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Abstract

Habits underlie much of human behavior. However, people may prefer agentic accounts that overlook habits in favor
of inner states, such as mood. We tested this misattribution hypothesis in an online experiment of helping behavior
(V= 809 adults) as well as in an ecological momentary assessment (EMA) study of U.S. college students’ everyday
coffee drinking (N = 112). Both studies revealed a substantial gap between perceived and actual drivers of behavior:
Habit strength outperformed or matched inner states in predicting behavior, but participants’ explanations of their
behavior emphasized inner states. Participants continued to misattribute habits to inner states when incentivized for
accuracy and when explaining other people’s behavior. We discuss how this misperception could adversely influence

self-regulation.
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Habits are key to successful functioning in our day-to-
day lives. By automating repeated behaviors, habits
allow people to consistently get enough sleep, stay fit,
eat healthfully, and study (Galla & Duckworth, 2015).
Furthermore, engaging in routine, habitual behaviors
is associated with a greater sense of security and mean-
ing in life (Avni-Babad, 2011; Heintzelman & King,
2019). Everyday habits also enable multitasking: In an
experience-sampling study, 43% of daily behaviors were
performed habitually, in that they were repeated fre-
quently in the same location and typically while par-
ticipants were thinking about something other than
what they were doing (Wood et al., 2002).

Habits are mental associations between contexts and
responses that develop as people repeat rewarded
responses in a given context (Knowlton & Diedrichsen,
2018). Once habits have formed, context cues automati-
cally activate the repeated response in mind (Mazar &
Wood, 2018). Habit associations are separate from the
behavior they produce: For example, when one enters
a car, the habitual response of wearing a seat belt may
be mentally activated regardless of whether one overtly
acts on it by buckling up.

Given the many opportunities people have in daily
life to observe their own repeated actions, one might
expect lay theories to accurately account for habits. In
support of this, participants in one study read about an
office worker who locked in a colleague by turning the
office doorknob counterclockwise (Gershman et al.,
2016). Participants demonstrated attribution to habit by
placing less blame on the office worker if the worker’s
home doors also opened counterclockwise, implying
that the worker acted out of habit. Also relevant, the
actor-observer effect suggests that people readily attri-
bute their own behavior (but not others’ behavior) to
environmental influences (Jones & Nisbett, 1971).
Because habits are activated by cues in the environ-
ment, people may consequently ascribe their own
behavior to habits.

Nevertheless, there is reason to believe that people
overlook habit when accounting for their own repeated,
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habitual behaviors. People overvalue introspective
thoughts, feelings, and emotions in self-judgments
(Pronin, 2009), and they interpret actions as intentional
by default (Rosset, 2008). Illustrating overattribution to
inner states, smokers in one study reported that their
smoking was triggered by negative affect, even though
in-the-moment affect assessments revealed little asso-
ciation between negative affect and subsequent smok-
ing (Shiffman et al., 1997). In a separate diary study,
self-described emotional eaters were not more likely to
eat in response to negative emotions (Adriaanse et al.,
2011). Finally, participants in another study who had
stronger habits reported greater certainty in their behav-
ioral intentions, even though these intentions did not
predict their future behavior (Ji & Wood, 2007). Taken
together, these findings suggest that people may exag-
gerate the effect of inner states on behavior while dis-
counting the role of context-cued habit.

In sum, the present research tested a potential ten-
dency to overlook the influence of habits on behavior.
Such a bias is important to document, given the many
downstream influences of lay theories about behavior
(e.g., McFerran & Mukhopadhyay, 2013). For example,
such a bias may cause people to ineffectively self-
regulate by putting too much weight on regulating
inner states (such as mood) and too little weight on
self-regulation strategies that may better control habits
(such as reducing cues that trigger habitual behavior;
e.g., Duckworth et al., 2016).

The Present Research

In two studies, we measured the effects of habits and
inner states on a behavior and assessed participants’
attributions for that behavior. Our first study was an
experiment that orthogonally manipulated habit strength
and mood to assess their effects on helping. Our second
study used ecological momentary assessment (EMA) to
track coffee drinking over a typical week. In both stud-
ies, we expected miscalibration of the actual and per-
ceived effects of habit to emerge if participants placed
less value on habit than on inner states in their attribu-
tions, relative to the actual effects of habit and inner
states on behavior.

Both studies were approved by the University of
Southern California Institutional Review Board. Prereg-
istration plans for both studies, as well as materials, data,
and analytic code, can be accessed on OSF at https://
osf.io/5xfsm/.

Study 1

Participants first recalled a happy, sad, or neutral event
and then completed a simple, supposedly unrelated

Statement of Relevance

Habits are ubiquitous in daily life, but people may
overlook the influence of habits, preferring to
explain their behavior using inner states. For
instance, they may attribute drinking coffee to
feeling tired, even though their consumption is
actually driven by habit. In two studies, we tested
this tendency to overlook habits in favor of inner
states by comparing participants’ perceptions with
the actual predictors of two behaviors: helping
other people in a lab experiment and drinking
coffee in daily life. Participants attributed these
behaviors to mood and fatigue more than to habit,
whereas habit had an equal or stronger influence
on actual behavior. With these two behaviors, we
demonstrated the bias in a lab study manipulating
habit and mood as well as with habits in daily life.
To the extent that people overlook habit in this
way, they will be ill-equipped to effectively self-
regulate habitual behavior.

task that trained them in either a strong or a weak
habit of pressing one of two computer keys. Immedi-
ately after the task, participants pressed one of the
keys to indicate whether they were willing to donate
a small amount of time to help the researchers. We
expected the habit manipulation to lead participants
with strong habits to select the response that mapped
onto the extensively trained key. Specifically, our
hypotheses compared (a) the actual effects of the
mood and habit manipulations on participants’ deci-
sion to help or not help with (b) participants’ attribu-
tions for their help.

Orthogonally manipulating habits and inner states
does not imply that habits and inner states are always
uncorrelated. Indeed, in daily life, habits often align
with moods, goals, and feelings. However, once formed,
habitual responses are triggered directly by context
cues, and inner states provide limited input (Wood
et al., 2022).

Method

Power analyses. Power analyses for logistic regression
were conducted using the WebPower package (Version
0.6; Zhang & Yuan, 2018) in R (Version 4.1.0; R Core
Team, 2021). Results suggested that 787 participants were
required to achieve 80% power for detecting a difference
of 10% in helping behavior between conditions (namely,
45% help in one condition vs. 55% in another). Because
this study used a novel habit-formation task, this expected
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difference was chosen because it represents a plausible
moderate effect size.

Participants. We recruited 808 online participants via
Prolific (388 male, 391 female, 15 other, 14 declined to
answer; age: M = 35.17 years, SD = 13.32, range = 18-78).
An additional 116 participants were excluded because
they did not pass the comprehension check, and an addi-
tional 91 participants were excluded because of extreme
scores (£2 SD from their mood condition’s mean; 76 par-
ticipants) on the Positive And Negative Affect Schedule
(PANAS; Thompson, 2007) or because of slow reaction
times (median reaction time > 500 ms; 15 participants).
Including all participants in the analyses did not notably
alter the results (see Table S2 in Supplemental Material
available online).

Procedure. After providing informed consent, partici-
pants completed an autobiographical emotional-memory
task (Mills & D’Mello, 2014) in which they recalled a
happy, sad, or neutral memory in response to the follow-
ing prompt (the description of each emotion condition
varied depending on the memory being induced):

Recall [an event in your life that made you happy/
an event in your life that made you sad/the last
time that you brushed your teeth]. Take some time
to really experience the event and the feelings
associated with it. When you are ready, describe
the event below in your own words. You may use
between 5-40 words.

Participants had a minimum of 30 s to write about
the scenario in a text box, after which they could pro-
ceed with the experiment. As a manipulation check,
they then completed items from the PANAS (Thompson,
2007).

For the habit-formation task, participants completed
40 trials in which either the letter “m” or the letter “z”
appeared on the screen, and they responded by pressing
the corresponding key as quickly and accurately as pos-
sible. In the strong-habit condition, participants prac-
ticed either the left (“z”) or the right (*“m”) response on
36 out of 40 trials (90%) and the alternate response on
the remaining four trials (10%). The specific response
(“z” or “m”) was counterbalanced across participants. In
the weak-habit condition, participants practiced each
response equally (20 trials on each side). This task
follows habit-formation procedures in prior research
(e.g., Hardwick et al., 2019).

Immediately following the task, a screen displayed
the helping request: “Are you willing to complete 40
additional trials (~5 minutes) as a favor to us (without

additional compensation)?” “Yes” and “No” responses
were mapped onto the same keys used in the habit-
formation task (“z” and “m”). The behavioral measure
was whether participants agreed or not. For participants
in the strong-habit condition, the “No” response was
always mapped onto the more heavily practiced key.
For participants in the weak-habit condition, “Yes” and
“No” responses were randomly assigned to each key.
Note that the “No” response was overtrained in the
strong-habit condition because the helping request
(donating 5 min of participants’ time) was taxing and
might have spurred participants to exert deliberative
control in order to decline it. Participants then answered
a comprehension check to test whether they under-
stood the help request, along with additional measures
(see below).

Measures.

Positive and mnegative mood. Participants responded
to the prompt “indicate the extent to which you feel the
mood below RIGHT NOW.” On 9-point scales (1 = very
slightlymot at all to 9 = extremely), participants rated
positive emotions (“inspired,” “determined,” “attentive,”
“proud,” “alert,” “active”) and negative ones (“upset,” “hos-
tile,” “ashamed,” “nervous,” “afraid,” “guilty”) taken from
the PANAS (Thompson, 2007). Positive and negative item
ratings were averaged to create a positive-affect score (o0 =
.82) and a negative-affect score (a = .80).

Self-attribution. On percentage scales (0% = not at
all important to 50% or more = extremely important),
participants rated the extent to which their decision to
help or not was due to habit, “I responded automatically,
without thinking,” and mood, “My mood at the time (I felt
good/bad).” The sum of both answers could range from
0% to 100%. Presentation order of mood and habit was
counterbalanced in both the attribution and incentivized
measures.

Incentivized other-attribution. To minimize judgment
biases, we incentivized participants to provide accurate
explanations for other people’s behavior. The incentive
should minimize the effects of conversational norms
regarding plausible or socially acceptable explanations
for a behavior. Attributions for other people’s behav-
ior are additionally informative because they should be
relatively unaffected by self-serving biases that could
influence self-attributions. Thus, on percentage scales
(0% = not at all important to 50% or more = extremely
important), participants indicated, “How important do
you think that the following factors are in determining
whether OTHER participants agree or decline to com-
plete additional trials?” Participants then rated habit and
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mood, as in the self-attribution measure (above). Accu-
rate ratings (within 5% of the study results) earned a
chance to win a $10 bonus.

Habit strength. On 7-point scales (1 = strongly dis-
agree to 7 = strongly agree), participants rated the extent
to which “hitting a key (z or m) in the task is something
that I . . .” (2) “did without thinking,” (b) “did automati-
cally,” (¢) “did without having to consciously remember,”
and (d) “started doing before I realized.” These items
were taken from the Self-Reported Behavior Automaticity
Index (Gardner et al., 2012), which consists of a subset
of items from the Self-Report Habit Index (SRHI; Verplan-
ken & Orbell, 2003). Ratings were averaged to create a
perceived-automaticity score (o = .85).

To our knowledge, this is the first use of this measure
with a simple finger-movement task, and experienced
automaticity did not differ between the weak-habit
(M = 4.09) and strong-habit (M = 4.09) conditions, 95%
CI =[-0.25, 0.24], #(479.57) = =0.06, p = .951, d = —0.005,
95% CI = [-0.15, 0.14]. This measure tests a downstream
consequence of habit formation—perceived automaticity.
However, perception of automaticity is not an especially
sensitive measure in and of itself and could tap processes
other than habit (Hagger et al., 2015; Mazar & Wood,
2018). Given that even participants in the weak-habit
condition reported relatively high levels of experienced
automaticity, our simple key-pressing task seems to have
produced uniformly high subjective automaticity. For this
reason, we do not discuss this measure further.

Habit strength: reaction time. As in prior research, the
strength of habit associations in the key-pressing task was
assessed directly through reaction times to respond to
the cue (Hardwick et al., 2019). Because of the skewness
common in reaction time distributions, median rather
than mean reaction times were used in all analyses.

Comprebension check. To ensure that participants under-
stood the help request, we asked them to answer the fol-
lowing prompt immediately after responding: “What was
the request that you just responded to?” The options were
(a) “To continue for an additional 20 minutes,” (b) “To con-
tinue for an additional 5 minutes,” (¢) “To recommend the
study to a friend,” or (d) “To receive double compensation
for my participation.” Answers (a), (¢), and (d) were coded
as incorrect.

Results

Descriptive statistics and correlations among key vari-
ables are presented in Table 1. The percentage of par-
ticipants in each condition who agreed to help is
presented in Table 2. Regression models were fitted to
the data using the following predictors: mood condition

(dummy coded: control condition as the reference level),
habit condition (effects coded: —1 = weak habit, +1 =
strong habit), and interactions between mood and habit.
This analytic design was used for all Study 1 analyses.

Mamnipulation checks: mood. The mood induction
successfully invoked positive affect (measured via the
PANAS): In the sad-memory condition, participants
reported less positive affect compared with the control
condition, b = —0.37, 95% CI = [-0.64, —0.10], B = —0.24,
p = .007. In the happy-memory condition, participants
reported more positive affect compared with the control
condition, b = 0.42, 95% CI = [0.15, 0.69], B = 0.28, p =
.002. Habit condition did not significantly influence posi-
tive affect, b = 0.09, 95% CI = [-0.28, 0.11], p = -0.06, p =
.384. No interactions emerged between habit and mood
conditions, both ps > .2.

Results for negative affect also indicated the success
of the mood induction: Participants in the sad-memory
condition reported higher levels of negative affect com-
pared with participants in the control condition, b =
0.82, 95% CI = [0.63, 1.02], B = 0.72, p < .001. Partici-
pants in the happy-memory condition did not differ on
negative affect from participants in the control condi-
tion, b = 0.03, 95% CI = [-0.17, 0.22], B = 0.02, p = .793.
This is in line with previous work showing the relative
independence of the positive and negative PANAS sub-
scales, reflecting an underlying separation of positive
and negative affect (e.g., Thompson, 2007). Habit con-
dition did not significantly influence negative affect,
b < 0.01, 95% CI = [-0.14, 0.15], B < 0.01, p = .944. No
interactions were found between habit and mood con-
ditions, both ps > .2.

As an additional mood-manipulation check, two cod-
ers unaware of condition and hypotheses coded each
open-ended text response to the mood manipulation
for the presence of negative affect (97% agreement,
Cohen’s k¥ = .95) and positive affect (95% agreement,
Cohen’s k = .91). Disagreements between coders were
resolved by discussion. Most open-ended responses
in the negative-affect condition showed negative affect
(84%), compared with few of the responses in the con-
trol (12%) and positive-affect (4%) conditions, suggest-
ing that the mood manipulation was successful. Similarly,
most responses in the positive-affect condition showed
positive affect (80%) compared with fewer in the control
(35%) and negative-affect (4%) conditions.

Mamnipulation check: babit. The reaction time mea-
sure revealed that the habit manipulation was successful:
In the strong-habit condition, participants were signifi-
cantly faster to respond than in the weak-habit condition,
b =-20.71, 95% CI = [-28.37, -13.05], B = —0.34, p < .001.
No other effects attained significance (all ps > .05).
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Table 2. Percentage of Participants Who Agreed to Help, by Mood

and Habit Condition in Study 1

Habit condition

Mood condition Weak

Strong Total

Control 60% (50/83)

Sad 48% (46/96)

Happy 55% (50/91)
Total 54% (146/270)

43% (76/177)
47% (87/185)
47% (82/176)
40% (245/538)

48% (126/260)
47% (133/281)
49% (132/267)
48% (391/808)

Note: Higher percentages reflect more participants agreeing to help by working
5 min extra. Raw numbers are given in parentheses.

Habit and mood effects on belping: actual. A logis-
tic regression model tested the actual effects of habit and
mood on helping behavior (yes/no). Habit significantly
influenced this decision; specifically, participants in the
strong-habit condition (who had extensively practiced
the “no” response key) were less likely to agree to help,
odds ratio (OR) = 0.84, 95% credible interval (Crl) =[0.73,
0.98], p = .022. Mood condition did not significantly influ-
ence helping, either for the sad-mood condition, OR =
0.95, 95% Crl = [0.68, 1.33], p = .758, or the happy-mood
condition, OR = 1.03, 95% Crl = [0.73, 1.45], p = .855.
Thus, habit influenced behavior, whereas mood did not.!

Habit and mood effects on belping: attributed. To
test the perceived effects of habit and mood, we used a
dependent-samples 7 test to assess the within-participants
difference in attributions to mood compared with habit.
Participants strongly attributed their behavior to mood
over habit (mean difference = 17.07, 95% CI = [15.63,
18.51D), #(799) = 23.22, p < .001, d = 1.14, 95% CI = [1.01,
1.26]. As anticipated, a strong (albeit somewhat smaller)
bias in favor of mood remained when participants were
incentivized to give accurate attributions for others’
behavior (mean difference = 10.66, 95% CI =[9.42, 11.90)),
p <.001, d = 0.80, 95% CI = [0.69, 0.91]. Thus, as antici-
pated, participants’ attributions favored mood over habit
more than would be expected given the actual effects of
each on behavior. It should be noted that despite the
strong favoring of mood, habits were judged a plausible
explanation, especially for other people’s behavior: Hab-
its received an importance rating of 21% (out of 50%),
compared with 32% for mood.

Exploratory analyses: intensity of experience and
attributions. We explored whether participants with
stronger moods and stronger habits were more likely to
make attributions to mood and habit, respectively. In

general, participants with stronger internal states were
only slightly more likely to attribute their behavior to
these states. That is, attribution to mood was weakly cor-
related with positive PANAS scores, 71(801) = .11, and mar-
ginally correlated with negative PANAS scores, 7(801) =
.07 (see Table 1). In addition, attribution to mood was
weakly correlated with reaction time on the habit-formation
task, so that participants with slower reaction times gave
stronger mood attributions, {801) = .08. Attributions to
habit showed only a slight positive correlation with neg-
ative affect, 71800) = .13. Thus, the attributional bias we
documented was not limited to people with intense
moods or weak habits.

Discussion

This first study provided causal evidence that people’s
explanations for their behavior favor inner states over
habits, even when that behavior is driven by habit. We
manipulated habit strength via amount of practice at
a key-press task and manipulated mood through a
memory-recall task. Participants then indicated their
willingness to help by pressing a highly practiced or less-
practiced key.

In our test of actual influences on helping, habit
strength determined helping, but current mood did not.
Specifically, participants in the strong-habit condition,
who had earlier extensively practiced the “no” response
key, were more likely to decline a helping request com-
pared with participants in the weak-habit condition,
who had practiced the “yes” and “no” response keys
equally. Thus, participants’ decisions continued to be
influenced by their prior key-pressing habits. In con-
trast, participants induced to feel sad or happy helped
at rates comparable with those of participants in a
control condition who experienced no mood manipula-
tion. Note that our hypotheses were not about these



Psychological Science, 33(4)

569

behavioral effects per se but instead concerned the
difference between actual and perceived effects of habit
and mood on behavior.

When explaining their behavior, participants attributed
their helping more to current mood than to habit. Thus,
their attributions were misaligned with the actual deter-
minants of behavior—they underestimated habit and over-
emphasized mood. Our design provided a compelling test
of this hypothesis, given that participants in the strong-
habit condition should be aware of their recent, extensive
practice at pressing a particular computer key. However,
when incentivized to make accurate attributions about
other people’s behavior, participants still revealed a sub-
stantial attribution gap favoring mood over habit. Thus, it
does not seem that the attribution pattern was due to
artifacts of social desirability or to conversational norms
that favor mood explanations. The incentivized measure
also suggested that attributions to habit were meaningful:
Despite the substantial attribution gap favoring mood over
habit, participants considered habit to be a plausible
determinant of other people’s behavior.

Study 2

Study 2 investigated the attribution bias with a mun-
dane repeated behavior—coffee drinking—recorded
over the course of a typical week. Specifically, coffee
drinking was assessed in response to an inner state
(fatigue) and to habit strength, which are common rea-
sons for coffee drinking (see Pilot Study below). The
second study thus moved beyond Study 1, which tested
explanations for a single behavior immediately follow-
ing an emotionally evocative experience designed to
enhance the salience of mood.

Given that some of our participants drank coffee
very often, we anticipated that habit (more than fatigue)
would strongly influence actual coffee drinking. How-
ever, as in the first study, we anticipated that partici-
pants’ attributions would emphasize fatigue as much as
or more than habit. Thus, these two hypotheses together
concern the correspondence between the actual and
perceived determinants of behavior. In an additional
test of our model, we anticipated that fatigue attribu-
tions would be unrelated to within-participants associa-
tions between fatigue and coffee drinking. In other
words, people’s beliefs about fatigue determining their
coffee drinking would be unrelated to its actual role in
driving their individual consumption.

Method

Pilot study. To assess lay beliefs about the causes of
coffee drinking, we asked 40 college students (22 male,

16 female, 2 genderqueer or other) to rate six causes of
coffee drinking on 5-point scales (1 = not at all important
to 5 = extremely important). These causes were fatigue
(“tiredness or low energy”), habit (*habit or behavior rou-
tines”), thirst, taste, social motives (“spending time with
friends”), and coffee after a meal. Fatigue was rated as
most important (M = 4.05, SD = 0.96), followed by taste
(M = 3.58, SD = 1.03), habit (M = 3.50, SD = 1.22), social
motives (M = 3.17, SD = 1.08), having coffee after a meal
(M = 212, SD = 1.22), and thirst (M = 1.70, SD = 0.91). A
paired-samples ¢ test comparing fatigue and habit attribu-
tions (within participants) revealed that participants attrib-
uted coffee drinking to fatigue significantly more than to
habit, mean difference = 0.55, 95% CI = [0.14, 0.96], #(39) =
2.72, p= .01, d = 0.50, 95% CI = [0.11, 0.88].

Design. To capture experiences and explanations as
they naturally unfold in daily life, we used a combination
of surveys, daily morning reports, and EMA. Participants
first completed intake surveys, including measures of
habit strength and attributions for their own coffee drink-
ing. Then, over the course of a week, they reported every
2 hr on their fatigue and coffee drinking. They also com-
pleted a brief survey every morning immediately after
waking up.

Our analysis predicted coffee drinking at one prompt
from fatigue experienced at the prior prompt. This
lagged design minimized any self-report bias that might
emerge from concurrent associations between fatigue
and coffee drinking (i.e., “I'm drinking coffee therefore
I must be tired”). After the study week, participants
completed a final survey. Finally, participants com-
pleted a follow-up survey when data collection for the
study ended.

Power analyses. EMA designs such as the present one
typically generate thousands of prompts (Level 1 sample
size), which tend to produce very high power for within-
participants effects. Because most of our research ques-
tions could be probed within participants (e.g., using our
novel context-specific habit measure), we aimed for a
final sample size of 120, which is in line with typical
sample sizes in EMA studies (cf. a mean sample size of 99
in a recent systematic review; Wen et al., 2017).

To estimate observed power for our multilevel logistic
regression, we simulated a data set with log-odds regres-
sion coefficients of 0.3 and 0.2 (corresponding to our
ORs of 1.35 and 1.22) for a Level 2 and Level 1 variable,
respectively. Simulated sampling from this data set 1,000
times revealed that 50 participants were sufficient to
achieve 90% power for our between-participants vari-
able (habit strength) and 99.5% power for our within-
participants variable (fatigue).
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Participants. Participants were a convenience sample
of 112 U.S. undergraduate students who received either
course credit or monetary compensation (27 male, 85
female; age: M = 20.85 years, SD = 2.85, range = 18-33).
The (self-reported) selection criteria were (a) speaking
English fluently, (b) owning a smartphone, (¢) being 18
or older, and (d) drinking coffee at least once a week. An
additional 35 participants were excluded for drinking
coffee once or less often during the study period, and 4
additional participants were excluded for answering
fewer than 50% of prompts. Thus, the final sample for
analyses was slightly smaller than our preregistered tar-
get of 120.

To minimize attrition, we linked compensation to
compliance. Paid participants received $20 for complet-
ing 80% to 100% of EMA prompts, $15 for completing
50% to 80%, and $5 for completing fewer than 50%.
Participants who received course credit had a similar
three-tiered compensation system.

Procedure.

Intake session. After providing informed consent, par-
ticipants reported the strength of their coffee-drinking
habit, coffee-drinking intentions and attitudes, coffee-
drinking attributions, and demographic information (see
the Measures section below). In addition, to obscure the
purpose of the study and limit reactivity, we asked par-
ticipants to answer an identical set of measures about soft
drinks. Participants then wrote down implementation
intentions (Adriaanse et al., 2011) to overcome potential
obstacles for completing the prompts (e.g., “If my phone
beeps when I am with people, then I will excuse myself
and answer the prompt”).

Ecological momentary assessment. For 5 weekdays
(participants were not prompted on Saturday and Sun-
day), participants were prompted to respond eight times
per day at regular 2-hr intervals from 8:00 a.m. to 10:00
p.m. Each prompt included items meant to obscure the
purpose of the study, including location (e.g., home,
campus) and temperature (hot, cold, or comfortable).
Participants then reported how tired they were, whether
they drank coffee in the past 2 hr, and whether they
drank soft drinks in the past 2 hr. Participants also com-
pleted an exploratory mood item and an open-ended
response item in which they briefly described their cur-
rent situation.

In addition, because fatigue on waking up may be
particularly important for coffee drinking, participants
completed a prompt every morning on getting out of
bed. Morning prompts included the items in the regular
prompts as well as an item asking whether they had
already drunk coffee (a measure of compliance). Thus,
we could measure the prospective effect of waking

fatigue on coffee drinking and avoid the self-report bias
that might emerge with concurrent reports.

At the end of the first study day, participants with
response rates of 50% or above (four or more prompts)
were informed of their approximate level of compliance
via email (50%-75% or 75%-100%). Participants with
less than 50% compliance were contacted by phone,
text message, or both to address potential technical
difficulties that might have led to low compliance.

Final survey. Participants were sent the final survey
over the weekend after they completed the EMA portion of
the study. This survey included the context-specific habit
measure, the single-event self-attribution measure, and
open-ended text measures asking about self-regulation and
general study feedback.

Follow-up survey. Shortly after all data collection
was completed, participants were emailed a survey that
included the incentivized self-attribution measure (see
below).

Measures: intake. Additional measures for this study
are included in the Supplemental Material.

Habit strength. Using the Behavior Frequency in
Context (BFiC) measure (Galla & Duckworth, 2015; Ji
& Wood, 2007), participants reported on a 5-point scale
how often they drink coffee (1 = less than once a week to
5 = more than 7 times a week; that is, more than once a
day). They then rated on 5-point scales how often they
drink coffee at the same time of day and at the same
location (1 = never or almost never at the same [time/
location] to 5 = almost always or always at the same [time/
location]). Each participant’s rating of coffee-drinking fre-
quency was then multiplied by the time and location
stability ratings separately, and the two Frequency x Con-
text scores were averaged to create a mean habit-strength
score.

Participants also completed the SRHI (Verplanken &
Orbell, 2003), which is the full version of the brief four-
item Self-Reported Behavior Automaticity Index used
in Study 1 (note that we did not include the full SRHI
in Study 1 to minimize participant burden). Participants
indicated their agreement with a set of 11 statements
regarding coffee drinking (e.g., “drinking coffee is
something that I do without thinking,” “drinking coffee
is something that belongs to my daily routine”) on
7-point scales (1 = strongly disagree to 7 = strongly
agree).

Self-attribution. On percentage scales (0% to 100%),
participants rated the extent to which their coffee drink-
ing was driven by habit (“my past behavior and habits”)
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and by fatigue (“my energy levels and tiredness”). The
anchors were 0%, which indicated that coffee drinking
was unaffected by a factor, and 100%, which indicated
that coffee drinking was completely determined by a fac-
tor. Participants were instructed not to allow the sum of
both ratings to exceed 100%.

Colfee-drinking intentions and attitudes. On a 100-
point scale (0 = not at all to 100 = extremely), partici-
pants rated how much they liked drinking coffee (“how
much do you enjoy drinking coffee?”). On a 7-point scale
(1 = strongly disagree to 7 = strongly agree), participants
rated their coffee-drinking intentions (“I intend to drink
coffee . . . 7; the ellipsis was replaced by the individual
participant’s self-reported frequency of coffee drinking;
Ajzen, 2002).

Measures: EMA.
Fatigue. Using a 6-point scale, participants rated how
tired they were (1 = not at all to 6 = extremely).

Colfee drinking. To ensure that a single coffee con-
sumed over a period of time was categorized as one
episode, we asked participants to indicate whether they
started drinking coffee in the past 2 hr (responses were
“No,” “Yes - 1 Drink,” “Yes - 2 Drinks,” “Yes - 3 Drinks or
more”). Answer choices were categorized into a binary
drink/did-not-drink indicator of coffee drinking.

Mood. In this exploratory measure, participants rated
on a 5-point scale their current mood (1 = unhappy to

5 = happy).

Situation description (open-ended measure). In an
open-ended response, participants briefly described their
current situation (e.g., “going to the gym,” “with friends”).
Specifically, for prompts in which they indicated that
they had recently been drinking coffee, they described
that coffee-drinking situation. For prompts in which they
reported not drinking coffee, they described the situation
they were in 1 hr previously. These situation descriptions
were then used in the context-specific habit measure and
the single-event attribution measure (see below).

Measures: final survey.

Conlext-specific habit measure. As an exploratory mea-
sure, seven situation descriptions were randomly selected
for each participant to reflect prompts in which they
drank coffee and prompts in which they did not drink
coffee. For each situation description, participants rated
(a) how often they drank coffee in that situation, (b) how
automatic they perceived coffee drinking to be in that
situation, and (¢) the strength of their intentions to drink
coffee in that situation (see the Supplemental Material for
full descriptions).

Single-event self-attribution. To evaluate attributions
for a specific instance of a behavior, we showed par-
ticipants their open-ended text situation description for
their own final coffee-drinking event and asked them to
rate the extent to which habit and fatigue contributed to
drinking coffee at that time. Item wording and answer
choices were the same as in the intake-attribution mea-
sure. To confirm that participants recalled the specific
coffee-drinking event, we asked whether they remem-
bered it, and analyses for this single-event measure
included only the 81 participants who answered affirma-
tively (72%).

Measures: follow-up survey. Participants were offered
a monetary incentive of $3 if they accurately estimated
the effects of fatigue and habit strength on their own cof-
fee drinking during the study week. The incentive, along
with using their own data as an objective benchmark,
was designed to encourage participants to respond accu-
rately and reduce any influences from social desirability
or conversational norms. A total of 78 (70%) participants
responded to the follow-up survey and thus provided
this rating.

Results

Means, standard deviations, and between-person cor-
relations for key variables appear in Table 3. The 112
participants (Level 2 sample size) produced 3,550 indi-
vidual observations (Level 1 sample size), correspond-
ing to an average response rate of 31.7 out of 40 EMA
prompts (79%).

On average, participants drank coffee a little over
five times during the 5-day period (M = 5.26, SD = 3.09),
or approximately once a day. Scores on both habit-
strength measures suggested moderate coffee-drinking
habits. Furthermore, the two measures were strongly
correlated with each other, 7(109) = .73, 95% CI = [.63,
.81]. Choice of habit measure did not have a noticeable
impact on the results, and thus analyses are reported
using the BFiC scale (see Table S2 in the Supplemental
Material for analysis results using the SRHI).

Primary analyses. Results were analyzed using the
following multilevel model:

Level 1: coffee; =B ; + B, fatigue _cme; +¢;

Level 2:

Bo; =Yoo + Yorhabit ; + yy,mean _ fatigue;

+ Yosattribution ; + 1 ;

B1; = Y10 + yiphabit; + ypsattribution ; + ;.
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Table 4. Coefficient Estimates for Fixed Effects in the Multilevel Model

Predicting Coffee Drinking in Study 2

Variable Odds ratio 95% credible interval
Habit strength, v, 1.35 [1.16, 1.55]
Fatigue (person mean centered), v, 1.22 [1.08, 1.39]
Fatigue (average person level), vy, 0.96 [0.84, 1.09]
Fatigue attribution, y,, 1.02 [0.89, 1.18]
Habit Strength x Fatigue (person mean 0.95 [0.84, 1.07]
centered) interaction, v,
Fatigue (person mean centered) x 0.96 [0.86, 1.09]

Fatigue Attribution, v,,

Note: The 95% credible interval represents the range of values that has a 95% chance of

including the population odds ratio.

where 7 and j represent observations (#) nested within
participants (). Coffee refers to whether the participant
did or did not report drinking coffee in the following
prompt (i.e., a lead indicator of coffee drinking, meant
to capture the prospective association between fatigue
and coffee drinking in the following 2 hr). This lagged
design controls for response biases associated with con-
currently reporting a predictor and outcome. Fatigue_
cmc is a person-mean-centered fatigue rating at each
EMA prompt, computed by subtracting each partici-
pant’s mean level of fatigue from each fatigue rating.

30%

20%

10%

Coffee-Drinking Likelihood at Next Prompt

Positive values reflect higher-than-average fatigue for
that person, and negative values reflect lower-than-
average fatigue for that person. Mean_fatigue is each
person’s mean level of fatigue, habit is each partici-
pant’s habit-strength score, and attribution is each per-
son’s attribution of coffee drinking to fatigue.

Habit and fatigue effects on coffee drinking: actual.
Model estimates for the primary multilevel model are
shown in Table 4 and Figure 1. To facilitate interpretation
and reduce multicollinearity, we standardized all predictors

[—] Low Fatigue
i Average Fatigue
' High Fatigue

5 10

Habit Strengt

15
h

20 25

Fig. 1. Likelihood of having drunk coffee by the time of the ecological-momentary-assessment
prompt as a function of the strength of participants’ coffee-drinking habit and the amount of
fatigue reported at the prior prompt (Study 2). For fatigue scores, low and high refer to —1 SD
and +1 SD, respectively, from each participant’s average. Error bands indicate 95% confidence

intervals.
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in all regression analyses below to have a mean of 0 and
standard deviation of 1. Because of convergence issues
with the original frequentist model, we respecified the
main model as Bayesian. To avoid imposing restrictive
priors on the results, we specified an uninformative prior
for all model predictors (a prior slope value of 0 with a
standard deviation of 100).

To test whether habit determined coffee drinking as
well as or better than fatigue, we compared the stan-
dardized coefficients for habit strength and person-
mean-centered fatigue (y,, and y,, in the modeD. As
anticipated, participants with stronger habits were more
likely to drink coffee, OR = 1.35, 95% CrlI = [1.16, 1.55].
Yet participants also drank more coffee after being
fatigued (within participants), OR = 1.22, 95% Crl =
[1.08, 1.39]. Crls for all other model effects spanned
1.00 (see Table 4).

To determine whether these effects also held for the
first coffee of the day, we computed a separate multi-
level analysis that predicted coffee drinking on the
first scheduled prompt of each day (i.e., excluding the
participant-initiated morning prompts) from waking
fatigue as measured by morning prompts, habit
strength, and an interaction between habit and waking
fatigue. The final sample size for this analysis consisted
of 102 participants (Level 2 sample size) and 330
responses (Level 1 sample size, corresponding to par-
ticipant days). Out of the original 498 responses, 46
were excluded because participants reported that they
had already drunk coffee by the time they completed
the prompt; an additional 122 morning reports were
excluded because they were submitted after the first
EMA prompt of that day and therefore could not be
used to predict drinking in that prompt. The analysis
revealed that early-morning fatigue was unrelated to
coffee drinking by the following prompt, OR = 0.99,
95% Crl = [0.67, 1.45], p = .950. Also, participants with
stronger habits were more likely to drink first thing in
the morning, OR = 2.18, 95% Crl = [1.38, 3.44], p = .001.
The interaction between habit strength and fatigue was
not significant, p > .2. Thus, consistent with our expec-
tations, results showed that waking fatigue did not
influence coffee drinking on the first prompt of the
day, whereas habit strength did.

Given that the present study measured rather than
manipulated habit, we examined whether habit uniquely
determined coffee drinking over and above the contri-
bution of attitudes or intentions concerning coffee
drinking. When these two predictors were added to the
main model, the results remained essentially unchanged:
There were significant main effects of habit strength
and fatigue but no effects for liking or intentions (see
Table S3 in the Supplemental Material). Thus, consistent

with our hypotheses, results showed that the effect of
habit strength on coffee drinking was not due to liking
for coffee or intentions to drink it.

Habit and fatigue effects on coffee drinking: attrib-
uted. To test our hypothesis that participants would
attribute coffee drinking to fatigue more than habit, we
computed a paired-samples ¢ test comparing the within-
participants difference between each participant’s fatigue
and habit attributions. As expected, fatigue attributions
were significantly stronger than habit attributions, mean
difference = 32.14, 95% CI = [24.18, 40.11], #(110) = 8.00,
p < .001, d=1.26,95% CI = [0.84, 1.67].

To ensure that the attribution results were not due
to a failure to recall coffee-drinking events or to ambi-
guity of attributions for multiple instances of a behavior,
we evaluated the single-event attribution measure for
participants’ last coffee-drinking episode. Consistent
with our hypotheses, results of a paired-samples ¢ test
revealed that, just as with attributions for overall coffee
drinking, participants attributed their most recent
coffee-drinking event to fatigue more than habit, mean
difference = 25.86, 95% CI = [15.65, 36.08], #(80) = 5.04,
p <.001, d=0.94, 95% CI = [0.50, 1.38].

Suggesting that the attribution findings are not due
to social desirability or conversational norms, results
of a paired-samples ¢ test with the incentivized self-
attribution measure, designed to maximize accuracy,
revealed significantly stronger fatigue attributions than
habit attributions, mean difference = 16.01, 95% CI =
[5.82, 26.20], (77) = 3.13, p = .002, d = 0.62, 95% CI =
[0.19, 1.04]. Thus, incentivized participants still over-
whelmingly rated fatigue as more important than habit,
even though incentives reduced the size of this effect
(a mean difference of about 16 on the 100-point scale
when incentivized, compared with about 32 in the non-
incentivized measure).

Alternative babit measure: effects of context-specific
babit: actual. The final survey assessed a novel, within-
participants measure of habit strength to directly com-
pare with our within-participants measure of fatigue. A
multilevel model predicted actual coffee drinking at each
prompt (yes/no) from fatigue (within participants) and
context-specific habit (within participants). As anticipated,
context-specific habit was an especially strong determi-
nant of coffee drinking, OR = 1.86, 95% Crl = [1.52, 2.32].
As in the main analysis, fatigue predicted coffee drinking
as well, OR = 1.24, 95% CrI = [1.05, 1.49]. The larger effect
of habit compared with fatigue, as well as the nonover-
lapping credible intervals, reveal that this measure of
habit exerted a stronger effect on coffee drinking than
fatigue.
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Correspondence between perceived and actual effects.
This study’s repeated longitudinal design allowed us to
estimate not only the overall effect of fatigue but also
whether people who attributed coffee drinking to fatigue
were the ones who actually drank more coffee when
fatigued. If participants’ attributions to fatigue were based
on shared cultural theories (e.g., Wilson et al., 1982) rather
than personal experience, however, we expected to find
that attributions to fatigue were unrelated to the actual
within-participants effect of fatigue on coffee drinking. For
this analysis, our main multilevel model tested whether
attribution to fatigue moderated the within-participants
lagged association between fatigue and coffee drinking
(y,, in the modeD. A positive slope would suggest that
participants with stronger associations between fatigue
and coffee drinking also gave stronger fatigue attributions
(i.e., more accurate attributions). However, supporting the
cultural-theory account, results showed that strength of
attribution to fatigue did not moderate the association
between within-participants fatigue and coffee drinking at
the next prompt, OR = 0.95, 95% Crl = [0.82, 1.11]. Thus,
participants strongly attributed coffee drinking to fatigue
regardless of fatigue’s actual effect on their own coffee
drinking, consistent with the notion that attributions draw
on shared lay theories.

Exploratory analyses: intensity of experience and
attributions. Correlational analyses provided additional
insight into the accuracy of participants’ attributions (see
Table 3). First, attributions to fatigue were not correlated
with mean fatigue levels, {109) = —.03. This lack of effect
is consistent with the weak correlations in Study 1
between mood intensity and attributions, along with
prior findings that attributions often reflect shared cul-
tural lay theories more than individual experience (Wil-
son et al., 1982).

Second, on a correlational basis, participants with
stronger coffee habits made stronger habit attributions,
n(109) = .41 (behavior frequency in context), 71(108) =
46 (self-report habit index). To probe this effect, we
divided our sample into tertiles by habit strength (weak,
moderate, and strong). To enable us to compare the
attribution measure with the actual influences on coffee
drinking, we computed our main multilevel model pre-
dicting coffee drinking by extracting within-participants
effects for fatigue and habit for each participant (using
the context-specific habit measure; to match the attribu-
tion measure, model slopes in log-odds units were stan-
dardized to have a range of 0-100%). Participants in
the weak-habit condition attributed on average a 51%
difference in favor of fatigue, compared with an actual
difference of 18% in the opposite direction (i.e., in favor
of habit). Participants with moderate habits attributed

a 39% difference in favor of fatigue, compared with a
21% difference in favor of habit. Participants in the
strong-habit condition attributed 4% in favor of fatigue,
compared with an actual difference of 33% in favor of
habit. Thus, participants with stronger habits correctly
made stronger habit attributions and weaker fatigue
attributions, but they continued to favor fatigue more
than was merited by the actual predictors of their
behavior.

Exploratory analyses: downstream effects of attribu-
tion accuracy on well-being. To identify downstream
effects of attributions, we assessed whether attribution
to habit over fatigue is associated with a more positive
mood in life, as measured using the average of partici-
pants’ mood reports in the EMA prompts. Attribution
scores were calculated as the difference between each
participant’s attributions to mood and to habit; positive
scores implied attribution to fatigue more than habit, and
negative scores implied attribution to habit more than
fatigue. Attribution scores were moderately and nega-
tively correlated with mood, 7(109) = —0.27, 95% CI =
[-0.44, —0.09], so that attribution to habit over fatigue was
associated with more positive mood.

To explore whether attributions favoring habit exert
a unique effect on mood or whether this correlation is
simply due to people who are less tired and have
stronger habits being more happy, we fitted a linear
regression model predicting mood from participants’
habit strength (measured using the BFiC scale), mean
fatigue levels, and attribution difference scores. Sup-
porting a unique effect of attribution, results showed
that stronger attribution to habit over fatigue predicted
more positive mood, b =-0.12, 95% CI =[-0.23, —-0.02],
B =—0.23. Lower mean fatigue levels were also associ-
ated with more positive mood, b = —0.22, 95% CI =
[-0.31, —-0.13], B = —0.40. Habit strength did not show
a discernible association with mood, b = 0.04, 95%
CI = [-0.006, 0.14], B = 0.07. Thus, these exploratory
analyses suggest that greater accurate recognition of
habit in one’s own behavior is associated with higher
well-being.

Discussion

In this second study, participants explained the causes
of a mundane everyday action—coffee drinking—and
then tracked their momentary fatigue and coffee drink-
ing over the course of a typical week. Again, our
hypotheses compared the actual influences on behavior
with participants’ behavioral attributions. Fatigue and
habit strength had comparable effects on actual behav-
ior. The strong effect of habit held across three different
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measures of habit. Furthermore, analyses of the first
coffee drink of the day and the within-participants habit
measure supported our hypothesis that participants
would drink in response to habit more than fatigue.
Thus, if participants’ attributions were accurate, they
should have featured habit as much or more than
fatigue. However, participants miscalibrated these
behavioral influences by attributing their coffee drink-
ing primarily to fatigue rather than habit.

Notably, Study 2 revealed a bias to overlook habit
despite design features included to reduce misattribu-
tion. The inaccuracy in self-attribution persisted when
participants were incentivized for accuracy and when
asked at the end of the study about a recent coffee-
drinking event rather than their coffee drinking in gen-
eral. Thus, inaccurate attributions emerged despite
motivation, an objective criterion, and adequate oppor-
tunity to observe their behavior given the frequency of
consumption (once a day on average). Further attesting
to the robustness of this attribution bias, coffee drinking
is a mundane, everyday action that, unlike the task in
our first study, is not commonly preceded by a salient
emotion-inducing experience.

General Discussion

In two studies, participants’ explanations overempha-
sized inner states and underemphasized habit. Partici-
pants’ actual willingness to donate time in a laboratory
task as well as their everyday coffee drinking were
determined as much or more by habits than by inner
states (mood and fatigue, respectively). However, par-
ticipants’ attributions for why they acted the way they
did emphasized inner states more than habit. Thus,
participants appeared to be both undervaluing habit
compared with its actual influence on behavior and
overvaluing inner states such as mood and fatigue. This
pattern is understandable given the disproportionate
value that people place on personal introspections
(Pronin, 2009) as well as general cognitive and moti-
vational tendencies to interpret actions as goal directed
(Rosset, 2008). Through these forces, people may form
socially shared lay theories about behavior that inform
their attributions. This /ure of phenomenology not only
biases lay theories but also may have oriented formal
psychological theories to overvalue salient, motivational
determinants of behavior (see Duckworth et al., 2016).
The combination of experimental manipulation in
Study 1 and naturalistic observation in Study 2 provides
evidence for the causal role of habits as well as the
relevance of this attribution bias in everyday settings.
Furthermore, the results were replicated across the dif-
ferent measures of habit strength appropriate in these
different tasks: Study 1’s manipulation of practice along

with a reaction time measure and Study 2’s self-report
measures of behavioral repetition in a given context
(a determinant of habit formation), experienced auto-
maticity (a consequence of habit formation), and an
exploratory within-participants, context-specific habit
measure.

A number of features of our research would be
expected to maximize participants’ accuracy and mini-
mize biases. Each study assessed attributions for spe-
cific recent behaviors, minimizing the opportunity for
biased recall. Furthermore, in both studies, attributional
biases were evident even when participants were incen-
tivized for accuracy, as well as when participants were
explaining others’ behavior (Study 1) and regardless of
whether participants were explaining a repeated behav-
ior in general or in a specific recent instance (Study 2).

That our participants discounted habit’s influences
on their own behavior may seem at odds with the actor-
observer effect, which suggests that people have a bias
to attribute their own behavior more to environmental
factors than they do others’ behavior (Jones & Nisbett,
1971). Yet a meta-analysis of the literature showed that
the actor-observer effect on attributions emerges largely
under specific conditions, such as for negative rather
than positive events (Malle, 2006). Furthermore, habits
are not solely an environmental influence, as they
reside both in memory and in the environment that
triggers a habitual response.

Both studies recruited fluent English speakers, pre-
dominantly residing in the United States and the United
Kingdom. If habit underestimation depends on agency
beliefs, it may be smaller in collectivistic cultures that
place less emphasis on individuals and more emphasis
on context (e.g., Crandall et al., 2001). Furthermore,
because the recruited samples included online panel
participants (in Study 1) and predominantly female col-
lege students (Study 2), it is unknown to what extent
the findings generalize to other populations.

Similar to other lay-theory biases, habit underestima-
tion may give rise to important downstream effects. For
example, it raises questions about the accuracy of peo-
ple’s reports that lack of willpower is a primary reason
for personal failure to lose weight, save money, and
exercise (American Psychological Association, 2012). It
also raises questions about the effectiveness of common
self-regulation strategies: If people misattribute the
sources of their behavior, then they may focus on strate-
gies that affect inner states (e.g., limit coffee drinking
by reducing fatigue) at the expense of situational strate-
gies that may more successfully modify habits. This
would align with the argument that situational self-
regulation strategies are low in salience, which could
lead people to overlook these interventions’ potential
(Duckworth et al., 2016). Exploratory analyses in Study
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2 revealed that participants who placed more weight on
habit in their attributions also reported more positive
mood, which suggests that accurate attributions are ben-
eficial. It may be that well-being increases not only with
habit performance (Heintzelman & King, 2019), but also
with recognizing habits’ elusive yet pervasive role in
daily life.
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Note

1. We also ran an exploratory model that included the Habit x
Mood interaction, which essentially replicated the results
reported in the text: the hypothesized effect of habit, OR =
0.71, 95% Crl =[0.54, 0.92], p = .011; no effect of the sad-mood
condition, OR = 0.84, 95% Crl =[0.59, 1.21], p = .348, or happy-
mood condition, OR = 0.96, 95% CrI = [0.66, 1.39], p = .826; and
only an unexpected nonsignificant interaction between habit
and the happy-mood condition, OR = 1.38, 95% Crl = [0.96,
1.99], p = .078.
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