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Abstract
We review definitions of habit and evaluate how well current measures capture these
definitions. Habits are context-behavior associations in memory that develop as people
repeatedly experience rewards for a given action in a given context. Habitual behavior is cued
directly by context and does not require supporting goals and conscious intentions. As we
explain, goals are important to initiate behavior repetition and to inhibit unwanted habit
performance, and in addition can be inferred from habits. To date, research has relied on self-
report methods to measure habit. These measures, by themselves, may fall short of adequately
testing key features of habit, such as context dependence, or dissociating habitual and non-
habitual influences on behavior. By augmenting self-reports with implicit, behavioral, and
ecological momentary assessment methods, researchers can gain a more complete

understanding of habits and their role in shaping behavior.
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Defining Habit in Psychology

We’ve all said, “I can’t help it, it’s just a habit.” Colloquially, habits can be
convenient excuses for actions that are not ideal. Research into folk explanations shows that
people tend to forgive others for misfortunate events when they could be produced by habit
(Gershman, Gerstenberg, Baker, & Cushman, 2016). In one study, participants read a scenario
about a problematic office door knob that locked when turned in the wrong direction. Despite
being warned, a new worker haplessly did just that during his first day on the job, and locked
a colleague into the office for several hours. But he wasn’t always blamed. When the scenario
noted that his door knobs at home worked in the same direction as the problem one in the
office, participants were inclined to forgive. We understand, habits can run off without
intention or thought. They are different from other actions. Without the excuse of doorknobs
at home turning in that direction, the new worker was held more responsible for the mistake.

Folk psychology is self-serving when it comes to explaining our own habits. We no
longer recognize the lack of intention and thought when it comes to our own behavior. In fact,
for beneficial actions, people are more likely to claim agency and responsibility for stronger
habits. For example, students with strong habits to take the bus or strong habits to watch TV
news reported being more certain of their intentions to do these things than students with
weaker habits (Ji & Wood, 2007). Despite this conviction, strong habit participants did not act
on their intentions during the next week. Instead, they continued to take the bus or watch the
news in a habitual way, regardless of their intentions. For those with weak habits, however,
more favorable intentions meant more frequent actions (see also Neal, Wood, Labrecque, &
Lally, 2012). In a way, it makes sense to take credit for beneficial habits, given that they are
aligned with intentions. However, intentions do not play a causal role in activating habits.

Folk psychology thus flexibly interprets habit intentionality. It excuses unwanted
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habits and claims responsibility for beneficial ones. It fails to reveal, however, the nature of
habit. We know the feeling of making a decision, desiring something to happen, and
controlling our actions so that it occurs. However, we can’t introspect in the same way into
the mechanics of habit performance. Like automaticity in general, habits are brought to mind
by cognitive processes largely outside of conscious awareness. We can observe the action that
results, but we are blind to the mechanism. Recent research is beginning to shed light on
exactly what these processes involve.

Unraveling habit processes is the exciting premise of this edited volume. We begin to
address this in the present chapter by outlining the history of habit in psychology, focusing
especially on the various definitions of habit over the past 150 years of research. To provide
an initial framework to the discussion, we note that most modern research begins with a
conceptual definition of habits as cue-response associations in memory that are acquired
slowly through repetition of an action in a stable circumstance (Gardner, 2015; Orbell &
Verplanken, 2010; Wood & Runger, 2016). As we will see, this definition is a relatively
recent development in the history of habit, and it opens up many possibilities for habit
measurement.

Historic Definitions of Habit

William James (1916/1983) was a big believer in habit. This is easily seen in his
enthusiastic assessment that “99%, or, possibly, 99.9% of our activity is purely automatic and
habitual, from our rising in the morning to our lying down each night. Our dressing and
undressing, our eating and drinking, our greetings and partings...even most of the forms of
our common speech, are things of a type so fixed by repetition as almost to be classed as
reflex actions” (p. 48).

This enthusiasm set the stage for 20" century research on habit. Early on, researchers

highlighted the ways animals and humans learn stimulus-response associations (e.g.,
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Thorndike, 1898). These ideas formed the foundations of behaviorism, especially radical
behaviorism’s infamous denial that thoughts and feelings guide action (e.g., Skinner, 1938).
Although behaviorism took many forms, a common assumption was that stimuli, rewards, and
other external forces guide repeated behavior. (e.g., Hull, 1943).

This early heyday of habit research did not last long. Observing his rats run mazes,
Tolman (1948) argued that they formed internal representations and cognitive maps. This
theme resonated with psychology’s developing interest in the mind. During the cognitive
revolution in the mid-century, stimulus-response connections were replaced by information-
processing models of goal pursuit (e.g., Miller, Galanter, & Pribram, 1960). In the cognitive
view, people act by making decisions and pursuing goals. These ideas were encapsulated in
an influential model of behavior prediction - the theory of reasoned action/planned behavior
(Fishbein & Ajzen, 1975, 2011). All actions supposedly reflect people’s intentions to act,
which were assessed through their explicit ratings of behavioral goals and expectations.

Yet habit did not completely disappear. Triandis (1977, 1980) proposed an alternative
model, the theory of interpersonal behavior, which recognized that people could act out of
habit, repeating past behavior, as well as out of intention (which Triandis likened to self-
instruction). The relative weighting of habit and intention depended on how often people had
repeated a behavior in the past. Well-established, overlearned behaviors were repeated
without much input from conscious intentions. Triandis’s ideas about the relation between
habit and conscious decisions were surprisingly modern, predating dual systems models of
information processing (Evans & Stanovich, 2013; Sherman, Gawronski, & Trope, 2014).

Even the cognitive revolution kept bumping up against habit. When performing a
laboratory task in which the same stimuli were presented again and again, people seemed to
just repeat the practiced response. They did not experience active control, they could perform

secondary tasks, and they did not have to allocate attention (Shiffrin & Schneider, 1977).
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Apparently, they were guided by “a learned sequence of elements in long-term memory
initiated by consistent stimuli” (Shiffrin & Schneider, 1977, p. 1). This habit-like responding
was contrasted with controlled processing that involved “temporary activation of a sequence
of elements” (p. 1). In this way, habit peaked its nose under the cognitive tent with a new
label, automaticity. As we will explain, automaticity proved to be a broad construct with
many facets, only some of which correspond to habit. However, early observations of
automaticity that emerged from repeated responding to consistent stimuli are closely aligned
with habit formation (e.g., Gardner, 2015; Wood & Riinger, 2016).

Additional impetus for recognizing habit came from cognitive neuroscience. Research
revealed that the procedural learning of habit activated somewhat different neural networks
than other forms of implicit memory (Squire & Zola-Morgan, 1991). For habit learning,
greater task repetition speeds performance, reduces thought and attention, and increases
activation in certain brain regions (Knowlton & Patterson, 2016). Initially, task performance
involves activation in a neural system known as the associative loop. This includes a part of
the basal ganglia, the caudate, along with the midbrain and the prefrontal cortex, which is a
brain region associated with self-control, planning, and abstract thought. With practice,
activation increases in neural networks that include the sensorimotor loop, which connects the
putamen of the basal ganglia with the sensorimotor cortices and parts of the midbrain
(Tricomi, Balleine, & O’Doherty, 2009; Yin & Knowlton, 2006).

The multiple sources of evidence for habit in behavior prediction, cognitive
experiments, and neuroscience all pushed researchers in the same direction. Habit could no
longer be ignored or replaced with other constructs. Recently, habit has been integrated with
sophisticated models of deliberate, thoughtful action (Evans & Stanovich, 2013). In this
synthesis, habit is one of many mechanisms that guide action. It is a category of System 1,

defined broadly as cognitive processing that makes minimal demands on working memory.
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System 2, in contrast, draws on executive functions that can change or inhibit a faster, default,
System 1 response.

The recognition of multiple types of processing is consistent with episode-sampling
research tracking the role of thought in guiding action (Wood, Quinn, & Kashy, 2002). In
studies in which participants reported every hour what they were thinking and doing, about
43% of everyday actions were habitual, in the sense that they were repeated almost every day
in the same context and usually performed while people were thinking of something else.
Although this estimate falls short of William James’s (1916/1983) enthusiastic claims, he was
correct in classifying a wide range of actions as habitual, including entertainment, work and
study, social interactions, and standard routines of grooming, sleeping, and eating. As he
anticipated, a great deal of everyday life is infused with habit automaticity.

Along with the emerging evidence of habitual responding in studies of behavior
prediction, cognitive psychology, and neuroscience, psychology has additional reason to
embrace habit at this point in time. In the last decade, it is becoming clear that the standard
approach to changing behavior is falling short (Wood & Neal, 2016). People change their
behavior temporarily when they are motivated to do so by payment or other rewards
(Mantzari et al., 2015). Increased knowledge and information can also change behavior in the
short term. Once behavior change interventions end, however, people’s motivation wanes,
knowledge becomes less salient, and they revert back to what they were doing in the past.
Psychology needs new approaches to understand and change behavior.

Modern Definitions

The cue-response associations of habit memory form as part of instrumental learning,
as people repeat behaviors and get rewards in a stable context (Gardner, 2015; Wood &
Ringer, 2016). At first, people might act on their intentions, trying to achieve a goal or attain

a desired outcome. As they repeat actions, stable elements in the performance context become
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associated with the behavior. Eventually, perception of those elements then can trigger the
behavior directly, without a need for a conscious goal representation. For example, a habit of
snacking at work may begin as a goal-directed behavior aimed to reduce hunger. Given
sufficient repetition, context cues (for example, the sight of one’s office) may come to
activate the snacking behavior automatically, even in the absence of hunger. Indeed, for
people who snack frequently in similar contexts (but not people who snack frequently in
varying contexts), intentions do not predict snacking behavior (Danner, Aarts, & de Vries,
2008). Thus, habit formation is a process by which behavioral control shifts from goal
dependence to context dependence. Indeed, a common approach for assessing habitual
behavior is measuring its dependence on context cues, along with its independence from goals
(see “Habit Measurement” section below).

In this account, many habits begin with goal pursuit. This is one way that habits
interface with goals (see also de Wit & Dickinson, 2009). Wood and Ruinger (2016) outlined
three ways that goals can be involved in habit performance. First, goals influence habit
formation by driving people to repeat actions in a certain context. Thus, goals may energize
habit formation by bringing about context-consistent repetition. Second, goals interact with
habits by influencing the expression of habitual behavior. Once habits are formed, habitual
behaviors are activated in memory directly by context, regardless of goals. However, when
people are sufficiently motivated, they might inhibit an unwanted habit, despite it being active
in mind. Alternatively, positive motivation might increase energy to perform a desired habit.
The final way that goals and habits interact is when people infer their goals from observing
their own habitual behavior, perhaps through a process similar to self-perception (Bem,
1972). Because people do not have conscious access to habit cuing, they may misattribute

their own habits to their volition. This could happen for desired behaviors, when the action is
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attributed to intentions, as well as undesired behaviors, when the action is inferred to be due

to the pull of temptations and suppressed desires. This model is illustrated in Figure 1:

Goal
system ~._ Inference
Activation or
Exposure inhibition
Context —_ re re,rvs‘:rragtri)gn of Habitual Outcome
cues P response

habitual response

Figure 1. Goal-habit interface model from Wood and Riinger (2016). Goals interact with
habit by: 1) facilitating consistent exposure to context cues (seen in the arrow connecting the
goal system and context cues), 2) influencing whether mental representations of habitual
behavior are acted on or inhibited (seen in the arrow going from the goal system to the
habitual response), and 3) inferences of goals based on habitual behavior (seen in the
bidirectional arrow connecting the goal system and the habitual response).

Features of Habit Automaticity

Recent accounts of habit point to automaticity as a key defining feature (Gardner,
Abraham, Lally, & de Bruijn, 2012; Orbell & Verplanken, 2010). Most analyses do not,
however, specify what is meant by “automaticity.” Automaticity is a broad, multidimensional
construct that includes several correlated but independent features (Bargh, 2013; Moors & De
Houwer, 2006). Automatic processes tend to be: goal-independent, in that they can function in
the absence of, or even contrary to, intentions; unconscious, in that they can function without
conscious awareness and may even be inaccessible to it; efficient, in that they do not require
effortful attention or mental processing; fast; and perhaps most importantly for habits -
stimulus driven, in that they can be cued directly by perception of elements in the
environment (Moors & De Houwer, 2006).

Given that these various features of automaticity may not co-occur, the specific

definition of automaticity adopted in any research usually depends on the topic of interest and
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the measure being used. Therefore, the most sensible approach for defining automaticity may
be a polythetic one, whereby a process needs to show some but not all features of
automaticity to be considered automatic to some degree. A classic definition that underlies
many automaticity features is that automaticity involves single-step memory retrieval (Logan,
1988). Automaticity in this view means that, when a person perceives a stimulus, they directly
retrieve the associated response from memory instead of effortfully calculating it. This echoes
the idea of habit as direct retrieval of behavior in response to a cue, with no need for
mediation by reflective processes.

Given the multifaceted nature of automaticity, it is useful to dissociate habit from
other forms of single-step retrieval. For example, habits differ from the types of automaticity
typically studied in social psychology, including concept priming and automatic goal pursuit -
a form of goal pursuit in which goals are activated and pursued without the need for conscious
initiation and guidance. Automatic goal pursuit as well as concept priming are similar to habit
in that they require little awareness or effortful attention (Aarts, 2007). However, these forms
of automaticity differ from habit in that they assume spreading activation of semantic
knowledge structures (Bargh, 2006). This stands in contrast to the direct cuing of a specific
behavior in habit (Wood & Riinger, 2016). For example, automatic goal pursuit assumes the
activation of goals as hierarchical information structures in memory, which link goals to
subordinate means for achieving them (Kruglanski et al., 2002). As such, the activation of a
goal may result in diffuse activation of a variety of goal-related behaviors. Habits, on the
other hand, involve a direct cue-behavior association, in which context cues a specific well-
learned response.

Context Dependence
Any recurring feature of a performance context could, potentially, function as a habit

cue. Although some studies have found that internal states such as mood may cue habitual
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behavior (Ji & Wood, 2007), most research to date has focused on observable context cues,
including physical location, time of day, and preceding actions in a sequence (see Botvinick
& Plaut, 2004; Ji & Wood, 2007). Given the human ability to create abstract cognitive
representations, it is possible that these function as context cues as well, so that a habitual
response becomes associated not with a concrete sensory cue, but rather with an abstract
representation such as “at work”™ or “at a bar.” Congruent with this idea, naturalistic research
on smoking finds that smoking episodes are correlated with such abstract antecedents as
“socializing” (Shiffman et al., 1997). Yet such a pattern is also consistent with the possibility
that, by repeatedly smoking in a variety of specific social situations, smokers have learned to
associate the behavior with specific social contexts independently. Understanding the extent
and conditions under which contexts generalize as cues to habits is an important direction for
future habit research.

If context cues activate habitual responses, then a stable performance context should
be important for habit formation. Repeating a behavior in a stable context allows for a
consistent pairing of environmental cues with a behavior. However, repeating a behavior in
irregular contexts would not produce the context reliance that underlies habits. Congruent
with this hypothesis, context stability has shown incremental validity in predicting the
frequency with which people perform various types of behavior, over and above measures of
past frequency and intentions (Danner et al., 2008). Specifically, context stability moderates
the relationship between the two latter variables and future behavior: For behaviors performed
in varying contexts, intentions tend to predict future behavior better than past behavior. For
behaviors performed in a stable context, however, past behavior is a stronger predictor
(Ouellette & Wood, 1998).

The direct cuing of habit was anticipated by William James’s (1890) principle of

ideomotor action. He argued that thinking about an action is to some extent inseparable from -
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and therefore likely to lead to - performance of that action (at least when people are not
monitoring their responses and intending to act otherwise). Direct cuing is supported by
research using reaction time measures to assess the strength of cognitive links between
contexts and responses. For example, Danner et al. (2008) measured strength of bicycling
habits from the speed with which participants reported whether they would use a bike to reach
various local destinations. Response speed predicted bicycling frequency over the next four
weeks. This was especially true for participants with stronger associations (i.e., who were
faster to respond). Suggesting that these participants were acting on habit, their intentions to
ride did not predict frequency of bicycling. Intentions did matter, however, for participants
with weaker habit associations, who cycled more when they intended to do so (see also Neal
etal., 2012).

A context acquires the capacity to activate a response as people learn that certain
actions get rewarded in that context. Neural reactions to rewards forge ties between the
context and response in memory (Wood & Riinger, 2016). These associations drive even
visual attention. Cues that have been associated with reward in the past draw attention
automatically, even when they no longer predict reward and despite conscious attempts to
ignore them (Anderson, 2016). Habit cues thus gain attention over other cues, potentially
yielding a biased search for information search, so that people with strong habits tend to seek
information about their habitual behavior but overlook information about alternatives
(Verplanken, Aarts, & van Knippenberg, 1997).

If habits depend on context, then shifts in contexts should attenuate habitual
responding. Indeed, research on habit discontinuity supports this hypothesis (Aldrich,
Montgomery, & Wood, 2011; Thomas, Poortinga, & Sautkina, 2016; Verplanken & Roy,
2016; Verplanken, Walker, Davis, & Jurasek, 2008; Wood, Tam, & Witt, 2005). This

literature uses changes in one’s residence - to a new town, for example - as a natural
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experiment in context change. For example, among university employees who recently
relocated, environmentally-concerned employees commuted less frequently by car compared
with employees who were not environmentally concerned (Verplanken et al., 2008). Among
employees who had not recently relocated, however, environmental concern did not predict
use of car over public transport. It thus seems that the relocation disrupted transportation
habits, giving employees more intentional control over their transportation behavior. Support
for habit discontinuity comes not only from correlational designs, but also experiments (e.g.,
Verplanken & Roy, 2016; see also Chapter 10 this volume). In both animals and humans,
habits persist in the habitual context despite changes in reward value; in novel contexts,
though, responses become sensitive to reward value, decreasing in frequency when no longer
rewarding (Neal, Wood, Wu, & Kurlander, 2011; Thrailkill & Bouton, 2015).

Goal Independence

Context cues activate habitual behavior directly, without mediation through goals or
intentions. Therefore, one indicator of whether a behavior is habitual is whether it persists
even in the absence of goals. In animal models, a common way to assess habitual goal
independence involves training rats to perform a behavior for food. Rats that received
extensive (but not moderate) training in that behavior continued to perform it even after that
food reward becomes aversive through pairing with a toxin (Adams, 1982; Dickinson, 1985).
This suggests that habitual responses do not depend on representations of a desired outcome
or goal, but instead are cued directly by context.

Research with human participants has similarly demonstrated that strong habits persist
despite manipulations of outcome value. For example, persuasive appeals that changed
preferences for soft drinks failed to change the drink choices of people with strong soft-drink
habits (Itzchakov, Uziel, & Wood, 2017). Changes in monetary incentives failed to change

response habits in a game, so that people continued to make a habitual choice even though it
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was no longer rewarded (Gillan, Otto, Phelps, & Daw, 2015). Eating a food to satiety did not
deter participants from choosing that food when it was their habitual choice (Tricomi et al.,
2009). People with strong habits to drink water in the dining commons or to bring their own
water bottle were relatively unaffected by social norms to act otherwise (Mazar, Lieberman,
Wood, & ltzchakov, in preparation). Across these studies, a wide range of habitual behaviors
were robust to fluctuations in otherwise potent motivators. Habits are a powerful source of
behavioral resistance.

Humans create complex, prospective mental representations, with goals that vary in
immediacy, abstractness, and accessibility to consciousness. Nonetheless, correlational
research has demonstrated that habits persist relatively independently of a variety of goal
types, including ones that are simpler vs more complex, abstract vs. concrete, and reported in
personal terms vs. generic researcher-provided labels (Gardner, 2009; Ji & Wood, 2007;
Ouellette & Wood, 1998; Verplanken, Aarts, Knippenberg, & Moonen, 1998). Thus, variation
in goals does not appear to explain habit persistence.

Other Features of Automaticity

Two defining features of habit are thus goal independence and cue dependence. Other
aspects of automaticity are also useful for defining and measuring habit. First, habits are often
inaccessible to conscious reflection. Although people may be aware of the outcome of habit
from observing their own actions, they are normally not aware of its antecedents (i.e.,
triggering context cues) or the psychological mechanism that activates the response (the cue-
behavior association).

The unconscious nature of habit naturally lends itself to misattribution. As an
automatic process, the habit cue-behavior mechanism often goes unnoticed, and the mental
content activated by habits may be misattributed to one’s own goals and preferences (Loersch

& Payne, 2011). Therefore, habits may be susceptible to a discrepancy between perceived and
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actual antecedents of behavior, whereby diminishing intentional control is accompanied by
increased perceived control. As already noted, strong habits were associated with an increased
certainty of intentions, even though intentions did not predict behavior for these individuals
(Ji & Wood, 2007). In another study, participants with stronger running habits reported that
their running was driven by their goals, although a cognitive association test revealed that
goal priming did not activate running behaviors in mind (Neal et al., 2012). In addition,
individual difference measures of self-control assess self-reports of people’s ability to
overcome distractions and effortfully pursue goals (see items such as “I am good at resisting
temptation”; Tangney, Baumeister, & Boone, 2004). However, people who score high on
these measures often attain goals by acting on habit rather than acting on willpower and
effortful resistance (Galla & Duckworth, 2015). Therefore, it is possible that when people
successfully self-regulate using habits, the obscurity of the process leads them to ascribe their
success to more volitional sources.
Habit Measurement

Although most habit researchers agree on the theoretical definition of habits as
automatic cue-response associations, operational definitions vary considerably. As a
multifaceted construct, habit has been operationalized in various ways, with different research
paradigms and tasks emphasizing different aspects of habit. In many circumstances, different
habit measures yield congruent results and are highly correlated (e.g. Galla & Duckworth,
2015). In some cases, however, they differ in important ways, with some predicting behavior
more successfully than others (e.g. Labrecque & Wood, 2015). Given this diversity, it is no
surprise that researchers are showing a surge of interest in the question of how best to
measure habits (Gardner, 2015; Gardner et al., 2012; Gardner & Tang, 2013; Hagger, Rebar,
Mullan, Lipp, & Chatzisarantis, 2015).

Self-Report Measures



DEFINING HABIT IN PSYCHOLOGY

The most commonly used habit strength measures in social psychology are
retrospective self-reports of frequency and experience of behavior. Behavior-frequency-and-
context-stability measures combine a measure of performance frequency (how often is the
behavior performed) with a measure of context stability (i.e. how stable is the performance
context; Ji & Wood, 2007). This habit measure assumes that behaviors repeated often in a
stable context are likely to become habitual through basic learning mechanisms. Habit
strength is calculated as the product of the frequency and context stability terms, so that
behaviors that are performed both often and in a stable context are considered habitual (see
Wood & Neal, 2009).

The foremost advantage of behavioral frequency and context stability measures is
their substantial predictive power, arising in part from the strength of the past-future behavior
association (Labrecque & Wood, 2015). Indeed, Verplanken and Orbell (2003) found that
across several studies, excluding behavior frequency scale items from an alternative measure
of habit (the Self Report Habit Index) slightly reduced its predictive validity. In addition,
behavioral-frequency-and-context-stability measures are context-sensitive, and therefore tap
the cue-dependent nature of habits. However, behavioral frequency and context stability
measures have been criticized because they rely on past behavior frequency, and potentially
capture factors in addition to habit that might influence behavior (Ajzen, 2002). Moreover,
these measures assess the conditions that are conducive to habit formation, rather than the
strength of the cue-response association itself.

The Self Report Habit Index, in contrast, is a self-report measure that directly assesses
perceptions of performance repetition, automaticity, and self-identification with an action
(Verplanken & Orbell, 2003). A subset of items from this scale - the Self Report Behavioral
Automaticity Index - includes only the four Self Report Habit Index items that specifically

target automaticity (Gardner et al., 2012). Both measures have demonstrated reliability and
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predictive validity, with the Self Report Habit Index predicting behavior somewhat better than
the Self Report Behavioral Automaticity Index (Verplanken & Orbell, 2003; Gardner et al.,
2012). By focusing on automaticity rather than behavioral frequency, the Self Report
Behavioral Automaticity index (and to a lesser degree, the Self Report Habit Index) avoids
the conflation of other factors inherent in measuring the past-future behavior association. The
main limitation of both measures is that they require participants to self-report on
automaticity - a construct that, by its very definition, may resist conscious reflection (Hagger
etal., 2015). As Snichotta and Presseau (2012, p. 139) note: “a self-report likely reflects an
inference about one’s behavior based on the consequences of the habit...rather than on a
report of the habit itself.” Another problem is that these scales were originally created without
specifying a context (Verplanken & Orbell, 2003), and subsequent research has continued in
this vein, failing to measure cue dependence (see Gardner, 2015). As such, the scales often do
not isolate the context-dependent automaticity of habit. Instead, they may capture the effect of
other automatic processes as well, such as the feelings of fluency that come from automated
goal pursuit (Labrecque, Lee, & Wood, in preparation).

To identify context cues, respondents could self-report everyday triggers to their
habitual behavior (Gardner, 2015). Using this approach, Neal et al. (2012) solicited the
locations in which participants typically ran (if they ever did), and individually tailored a
reaction time task with this information. However, people often have only limited awareness
of the cues that elicit their habitual behavior. Self-reported cues may reflect lay theories of
behavior just as much as they reflect actual determinants. In evidence, both smokers and so-
called emotional eaters tended to attribute past smoking and eating episodes to negative
affect, even when researchers did not find that affect was associated with these behaviors
(Shiffman et al., 1997; Adriaanse et al., 2016). Thus, further research is needed on how to

identify the context cues that trigger habits.
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Behavioral, Implicit, and Ecological Assessment Methods

Given the questions we raised about the validity of self-report methods, the most
promising directions for future habit measurement may lie in alternative measures that assess
(a) behavioral sensitivity to changes in goals and performance context or (b) implicit
cognitive associations in ecologically valid contexts.

Behavioral sensitivity is represented in the basic pattern that strong habits persist even
when that behavior no longer achieves a desired goal. In addition, such responses should
become goal-sensitive in novel contexts, where triggering cues are removed.

Reward devaluation paradigms assess goal independence by experimentally
manipulating the value of a behavior’s outcome. In these paradigms, participants first learn to
perform a behavior to obtain a desirable outcome. The outcome is then devalued, either by
reducing the value of the outcome, or the contingency between the behavior and the outcome.
For example, in one study, participants were trained to press a button for a food and then ate
that food to satiety (Tricomi et al., 2009). Participants who received extensive training (but
not moderate training) kept choosing the same food, despite being sated.

The advantage of outcome devaluation paradigms is that they successfully dissociate
goal dependent from goal independent (habitual) repeated behaviors. However, a limitation of
these paradigms is the assumption that behavior is either habitual or goal-directed, so that
weak goal-directed responding implies strong habitual responding (Watson & de Wit, 2018;
see also Chapters 3 and 17 this volume). Behavior that is goal independent need not
necessarily be context dependent (Foerde, 2018). Indeed, outcome insensitivity in reward
devaluation paradigms is associated more strongly with deficits in goal-directed control rather
than a surplus in habitual control (see Watson & de Wit, 2018).

A possible solution may be paradigms that combine reward devaluation and context

change, so that a behavior is considered habitual if it is insensitive to outcome devaluation in
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the habitual context, but sensitive to outcome devaluation in a novel context (for example, see
Thrailkill & Bouton, 2015). The advantage of these paradigms is that habits are assessed not
only from the absence of goal dependence but also by the presence of context dependence.
For example, Neal et al. (2011) gave either fresh or stale popcorn to movie goers in a cinema
(a habitual context) or a conference room (a novel context). In the cinema, participants with
strong popcorn-eating habits ate similar amounts of fresh and stale popcorn, despite their
explicit dislike for the stale popcorn. Therefore, their behavior was goal-independent. In the
conference room setting, however, participants with both strong and weak habits acted in line
with their goals and ate more fresh popcorn than stale.

Implicit measures of habit strength. Implicit measures can be broadly defined as
measures in which the focal outcome is primarily produced by automatic processes (De
Houwer, Teige-Mocigemba, Spruyt, & Moors, 2009). Such measures typically use reaction
time as a marker of cognitive accessibility or the strength of cognitive associations. For
example, Neal et al. (2012) asked runners for one-word descriptions of their goals for running
(e.g. “health”) as well as the context in which they usually ran (e.g. “park”). Participants then
were primed with a word and indicated whether a second, subsequent letter string was a word
or a nonword. As predicted, priming with context cues facilitated (speeded) recognition of
running words for participants with strong (but not weak) running habits. Moreover, goals did
not facilitate response to running words in strongly habitual runners, attesting to the goal-
independent nature of habits.

To the best of our knowledge, two studies to date have used reaction time habit
strength measures as predictors. The first (Danner et al., 2008), found that a reaction time
habit measure predicted future bicycle riding frequency (see Context Dependence section for
more details). In a second study, Labrecque et al.‘s (unpublished) participants learned a

sequential computerized sushi making task. To assess habit strength, participants saw a
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random step from the sequence and responded as quickly as possible with the appropriate
following step. Faster responding indicated greater habit strength. In addition to this implicit
measure, participants reported habit strength on a self-report measure (the Self Report
Behavioral Automaticity Index; Gardner et al., 2012). In comparisons between the two
measures, only reaction time, and not self-reported automaticity, predicted whether habits
persisted despite changes in intentions. Furthermore, the reaction time and self-report
measures were not correlated, suggesting the measures were tapping different constructs. All
in all, the insights gained from this study point to the promise of measures that directly tap the
strength of mental associations.

Ecological assessments. Ecological momentary assessment is a relatively unexplored
but promising direction for implicit measures. Participants are prompted, often with mobile
devices, to complete brief measures several times a day while going through their daily
routine (Stone, Shiffman, & DeVries, 1999; Wood et al., 2002). Ecological momentary
assessment can include implicit measures along with self-report ratings. The potential is to
evaluate context triggers while participants are in a habitual setting. Although some
researchers have suggested that implicit measures are impractical in nonlaboratory settings
(Gardner, 2015), a number of studies have already reliably administered implicit measures
online or on mobile devices (see Marhe, Waters, van de Wetering, & Franken, 2013; Sabin,
Marini, & Nosek, 2012; Waters, Marhe, & Franken, 2012). Administering implicit measures
in ecological contexts, although technically demanding to implement, offers an exciting new
pathway for habit research.

Conclusions

It seems that lay perceptions of habit are quite close to scientific understanding.

People understand that habitual behavior may be unintentional or even uncontrollable. As

such, they recognize one of the key characteristics of habit - goal independence. Whether
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people intuitively understand that habits are directly cued by contexts remains to be seen.
Although people may have a fairly accurate lay understanding of habit, they are not always
able to distinguish habitual from goal-directed behavior. The inaccessibility of the automatic
habit cuing mechanism means that people tend to misinterpret habitual behavior as arising
from motivational processes, whether conscious intentions in the case of desirable behaviors,
or appetitive impulses in the case of undesirable habits.

In research, a prominent issue is the gap between theoretical and operational
definitions of habit. Despite increased interest in habit measurement, operational definitions
of habit still lag behind theoretical understanding. An overwhelming majority of studies to
date use retrospective self-reports to assess habit strength, and many do not assess context
dependence or repetition history - primary distinguishing features of habit automaticity.
Although there is yet no accepted "gold standard" criterion against which to compare habit
measures, habit research to date suggests two main predictions which should apply for valid
habit measures. First, habits should be insensitive to changes to the behavior's expected
outcome. Second, habits should be sensitive to differences in context.

Two promising methods for future habit research are implicit measures and
ecologically-assessed behavioral sensitivity to changes in goals and context. Implicit
measures afford considerable construct validity in that they measure cognitive associations
directly instead of inferring them from behavior. Ecological momentary assessment can
bolster implicit measures by assessing naturalistic context priming. Behavioral criteria of
sensitivity to changes in goals and context improve on mere frequency measures as
benchmarks for distinguishing habitual responding from non-habitual responding. By
integrating self-report, implicit, and behavioral measures, researchers can produce strong,

valid conclusions about the way habits shape behavior.
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