Wan and Sternthal
(2008) highlighted the important role of monitoring one’s own behavior in overcoming

decrements of self-control performance. Since cognitive processes may explain this evidence,
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an elaboration on cognitive processes underlying actual self-control performance would be

helpful in order to understand the nature of ego depletion effects.

2.1.2 The Conflict Monitoring Theory

As suggested by others (Dewitte, Bruyneel, & Geyskens, 2009; Robinson, Schmeichel, &
Inzlicht, 2010), a cognitive control perspective can help to elucidate the cognitive processes of
decrements in self-control beyond the SMSC. In the conflict monitoring theory (CMT), self-
control tasks are characterized by response conflicts that occur when alternative and, thus,
incompatible responses are simultaneously activated (e.g., Botvinick, Braver, Barch, Carter, &
Cohen, 2001). Therefore, the cognitive system must solve the response conflict, which
requires cognitive control to adapt to the task demands. A common example for response
conflicts is the Stroop task (see Miller & Cohen, 2001, for a detailed description) where
participants have to name the color of a word, regardless of its meaning. When the display
color is congruent to its meaning (e.g., the word “green” displayed in a green color), the
response tendency to the meaning and to the color are the same (e.g., press the green key).
Consequently, the task is unambiguous and does not exert self-control. However, when the
word “green” is displayed incongruently in “red”, a response conflict arises because the
response to the word meaning (green key) differs from the response to the displayed color
(red key). Since word reading is a more automated process than color naming, the
spontaneous response to name the word must be inhibited in favor of the slower response to
the color, resulting in exerted self-control.

The CMT distinguishes between two control systems which are involved in solving
response conflicts and adapting to task demands: the conflict monitoring system and the
regulatory system (Inzlicht & Gutsell, 2007). The conflict monitoring system (Botvinick et al.,

2001; Holroyd & Coles, 2002) monitors ongoing behavior in order to detect response
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conflicts. If a conflict is registered (e.g., the word “green” displayed in a red color), the
conflict monitoring system passes the information to the regulatory system, which resolves the
detected ambiguities by selecting the appropriate response (Kerns, Cohen, MacDonald, Cho,
Stenger, & Carter, 2004). Hence, detecting and resolving the conflict are conceptualized as
distinct (but interlinked) processes that can be linked to separate neurobiological correlates
(conflict monitoring system to anterior cingulate activity, e.g., Botvinick, Nystrom, Fissell,
Carter, & Cohen, 1999; regulatory system to prefrontal cortex activity, e.g., Miller & Cohen,

2001; Knight & Stuss, 2002).

2.1.3 Decrements in Self-control: SMSC vs. CMT

Both theories, the SMSC and the CMT, explain decrements in consecutive self-control
performance within a dual-task paradigm differently. The SMSC predicts decrements in
performance will occur whenever both tasks require the limited self-control strength.
Exertion of self-control in one task should impair performance in the next task to the extent
that both ‘use up’ the scarce self-regulatory resources. Thus, performing the same self-control
task twice (e.g., Stroop followed by Stroop) or two different tasks (e.g., thought suppression
followed by Stroop) will result in a decreased performance in the second task.

However, from the CMT, decrements in self-control performance are not due to a
limited capacity of the cognitive system per se, but are instead due to impaired conflict
monitoring of the second task. Specifically, when participants perform a second task with a
novel conflict (e.g., thought suppression followed by a Stroop task), they have to shift back
from using the regulatory system to engaging the conflict monitoring system first before
engaging with the new conflict of the second task. Decrements in self-control performance
may occur because of decreased activity in the conflict monitoring or in the regulatory system.

If the regulatory system is impaired, self-control performance in the second task should be
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independent from task switching, which would be in line with the SMSC. However, we argue
that the conflict monitoring system is impaired due to different response conflicts. So,
decrements in consecutive self-control performance should only occur when the response
contflict of the second task is different to the conflict of the first task. If participants simply
perform the same self-control task twice (Stroop followed by Stroop), they do not have to
switch back from regulation to conflict detection and, therefore, should not show impaired
self-control performance in the second task as long as the participants can maintain the
regulation of the response conflict. Consequently, a cognitive control view and a regulatory
strength view hold different predictions about performance effects for performing the same
self-control task twice.

Several lines of research support this cognitive control perspective on self-control.
First, Inzlicht and Gutsell (2007) showed that participants who suppressed their emotions
while watching an emotional film clip in a first task performed worse in a subsequent Stroop
task compared to participants who did not have to suppress their emotions. Although this
pattern can be interpreted from either the SMSC or the CMT, electroencephalography data
suggested that decrements were mediated by weaker error-related negativity signals originating
from the anterior cingulate cortex (van Veen & Carter, 2002). Given that the anterior
cingulate cortex is modeled as the neural basis of conflict monitoring systems (Kerns et al.,
2004), these findings suggest a link between self-control decrements and impaired conflict
monitoring.

Second, Schmeichel (2007) demonstrated that decrements in self-control performance
were not necessarily restricted to self-control tasks involving modification of dominant
responses, but were linked to switching demands within a cognitive task. This evidence
suggests that deteriorated performance occurs when cognitive tasks involve multiple

operations that require switching from one mindset to another (e.g., tasks requiring division
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followed by multiplication). Although this evidence is not directly related to the conflict
monitoring and regulatory systems per se, it illustrates the importance of switching costs.

Third, as shown by Dewitte and colleagues (2009), performance in a dual-task paradigm
is impacted by zask switching. Specifically, they showed that performance was only impaired in
a second self-control task when participants had to solve a different conflict in the first self-
control task (e.g., a thought suppression task followed by Stroop task). When the conflict was
the same (e.g., Stroop task twice), performance improved in the second task compared to the
control condition with no response conflict in the first task. Again, these findings are
consistent with the CMT, which predicts that adaptation to the same regulatory task leads to a
better and not impaired self-control performance in the second task. The SMSC does not
predict this result because both tasks require self-control and, therefore, the use of the limited
self-control resource.

Taken together, it is apparent that switch costs — within one task (Schmeichel, 2007) or
between two tasks (Dewitte et al., 2009) — play an important role in decrements of self-control
performance, suggesting there is merit in a cognitive control perspective. However, the
evidence from Dewitte and colleagues (2009) is not necessarily inconsistent with the SMSC. It
can be argued that performing the same task twice simply leads to practice effects and that
these effects are somewhat stronger than the depletion of the limited resources. Thus, the
findings do not rule out the predictions made by the SMSC; adaptation to a given self-control
task (i.e., practice effects when performing the same task twice) could be a complementary
part of the SMSC. Hence, it is not known to what extent both theories conflict or
complement each other: Can the CMT explain decrements in self-control without recourse to
an additional self-control resource? To answer this question, we turned to the role of positive

affect. Interestingly, each view — the SMSC complemented by practice effects and the CMT
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with adaptation effects only — make different predictions about the effect of positive affect

on consecutive self-control performance.

2.1.4 Positive Affect

Within the SMSC, positive affect is thought to play a role in restoration of the limited
self-control resource. This effect was shown by Tice and colleagues (2007) who found that
positive affect can overcome decrements in self-control task performance. For example, if
participants watched a comedy film sequence after the first self-control task where they were
to cancel out all letters “e” in page of text, self-control performance was higher in a difficult
and frustrating ball game in the second task, compared to participants who watched a neutral
film sequence. Moreover, participants in the positive affect group did not differ from
participants who performed a non-self-control first task. If this beneficial effect of positive
affect were based on the restoration of a depleted resource, it should be largely independent
from task switching as long as both tasks within a dual-task paradigm consume the limited
resource.

A cognitive control perspective of positive affect offers a different interpretation,
leading to diverging predictions of the effect of positive affect on consecutive self-control
performance. Dreisbach and Goschke (2004) view self-control as a balance between
maintaining stability and having the flexibility to switch to different cognitive sets. This
concept can be linked to the two control systems. Whereas activation of the regulatory system
requires stability to solve conflicts with a given cognitive set, activation of the conflict
monitoring system requires flexibility to disengage from the previous cognitive set and switch
to a new one.

According to Dreisbach and Goschke (2004), positive affect impacts the regulation of

this stability-flexibility balance profoundly by favoring flexibility over stability, as positive
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affect directs attention to novel information. This mechanism could be beneficial by
enhancing flexibility when the information is useful for the regulation of the new task, but
detrimental by increasing distractibility and lowering stability when the new information is not
helpful. To discriminate between the demands of stability and flexibility, they developed a
Stroop like cognitive set-switching paradigm where each trial consisted of two characters.
Participants were trained to respond to a target stimulus in a pre-specified color (e.g., green
characters like a green “N”) and to ignore a different-colored distractor (e.g., red characters
like a red “A”). Thereafter, they had to switch to one of two new conditions: In the flexibility
condition, the new distractor appeared in the color of the former target (e.g., a green “5”)
while the target was presented in a new color (e.g., a yellow “97). In this condition, the new
information (color) was linked to the target and, consequently, switching costs under positive
affect were reduced due to increased flexibility. In the stability condition, the new target
shared the color of the former distractor (e.g., a red “O”) while the distractor appeared in a
new color (e.g., a yellow “X”). Here, the new information was linked to the distractor.
Because positive affect should bias participants towards novel information, it should increase
switching costs in the stability condition. Consequently, the new information determined
whether positive affect was beneficial (increased cognitive flexibility) or harmful (increased
distractibility),

Dreisbach and Goschke (2004) interpret this opposite effect as a modulation of the
balance between flexibility and stability by positive affect, which can, in our view, be translated
to the effects of affect in the dual-task paradigm. Consequently, we argue that the effects of
positive affect on impaired performance in a second self-control task should depend on task
switching: Participants in a flexibility-favoring condition with different conflicts in both tasks
have to switch to solve a new conflict for the second task, which additionally requires

flexibility. This mechanism could explain the restoration effects in the four studies reported
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by Tice et al. (2007) because all of the two consecutive tasks were of dissimilar conflicts (e.g.,
thought suppression and drinking of an unpleasant beverage). On the contrary, under a
stability-favoring condition with the same response conflict in both tasks, participants do not
have to switch to a different conflict in the second task. Therefore, flexibility is not required
and so positive affect could have even detrimental effects to performance, as it reduces

stability.

2.1.6 The Present Research

In the present research, we integrated the results from the SMSC and the CMT to
elaborate on the influence of task characteristics and positive affect on consecutive self-
control task performance. In Study la, we tested the diverging hypotheses that both models
make with regard to the effects of positive affect on consecutive self-control performance.
Self-control performance was tested using a dual-task paradigm with either different response
conflicts (e.g., resisting sweets followed by a Stroop task, called the “flexibility condition”) or
the same response conflict twice (Stroop task followed by another Stroop task, or the
“stability condition”) together with a control condition (e.g., watching a movie followed by a
Stroop task). For this design, both models predict a 3 (flexibility vs. stability vs. control) by 2
(positive affect vs. neutral affect) interaction because positive affect should not influence the
control condition. However, the models differ in the 2 (flexibility vs. stability) by 2 (positive
affect vs. neutral affect) single degree of freedom interaction: Whereas the SMSC predicts a
main effect of affect due to the replenishment of the limited self-control resources, the CMT
predicts an interaction, in that positive affect is beneficial in the stability condition but harmful
in the flexibility condition. In Study 1b, we replicated this design and included a mild

induction of negative affect to show that effects are unique to positive affect.
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2.2 Study 1a

2.2.1 Method

We examined our hypotheses experimentally using a 3 (stability vs. flexibility vs. control)
X 2 (positive affect vs. neutral) between-subjects ANOVA design. Participants were
randomly assigned to the experimental conditions illustrated in Table 2. The dependent
measures were the Stroop effect and the error rates in the second Stroop task.
Table 2

Randomized distribution of participants to experimental conditions in Study 1a | Study 1b.

Task switching condition
Affect condition

Stability Flexibility Control
Positive Affect 23 /13 14 / 16, 14 18 /11
Neutral Affect 22 /17 13 /17,17 18/ 11
Negative Affect -/ 15 -/ 16,17 -/ 12

Note. Values indicate the number of participants in each condition. Study 1a did not include a
negative affect condition. The two flexibility conditions in Study 1b are thought suppression

and attention control.

2.2.1.1 Participants

A total of 120 undergraduates from the University of Greifswald, Germany, participated
in the Study 1a for partial fulfillment of course credit. Ten participants were excluded because
of technical problems or dropout during the experimentation, one because of defective color

vision, and one because of an extremely large Stroop effect in the Stroop test (> 3 5§D of mean
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Stroop effect). This left a total of 108 participants (78 female, age M = 23.53 years, SD =

3.92) for statistical analysis.

2.2.1.2 Procedure

We implemented a computer-based dual task paradigm with an affect induction in
between both tasks. The experiment was realized in PHP 5.3 and was browsed with Firefox
3.6 (Mozilla Project, 2010) under Microsoft Windows XP. The screen resolution of the CRT

display was 1024 x 768 pixels.

2.2.1.3 Materials

Participants completed two on-screen questionnaires before the experiment began. The
first questionnaire contained socio-demographic characteristics; the second questionnaire
tested their baseline mood through the short version of the validated German questionnaire
Multidimensionaler Befindlichkeitsfragebogen (Multidimensional Mood State Questionnaire,
MDBF; Steyer, Schwenkmezger, Notz, & Eid, 1997). The MDBF assesses momentary mood
on three dimensions: valence (good, pleasant, bad, unpleasant), energetic aronsal (awake, alert,
sleepy, tired), and fense arousal (calm, relaxed, nervous, tense) with four unipolar items for each
dimension, ranging from 1 (not at all) to 5 (very much). As shown by Schimmack and Reisenzein
(2002), both arousal dimensions cannot be reduced to a combination of valence and
activation, as suggested by others (e.g., Yik et al., 1999), resulting in two different arousal
scales where only energetic arousal is influenced by a circadian rhythm (Thayer, 1989). Mean
scores were computed for each dimension with higher scores representing higher valence (i.e.
more positive affect), higher energetic, and higher tense arousal. Cronbach’s alphas for the
three scales of valence (.80), energetic arousal (.80), and tense arousal (.82) were in line with

the previously reported consistency of .73 to .89 of the short version (Steyer et al., 1997).
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2.2.1.3.1 First task

Participants in the stability condition performed a standard Stroop task on the computer
as the first task described in the section “second task”. The mean duration of the Stroop task
was approximately 5 minutes (~303 seconds; D = 306). Participants in the two other
conditions (flexzbility and control condition) were told that they would be watching a short film on
the computer screen, which was the same film in both conditions. Close to the computer
screen was a plate with cookies on it. In the flexibility condition, the experimenter informed the
participants before the short film that he or she is leaving the room and that they must not eat
the sweets because they have to be used in another experiment (Baumeister et al., 1998). In
the control condition, there were no sweets in the room and the experimenter only informed the
participants that he would leave the room before the film clip was shown. We opted for this
procedure instead of permitting the participants to eat the sweets in this condition as such
permission might be considered rewarding and, hence, influences affect (cf., Westermann,
Spies, Stahl, & Hesse, 1996). This short film presented the daily routine of a common person
and lasted five minutes. We pretested the affective content of this neutral film used in the
first task and found no effects on the MDBF valence scale.

This first task was followed by a rating of perceived difficulty of the task using a 1 (“not
at all difficult”) to 5 (“very difficult”) scale. Corresponding to the effortful and nature of self-
control tasks, the perceived difficulty should be higher in both conflict conditions (Stroop test
or resisting sweets while watching a film clip) than in the control condition (watching a film

clip). There should be no differences between the stability and flexibility condition.

2.2.1.3.2 Induction of positive affect

Subsequently, the participants watched a film clip with the instruction to “put

themselves as well as possible into the situation shown.” Participants were randomized to
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watch a positive comedy film clip or a neutral film clip about a small political campaign of a
local politician. We opted for this procedure, as according to the meta-analysis of

Westermann and colleagues (1996), the combination of a film clip with an instruction is the
most effective way to induce affect. After the film clips, participants completed the MDBF

affect measure for a second time.

2.2.1.3.3 Second task

After completing the MDBF, participants in all experimental conditions performed the
Stroop task which was programmed using Adobe Flash CS4 (Adobe Systems Inc., San Jose,
CA, USA). In the Stroop task, participants were instructed to name the color of a word
displayed on the screen as fast as possible by pressing a specific key on the keyboard. Words
were either neutral words or color words (red, green, yellow, blue). Color words (e.g., red)
could match the color it was displayed in (congruent trials; here red) or not (incongruent trials;
e.g., green). On each of the one hundred trials, a fixation cross appeared for 1000 ms, after
which the stimulus word appeared, followed by a feedback of the correct answer for 1000 ms.
Besides error rates, our primary dependent variable was the Stroop effect (RTincongruent -

RT congruene With RT's < 200 ms and > 5 SD of mean RT excluded) where higher scores indicate
worse inhibition on incongruent trials, reflecting greater decrements in self-control

performance.
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2.2.2 Results

2.2.2.1 Manipulation Checks

2.2.2.1.1 Perceived difficulty

A one-way analysis of variance showed that the effect of task switching on perceived
difficulty was significant, F(2, 105) = 7.44, MSE = 0.609, p = .001, 0> = .124. Focused
comparisons with the pooled error term of the ANOVA indicated that participants in the
control condition (M = 1.58, §D = 0.69) found the task significantly easier than those in the
flexibility (M = 2.15, §D = 0.82, #105) = -2.84, p = .005, d = -0.724) and stability conditions
M =222,5D = 0.82, {105) = -3.66, p <.001, d=-0.819). Both self-control conditions were
rated equally difficult, #105) = -0.39, p = .697, 4= -0.095. Hence, possible differences in self-
control task performance in the second task were not mirrored by perceived difficulty of the
first task in both conflict conditions. This finding indicates that our manipulation of the self-

control tasks worked as intended.

2.2.2.1.2 Affect manipulation

A 3 (task switching) X 2 (affect) ANCOVA on valence after the affect manipulation
including baseline valence as a covariate yielded a main effect for affect, F(1, 101) = 9.50,
MSE = 0.258, p = .003, n,> = .086. Participants in the positive affect condition (Mgt =
3.87, SEM = .069) were in a better mood after the mood induction than participants in the
neutral affect condition (Mg = 3.57, SEM = .070). We did not find a main effect for task
switching, F(2, 101) = 0.85, MSE = 0.258, p = .429, 1,> = .017, nor an interaction effect,
F(2,101) = 0.24, MSE = 0.258, p = .789, 1," = .005. For the arousal scales, neither the

energetic nor the tense arousal scale of the MDBF was significantly influenced by the affect
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manipulation, F(1, 101) = 1.04, MSE = 0.182, p = .309, 1, = .010 and F(1, 101) = 1.14,
MSE = 0.287, p = .287,m," = .011, respectively. Taken together, the manipulation checks
demonstrate that our induction of positive affect worked as intended, evidencing the medium

effect size.

2.2.2.2 Stroop Performance

A 3 (task switching) X 2 (affect) ANOVA did not show any significant main effects of
task switching, F(2, 102) = 0.77, MSE = 13054, p = .464,n," = .015, or affect, F(2, 102) =
0.74, MSE = 13054, p = .392, 1, = .007, on the Stroop effect in the second task. However,
as predicted by both models, the interaction of these two factors was significant, F(2, 102) =

5.52, MSE = 13054, p = .005, n," = .098. This is interaction is shown in Figure 3.
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Figure 3. Mean Stroop effect in the second Stroop task varied as a function of task switching

and affect (Study 1a). Higher scores indicated poorer performance. Task switching indicates
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whether the second Stroop task was preceded by a different self-control task (Flexibility), by
the same Stroop task (Stability) or by no self-control task (Control). Error bars reflect
standard errors.

To evaluate this two degrees of freedom interaction, we first conducted a contrast
analysis for the two competing a priors hypotheses (Abelson & Prentice, 1997). The (PA NE)
weights for the SMSC were (-1 1) for the flexibility conditions, (-1 1) for the stability
conditions, and (0 0) for the control conditions to test the predicted main effect of affect.
That contrast test revealed no significant effect, (1, 102) = 0.67, p = .416, d = .279.
Conversely, the (PA NE) contrast weights for the CMT model were (-1 1) for the flexibility
conditions, (1 -1) for the stability conditions, and (0 0) for the control conditions to test the
predicted interaction, which yielded a significant contrast test, F(1, 102) = 11.21, p = .001,

d = 1.141. This finding demonstrates that the data largely reflect predictions from the CMT.

Second, we further investigated the interaction of task switching and affect by evaluating
the focused comparisons of affect separately for the three task switching conditions, as shown
in Figure 3. In the flexibility condition, participants in the positive affect condition (M =
105.85 ms, D = 96.10) showed smaller Stroop effects compared to participants in the neutral
affect condition (M = 220.73 ms, §D = 136.41), 102) = -2.61, p = .010, d=-0.974,
demonstrating that positive affect benefitted performance when the response conflicts were
different across the two tasks. Conversely, in the stability condition, participants in the
positive affect condition (M = 202.22 ms, §D = 134.20) showed larger Stroop effects than
participants in the neutral affect condition (M = 132.77 ms, SD = 100.00), A102) = 2.04,

p =.044, 4 = 0.587, demonstrating that positive affect was harmful and not helpful when the
response conflicts were the same in both tasks. No differences were found for the control
condition (positive affect: M = 130.87 ms, §D = 119.79; neutral affect: M = 143.38 ms,

SD =90.12), (102) = -0.33, p =.743,d = -0.118.
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The mean number of errors was M = 4.27 (§D = 3.72). We did not find any significant
differences for task switching on the error rates in the second Stroop task, F(2, 102) = 0.51,
MSE = 13.74, p = .602, n,” = .010, affect, F(1,102) = 1.17, MSE = 13.74, p = .282,1," =

.011, nor the interaction of both, F(2, 102) = 2.36 MSE = 13.75, p = .099, n,* = .044.

2.2.3 Discussion

Based on Dreisbach and Goschke (2004), we hypothesized that positive affect is linked
to flexibility and that this connection may explain the role of affect on consecutive self-control
task performance. Our findings were consistent with the study by Dreisbach and Goschke
(2004) showing that positive affect impacts the stability-flexibility balance by favoring
flexibility over stability. In the flexibility condition, where positive affect should be beneficial,
performance in the second Stroop task was better (smaller Stroop effect) after induction of
positive affect compared to the neutral condition. By contrast, when stability should be
advantageous, as in the stability condition, positive affect hampered the performance
compared to the neutral condition, resulting in a larger Stroop effect. This pattern suggests
that positive affect influences adaptation to old and new tasks differently by increasing

flexibility rather than by replenishing a limited resource.

2.3 Study 1b

The findings from Study 1a showed that positive affect improves adaptation to a
situation following a different response conflict, but impairs adaptation following the same
response conflict. These findings suggest that positive affect facilitates flexibility and conflict
detection rather than replenishes self-control strength. The purpose of Study 1b was (a) to
replicate these findings and (b) to examine the effects of negative affect on decrements in self-

control task performance.
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Due to the large number of conditions, we conducted an online experiment to achieve a
sufficiently large sample size without running participants individually in the lab. Although
online implementations of the dual-task paradigm have not been used until now, recent
studies have demonstrated the feasibility and validity of this approach in self-control research
(e.g., Burger, Charness, & Lynham, 2010). Moreover, Reimers and Stewart (2007)
demonstrated that an online Stroop task implemented in Flash was equivalent to a
conventional lab Stroop task implemented on a computer. To increase comparability with the
results of Study 1a, we used the same material (film clips, Stroop task) in the online
experiment where possible.

We extended our investigation to negative affect since evidence of the effect of induced
negative affect on self-control performance is heterogeneous. Although Tice et al. (2007) did
not find substantial effects of negative (compared to neutral) affect, Bruyneel and colleagues
(2009) recently found that participants in a negative mood performed worse in a second task
compared to those under a neutral condition, presumably because they cannot allocate
resources due to active mood regulation. Consequently, negative affect should not interact
with task switching because participants would need to allocate resources in both conflict
conditions, however negative affect should decrease performance in the second task

compared to the control condition.

2.3.1 Method

We used a 4 (stability vs. flexibility 1 vs. flexibility 2 vs. control) X 3 (positive vs. neutral
vs. negative affect) between-subjects ANOVA to test our hypotheses, with two different
flexibility conditions due to their novelty in online experiments. Participants were randomly

assigned to the experimental conditions illustrated in Table 2.
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2.3.1.1 Participants

A total of 268 participants started the online experiment, which lasted on average 22.5
minutes (5D = 6.5). We recruited the participants by advertising in e-mail newsletters from
German universities. Of the starting sample, 176 participants completed the experiment
(65.67%). We found no evidence that the dropout rate was systematically influenced by task
switching or affect, with ¥’(11) = 8.70, p = .65. A remaining total of 176 participants (128

female, 156 students, age M = 24.10 years, SD = 4.14) were included for statistical analysis.

2.3.1.2 Procedure

The procedure of Study 1b was similar to that of Study 1a, in that participants
completed a first task followed by a Stroop task while watching a film clip in between which
induced positive, negative, or neutral affect. We implemented the same stability condition as
in Study 1a (Stroop in first task; followed by a Stroop). The mean duration of the first Stroop
task in the stability condition was 292.41 seconds (§D = 31.94). However, due to the novelty
of self-control tasks in online experiments, we implemented two different flexibility conditions
by varying the first self-control task. In one flexibility condition, the first task was a thought
suppression task of ‘not thinking about a white bear’ (Wegner, Schneider, Carter, & White,
1987) for five minutes. In the other flexibility condition, the first task was an attention control
task where participants had to ignore peripheral stimuli while watching a video for five
minutes (cf. Schmeichel, Vohs, & Baumeister, 2003). These stimuli were presented in white
for 15 s each. Participants in the control condition watched the same video clip as
participants in the attention control group but without the peripheral stimuli. As in Study 1a,
participants watched a video clip between the two tasks to induce affect. For the negative

affect condition, we used an unpleasant film (5 min) featuring a boy who tries to escape abuse
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and neglect from his parents. The film clips for the positive and neutral affect conditions

were the same as in Study 1a.

2.3.2 Results

2.3.2.1 Manipulation Checks

2.3.2.1.1 Perceived difficulty

Participants were asked to rate the perceived difficulty of the first task, resulting in a
significant main effect in a one-way ANOVA for task switching, F(3, 172) = 17.05, MSE =
0.957, p < .001, n* = .229. Focused comparisons revealed that, compared to the control
condition (M = 1.32, §D = 0.59), the perceived difficulty of the three task switching
conditions involving the Stroop (M = 2.33, §D = 0.85, A(172) = 4.54, p < .000, d = 1.032),
thought suppression (M = 2.59, §D = 1.19, A172) = 5.81, p <.001, d = 1.297) and attention
control task (M = 2.81, §D = 1.07, (172) = 6.79, p < .001, d = 1.522) differed significantly.
The task switching conditions differed not among each other, 172) < 1.28, p = .202,

d = 0.264, except for the difference between the Stroop and the attention control task, A(172)
=-2.34, p=.019, d=-0.490. Given that the regulation of a conflict requires effort, this result
indicates that our self-control tasks worked as intended, although the attention control task

was rated as more difficult than the Stroop task.

2.3.2.1.2 Affect manipulation

We measured affect twice to assess changes through our affect induction. For the
valence scale of the MDBF, a 4 (task switching) X 3 (affect) ANCOVA with the baseline

affect measure included as a covariate revealed a significant main effect of affect, F(2, 163) =
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21.61, MSE = 0.394, p < .001, ,> = .210. We used focused comparisons again to investigate
the group differences: Whereas participants in the neutral affect condition (Mg = 3.49,
SEM = .080) were in a better mood than participants in the negative affect condition (M.guwd
= 3.03, SEM = .081), 163) = 4.06, p <.001, d = 0.730, they felt significantly less positive
than those in the positive affect condition (Mg = 3.82, SEM = .0806), (163) = -2.81,

P =.0006, 4= -0.522. There were neither a main effect for task switching, F(2, 163) = 1.57,
MSE = 0.394, p = .199,m,> = .028, nor an interaction between task switching and affect in
mood scores, F(2, 163) = 1.12, MSE = 0.394, p = .353,n," = .040.

Whereas the affect induction did not influence the energetic arousal scale of the MDBF
differently, F(2, 163) = 1.22, MSE = 0.262, p = .298, ;" = .015, thete was a main effect of
affect on tense arousal after the affect induction with baseline tense arousal included as a
covariate, F(2, 163) = 10.96, MSE = 0.371, p < .001, 0> = .12. Simple comparison tests
indicated that participants in the negative affect condition (Mgt = 2.98, SEM = .079) were
more strained by the video clip than participants in the neutral (Mg = 2.48, SEM = .077),
#(163) = 4.62, p <.001, 4= 0.8306, or positive affect condition (M. = 2.53, SEM = .083),
#163) = 3.99, p <.001, d = 0.749, whereas neutral and positive affect did not differ from each
other, 163) = -0.47, p = .640, d = -0.087. To sum up, the manipulation checks showed
medium to large effect sizes for affect demonstrating that our induction of affect worked as

intended.

2.3.2.2 Stroop Performance

For the decrements in self-control task performance, a 4 (task switching) X 3 (affect)
ANOVA on the Stroop effect in the second task did not show a significant main effect for

affect, F(2, 164) = 1.41, MSE = 12667, p = .247,m," = .017, but a marginally significant main
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effect for task switching, F(3, 164) = 2.59, MSE = 12667, p = .055,1," = .045, and a
significant interaction effect, F(6, 164) = 3.13, MSE = 12667, p = .006, n,* = .103. This
interaction is shown in Figure 4. Again, we first tested contrasts to examine the different
predictions. The (PA NE) contrast weights for the SMSC were (-1 1) for the flexibility 1
conditions, (-1 1) for the flexibility 2 conditions, (-1 1) for the stability conditions, and (0 0)
for the control conditions. The contrast test yielded no significant effect, F(1, 164) = 1.17,
p=.281,d4=0.408. Conversely, the (PA NE) contrast weights for the CMT were (-1 1) for
the flexibility 1 conditions, (-1 1) for the flexibility 2 conditions, (2 -2) for the stability
conditions, and (0 0) for the control conditions, resulting in a significant contrast test,

F(1,164) = 9.63, p = .002, d = 1.171.

350.00 ~ .
O Positive Affect
2 B Neutral Affect
£ 300.00 7 B Negative Affect
2
§ 250.00 -
|_U
o
' 200.00 -
£ 150.00 -
|_
LS
g 100.00 -
=
(O]
53
8  50.00 -
N
0.00

Flexibility 1 Flexibility 2 Stability Control
Task Switching

Figure 4. Mean Stroop effect in the second task as function of task switching and affect (Study
1b). Higher scores indicated poorer performance. Task switching indicates whether the second

Stroop task was preceded by a different self-control task (Flexibility 1 = thought suppression,
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Flexibility 2 = attention control), by the same Stroop task (Stability) or by no self-control task

(Control). Error bars reflect standard errors.

To further evaluate the interaction shown in Figure 4, we computed simple main effects
and focused comparisons for task switching and affect. The simple main effect of affect in
the flexibility condition with thought suppression was significant, F(2, 164) = 4.71, p = .009,
in that participants in the positive affect condition (M = 101.29 ms, SD = 89.31) showed
smaller Stroop effects in the second task than participants in the neutral (M = 208.21 ms, §D
= 135.26, (164) = -2.73, p = .007, d = -0.950) or negative affect condition (M = 204.60 ms,
SD = 130.74, (164) = -2.60, p = .010, 4 = -0.918). Neutral and negative affect, however, did
not differ from each other, A164) = -0.09, p = .927, 4 = -0.032. This pattern reflects the
beneficial effect of positive affect on self-control performance for different consecutive
response conflicts, whereas negative affect was not influential. For the attention control
flexibility condition, the simple main effect of affect was also significant, F(2, 164) = 3.26, p =
.039, but only positive affect (M = 137.95 ms, §D = 89.31) differed significantly from negative
affect (M = 241.02, D = 157.68, #(164) = -2.54, p = .012, d = -0.916). Neither positive nor
negative affect differed significantly from neutral affect, 164) = -1.62, p = .107, d = -0.585
and A(164) = 0.96, p = .337, d = -0.330, respectively. As was the case with the other flexibility
condition, positive affect improved self-control performance but failed to reach significance
for the attention control flexibility condition. The simple main effect of affect in the stability
condition was also significant, (2, 164) = 3.18, p = .041. Participants in the positive affect
condition (M = 226.72 ms, §D = 87.73) had significantly larger Stroop interferences than
participants in the neutral (M = 129.64 ms, §D = 122.36, /(164) = 2.34, p = .020, d = 0.863) or
negative affect condition (M = 138.20 ms, SD = 55.16, #164) = 2.08, p = .039, 4 = 0.786),

whereas the latter conditions did not differ significantly, A(164) = -0.21, p = .830, d = -.076. In
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contrast to both flexibility conditions, positive affect in the stability condition was not helpful
but harmful for self-control performance whereas negative affect did not influence the Stroop
performance. There were not any differences for affect in the control condition, F(2, 164) =
0.14, p = .871.

The ANOVA also yielded a marginally significant main effect of task switching. This
was driven by differences between the flexibility and control conditions: Compared to the
control condition (M = 124.73 ms, §D = 88.61), participants in the attention control flexibility
condition showed a significantly larger Stroop interference (M = 197.78 ms, §D = 135.25,
#164) = 2.90, p = .004, 4 = 0.649) and participants in the thought suppression flexibility
condition showed a marginally significant larger Stroop interference (M = 172.12 ms,

SD = 128.25, (164) = 1.89, p = .061, d = 0.421). The other differences were not significant,
#(164) = 1.59, p = 113, 4 < 0.330.

As we found significant differences in tense arousal, we tested if they could account for
the differences in the Stroop effect. Therefore, we computed an ANCOVA with task
switching and affect and included the tense arousal measure after the mood induction and its
interaction terms with the independent variables as covariates, testing the full ANCOVA
model, according to Muller, Yzerbyt and Judd (2008). Using the adjusted means of that
ANOVA, the contrast test for the prediction of the CMT revealed a smaller but still big effect
size, F(1, 152) = 6.74, MSE = 12507, p = .010, d = 0.979, whereas the contrast for the SMSC
was still not significant, (1, 152) = 0.07, MSE = 12507, p = .0.788, 4 = 0.102. These data
suggest that the included interaction of tense arousal and task switching did not account for
the interaction of affect and task switching on the Stroop effect in the second task.

The mean number of errors was M = 4.55 (§D = 3.39), which did not differ from Study
1a, /(283) = -0.66, p = .507, d = -0.080. Like with Study 1a, we did not find any differences in

the Stroop error rates, neither for task switching, F(3, 164) = 1.74, MSE = 11.21, p = .161,
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My~ = .031, affect, F(2, 164) = 2.64, MSE = 11.21, p = .074,m," = .031, nor their interaction,

F(6,164) = 0.67, MSE = 11.21, p = .671, n," = .024.

2.3.3 Discussion

We were able to replicate the findings from Study 1a showing that positive affect
interacted with task switching on consecutive self-control performance. As with Study 1a,
findings supported the predictions from CMT by demonstrating that positive affect was
beneficial when the response conflicts were different in both tasks (flexibility condition with
thought suppression) but harmful when the response conflicts were the same (stability
condition), although the simple effect of affect for the flexibility condition with attention
control was not significant. However, unlike the results of Bruyneel and colleagues (2009), we
did not find any significant effects of negative affect on decrements in self-control
performance, supporting the null findings by Tice and colleagues (2007). Consequently, the
interactive effect of affect and task switching is unique to positive affect, which underscores

the impact of positive affect on consecutive self-control performance.

2.4 General Discussion

We investigated the effects of task switching and positive (Study 1a & 2b) and negative
affect (Study 1b) on performance in two consecutive self-control tasks by comparing the
diverging predictions of the SMSC and the CMT. Across both studies, results favored the
CMT by showing that positive affect only improved performance in consecutive self-control
tasks when the tasks required switching a cognitive set. This interaction between positive
affect and task switching was found in both experiments. When participants completed a
resisting sweets (Study 1a) or thought suppression task (Study 1b) followed by a Stroop task

(flexibility condition), participants who watched a funny film clip performed better than
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participants who watched a neutral film clip and they performed similarly to those who did
not have to exercise self-control in the first task. However, when participants repeated the
Stroop task with different trials twice (stability condition), participants watching a funny film
clip performed worse compared to those who watched the neutral film clip.

These findings provide support for the CMT, which predicts an interaction between
task switching and positive affect on performance without the recourse to a limited resource.
Within a cognitive control view (Dreisbach & Goschke, 2004), positive affect improves
flexibility at the cost of decreased stability and increased distractibility and, therefore, should
benefit self-control performance when flexibility is required. For consecutive self-control
tasks with different response conflicts, increased flexibility is functional because participants
have to switch to a new conflict in the second task and, therefore, participants in a positive
state perform better than participants in neutral state. For consecutive self-control tasks with
the same response conflict, positive affect induces increased flexibility, which hampers
performance in the second task compared to neutral affect. These differences cannot be
explained within the SMSC and the restoration hypothesis of positive affect, which would
predict that a mild positive mood induction should increase self-control performance
regardless of task switching or, at least, should not decrease performance compared to no
induction. Therefore, the interaction of task switching and affect does not support the
restoration hypothesis of positive affect within the SMSC.

We did not derive specific hypotheses for negative affect since evidence for the effects
of negative affect is not consistent. Whereas Tice and colleagues (2007) could not find any
effects, Bruyneel and colleagues (2007) showed that the induction of negative affect resulted in
impaired self-control performance in a second self-control task. However, our results are in
line with the null findings by Tice and colleagues, in that self-control performance in the

negative affect conditions did not differ from the neutral affect condition within any task
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switching condition. Moreover, this finding suggests that the stability-flexibility-balance is not
impacted by negative affect but by positive affect only.

Several limitations have to be noted with regard to our experiments. First, since we only
manipulated valence in our mood induction, we cannot certainly rule out that differences in
Stroop task performance across conditions were driven by arousal instead of valence.
However, we did not find any differences in arousal after the mood induction in Study 1a. We
did find them for tense arousal in Study 1b, but they did not account for the interaction
between task switching and affect on the Stroop effect. Even if our two arousal measures
were not sensitive enough to detect differences in activation so that participants found the
positive film clip also more arousing than the neutral one, research about the interplay of
valence and arousal on self-control performance argues against arousal as an alternative
explanation for our results. Fedorikhin and Patrick (2010) demonstrated that elevated arousal
dampens the beneficial effects of positive mood when exerting self-control, leading to no
differences compared to neutral mood. We found that positive affect is beneficial (flexibility)
or harmful (stability) depending on task switching. This finding would only be in line with the
dampening effect reported by Fedorikhin and Patrick (2010) if somehow positive affect
reflected high arousal in the stability condition but low arousal in the flexibility condition.
However, the tense arousal main effect of affect was driven by differences in the negative
affect conditions and not by any differences in the positive affect conditions. Taken together,
we could not find any evidence that the difference in Stroop performance can be attributed to
differences in tense arousal.

Second, we measured the perceived difficulty of the first task before the second task and
found no difference between the self-control tasks. However, it would be interesting to assess
if the effect of adaptation (task switching) and flexibility (via positive affect) is mirrored in the

perceived difficulty of the second task. This may shed light on whether participants who are
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adapted to the conflict perceive this task as less difficult than participants who encounter a
new conflict, and, whether these possible differences in perceived difficulty of the second task
could be influenced by positive affect.

Third, the balance of stability and flexibility was tested only by the Stroop effect in the
second task. It would be beneficial in future research to use a task with a more direct measure
of adapting, task switching, and switching costs like the cognitive set-switching paradigm by
Dreisbach and Goschke (2004).

Fourth, the samples of both experiments were medium sized, with 108 participants in
Study 1a and 176 in Study 1b. This led to low numbers of participants in some cells.
However, the statistical power was large enough to detect the contrast effect of the
predictions of the CMT in both experiments, whereas the contrast effect size of the SMSC
was very small.

To summarize, the interaction between task switching and positive affect, which was
derived from an integration of findings from ego depletion and cognitive control literatures,
was supported. Positive affect and its connection to flexibility counteract decrements in self-
control task performance only when flexibility is helpful. In our view, drawing on the CMT
could add substantially to the self-control research and provide appropriate theoretical

guidance about the mechanisms involved in self-control effort and decrements in self-control.
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Chapter 3:

Ecological Validity of the Effect of Positive Affect on Limited Self-Control?

3.1 Introduction

People are faced with numerous challenges to self-control in everyday life. They may be
trying to eat healthier, exercise more, drink less alcohol, work harder, or curb what they say (or
do not say) — all in an effort to modify unwanted behavior. To date, most studies have
examined self-control success and failure in controlled laboratory settings (e.g., Hagger, Wood,
Stiff, & Chatzisarantis, 2010). Recent studies, however, expand on these approaches
emphasizing the importance of everyday behavior in self-control (e.g., Berkman, Falk, &
Lieberman, 2011; Hofmann, Baumeister, Forster, & Vohs, 2012). Studies about the
effectiveness of everyday self-control strategies are still scarce (Quinn, Pascoe, Wood, & Neal,
2010). Specifically, more research is needed that examines the effectiveness specific strategies
people employ in daily life to regulate temptations and habits and to identify possible
moderating factors associated with self-control success. One promising candidate is positive
affect: Laboratory research showed that positive affect can facilitate or hinder self-control
depending on self-control demands (Aspinwall, 1998; Wenzel, Conner, & Kubiak, 2013).
However, to the best of our knowledge, it is still unclear if and how this evidence translates to
self-control as it occurs in the everyday life of individuals. Thus, the goal of the present daily
diary study was to investigate how positive affect influences self-control success by facilitating

(or thwarting) different self-control strategies.

2 This study was published in 2016 in a peer-reviewed journal: Wenzel, M., Kubiak, T., & Conner, T. S.
(2016). Self-control in daily life: How affect may boost or sabotage efforts at self-control. Social Psychological and
Personality Science, 7, 195-203.
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Self-control, often defined as the altering of one’s own impulses to attain goals
(Muraven, Tice, & Baumeister, 1998), requires both stable maintenance of current goals and
flexible goal switching (Goschke, 2003). On the one hand, currently active goals need to be
maintained and protected from distraction in order to achieve goal attainment. On the other
hand, flexibility is needed when switching between goals or when disengaging from an
unachievable goal. Thus, successful self-control requires a context-sensitive balance between
stability (maintaining goal intentions) and flexibility (switching goal intentions). If this balance
is off, individuals could suffer from perseveration or they could suffer from impulsivity and
distractibility (Dreisbach & Goschke, 2004).

Research has shown that positive affect influences this stability-flexibility-balance. For
example, positive affect is associated with increased cognitive flexibility in adopting abstract
future goals, particularly self-control goals, whereas negative affect is linked to focused
attention on immediate goals like mood management (Fishbach & Labroo, 2007; Labroo &
Patrick, 2009). Positive affect is also known to broaden one's attentional focus (Fredrickson,
2004) and lead to a broader repertoire of action plans (Fredrickson & Branigan, 2005).
Dreisbach and Goschke (2004) showed that positive affect enhances flexibility and
distractibility at the cost of reduced stability and focus in a cognitive task. When new
information was linked to a target response, participants in a positive affective state performed
better than participants in a neutral affective state since directing attention to the novel
(helpful) information promoted the processing of the target. Conversely, when novel
information was linked to the distractor, participants in a positive state performed worse
because the increased focus on the new (distracting) information interfered with the target
response. In a similar vein, Wenzel, Kubiak, and Conner, (2014) demonstrated previously that
the flexibility-enhancing effect of positive affect also holds for self-control and that greater

cognitive flexibility explained the influence of positive affect on consecutive self-control
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performance: If novel information in the second task was linked to its target, positive affect
improved performance compared to neutral affect. In turn, positive affect led to worse
performance if the novel information was linked to the distractor in the second task. These
results demonstrate that the effect of positive affect on cognitive and self-control depends on
whether the novel information individuals switch to is beneficial or not for the given task goal.

However, so far, the evidence for the flexibility-enhancing effect of positive affect is
based on rather short laboratory tasks. It is unclear whether such an effect occurs in daily life
as well. Ambulatory assessment represents a necessary complementary strategy to investigate
the ecological validity of results found in laboratory research (Kubiak & Stone, 2012). In order
to assess demands for stability and flexibility in self-control situations in daily life, we adopted
the self-control strategies from Quinn and colleagues (2010) since they affect the stability-
flexibility-balance differently, as explained later. Quinn and colleagues (2010) identified three
main strategies of self-control based on the delayed gratification research: vigilant monitoring of
one’s own behaviot, distraction (e.g., thinking about something else) and s#zmulus control that is
reducing or avoiding the salience of a cue (e.g., leaving the situation). Whereas in monitoring,
one focuses attention on the behavior or the cognitions that should be controlled, distraction
concentrates attention on something else. Quinn and colleagues (2010) further demonstrated
that the effectiveness of these self-control strategies depends on whether the unwanted
behaviors are temptations or habits. Temptations arise when an impulse like eating a tempting
donut interferes with a long-term goal like reducing weight (Nordgren & Chen, 2011). Habits
are automatically activated responses in a consistent context (Wood & Neal, 2007) like reading
the newspaper every morning or taking a walk every afternoon. Quinn and colleagues (2010)
found that monitoring was less successful than stimulus control in resisting temptations,
whereas monitoring was more successful than stimulus control for regulating habits,

suggesting that focusing on a tempting impulse is detrimental (Hofmann, Deutsch, Lancaster,
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& Banaji, 2009) but focusing on a habit is not. However, contrary to Quinn and colleagues’
expectations, distraction did not differ from stimulus control or monitoring.

In the present research, we propose that positive affect interacts with self-control
strategies in explaining differences in self-control success in everyday life. Specifically, we
predict that positive affect will enhance the success of distraction in daily life when confronted
with strong temptations, whereas it impairs the effectiveness of monitoring. Distraction favors
flexibility over stability, in that to distract oneself from a temptation, individuals have to
modify the response disposition to the tempting situation by stepping back and disengaging
oneself from the impulse in order to think about something else. If positive affect helps
people to improve cognitive flexibility by facilitating processing of new information
(Dreisbach & Goschke, 2004; Wenzel et al., 2014), it should increase self-control success
when people are using distraction as a self-control strategy in daily life. If the effectiveness of
distraction depends on positive affect, it could explain the null findings for distraction by
Quinn and colleagues (2010). In contrast, monitoring favors stability over flexibility, in that
stable attention is required in order to ensure that a response is not performed. Thus, positive
affect should negatively interact with monitoring. This two-way interaction (positive affect by
self-control strategy) should be also influenced by temptation and habit strength, in that
distraction should be particularly effective in regulating strong temptations compared to the

other self-control strategies when people feel positive.

3.2 Method

3.2.1 Participants

A total of 327 undergraduate students at the University of Otago, New Zealand,

participated for an opportunity to earn research credits or payment (maximum of NZ$55).
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Those 327 participants reported 3,670 observations. Data from nine of these participants (# =
37 observations) were excluded because they completed fewer than 50% of the daily surveys.
On 922 days (25.4% of actual answers), participants did not report an unwanted behavior,
which reduced the total observations for our analyses to a total of 2,711 and the total number
of participants to 310. Since missings in other measures of interests were not imputed, another
13 participants (7 = 214 observations) were excluded due to missings, leaving a total of 297
participants (65% female) and 2,497 observation for analysis. These participants were aged 17
to 30 years (M = 19.93 years, SD = 2.32). In terms of ethnicity, 73.6% self-identified as
European, 10.4% as Asian, 4.0% as Maori/Pacific Islander, and 12.0% from other ethnic

backgrounds.

3.2.2 Procedure

This study was part of a combined laboratory and 13-day daily diary study called the
Daily Life Study. At the start of this study, participants were invited to the lab, where they
provided informed consent and completed self-report measures of demographics over the
computer. Starting the next day, for 13 days total, participants logged onto a secure website
between 3pm and 8pm to complete a brief 5-minute questionnaire that included the following
measur