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�Introduction

The present chapter differs from the others you 
will read in this book: Chapters in the first section 
present a specific theory and elaborate on 
research in applied contexts, in which the respec-
tive theory has been used. Chapters in the second 
section start out with a real-world phenomenon 
and explain how different psychological theories 
can help to better understand human behavior or 
contribute to solving real-world problems. In the 
present chapter, we take a step back and discuss 
how the quality of a theory and the quality of its 
accompanying empirical foundation can be eval-
uated. In doing so, we distinguish between two 
different perspectives, the theoretical perspective 
(Does a theory meet general criteria of a good 
theory?) and the empirical perspective (How sci-
entifically sound is the research related to a 
theory?).

In the first part of this chapter, we introduce 
the Strength Model of Self-Control (Baumeister & 
Heatherton, 1996; Baumeister & Vohs, 2016). 
The model will serve as an illustrative reference 
point throughout the chapter. It is one of the most 
prominent, researched, and debated theories in 
social psychology of the last 25 years. Using this 
concrete example hopefully renders the subsequent 
discussion of (sometimes) abstract questions and 
concepts more tangible.
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The second part of the chapter addresses basic 
questions relating to scientific theorizing, such 
as: What is a theory? Why do we need theories? 
And what makes for a good theory? We first dis-
cuss criteria for evaluating theories in general 
before applying them to the Strength Model.

In the third part, we examine criteria to evalu-
ate how theories fare on the empirical side. 
Again, we first discuss criteria for the quality of 
empirical work in general before applying them 
to the Strength Model.

�The Strength Model of Self-Control

The Strength Model of Self-Control (Baumeister 
& Heatherton, 1996; Baumeister & Vohs, 2016) 
originated from observations from everyday life: 
When reviewing a large and diverse literature, 
Baumeister and colleagues observed that people 
who have difficulties following their long-term 
goals in one life domain often experience similar 
difficulties in other domains as well. The authors 
also noticed that self-control failures tend to 
occur more frequently after long and tiring days, 
in stressful times, or when demands are unusu-
ally high. They concluded that people behave as 
if self-control was a general capacity that is lim-
ited and can be depleted.

In their Strength Model, the authors employed 
the analogy of a (self-control) muscle that 
becomes tired with use. The model makes two 
central assumptions: First, self-control draws on 
a limited resource; the exertion of self-control 
increases the probability of self-control failure in 
subsequent attempts. Second, self-control is a 
domain-general construct. An exertion of self-
control in one domain will increase the likelihood 
of self-control failure in any other domain that 
requires self-control. The Strength Model thus 
assumes a cause-effect relation between the exer-
tion of self-control and the subsequent impair-
ment in self-control performance. Baumeister 
and colleagues referred to the state of reduced 
self-control resources as ego depletion.

One important implication of the theory’s 
assumptions is that self-control can be improved 
with practice: If self-control works like a muscle, 

the repeated exertion of self-control should lead 
to repeated states of ego depletion, but, in the 
long run, the muscle should be strengthened, and 
the overall self-control ability should improve 
(e.g., Job, Friese, & Bernecker, 2015; Muraven, 
2010; for meta-analyses, see Beames, Schofield, 
& Denson, 2017; Friese, Frankenbach, Job, & 
Loschelder, 2017). In the present chapter, we 
focus on those aspects of the Strength Model that 
are concerned with the ego depletion effect 
rather than with the trainability hypothesis.

To test the model’s core assumptions in the 
psychological laboratory, Baumeister and col-
leagues developed the sequential task paradigm: 
They had participants work on two sequential 
tasks demanding self-control and measured their 
performance in the second task as a function of 
whether the first task was high or low in self-
control demands (e.g., Baumeister, Bratlavsky, 
Muraven, & Tice, 1998). Hundreds of studies fol-
lowing this paradigm have provided evidence for 
this ego depletion effect (for reviews and meta-
analyses, see Baumeister & Vohs, 2016; Carter, 
Kofler, Forster, & McCullough, 2015; Hagger, 
Wood, Stiff, & Chatzisarantis, 2010; Hirt, 
Clarkson, Egan, & Eyink, 2016). For example, 
Muraven, Collins, and Neinhaus (2002) had par-
ticipants either suppress their thoughts in a first 
task (which requires self-control) or not. Those 
who exerted self-control in the first task consumed 

Definition Box

Self-Control: “Ability to override or 
change one’s inner responses, as well as to 
interrupt undesired behavioral tendencies 
(such as impulses) and refrain from acting 
on them” (Tangney, Baumeister, & Boone, 
2004, p. 274).

Ego Depletion Effect: A person shows 
impaired performance in self-control 
demanding tasks after she has previously 
exerted self-control (compared to a control 
group that has not exerted self-control in 
task 1).

K. Gieseler et al.
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more beer during a subsequent taste test, even 
though participants knew they were about to do a 
driving test afterward. In another exemplary 
study, chronic dieters who suppressed their emo-
tional reactions to a sad video (a self-control 
demanding task) later consumed more ice cream 
during a product test than those who were 
instructed to react naturally while watching the 
video (Vohs & Heatherton, 2000).

Despite the seemingly abundant evidence in 
favor of the Strength Model, the model and its 
accompanying empirical work have been heavily 
criticized in recent years. These criticisms go so 
far that many researchers doubt that the ego 
depletion effect is a real phenomenon after all. 
We will elaborate on some of these issues that 
have been criticized in later parts of this chapter 
(for an overview of the debate, see Friese, 
Loschelder, Gieseler, Frankenbach, & Inzlicht, 
2019).

�Behavioral Versus Process Level 
of Psychological Phenomena

Before we turn to the discussion of criteria to 
evaluate a theory, we need to introduce an impor-
tant distinction between two different levels of 
analysis that will guide our further thinking: the 
distinction between the behavioral and the 
process level (also referred to as “functional” and 
“cognitive” level of analysis, see De Houwer, 
2011; Fig. 1.1). The behavioral level of analysis 
defines behavioral effects exclusively in terms of 
changes in elements of the environment that cause 
behavioral changes on a dependent variable. For 
instance, insulting someone increases aggressive 
behavior in the insulted person. By contrast, the 
process level of analysis refers to the underlying 
mental processes that are triggered by elements in 
the environment and are responsible for subse-
quent changes on a dependent variable. For exam-
ple, an insult may trigger anger that then translates 
into aggressive behavior. These two levels of 
analysis must not be conflated. In the words of De 
Houwer (2011, p. 201):

“… using behavioral effects as a proxy for mental 
constructs violates the general scientific principle 
that the explanandum (that which needs to be 
explained; in this case, behavioral effects) needs to 
be kept separate from the explanans (that which is 
used to explain; in this case, mental constructs; 
Hempel, 1970).”

Definition Box

Behavioral level of analysis: Defining 
behavioral effects exclusively in terms of 
elements in the environment.

→	Which elements in the environment lead 
to a certain behavior? (De Houwer, 
2011)

Process level of analysis: Examining the 
nature of underlying mental processes that 
are assumed to guide behavior/behavioral 
effects.

→	Via which underlying mental process(es) 
do certain elements in the environment 
lead to a certain behavior? (De Houwer, 
2011)

Box 1.1 Questions for Elaboration

	1.	 Assume the Strength Model of Self-
Control is accurate. Think about activi-
ties in your daily life that should lead to 
depletion-like effects.

	2.	 Think about possible strategies that you 
could use to counteract ego depletion 
effects in your daily life. These could 
be strategies that you have used your-
self or that you may know from other 
chapters in this book (e.g., Rubicon 
model and implementation intentions, 
Keller et al., Chap. 2; Mindset theory, 
Bernecker & Job, Chap. 12).

	3.	 Can you think of situations when your 
self-control felt unlimited? How did these 
situations differ from when you felt 
depleted, lacking ability to self-control?

	4.	 Assume the Strength Model of Self-
Control was inaccurate: The ability to 
exert self-control was not limited. What 
would your daily life and the world 
more generally look like? Any different 
from the present reality?

1  What Makes for a Good Theory? How to Evaluate a Theory Using the Strength Model of Self-Control…

https://doi.org/10.1007/978-3-030-13788-5_2
https://doi.org/10.1007/978-3-030-13788-5_12


6

The Strength Model makes assumptions on 
both levels of analysis. On the behavioral level, it 
states that the initial exertion of self-control 
causes a subsequent impairment in self-control 
performance, linking two elements in the envi-
ronment: self-control exertion at time one and 
impaired self-control performance at time two 
(relative to a control group). On the process level, 
the model assumes that the behavioral effect is 
mediated by the depletion of an internal, limited 
resource (the nature of this resource is not further 
defined). For present purposes, the distinction is 
important as there are several other theoretical 
models beyond the Strength Model seeking to 
explain the same behavioral phenomenon (behav-
ioral level) with fundamentally different assump-
tions concerning the underlying process (process 
level; for further reading see, e.g., De Witt Huberts, 
Evers, & De Ridder, 2014; Evans, Boggero, & 
Segerstrom, 2015; Inzlicht, Schmeichel, & 
Macrae, 2014).

�Theoretical Perspective: Criteria 
to Evaluate the Quality of Theories

Having briefly described the Strength Model’s 
basic assumptions and some accompanying 
empirical evidence, let us take a step back: the 
empirical foundation aside, is the Strength Model 
a “good” theory to start with? And more gener-
ally, what makes for a good theory? In science, a 
theory constitutes one or several joined-up 
principles that are meant to describe, explain, and 
predict a phenomenon or several related phenom-
ena (Estrada & Schultz, 2017). A theory is not 
necessarily true. It may be (partly) true, but it 
may also be (partly) false. A theory is a set of 
ideas meant to explain observable events. 
Appropriate scientific methods are needed to test 
whether or not a theory achieves this aim. 
Theories thus are the basis to expand our under-
standing of the world. For social psychologists, 

Fig. 1.1  Levels of scientific analysis for the example of 
the ego depletion effect. The behavioral level denotes the 
cause-effect relation: The exertion of self-control leads to 
subsequent impairments in self-control performance 
(gray arrow). The process level refers to the underlying 

psychological mechanisms that are triggered by the exer-
tion of self-control—that is, the mechanisms on the pro-
cess level are causally responsible for the behavioral 
effect. (White arrows via question mark; adapted from 
De Houwer, 2011)

K. Gieseler et al.
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they are the starting point for interventions to 
address individual and social problems and to 
change problematic behavior (see second section 
of this book: Combining theoretical insights: 
Addressing complex human behavior).

Taking the Strength Model as an example, one 
could say that the model’s two main assump-
tions—limited resource and domain-general con-
struct—are meant to predict and explain the 
phenomenon of impaired self-control performance 
after the exertion of self-control. This pertains to 
the psychological laboratory and to people’s 
everyday life. In the long run, if the model stands 
the test of time, interventions based on the Strength 
Model may thus address self-control failures 
across various domains often challenging self-
control such as eating, drinking, exercising, social 
interactions, and procrastination, among others.

Not all theories are good theories, however. 
And to distinguish the good from the not so good, 
there are several criteria to consider. Here, we 
focus on six criteria, namely, consistency, preci-
sion, parsimony, generality, falsifiability, and 
progress, while omitting (partly overlapping) cri-
teria such as refutability or truth (see Gawronski 
& Bodenhausen, 2015; Van Lange, 2013; see 
Table 1.1). Due to space restrictions, our list and 
discussion are necessarily incomplete. A more in-
depth treatment can be found in Gawronski and 

Bodenhausen (2015), our primary source for this 
part of the chapter. We start each of the following 
sections by first defining the respective criterion 
and then subsequently applying the criterion to 
the Strength Model.

�Consistency

One obvious characteristic of a good theory is 
consistency with empirical observations. If a the-
ory does not correspond to empirical observa-
tions in the laboratory and/or the real world, it is 
necessary to adjust the theory (or to refute it). 
Sometimes a theory turns out to have merit only 
after some conceptual adjustment. For example, 
research may identify boundary conditions that 
specify when predictions derived from the theory 
do or do not apply. If after adjustments a theory 
still is not consistent with empirical observations 
to a satisfactory extent, it may be necessary to 
abandon the theory.

The Strength Model originates from the obser-
vation in the psychological literature that in 
everyday life people seem more likely to fail at 
controlling themselves after previously exerting 
self-control. An inconsistent observation is that 
there seem to be other situations in everyday life 
in which people appear to have no difficulty to 

Table 1.1  Selection of quality criteria that make for a good theory and their application to the Strength Model

Criterion Definition Application to the Strength Model
Consistency Correspondence to empirical 

observations in the laboratory and/or the 
real world

Hundreds of lab studies and real-world observations 
consistent with phenomenon. Inconsistent recent 
(large-scale) replications and preregistered studies

Precision Clearly defined concepts and 
operationalizations that allow for little 
stretching

Imprecise definition of self-control and the limited 
self-control resource

Parsimony Explain more with less: Use as few 
assumptions as possible to explain a 
given phenomenon

Two core assumptions—limited resource that is domain 
independent—account for a far-reaching phenomenon

Generality Favor higher explanatory breadth Model’s assumptions apply to and are observable in a 
large array of situations, contexts, and behaviors

Falsifiability Formulate assumptions so that it is 
possible to make observations prohibited 
by a theory

Imprecise formulation of self-control and underlying 
resource make it difficult to falsify some of the theory’s 
predictions

Progress Inspire new research and discoveries and 
promote theoretical progress

Theory has spurred hundreds of studies, novel 
theorizing, and methodological, scientific debates

Inspired by Gawronski and Bodenhausen (2015)

1  What Makes for a Good Theory? How to Evaluate a Theory Using the Strength Model of Self-Control…
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resist their temptations and to successfully 
control their impulses—even after a demanding 
previous task. These observations alone do not 
mean that the Strength Model has to be aban-
doned. Indeed, several situational and disposi-
tional moderators have been identified that 
presumably prevent or counteract ego depletion 
effects (for a review, see Loschelder & Friese, 
2016). For example, affirming core personal val-
ues (Schmeichel & Vohs, 2009) or being incen-
tivized to perform well have been shown to 
counteract ego depletion effects (Luethi et  al., 
2016; Muraven & Slessareva, 2003). In a similar 
vein, holding a subjective theory that self-control 
is non-limited (Job, Dweck, & Walton, 2010; 
Bernecker & Job, Chap. 12) or having a high 
disposition for action orientation (Gröpel, 
Baumeister, & Beckmann, 2014) has been found 
to prevent the occurrence of ego depletion. In all, 
boundary conditions are crucial and need to be 
defined well in order to account for theory-
consistent and inconsistent findings.

Another (potentially greater) problem for the 
Strength Model stems from the increasing num-
ber of studies that fail to find ego depletion effects 
without moderating variables being able to 
explain these inconsistent data (e.g., Etherton 
et al., 2018; Lurquin et al., 2016; Osgood, 2017; 
Singh & Göritz, 2018; Vadillo, Gold, & Osman, 
2018). The empirical evidence does not seem to 
as consistently support the theoretical assump-
tions as was believed for many years. From our 
perspective, conceptual and empirical work is 
necessary to address this lack of consistency 
(especially in light of doubts about the ability 
of earlier empirical work on the model to lead 
to firm conclusions, see below and Friese et al., 
in press). Otherwise, a lack of consistency will 
seriously threaten the state of the Strength Model 
as a respected theory.

�Precision

A good theory is precise, with clearly defined 
concepts and operationalizations that allow for 
little stretching or subjective interpretation. 
The more precise the formulation of a theory and 

its background assumptions, the less ambiguous 
it is for researchers to decide which empirical 
observations are consistent versus inconsistent 
with the theory (Gawronski & Bodenhausen, 
2015). Thus, precision increases the chances of 
collecting both supporting and refuting empirical 
evidence for a theory. Imprecise theories leave 
room for subjective interpretation of empirical 
findings.

Precision is not a strength of the Strength 
Model. One problem of the theory is shared with 
the field of self-control research in general: a pre-
cise (and widely accepted) definition of self-
control is lacking. Baumeister and Vohs (2016, 
p. 70) define self-control “as processes by which 
the self intentionally alters its own responses, 
including thoughts, emotions, impulses, perfor-
mance, and behaviors, based on standards.” This 
definition encompasses a great part of what peo-
ple intentionally do when awake. But not every 
time a person intentionally alters her own 
responses to be in line with her standards, she will 
exert effortful self-control leading to depletion 
effects. For example, picture a person writing an 
official Email in line with orthography and gram-
mar. Writing requires altering one’s responses 
based on standards (the norms of orthography and 
grammar). But for someone educated enough to 
write decently, this is so low-minded that it seems 
implausible to assume that such a task will easily 
lead to discernable depletion-type effects. Thus, 
this definition of self-control may be too unspe-
cific and likely too broad. Similar points can be 
made with respect to the alternative definition of 
self-control provided in the Definition box earlier 
in this chapter. In all fairness, somewhat vague 
and imprecise conceptual definitions are nothing 
unique to the Strength Model, but a feature shared 
with many other theories and research fields in 
(social) psychology.

The imprecise definition of self-control is rel-
evant for the antecedent of impaired self-control 
(i.e., the independent variable in experimental 
studies). Here, it pertains to the behavioral level 
of analysis: What exactly are properties of a valid 
manipulation that allow for a stringent test of the 
model, independent of the behavioral effect it 
may or may not evoke?

K. Gieseler et al.
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The Strength Model’s lack of precision 
becomes especially apparent on the process level: 
The model postulates the reduction of a “limited 
resource” as the crucial underlying mechanism 
that is causally responsible for impaired self-
control performance. However, the model does 
not specify the nature of this resource in any way. 
In consequence, the model remains too imprecise 
to test one of its core assumptions as it is impos-
sible to measure an unknown resource.1

The lack of precision on the behavioral and 
process level may contribute to the problems and 
reproaches that ego depletion research is facing: 
If researchers do not precisely know how to 
manipulate the exertion of self-control, it is diffi-
cult to distinguish a nonsignificant result caused 
by a wrong theory from a nonsignificant result 
caused by an unapt experimental manipulation. 
Similarly, it is impossible to provide conclusive 
evidence supporting the underlying process 
assumptions, if the model does not provide clear 
guidance about the properties of this very resource 
(or how to measure it).

�Parsimony

A good theory explains more with less. When 
developing a theory, one possibility is to start 
with observations, to abstract and generalize 
them, and to create joined-up principles (see defi-
nition above). In a next step, the theorist cuts out 
all superfluous elements. A straightforward for-
mula remains that predicts a multitude of events 
with as few assumptions as possible. Hence, 
when comparing two theories that both explain 
the same set of empirical observations, the theory 
with fewer assumptions is superior in terms of 
parsimony.

The Strength Model is very parsimonious as it 
originally made only two central assumptions 
(domain generality and limited resource). Many 

1 Some earlier studies had suggested that blood glucose 
levels may be this underlying limited resource, but this 
idea has been dismissed on both logical, physiological, 
and empirical grounds (Dang, 2016; Kurzban, 2010; 
Vadillo, Gold, & Osman, 2016; but see Ampel, Muraven, 
& McNay, 2018, for a different perspective).

(social) psychological theories make many more 
than just two central assumptions (e.g., Social 
Identity Theory, Scheepers & Ellemers, Chap. 9; 
Social Learning Theory, Bandura, 1977; General 
Aggression Model, Bushman & Anderson, 2002). 
Excessive parsimony comes with the downside 
that it may impair consistency—thus eventually 
requiring conceptual additions to a theory. Future 
research will reveal if failures to detect the ego 
depletion effect can be accounted for by such 
boundary conditions (moderators) and auxiliary 
assumptions—at the cost of parsimony. 
(Alternatively, failures to find ego depletion 
effects may also be due to problems discussed 
later in the section “Empirical perspective”).

�Generality

Generality refers to a theory’s quality to apply to 
various fields, situations, or domains of behavior. 
Although theoretical parsimony is an asset of a 
theory, explanatory breadth is as well.

The Strength Model fares very well concern-
ing this criterion: The proposed explanatory 
breadth of the model is unusually large. A wide 
array of behaviors in almost all spheres of life 
require self-control and may—if the theory is 
right—evoke ego depletion effects. Likewise, 
according to the Strength Model, exerting self-
control may have an impact on a multitude of 
behaviors in a variety of areas, all of which 
therefore should be susceptible to ego depletion 
effects.

�Falsifiability

No matter how much empirical evidence has 
been gathered that is consistent with a theory, the 
theory can never be inductively “proven” to be 
true—it is always possible that one day an obser-
vation inconsistent with the theory emerges 
(Popper, 1959). All the more important, a theory 
has to be falsifiable. If a theory is formulated in a 
way that makes it impossible to observe some-
thing that is prohibited by the theory’s assump-
tions, it is unfalsifiable and therefore not a good 

1  What Makes for a Good Theory? How to Evaluate a Theory Using the Strength Model of Self-Control…
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theory (e.g., the claim “the exertion of self-con-
trol subsequently leads to better, poorer or 
unchanged self-control performance” would make 
the theory unfalsifiable). It is, of course, possible to 
define already mentioned auxiliary assumptions or 
boundary conditions to explain observations that 
initially appear inconsistent with the theory. 
However, every inconsistent observation must not 
lead to the development of a new auxiliary assump-
tion specifying a new exception. Especially if there 
are more exceptions to the theory than standard 
cases, a theory becomes unfalsifiable (see also cri-
terion of Parsimony).

The Strength Model states that the exertion of 
self-control impairs self-control performance. 
This claim would be falsified, if the exertion of 
self-control was consistently found to boost 
rather than to impair performance. Savani and 
Job (2017) found such a reverse ego depletion 
effect in several studies. Importantly, however, 
participants in these samples came from India 
growing up with the cultural belief that exerting 
self-control is beneficial for future self-control 
exertion. Adding “cultural belief” (or beliefs 
about the [non-]limitedness of self-control more 
generally) as a boundary condition incorporates 
these results into the larger theory.

Some other assumptions of the Strength Model, 
however, seem difficult to falsify. On the behav-
ioral level, the prediction that exerting self-control 
impairs subsequent self-control performance is dif-
ficult to falsify because due to the imprecision of 
the self-control definition, it is unclear what consti-
tutes a valid self-control manipulation and a valid 
dependent variable. Failures to replicate an effect 
can easily be dismissed by doubting the validity 
or the strength of the independent or dependent 
variables (see section on Operationalization and 
Manipulation Checks below). On the process 
level, the nature of the purported resource is 
unspecified, as mentioned earlier. Its existence 
can therefore not be falsified.

�Progress

Good theories inspire new research, lead to 
discoveries that make contributions beyond the 
previously known, and promote theoretical 

progress through refinements, sharpening, and 
the inspiration and development of (new) 
theories.

The Strength Model has successfully spurred 
progress. Hundreds of studies have been con-
ducted and endorsed the existence of the ego 
depletion effect (Hirt, Clarkson, & Jia, 2016). 
The model has been applied to many different 
spheres of psychology including consumer 
behavior (Friese, Hofmann, & Wänke, 2008; 
Vohs & Faber, 2007), neuroscience (Heatherton & 
Wagner, 2011; Luethi et  al., 2016), decision-
making (Pocheptsova, Amir, Dhar, & Baumeister, 
2009), and work and organizations (Christian & 
Ellis, 2011), to name a few. The model also 
inspired the development of new theories explain-
ing the ego depletion effect differently (e.g., 
Central Governor Model: Evans et  al., 2015; 
Process Model: Inzlicht et  al., 2014) and more 
general theories of self-control integrating ego 
depletion as a central component (e.g., De Witt 
Huberts et al., 2014; Kotabe & Hofmann, 2015). 
Furthermore, methodological discussions trig-
gered by doubts about the robustness of the ego 
depletion effect led to advances in domains such 
as research on publication bias (Inzlicht, Gervais, 
& Berkman, 2015). In sum, the Strength Model 
was extraordinarily successful in stimulating 
both empirical work and theory across different 
fields in psychology and beyond. (Obviously, in 
and of itself this does not make a theory any more 
or less true.)

�Interim Summary

In the first part of this chapter, we introduced the 
Strength Model of Self-Control with its two main 
assumptions: domain generality and limited 
resource. We discussed the sequential task para-
digm and introduced two levels of analysis: the 
behavioral level and the process level. We pro-
ceeded with a selection of criteria to evaluate the 
quality of theories and applied these to the 
Strength Model. In the following section of the 
chapter, we turn to the examination of the quality 
of empirical research that has been conducted to 
test a theory, again using the Strength Model as 
an illustrative example.

K. Gieseler et al.
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�Empirical Perspective: Criteria 
to Evaluate Research on a Theory

We now take a look at a selection of criteria that 
help to judge the quality of empirical research 
that has been conducted on a theory. Admittedly, 
these criteria are inspired specifically by dis-
cussions about the Strength Model. They are 
therefore neither exhaustive nor representative 
for evaluating empirical work in general. 
Nevertheless, several of these criteria can readily 
be applied to evaluating research on other theo-
ries as well. For a more in-depth discussion of 
empirical work on the ego depletion effect, see 
Friese et al. (in press).

�Statistical Power

We start with the famous Jacob Cohen (1988, 
p. 1): “The power of a statistical test is the proba-
bility that it will yield statistically significant 
results [for an effect that truly exists].” To reliably 
detect an effect that truly exists, high statistical 
power is vital. Importantly, statistical power 
increases with larger effect sizes and with larger 
sample sizes (given the significance level for a 
type-I error is held constant). Thus, if statistical 
power is low, a study is less likely to detect a true 
effect. But—and maybe less intuitively—low 
statistical power also decreases the likelihood 
that a statistically significant finding reflects a true 

effect (Button et al., 2013; Christley, 2010). This 
so-called positive predictive value is lower for 
smaller effect sizes and for smaller sample sizes.

In the ego depletion literature, many studies 
have small sample sizes (Carter et  al., 2015). 
Thus, in combination with a true effect which—
by now—is assumed to be small in size, statisti-
cal power across the ego depletion literature is 
assumed to be worryingly low. When the average 
power in a literature is low, many studies are 
likely to produce nonsignificant findings even in 
the presence of a true effect. However, the vast 
majority of published ego depletion studies 
reveal significant effects (Carter et  al., 2015). 
Together, these observations limit the possibility 
to draw firm conclusions concerning the Strength 
Model based on the currently available evidence 
(see also later section on P-Hacking and 
Publication Bias).

�Operationalization and Manipulation 
Check

The process of defining an instrument to measure 
a phenomenon that is not directly observable is 
called operationalization—the resulting repre-
sentations of the phenomenon are operational 
definitions. For instance, to measure the abstract 
concept of a person’s intelligence (which is not 
directly observable), psychologists have devel-
oped many different intelligence tests that seek to 
measure and quantify the underlying construct. 
In principle, a phenomenon can have an unlim-
ited number of operational definitions (Whitley, 
2002). It is important to thoroughly develop these 
operational definitions because researchers draw 
inferences concerning the phenomena (i.e., hypo-
thetical, latent constructs; e.g., intelligence) 
based on the measurement of observable, mani-
fest variables (e.g., scores in an intelligence test). 
Only if this relationship between manifest vari-
ables and the phenomenon is trusted—if the 
operational definition fits the theory—can we 
draw conclusions concerning the hypothetical 
construct. Otherwise, if central constructs are not 
well operationalized, it is difficult to estimate the 
robustness of an effect.

Box 1.2 Questions for Elaboration

1.	 Think of a social psychological theory 
you know, and try to evaluate it along 
the criteria presented in this part of the 
chapter. In what respects is the theory 
you chose a good theory? Where is 
room for improvement? Discuss.

2.	 If you were to rank the discussed crite-
ria, which of these would you see as the 
more relevant indicators for a high-
quality theory? Are some of these crite-
ria mutually exclusive?
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Research on the Strength Model used a large 
variety of operational definitions concerning the 
measurement and the manipulation of self-
control (see section on Generality above). The 
Strength Model itself does not explicitly suggest 
a certain set of operational definitions, partly due 
to its generality (see Theoretical Perspective). 
Hence, there is a large variety of ego depletion 
manipulations in terms of time and content: from 
very brief manipulations such as 20 incongruent 
(depletion condition) versus 20 congruent (con-
trol condition) Stroop trials (Yam, Chen, & 
Reynolds, 2014) to completing several demand-
ing tasks in a row in the depletion condition, each 
lasting several minutes (Sjåstad & Baumeister, 
2018; Vohs, Baumeister, & Schmeichel, 2012), 
and from resisting cookies versus radishes to 
crossing out certain letters in a text (Baumeister 
et al., 1998). The same is true for the dependent 
variables: A large variety of different tasks have 
been used as dependent variable, ranging from 
executive functioning tasks like the Stroop task 
(Inzlicht & Gutsell, 2007) to arithmetic calcula-
tions (Vohs et al., 2008) via tasks involving resisting 
temptations (Christiansen, Cole, & Field, 2012; 
Friese et  al., 2008) to risk taking (Freeman & 
Muraven, 2010) and aggressive behavior (DeWall, 
Baumeister, Stillman, & Gailliot, 2007). Meta-
analytic evidence suggests that these tasks share 
a common core, albeit a rather small one 
(Duckworth & Kern, 2011). Thus, the question is, if 
and to what extent these operational definitions 
can reliably and validly manipulate and measure 
the underlying construct that the Strength Model 
posits: self-control.

A related point concerns the use of manipula-
tion checks. Manipulation checks are typically 
used to test whether an independent variable suc-
cessfully manipulated the construct of interest. 
The majority of ego depletion studies did not 
make use of manipulation checks. In a first meta-
analysis of 198 studies (Hagger et al., 2010), only 
30% of those studies included a manipulation 
check asking for perceived difficulty of the first 
task. Out of these 30%, only about half (15.7% in 
total) asked for subjective effort, and only a little 
more than one in ten (12.6%) assessed fatigue 
after the first task. This is important to keep in 

mind: When researchers have little evidence 
whether and to what extent participants exerted 
self-control, the success of the manipulation may 
be in doubt. This, in turn, has implications for the 
falsifiability of the model: A failure to find an 
effect could be due to problems from the theoreti-
cal perspective (i.e., the model’s assumptions may 
not be correct) or from the empirical perspective 
(i.e., the model is correct, but the unsuccessful 
manipulation of the relevant constructs did not 
allow for a proper test). In the latter case, it may 
be premature to dismiss a theoretical model, even 
in light of nonsignificant findings.

�p-Hacking and Publication Bias

In recent years, several issues have been debated 
that may contribute to less-than-desirable repli-
cability and robustness of psychological science 
(e.g., Munafò et al., 2017). Two sources of bias in 
particular have received widespread attention: 
p-hacking and publication bias.

p-hacking refers to researchers engaging in 
questionable research practices to make originally 
nonsignificant analyses statistically significant. 
A nonsignificant p-value is “hacked” to signifi-
cance (see Fig.  1.2). Consequently, findings 
appear more robust than they actually are 
(Simmons, Nelson, & Simonsohn, 2011, 2018). 
Common p-hacks include reporting only depen-
dent variables that “worked” while omitting oth-
ers, including or excluding outliers depending 
on which analyses reveal the more desirable 
outcome, peeking at the data during data collec-
tion and stopping when the desired pattern of 
results emerges without controlling for the 
increased Type-I error rate (α error, probability 
of rejecting the null hypothesis when it is in fact 
true), or including covariates without a pre-
defined theoretical rationale. Some of these 
p-hacks are especially “efficient” in changing 
results in small samples.2

The most tangible consequence of p-hacking is 
an increase of significant findings that would not 

2 See http://shinyapps.org/apps/p-hacker/ for a vivid 
demonstration (Schönbrodt, 2015).
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have been significant without p-hacking. An original 
p-value may be nonsignificant while showing a 
(nonsignificant) tendency in the expected direc-
tion. After p-hacking, the effect size is artificially 
inflated, and the finding is significant. These false-
positive findings due to p-hacking suggest the 
presence of a true effect that in fact may not exist 
or may be smaller than suggested. One important 
consequence of p-hacking is that it may lead to an 
inflation of significant findings in a given literature 
that may contribute to convictions about the exis-
tence of a phenomenon that in fact may be much 
less reliable than it appears. Another important 
consequence of p-hacking is that it may lead to an 
overestimation of the effect size for a given phe-
nomenon that may in fact be much smaller than it 
appears.

The pervasiveness and severity of p-hacking 
is unknown and estimates vary widely (Fiedler 
& Schwarz, 2016; Hartgerink, 2017; Head, 
Holman, Lanfear, Kahn, & Jennions, 2015; John, 
Loewenstein, & Prelec, 2012). It seems safe to say 
that p-hacking has played a role in the ego deple-
tion literature (Wolff, Baumann, & Englert, 2018), 
as it has in many other psychological literatures. 
P-hacking will have contributed to the overestima-
tion of meta-analytic effect size estimates in ego 

depletion research, although it is unclear to what 
extent this is the case (Friese et al., in press). In 
addition, p-hacking likely has produced a number 
of published findings that would not have been 
significant without p-hacking (and therefore less 
likely to be published).

Publication Bias  Publication bias refers to the 
observation that studies with statistically signifi-
cant results are more likely to be published than 
nonsignificant studies (Bakker, van Dijk, & 
Wicherts, 2012). The most tangible consequence 
of publication bias is the overestimation of meta-
analytic effect size estimates, because the number 
of published studies (with often larger effect sizes; 
see above) is not adequately corrected downward 
by existing, but unavailable nonsignificant studies 
with smaller effect sizes. Thus, publication bias 
can lead to a distorted perception of the magnitude 
and robustness of research literatures.

Estimating the severity of publication bias is 
difficult, but some analysts suggest that it is gen-
erally high in the social sciences including psy-
chology (Fanelli, 2010; Fanelli, Costas, & 
Ioannidis, 2017) and also for ego depletion 
research in particular (Carter et al., 2015; Carter 
& McCullough, 2014). This is troublesome, 

Fig. 1.2  An illustrative example of p-hacking and its 
consequences. A nonsignificant effect with p = 0.112 (dot-
ted line) is p-hacked (black arrow) below the common 
0.05 significance threshold to p = 0.035 (continuous line). 

As a consequence, the size of the effect increases. 
However, the main objective in p-hacking is to obtain a 
significant result, not to increase the effect size
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because common techniques to correct for the 
influence of publication bias work poorly under 
conditions typical for psychological science (e.g., 
heterogeneity in effect sizes; Carter, Schönbrodt, 
Gervais, & Hilgard, 2017).

Taken together, p-hacking (particularly) 
increases the rates of false positives, while publi-
cation bias (particularly) increases meta-analytic 
effect size estimates. Based on the preponderance 
of statistically significant findings despite low 
power, it is plausible to assume that both p-
hacking and publication bias have contributed 
markedly to ego depletion research. Together, 
they convey the impression of a more robust and 
replicable literature with larger effect sizes than 
is warranted. How severe exactly their influence 
is, is unfortunately impossible to determine. 
Studies using open science practices such as pre-
registration (Nosek, Ebersole, DeHaven, & 
Mellor, 2018; van ‘t Veer & Giner-Sorolla, 2016), 
open materials, and open data are less prone to the 
deleterious effects of p-hacking and publication 
bias (Munafò et  al., 2017). It should therefore 

become a habit for researchers to preregister their 
predictions on an openly accessible online forum, 
where they can also share their experimental 
materials, original data, and analysis scripts. 
Future work (not only on ego depletion) should 
embrace open science practices.

�Moderation and Mediation

Moderators can reveal important boundary con-
ditions of effects proposed by a theory (see first 
part of this chapter). They can elucidate the 
breadth of a phenomenon, reveal new differentia-
tions, and explore limits of a theory.

More than 100 studies have investigated 
moderators of the ego depletion effect (for an 
overview, see Loschelder & Friese, 2016). For 
example, incentives to perform well in a second 
self-control task can counteract ego depletion 
effects (Luethi et  al., 2016, see Fig.  1.3a; 
Muraven & Slessareva, 2003), and people who 
believe that their willpower is non-limited may 

Fig. 1.3  (a) Moderation: The relationship between inde-
pendent and dependent variable is influenced by a third 
variable, the moderator. Luethi et al. (2016), for example, 
found that the effect of the self-control manipulation on 
the performance in a Stroop task depended on whether 
participants could earn additional money depending on 
their performance in the Stroop task or not. (b) Mediation: 

The relationship between independent and dependent 
variable—the underlying process—can (partly) be 
explained by a third variable, the mediator. The Strength 
Model, for instance, assumes that the diminution of the 
self-control resource explains why after exerting self-
control in a first task, people’s self-control performance is 
impaired in a second self-control demanding task
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be less likely to show ego depletion effects (Job 
et  al., 2010; Bernecker & Job, Chap. 12). One 
may suspect that moderator studies (that are often 
investigated in 2  ×  2 experimental designs) are 
more difficult to p-hack than two-condition stud-
ies and may therefore provide more robust 
results. However, this assumption is unlikely 
given that only one experimental condition 
would need to be p-hacked for a moderation 
pattern (Friese et al., in press). In addition, mod-
erator studies in the ego depletion literature pre-
dominantly report significant findings, but had 
low statistical power, suggesting the presence of 
p-hacking and/or publication bias.

Mediation studies are used to test assumptions 
about the underlying process of a phenomenon 
(see process level of analysis, De Houwer, 2011). 
Mediators can therefore—in principle—distin-
guish between different theoretical explanations 
of the same observations. Mediators can be mea-
sured or manipulated (e.g., Hayes, 2013; Spencer, 
Zanna, & Fong, 2005). When a proposed media-
tor is measured, the data pattern necessary to 
obtain significant mediation is more complex 
than a mean difference between two conditions. 
Mediator studies may thus—again, in principle—
be less likely to produce false positives and 
instead provide more robust evidence for a 
phenomenon.

While providing process evidence for the 
Strength Model (i.e., diminished self-control 
resource; Fig.  1.3b) is impossible because the 
assumed resource is unspecified and thus nonas-
sessable, some researchers examined other medi-
ators not specified by the Strength Model (e.g., 
Chow, Hui, & Lau, 2015; Graham, Martin Ginis, 
& Bray, 2017; Inzlicht & Gutsell, 2007). 
Considering the size of the ego depletion litera-
ture, mediator studies are rare. They commonly 
have low statistical power, too. Importantly, since 
hardly any studies on ego depletion were prereg-
istered, it is impossible to know how many medi-
ator studies were conducted but not reported at 
all or in a different manner because the mediation 
results did not turn out as expected. The existing 
evidence in the ego depletion literature is there-
fore limited. More generally, we believe that 
preregistered and theoretically grounded mediator 

studies are capable of providing stronger evidence 
for a theory as they examine an assumed mecha-
nism on the process level in addition to the 
behavioral effect.

�Meta-Analyses

Meta-analyses are a powerful tool to combine the 
results of multiple relevant studies in a research 
field (Borenstein, Hedges, Higgins, & Rothstein, 
2011). They shift the focus from individual stud-
ies to the broader picture. Some strengths of meta-
analyses are the higher statistical power to show 
even small effect sizes and the ability to examine 
moderators across studies that are unfeasible to 
investigate in individual studies. Despite their 
many benefits, meta-analyses have drawbacks. An 
important one is that the quality of a meta-analy-
sis crucially depends on the quality of the primary 
studies (Egger, Smith, & Sterne, 2001; Ioannidis & 
Lau, 1998). If a field features many poorly con-
ducted studies, a meta-analysis will unlikely level 
out the biases of primary studies (e.g., p-hacking; 
see also Munafò et al., 2017)—particularly, if these 
biases are systematic rather than unsystematic 
(Borenstein et  al., 2011). As mentioned earlier, 
publication bias can also distort meta-analytic 
effect size estimates. The possibilities to reliably 
correct for publication bias are limited (Carter 
et al., 2017). Nevertheless, meta-analyses currently 
are the most potent way to quantitatively summa-
rize large sets of studies (Gurevitch, Koricheva, 
Nakagawa, & Stewart, 2018).

For the ego depletion literature, a first meta-
analysis of published studies indicated a healthy 
mean effect size of d = 0.62 (Hagger et al., 2010). 
However, a reanalysis of the same dataset found 
evidence for publication bias (Carter & 
McCullough, 2014). A second meta-analysis 
found an uncorrected smaller, but still substantial 
effect of g  =  0.43 (Carter et  al., 2015). After 
applying different techniques to correct for the 
influence of publication bias (that all have some 
shortcomings), Carter and colleagues concluded 
that there is “very little evidence that the ego 
depletion effect is a real phenomenon” (Carter 
et al., 2015, p. 796).
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Some researchers saw this meta-analysis by 
Carter et al. (2015) as the first nail in the coffin of 
ego depletion research. Others pointed out vari-
ous problems of the meta-analysis, the bias cor-
rection methods, and questioned its conclusions 
(Cunningham & Baumeister, 2016; Inzlicht et al., 
2015). In the meantime, further meta-analyses 
appeared with varying results that are difficult to 
interpret due to methodological issues (Blázquez, 
Botella, & Suero, 2017; Dang, Liu, Liu, & 
Mao, 2017; see Friese et al., in press). Overall, 
the inconvenient truth is that ego depletion 
meta-analyses served as a great tool to promote 
discussion and progress, but they did not pro-
vide unequivocal evidence for (or against) the 
ego depletion effect.

�Registered Replication Reports

Registered Replication Reports (RRR) are 
“multi-lab, high-quality replications of important 
experiments in psychological science along with 
comments by the authors of the original studies” 
(Association for Psychological Science, 2018). A 
detailed description of the study, the hypotheses, 
and the analysis plan is implemented by several 
laboratories, and the results are published inde-
pendent of the results. An RRR has thus great 
statistical power to test a central prediction of a 
theory. A limitation of RRRs is that they are (usu-
ally) restricted to replicating one specific, often 
prototypical operationalization in a research field 
(a selected “landmark study”). The ability of 
RRRs to speak to the validity of whole theories is 
therefore necessarily limited.

An ego depletion RRR (Hagger et al., 2016) 
sought to replicate one selected combination of 
manipulation and dependent variable (Sripada, 
Kessler, & Jonides, 2014). As we have seen in 
the first part of the chapter, a salient characteris-
tic of the Strength Model is its domain general-
ity assumption. Thus, the ability of this (or any 
other) specific IV-DV combination alone to dis-
prove the general ego depletion idea is limited. 
That being said, the RRR delivered a null effect 
on average. Although there was discussion 

about some methodological issues of the RRR 
(Arber et  al., 2017; Baumeister & Vohs, 2016), 
this finding posed another serious threat to ego 
depletion research.

�Discussion

In this chapter, we discussed criteria to evaluate 
the quality of theories and the empirical research 
examining these theories. Instead of reiterating 
our conclusions, we wish to briefly reflect about 
(1) the choice to abandon theories, (2) the two 
levels of analysis in general, and (3) the Strength 
Model in particular.

A psychological theory is of inferential 
nature—it makes probabilistic, imperfect predic-
tions of the future—and, as such, can never be 
proven to be true. The process of developing a 
psychological theory is hence never completed. 
It is an ongoing journey of testing, refinement, 
development, falsification, and sometimes rejec-
tion. As we tried to show in this chapter, it is 
important to distinguish between the theoretical 
perspective and the empirical perspective when 
working with theories. Failures to replicate an 
effect (or find it in the first place) can be due to 
different causes: the theory could be wrong and 
the original result was a false positive. Similarly, 
however, the theory could have merit, but the 
empirical research was not good enough to ade-
quately test it. In this case, one should take a 
close look at the complete process of putting the 
theoretical prediction to a practical test. Did the 
theory make plausible assumptions? Were opera-
tionalizations adequate? Such discussion may 
lead to important insights and sensible further 
steps for a research field. It may be more promis-
ing than a (possibly) premature decision to aban-
don a theory altogether. From the theoretical 
perspective, theories may be true after all, even if 
some empirical tests did not deliver the expected 
results.

When discussing both the criteria to evaluate 
the quality of theories and its accompanying 
empirical research, the Strength Model fared bet-
ter on some criteria than on others. Here, we wish 
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to stress that we chose the Strength Model as an 
illustrative example—not because we sought to 
promote or undermine this model—but because 
it has received considerable attention in the last 
decades (and we happen to have gained some 
knowledge on it). In addition, many of the doubts 
and criticisms that we discussed with respect to 
the Strength Model are not unique to this model; 
they generalize to several other literatures in 
social psychology and beyond. The discussion 
about the scientific implications of these observa-
tions for (social) psychology more generally goes 
past the scope of this chapter.
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