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A B S T R A C T

Researchers increasingly recognize that exercise and physical activity may be determined by interacting explicit
and implicit processes. While this trend has led to a substantial increase in the use of measures of implicit
processes within exercise psychology, such measures are typically selected without a supporting rationale. To
facilitate the refinement of theoretical models and the testing of interventions, investigating the internal con-
sistency and validity of measures of implicit processes, such as automatic exercise associations, is crucial.
Objectives: To assess the internal consistency and validity of nine measures of automatic exercise associations.
Method: Participants (N=95) completed an exercise session at the intensity of the ventilatory threshold, in-
tended to generate heterogeneous affective responses. One week later, they also completed nine randomly or-
dered measures of automatic exercise associations. The slope of affect ratings during exercise, affect ratings at
the end of exercise, recalled affect, explicit affective attitude, self-reported exercise, and situated decisions to
exercise served as validation criteria.
Results: Three of the nine measures exhibited acceptable to good internal consistency. Only the Approach-
Avoidance Task was significantly and meaningfully related to any of the validation criteria (i.e., self-reported
exercise and situated decisions to exercise).
Conclusions: Most measures of automatic exercise associations exhibited unsatisfactory internal consistency and
were unrelated to the validity criteria. For research on the role of implicit processes in exercise and physical
activity to advance, further psychometric evaluation and refinement of measures is needed.

1. Introduction

A notable conceptual advance in the study of exercise and physical
activity behavior over the past few years has been a wave of proposals
for dual-process theoretical models (Bluemke, Brand, Schweizer, &
Kahlert, 2010; Brand & Ekkekakis, 2018; Conroy & Berry, 2017;
Ekkekakis, 2017; Ekkekakis & Dafermos, 2012; Ekkekakis & Zenko,
2016; Rebar et al., 2016; Williams & Evans, 2014). Dual-process models
incorporate the type of reflective, deliberative, analytic, and explicit
processes postulated by cognitivist theories but integrate them into a
broader system that also includes nonreflective, nondeliberative, pos-
sibly nonrational and nonconscious, implicit processes. Such integrative
models can expand the theoretical perspective beyond traditional in-
formation-processing models of the mind and acknowledge the unique
challenges involved in understanding exercise and physical activity
behavior. Specifically, a central feature of dual-process models is the
assumption that explicit and implicit processes may result in conflicting

motivational tendencies. Thus, as postulated in recent proposals, a
possible scenario is that individuals who remain physically inactive
may manifest positive explicit processes (e.g., report more perceived
benefits than barriers, hold positive explicit attitudes, exhibit strong
self-efficacy) but may be held back by a history of unpleasant affective
experiences from exercise or physical activity that possibly includes
memories of shame, guilt, boredom, pain, or exhaustion (Bluemke
et al., 2010; Brand & Ekkekakis, 2018; Conroy & Berry, 2017;
Ekkekakis, 2017; Ekkekakis & Dafermos, 2012; Ekkekakis & Zenko,
2016; Williams & Evans, 2014).

Measures of implicit processes have been shown to predict exercise
and physical activity behavior beyond the variance accounted for by
measures of explicit constructs (e.g., attitudes, intentions), even when
behavior was measured prospectively by objective means (e.g., Cheval,
Sarrazin, Isoard-Gautheur, Radel, & Friese, 2015; Chevance, Caudroit
et al., 2018; Chevance, Stephan, Héraud, & Boiché, 2018; Conroy,
Hyde, Doerksen, & Ribeiro, 2010). Moreover, Antoniewicz and Brand
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(2016a) found that implicit processes predicted exercise adherence over
14 weeks. These preliminary findings suggest that interventions de-
signed to change relevant implicit processes may hold promise for in-
creasing exercise and physical activity. Indeed, preliminary proof-of-
concept studies have shown that short computer-based training inter-
ventions can modify implicit processes and, in turn, improve exercise
behaviors, such as the choice of exercise intensity or duration
(Antoniewicz & Brand, 2016b; Cheval, Sarrazin, Pelletier, & Friese,
2016).

Although these early studies illustrate the importance of implicit
processes in regulating behavior and, therefore, the considerable po-
tential of transitioning to dual-process models, problems are also evi-
dent. Perhaps the most challenging problem, and arguably the largest
possible impediment to future progress, is the measurement of implicit
processes. Researchers in exercise psychology have been selecting
measures of implicit processes among a wide range of options originally
developed for the study of social cognition (e.g., sequential priming
tasks, response interference tasks). While all such measures are as-
sumed to assess implicit processes, their essential features exhibit re-
markable diversity, such that it would be unreasonable to assume that
the measures are interchangeable or that they can all be interpreted as
reflecting the same underlying implicit processes. According to
Schinkoeth and Antoniewicz (2017):

In order to decide which measurement tool to use, every researcher
has to answer the questions (among others) what exactly should be
measured, as well as how and when it should be assessed. Since each
measure has characteristic features, the fit between the respective
research question as well as the underlying theoretical assumptions
and the implicit measure's specific procedure is decisive (p. 13).

An optimistic perspective perhaps could suggest that finding sig-
nificant associations with physical activity or exercise behavior among
a wide range of measures of implicit processes is evidence of the ro-
bustness and multifaceted nature of this relationship (Sheeran,
Gollwitzer, & Bargh, 2013). On the other hand, a critical appraisal of
the emerging literature on implicit processes that relate to exercise and
physical activity indicates that it has become common practice to pre-
sent the measure(s) in the Methods section unaccompanied by a specific
rationale. This observation raises the possibility of bias, such as finding
significant relationships by capitalizing on chance. Presumably, re-
searchers (a) forego presenting a conceptual rationale for their mea-
surement choices because there is no clear correspondence between
underlying implicit processes and measures (i.e., the implicit processes
that are being quantified through the numerous available measures
remain enigmatic), and (b) are unable to offer concrete psychometric
arguments for their choices because the psychometric properties of the
measures (reliability, validity) are largely unknown.

The persistent inability to justify the selection of measures on the
basis of conceptual or psychometric arguments has several con-
sequences. First, the interpretation of results is made difficult when
researchers are uncertain about what the tests are measuring and, in
particular, the extent to which the constructs being measured indeed
qualify as implicit processes. Conroy and Berry (2017) urged caution on
this point, noting that “psychometric work within the physical activity
domain is needed to establish what implicit measures actually measure”
(p. 233).

Second, the great diversity of measures of implicit processes used in
the study of exercise and physical activity, in conjunction with the in-
ability to explain why each measure was chosen, makes the task of
evidence synthesis precarious. In a recent critical review, Rebar et al.
(2016) wrote that the use of a variety of disparate measures precludes
“strong conclusions about effect sizes” and “conclusive summative
work” (p. 403). Schinkoeth and Antoniewicz (2017) expressed the same
concern, writing that, because of the “immense heterogeneity” of
measures, “far-reaching conclusions are difficult to draw” (p. 17). Given
the radically different approaches used in different measures, one

cannot assume that results obtained with one measure would have also
occurred with another. Therefore, attempts to reach conclusions that
refer generically or collectively to the role of “implicit processes” from
the early empirical literature on exercise and physical activity should be
viewed with caution.

Third, given that preregistration is still rare in exercise psychology,
the practice of using different measures in different studies without
offering a justification may raise suspicions of selective outcome re-
porting and, therefore, the possible nonreplicability of published re-
sults. Along these lines, Schinkoeth and Antoniewicz (2017) warned
that results showing significant associations between measures of im-
plicit processes and exercise behavior “in the vast majority of studies”
(p. 13) “may represent a publication bias due to the preferential pub-
lication of statistically significant results” (p. 16). This potential bias
may hinder the forward momentum that is presently evident in this
nascent, and promising, line of research.

2. The present study

The present investigation was conceived as a psychometric study
that would serve as the foundation of future research on the role of
implicit processes in exercise and physical activity. We conceptualize
implicit processes as being unintentional, independent of executive
resources, mostly outside of conscious awareness, and largely beyond
volitional control. We use the adjective “automatic” to encapsulate
these properties (Moors, Spruyt, & De Houwer, 2010). We further
theorize that what the tests we evaluated reflect is “exercise associa-
tions.” Specifically, we theorize that, through repeated life experiences,
a pairing is formed between the stimulus concept of “exercise” with
either positivity (i.e., something marked as pleasant, liked, desirable,
attractive, to be pursued) or negativity (i.e., something marked as un-
pleasant, disliked, unwanted, repulsive, to be avoided). We presume
that both the formation of such linkages over time, and the subsequent
triggering of the associated positivity or negativity whenever the sti-
mulus concept of “exercise” is activated, are automatic processes (i.e.,
mostly outside conscious awareness, unintentional, uncontrollable, ef-
fortless). Therefore, we refer to the measures evaluated in this study as
measures of “automatic exercise associations."

The study was intended as a comparative evaluation. Therefore, we
aimed to assess, in the same sample, the internal consistency and va-
lidity of nine measures of automatic exercise associations. Each mea-
sure is theorized to incorporate one or more features of automaticity,
including unintentionality, uncontrollability, efficiency, and processing
speed (Moors & De Houwer, 2006). Evidence of automaticity for each of
the tasks is presented in the Supplementary Material (Section 1). Fur-
thermore, among possible options, we selected measures on the basis of
their feasibility (i.e., noninvasive, low-cost, computer-based, as op-
posed to requiring specialized equipment) and prior application in ex-
ercise psychology and other research fields.

The greatest conceptual challenge that an investigation of this sort
faces is the selection of appropriate validation criteria. In accordance
with conceptualizations of construct validation as a multifaceted pro-
cess aimed at characterizing how well a measure fits into a network of
theory-predicted relationships (Cronbach & Meehl, 1955), we opted to
follow multiple validation approaches.

First, we examined criterion-related validity by investigating the
associations of the nine measures with self-reported exercise behavior.
Although exercise behavior is presumably determined by a multitude of
factors, of which automatic exercise associations may be only one
cluster, it is nonetheless the ultimate “downstream” outcome that
measures of automatic exercise associations are aimed to predict. As
such, exercise behavior (including self-reported exercise behavior) is de
facto the principal criterion by which the validity of measures of au-
tomatic exercise associations is commonly judged (Antoniewicz &
Brand, 2014; Calitri, Lowe, Eves, & Bennett, 2009).

Second, we examined convergent validity by investigating the
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associations of the nine measures with a measure of explicit attitudes.
Using a measure of an explicit construct, such as attitude, to validate a
measure of implicit processes has a precedent in the exercise psy-
chology literature (e.g., Conroy et al., 2010; Rebar, Ram, & Conroy,
2015). However, it should be recognized that, according to dual-process
theoretical models, explicit and implicit paths form through different
processes (e.g., absorbing and evaluating information versus deriving
pleasant or unpleasant affective experiences) and, consequently, mea-
sures presumed to reflect explicit and implicit processes may not ne-
cessarily converge.

Given the limitations of exercise behavior and explicit attitude as
validation criteria, we considered additional criteria based on recent
theoretical proposals (Bluemke et al., 2010; Brand & Ekkekakis, 2018;
Conroy & Berry, 2017; Ekkekakis, 2017; Ekkekakis & Dafermos, 2012;
Ekkekakis & Zenko, 2016; Williams & Evans, 2014). Specifically, we
considered experienced and recalled affective responses to a bout of
moderately challenging exercise as additional validation criteria. While
automatic exercise associations may be influenced by several factors,
including perceived societal values and extrapersonal associations
(Rudman, 2004), the aforementioned theoretical proposals posit that
the basis of automatic exercise associations is whether the stimulus
concept of “exercise” has registered in associative memory as a posi-
tively or negatively valenced behavior, presumably as a result of mul-
tiple, consistent pairings of exercise experiences with pleasure or dis-
pleasure.

We used self-reports of pleasure versus displeasure (i.e., affective
valence) responses to a laboratory-based exercise session as an indica-
tion of (possible) usual experiences with exercise. However, we re-
cognize that the many factors that may have shaped such experiences
(e.g., hurtful comments by physical education teachers or peers, per-
sonally meaningful praise by significant others) cannot be compre-
hensively recreated in a laboratory setting. Nevertheless, we aimed to
create a meaningful proxy of usual exercise experiences by calibrating
intensity to maximize interindividual variation in affective responses.
Specifically, we set exercise intensity at the level of the individually
determined ventilatory threshold (VT) based on evidence that, at this
intensity, some individuals report feeling progressively better whereas
others report feeling progressively worse during exercise (Ekkekakis,
2013; Ekkekakis, Parfitt, & Petruzzello, 2011).

Both the level of pleasure-versus-displeasure reported during ex-
ercise (henceforth “experienced affect”) and subsequently recalled
pleasure-versus-displeasure (henceforth “recalled affect”) were con-
sidered as validation criteria. Experienced affect was operationalized in
two ways, namely (a) the direction (progressive improvement versus
decline) and the rate of change in pleasure-versus-displeasure during
the exercise bout (henceforth “affective slope”) and (b) the pleasure or
displeasure reported just before the end of the exercise bout (henceforth
“affective end”). These decisions were based on evidence that, while the
total and the average degree of pleasure-displeasure experienced during
an episode appear to be inconsequential in shaping subsequent beha-
vior, both the pleasure-displeasure experienced at the end of an episode
(e.g., Kahneman, Wakker, & Sarin, 1997) and the slope of pleasure-
displeasure during an episode (see Zenko, Ekkekakis, & Ariely, 2016
and references therein) are especially influential.

Further, given that a myriad of variables may intervene between
automatic exercise associations and exercise behavior, thus weakening
any estimates of association, Brand and Schweizer (2015) have pro-
posed the concept of “situated decisions” as a “functional link” between
implicit (as well as explicit) processes and exercise behavior. Their Si-
tuated Decisions to Exercise Questionnaire (SDEQ) assesses decisions
made in hypothetical but common scenarios in which the individual is
called to choose between an exercise and a nonexercise option (e.g.,
“You're leaving work and you are just about to go to the gym. Now you
hear that your colleagues plan to go for a drink. Do you exercise, or
not?”). Arguably, such situated decisions may be a more meaningful
validation criterion compared to exercise behavior over the previous

week or over a “typical” week. Thus, situated decisions, as measured by
the SDEQ (henceforth “situated decisions”), were also considered as a
validation criterion.

The literature on implicit processes includes many speculations
about the underlying implicit processes that various measures reflect
(e.g., see the tentative classification proposed by Sheeran et al., 2013).
For example, it has been suggested that the Approach-Avoidance Task
may measure automatic approach and avoidance tendencies, the Single-
Category Implicit Association Test may be influenced by personal and
extrapersonal associations (Olson & Fazio, 2004), and the Visual Probe
Procedure may be influenced by motivational relevance that drives
attention toward or away from stimuli (Müller, Rothermund, &
Wentura, 2016). In the absence of consensus or compelling evidence to
support these suggestions, arguably the most prudent position is to
accept that, at least at the present stage of knowledge development, it is
still not possible to match specific underlying implicit processes to
performance on specific tests. For the purposes of the present in-
vestigation, we assumed that (a) no measure of automatic associations
relies entirely on automatic processes (Bargh, 1994), (b) performance
on the measures of automatic exercise associations we evaluated relies
on various (unknown) combinations of implicit processes, and, thus, (c)
measures of implicit exercise associations may not relate to each other
(e.g., Calitri et al., 2009) or to all of our validation criteria. Therefore,
while there was a reasonable basis (conceptual reasoning as outlined in
the previous paragraphs, prior published evidence, or both) to suggest
that the selected measures of automatic exercise associations should
relate to one or more of the validation criteria, there was no genuine a
priori basis for hypothesizing which measure would relate to which
criterion or criteria.

3. Methods

3.1. Participants

In the absence of a prior reliable estimate of effect size for the re-
lationship between measures of automatic exercise associations and the
validation criteria employed in the present investigation, we considered
a “medium” correlation of r≥0.30 (Cohen, 1992, p. 157) as indicating
a meaningful relationship (i.e., ≥9% shared variance). Thus, a power
calculation for a two-tailed bivariate correlation, with r = 0.30,
α=0.05, and 1-β=0.80, indicated that 84 participants were needed.
To compensate for potential participant attrition and an elimination
rate of 20%, the target sample size was 101.

Participants were deemed eligible if they were between the ages of
18 and 45 years (if male) or 55 years (if female), to prevent age from
being considered a risk factor (American College of Sports Medicine,
2018). In addition, potential participants were deemed eligible if they
had normal or corrected vision (due to the use of visual stimuli). Ex-
clusionary criteria included pregnancy, a history of heart disease, un-
expected pain or dizziness during exercise, any conditions that could be
worsened by physical exercise, an affirmative answer to any of the
items of the Physical Activity Readiness Questionnaire, and nonfluency
in the English language.

Following Institutional Review Board Approval, participation was
solicited via an e-mail message sent to all students, faculty, and staff of
a large state university in the midwestern United States. Though 104
individuals met the inclusion/exclusion criteria, five failed to enroll in
the study because they either had scheduling conflicts or failed to ap-
pear for scheduled appointments. After the first laboratory session
(described below), two individuals dropped out for personal reasons
unrelated to the study and two other individuals were eliminated be-
cause their VT could not be determined (due to early termination of the
test in one case, and due to excessive noise in gas exchange data in the
other case). Thus, 95 participants (i.e., more than the 84 needed for
80% statistical power) completed all three sessions and were included
in the analyses. Participant characteristics are presented in Table 1.
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3.2. Measures

3.2.1. Measures of automatic exercise associations
Nine measures of automatic exercise associations were selected: (a)

Single-Category Implicit Association Test (SC-IAT), (b) Personalized SC-
IAT (PSC-IAT), (c) Approach-Avoidance Task (AAT), (d) Go/no-go
Association Task (GNAT), (e) Extrinsic Affective Simon Task (EAST), (f)
Evaluative Decision Task (EDT), (g) Affect Misattribution Procedure
(AMP), (h) Visual Probe Procedure (VPP), and (i) Affective Stroop Task
(AST). All measures were administered using Inquisit Lab (Version 4;
Millisecond Software, Seattle, WA). During the Approach-Avoidance
Task, participants moved a joystick (Extreme 3D Pro; Logitech, Newark,
CA) with their dominant hand (Rinck & Becker, 2007). For all tasks, we
used a 500ms interval between trials and a 60 s rest period between
tasks. However, participants could request a longer rest period if de-
sired. Evidence of automaticity and additional procedural details, in-
cluding stimuli descriptions, are provided in the Supplementary Mate-
rial (Sections 1 and 2, Tables S1 and S2).

3.2.2. Self-reported exercise
Exercise behavior was measured with the short form of the

International Physical Activity Questionnaire (IPAQ-SF; Craig et al.,
2003). Participants were asked to answer questions about their vig-
orous-intensity, moderate-intensity, and walking exercise behavior
during a “usual week.” Participants were asked “only about those
physical activities that [they] did for at least 10min at a time” in their
leisure time, which eliminated spontaneous physical activity and em-
phasized deliberate exercise behavior. This was necessary because the
focus of this investigation was on automatic associations of exercise
rather than physical activity in general. Craig et al. (2003) have re-
ported fair agreement between the IPAQ-SF and accelerometers
(ρ=0.30), concluding that the IPAQ is “at least as good as other es-
tablished self-reports" (p. 1381). Exercise behavior was quantified as
the combined minutes of moderate- and vigorous-intensity exercise per
week. Two participants who reported extreme amounts of exercise
(more than 750min·week−1) were eliminated from analyses as outliers
(outside Tukey's fences), as was one participant who did not provide

exercise behavior data.

3.2.3. Explicit affective attitude
Ten items based on the theory of planned behavior (Ajzen, 1991)

were used to assess explicit affective attitude toward exercise. The stem
“For me, exercising at least 30min per day for at least 5 days over the
next week would be … " was followed by seven-point scales anchored
by: Pleasant-Unpleasant; Enjoyable-Unenjoyable; Exciting-Boring;
Soothing-Agitating; Distressing-Peaceful; Fatiguing-Energizing;
Tempting-Uninviting; A lot of fun-Not fun at all; Good for my ego-Bad
for my ego; Something that picks me up-Something that brings me
down. Internal consistency was high (Cronbach's α= .90).

3.2.4. Experienced affect
The core affective dimension of valence, theorized to range from

pleasure to displeasure (Russell, 2003), was assessed with the Feeling
Scale (FS; Hardy & Rejeski, 1989), a single-item, 11-point bipolar rating
scale ranging from +5 (I feel “very good”) to −5 (I feel “very bad”).
Verbal anchors are provided at zero (“neutral”) and odd numbers
throughout the scale. Hardy and Rejeski (1989) have reported con-
current validity data for the FS. The affective slope for each participant
was calculated by fitting a linear regression over the FS ratings acquired
from baseline to the last during-exercise time point (see below). The
final FS rating reported during exercise was designated as the affective
end.

3.2.5. Recalled affect
Recalled affect from the exercise session was assessed with the

Empirical Valence Scale (EVS; Lishner, Cooter, & Zald, 2008). The EVS
was used instead of the FS for the assessment of recalled affect in order
to reduce common method variance. The EVS is a bipolar rating scale
ranging from −100 (“Most unpleasant imaginable”) to +100 (“Most
pleasant imaginable”). Thirteen empirically spaced verbal anchors
(e.g., extremely, strongly, barely, neutral) are located throughout the
scale. Participants were asked to respond to the question: “How did the
exercise session make you feel?"

3.2.6. Situated decisions to exercise
Situated decisions were assessed using the Situated Decisions to

Exercise Questionnaire (SDEQ; Brand & Schweizer, 2015). The SDEQ
consists of eight items assessing whether participants would choose
exercise or not in various hypothetical scenarios (e.g., “After a long day
of work, you have just arrived at home and you feel tired. However, you
planned to go workout tonight. Do you exercise, or not?”). A higher
score on the SDEQ indicates lower likelihood of exercising (i.e., scores
correlate negatively with exercise behavior). Brand and Schweizer
(2015) have provided data on criterion and structural validity. Internal
consistency in the present sample was acceptable (Cronbach's
α=0.71).

3.3. Procedures

3.3.1. Internet survey
One week prior to the first laboratory visit, participants received an

invitation via e-mail to complete an online version of the IPAQ-SF
(Qualtrics, Provo, UT).

3.3.2. Maximal exercise session
Upon entering the laboratory for their first visit, participants read

and signed an informed consent form. Next, participants answered
questions about their demographic characteristics and explicit attitude.
Height was measured using a wall-mounted stadiometer and weight
was measured with an electronic scale (BF-626, Tanita, Tokyo, Japan).
Participants were then fitted with a heart rate monitor (Polar, Kempele,
Finland) and nose-and-mouth facemask for the collection of expired
gases (Hans Rudolph, Kansas, MO), and had the instructions for the FS

Table 1
Participant characteristics by sex.

Variable Men (n = 37) Women (n = 58)

Mean ± SD Mean ± SD

Age (years) 23 ± 7 26 ± 10
Height (cm) 178.5 ± 7.0 166.3 ± 7.1
Body Mass (kg) 81.4 ± 13.0 68.1 ± 15.1
Body Mass Index (kg·m−2) 25.51 ± 3.63 24.70 ± 5.47
VO2 peak (ml·kg−1·min−1) 35.63 ± 8.39 29.26 ± 7.96
Exercise Behavior (min·week−1) 279 ± 183 193 ± 149

Men (n) (%) Women (n) (%)

Weight Status
Underweight 0 0.0% 2 3.4%
Normal Weight 16 43.2% 33 56.9%
Overweight 18 48.6% 18 31%
Obese 3 8.1% 5 8.6%
Education
High School Diploma or Equivalent 30 81.1% 34 58.6%
BS/BA/BFA 4 10.8% 10 17.2%
MS/MA/MFA 1 2.7% 9 15.5%
PhD/Terminal 2 5.4% 5 8.6%
Race/Ethnicity
White/Caucasian 32 86.4% 45 77.3%
Black/African American 1 2.7% 4 6.9%
Asian/Pacific Islander 2 5.4% 3 5.2%
Latino/Latina/Hispanic 2 5.4% 3 5.2%
Multiracial 0 0% 2 3.4%
Undisclosed 0 0% 1 1.7%
Current Student 30 81.1% 37 63.8%
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read to them.
The incremental (ramp) exercise test was conducted using a com-

puter-controlled, electronically braked recumbent cycle ergometer
(Corival Recumbent, Lode, Groningen, The Netherlands). The workload
was set at 0W for 5min (as a warm-up) and was subsequently pro-
gressively increased by 1W every 4 s until volitional termination.
Oxygen uptake and carbon dioxide production were measured con-
tinuously with a metabolic cart (TrueOne 2400, Parvomedics, Salt Lake
City, UT) that was calibrated before each use. Upon termination, the
facemask was removed, and participants completed a 5-min cool-down
at 0W.

Two to four experienced investigators, working independently, de-
termined the VT of each participant with the aid of a software program
(WinBreak 3.7, Epistemic Mindworks, Ames, IA) that combines three
methods (V-slope, ventilatory equivalents, and excess carbon dioxide),
as recommended by Gaskill et al. (2001). Disagreements were resolved
by consensus. The VT was used to set the intensity of the individualized
exercise session (described below).

The maximal exercise session was also used as an opportunity to
familiarize the participants with the measures of experienced (FS) and
recalled affect (EVS) that were to be used during the subsequent in-
dividualized exercise session. The FS was administered before, during,
and after the exercise test. Participants were asked to indicate their
responses by pointing on a poster-sized version of the FS (removed from
the field of vision while not being used). Recalled affect of the exercise
session was assessed with the EVS 5min after the test. Participants were
invited to complete an online SDEQ following their maximal exercise
session.

3.3.3. Individualized exercise session
One week after the maximal exercise session, participants returned

to the laboratory for their second session. An investigator reminded
participants of the instructions for the FS. Participants were again fitted
with the heart rate monitor and exercised on the same recumbent cycle
ergometer. Participants exercised for a total of 15min. Of these, the
first 5min were a warm-up, with the workload set at 20% of the
workload corresponding to the VT of each participant. For the next
10min, the workload was set to 100% of the workload corresponding to
the VT. The FS was administered immediately before exercise, at min 1,
3, and 5 during the 5-min warm-up, and every 2min during the 10-min
exercise at the VT. Based on dual-mode theory (Ekkekakis, 2003, 2013),
affective valence responses to exercise at the VT were expected to ex-
hibit interindividual variability, presumably enhancing the utility of
this variable as a validation criterion. Finally, recalled affect of the
exercise session was assessed using the EVS 5min after the end of ex-
ercise.

Based on the “end rule” (Kahneman et al., 1997), affective valence
at the end of exercise was expected to weigh heavily on recalled affect
of the exercise session. Because a cool-down would have likely led to
homogenously pleasant affective responses (Ekkekakis et al., 2011), no
cool-down was provided, in order to preserve interindividual variability
in affective valence at the end of the session and, presumably, in ratings
of recalled affect.

3.3.4. Automatic associations session
One week after the individualized exercise session, participants re-

turned to the laboratory for their final session. The one-week interval
was dictated by the need to strike a balance between two competing
considerations, namely (a) the need to assess the validity criteria and
the measures to-be-validated at different times in order to attenuate
common method bias (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003;
Podsakoff, MacKenzie, & Podsakoff, 2012) and thus prevent the artifi-
cial inflation of estimates of association (Scherer & Schott, 2012), and
(b) the need to reduce random variance (e.g., different routines prior to
testing), which could have negatively impacted the reliability of mea-
surements. Thus, the final session was scheduled at the same day of the

week and the same time of day as the individualized exercise session, to
account for possible diurnal effects (adjustments were necessary for
nine participants, who returned 3–9 days later rather than 7 because of
scheduling conflicts). The nine measures of automatic exercise asso-
ciations were completed in random order to prevent an order effect.

A memory-load task was completed concurrently with each measure
of automatic exercise associations. This quality-control procedure was
intended to engage explicit processes (working memory) and thus in-
crease the likelihood that task responses would reflect implicit pro-
cesses (Hermans, Crombez, & Eelen, 2000). Specifically, participants
were instructed to remember six random digits during each task. After
each task, they had to identify the six random digits from a sheet of
paper containing 26 number strings. To provide additional motivation,
$0.75 was given for each successfully remembered string of digits.

3.4. Data analysis

3.4.1. Data reduction and scoring
The data from one participant who could read Chinese and thus was

not allowed to participate in the AMP (Payne, Cheng, Govorun, &
Stewart, 2005), and another participant who could not understand the
AMP and quit before completing the task, were missing from the AMP
responses. Four participants, deemed to have deficiencies in color
perception, were eliminated from analyses involving the EAST. Finally,
data from nine participants were eliminated from analyses involving
the EDT because of a script error that caused the trials to have a re-
sponse deadline of 300ms instead of the intended 600ms.

The SC-IAT and PSC-IAT had extreme trials (e.g., very short re-
sponse latencies) and participants with high error rates were treated
following the D-score algorithm (Greenwald, Nosek, & Banaji, 2003),
which is built into the Inquisit software. Processing efficiency was
calculated for the SC-IAT using the data preparation and reduction
procedures followed by Rebar et al. (2015). The necessary inputs (i.e.,
variance in reaction time, proportion correct) were calculated for the
compatible and incompatible blocks of the SC-IAT and processing ef-
ficiency was calculated for each block following the EZ-diffusion al-
gorithm (Wagenmakers, van der Maas, & Grasman, 2007). One in-
correct trial was created for each block, if needed, because the EZ-
diffusion algorithm requires at least one erroneous response (Rebar
et al., 2015). The difference in processing efficiency between blocks was
calculated to determine if participants had more (or less) processing
efficiency for compatible blocks compared to incompatible blocks.

Care was taken to standardize the definition of an outlier by using
Tukey's fences. Outlier trials were defined as trials with response la-
tencies that were outside of Tukey’s fences for any participant, based on
the interquartile range of that participant. Different fences were cal-
culated for each participant to account for idiosyncratic response pat-
terns. Outlier trials were not calculated for the AAT because uninten-
tional movements of the joystick may or may not represent automatic
associations, so all movements were retained regardless of latency.
Timed out trials (if applicable) were defined as trials that did not have a
response prior to the response deadline (AMP: 600ms, EDT: 600ms,
VPP: 1000ms). Only valid trials were used to calculate the scores for
each measure. Valid trials were defined as trials that were not outliers
and did not time out (if applicable). In addition, for the AST, a valid
trial had to be accurate (Berry, 2006), so valid trials were defined as
trials that were correct and not an outlier. Accuracy was calculated
using the built-in voice analysis utility of the Inquisit 4 software. The
percentage of trials that were outliers, timed out, and were valid for
each task are displayed in the Supplementary Material (Table S5).
Participants with an extremely low percentage of valid trials (defined
by calculating Tukey’s fences at the sample level) were eliminated from
further analysis.

For the AAT, an index of automatic exercise associations was cal-
culated by first determining the bias to approach rather than avoid (pull
rather than push), or “approach bias,” for each type of trial (exercise,
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neutral control). Positive values were taken to indicate a tendency to
approach (pull) rather than avoid (push). Next, automatic associations
with exercise were calculated by subtracting the mean approach bias
for neutral trials from the approach bias for exercise trials. A positive
value was taken to indicate that, when controlling for the bias to ap-
proach neutral images, participants had a faster automatic tendency to
approach exercise images. For example, if a participant had a 5ms
approach bias for neutral images, and a 12ms approach bias for ex-
ercise images, then the participant was determined to approach exercise
images 7ms faster than neutral images (12ms− 5ms=7ms).

For the AMP, an index of automatic exercise associations was de-
fined as the proportion of targets rated as pleasant following exercise
primes minus the proportion of targets rated as pleasant following
neutral primes. Positive values were taken to indicate a positive auto-
matic association with exercise, such that participants were more likely
to rate exercise-primed targets as positive, compared to neutral-primed
targets. For example, if participants rated 50% of the exercise-primed
targets as positive and 30% of the neutral-primed targets as positive,
then they were determined to have a positive automatic association
with exercise (50%−30%=20%).

The EAST, EDT, and GNAT yielded both error rates and mean re-
sponse latencies as outcome variables. For the EDT, the accuracy rate
for responding to exercise-primed trials with negative targets was
subtracted from the accuracy rate for responding to exercise-primed
trials with positive targets. A positive score indicated that participants
were more accurate in responding to trials in which exercise primes
were paired with positive targets compared to trials in which exercise
primes were paired with negative targets; this was called
“ExercisePrime-Accuracy." The same procedure was followed to de-
termine if participants were more accurate in responding to trials with
neutral primes and positive targets compared to neutral primes with
negative targets; this was called “NeutralPrime-Accuracy." Finally,
“NeutralPrime-Accuracy" was subtracted from “ExercisePrime-
Accuracy." Positive scores indicated that participants responded more
accurately to positive targets than negative targets following exercise
primes, while controlling for the accuracy in responding to positive
targets versus negative targets following neutral primes. Positive scores
indicated lower error rates and more favorable automatic exercise as-
sociations.

Similarly, for the EAST, positive accuracy scores indicated that
participants were more accurate at responding to exercise target words
when they were paired with the “positive” key compared to when ex-
ercise words were paired with the “negative” key, while controlling for
the accuracy in responding to neutral target words when paired with
the “positive” key versus neutral target words when paired with the
“negative key.” Accuracy rate was also calculated for both the in-
compatible and compatible blocks of the GNAT. Positive accuracy
scores for the GNAT indicated that participants made fewer errors when
exercise was paired with a positive attribute (compatible block) com-
pared to when exercise was paired with a negative attribute (in-
compatible block).

Response latencies for the EAST, EDT, and GNAT were calculated in
similar fashion. For the EDT, positive response latency scores indicated
that participants had facilitated mean responses (lower reaction times)
for positive targets following exercise primes compared to negative
targets following exercise primes, while controlling for the facilitation
following positive targets and neutral primes versus negative targets
and neutral primes. Likewise, for the EAST, a positive score indicated
that, controlling for neutral words and neutral trials, participants were
faster on average at responding to exercise words when they were
paired with the “positive” key than when paired with the “negative”
key. Finally, for the GNAT, a positive score for the response latency
indicated that participants had faster mean reaction times for the
compatible block (when exercise was paired with a positive attribute)
than the incompatible block (when exercise was paired with a negative
attribute).

For the AST, the mean reaction time when responding to neutral
trials was subtracted from the mean reaction time when responding to
exercise trials. A positive score indicated that reaction time for exercise
trials was slower and participants had attentional bias toward exercise.
The VPP is also indicative of attentional bias. The mean reaction time
when responding to trials in which the exercise target was congruent
with the probe was subtracted from the mean reaction time when re-
sponding to trials in which the exercise target was incongruent with the
probe. A positive score indicated that participants were faster to locate
the probe when it was congruent with an exercise image, or that they
exhibited an attentional bias toward the exercise images.

3.4.2. Internal consistency
The internal consistency of each measure of automatic exercise as-

sociations was estimated as split-half reliability. First, the trials of each
task were randomized for each participant to account for practice and
fatigue effects. Second, two equivalent halves of trials were created
(e.g., equivalent number of compatible and incompatible trials, or an
equivalent number of exercise and neutral trials). Third, an index of
automatic exercise associations was calculated for each half of each
task. Finally, the indices of automatic exercise associations for both
halves were correlated, and the Spearman-Brown prophecy formula
was applied to estimate the reliability of scores on the task as a whole.
This follows the process for determining internal consistency outlined
previously (Hyde, Doerksen, Ribeiro, & Conroy, 2010). Calculating in-
ternal consistency of the SC-IAT is not relevant when using the EZ-
diffusion algorithm as a scoring procedure (Chevance, Héraud,
Guerrieri, Rebar, & Boiché, 2017).

3.4.3. Validity
To assess the validity of the nine measures of automatic exercise

associations, bivariate correlations were calculated between the scores
on measures of automatic exercise associations and the six validation
criteria, namely (a) self-reported exercise, (b) explicit attitude, (c) af-
fective slope, (d) affective end, (e) recalled affect, and (f) situated de-
cisions. To address the multiplicity problem, a False Discovery Rate of
5% was applied to avoid the inflation of the Type I error rate while
preserving statistical power (Benjamini & Hochberg, 1995; Benjamini &
Yekutieli, 2005; Keselman, Cribbie, & Holland, 2002). This procedure
was preferred over the Bonferroni method because it has been found to
prevent the unnecessary loss of statistical power and inflation of the
Type II error rate (Nakagawa, 2004; Rothman, 1990), thus providing a
“much better compromise between Type I and Type II errors”
(Nakagawa, 2004, p. 1045).

4. Results

4.1. Individualized exercise intensity

During the warm-up, exercise intensity remained below the range
that the American College of Sports Medicine (2018) considers “mod-
erate” intensity (i.e., 64–76% of maximal heart rate). During the 10-min
individualized exercise at VT, intensity remained within the “moderate”
range, increasing from 64.6% to 74.5% of maximal heart rate on
average.

4.2. Experienced affect

Consistent with expectations, affective responses during exercise
varied considerably between participants (see Figure 1). The FS ratings
of most participants (61.1%) exhibited a negative slope during exercise,
the slope was positive for 25.2%, and the slope was zero for 13.7%.
Most participants (75.8%) had a positive affective end (i.e., FS > 0),
15.8% reported a negative affective end (i.e., FS < 0), and 8.4% re-
ported a neutral (i.e., FS= 0) affective end.
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4.3. Recalled affect

Recalled affect was positive for most participants. Mean recalled
affect for the sample was 40.68 ± 24.78 units on the EVS (with a
possible range from −100 to +100). Like experienced affect, recalled
affect also exhibited considerable heterogeneity. Individual ratings
ranged from −37 to +100, and the 25th, 50th, and 75th percentiles
had values of 24.4, 38.38, and 60.71 units, respectively. One partici-
pant, with an extremely negative rating of recalled affect (−37 units)
was deemed an outlier (outside Tukey's fences) and was eliminated
from further analyses involving recalled affect. The affective slope and
affective end accounted for 8.8% and 29.2% of the variance in recalled
affect, respectively, indicating that these validation criteria were re-
lated but distinct.

4.4. Administration of measures of automatic exercise associations

Administration times for the nine measures of automatic exercise
associations are shown in the Supplementary Material (Table S3). No
participant spent more than 11min responding to any given task. Ef-
ficiency was quantified by the percentage of correctly identified
random number strings after each task. Overall efficiency was high,
suggesting automaticity. Participants identified 89.35% ± 12.01% of
the random number strings correctly. Efficiency ratings and the per-
centages of trials for each task that were valid, outliers, or timed out are
presented in the Supplementary Material (Tables S4 and S5).

4.5. Internal consistency of measures of automatic exercise associations

Internal consistency results are presented in Table 2. The AMP, PSC-
IAT, and EDT had outcomes with acceptable to good internal con-
sistency. Several measures, especially the EAST, VPP, and AST, de-
monstrated poor internal consistency, so caution should be taken in
interpreting any results associated with these tasks.

4.6. Validity of measures of automatic exercise associations

Correlation coefficients between each measure of automatic ex-
ercise associations and the validation criteria are presented in Table 3
(note that some tasks yield two outcome variables). Most correlation
coefficients (63.1%) were near zero (r≤0.10). The two outcome
variables of the AAT were significantly (after applying a False Discovery
Rate of 5%) and meaningfully (i.e., r≥0.30) correlated with both self-
reported exercise and situated decisions to exercise. In addition, the

PSC-IAT exhibited a correlation with the affective slope that closely
approached the r≥0.30 criterion of meaningfulness (r=0.298) but
was not deemed reliable after applying a False Discovery Rate of 5%.

5. Discussion

The primary purpose of this investigation was to assess the internal
consistency and validity of nine measures of automatic exercise asso-
ciations. The broader objective was to assist researchers interested in
studying dual-process models in the context of exercise by providing an
empirical basis for selecting measures of automatic exercise associa-
tions among a wide array of available, but disparate, options. This
undertaking was predicated on the idea that the continued absence of a
conceptual or psychometric rationale for selecting measures of auto-
matic associations in published reports can undermine the evolution of
this otherwise promising line of research (Conroy & Berry, 2017; Rebar
et al., 2016; Schinkoeth & Antoniewicz, 2017). The present study is the
first known head-to-head comparison of measures of automatic exercise
associations in the field of exercise psychology. Thus, the data reported
here represent a unique resource for researchers interested in building

Figure 1. Illustration of the interindividual variability in affective responses during the exercise session at VT. Panel (A) shows the raw Feeling Scale (FS) ratings
(N=95), highlighting two individuals who exhibited progressive improvements (dotted black lines), two individuals who exhibited progressive declines (solid grey
lines), and the average response (solid black line). Panel (B) shows the lines of best fit through each of the 95 individual sets of FS ratings, demonstrating the
variability in "affective slopes." Panel (C) shows the interindividual variability in affective ends, namely the FS ratings at the final time point of the 10-min exercise
session at VT.

Table 2
Indices of internal consistency (split-half) of measures of automatic exercise
associations.

Task Outcome Variable

Response
Latency

Error Rate Other

Affect Misattribution Procedure (AMP) .85a

Affective Stroop Task (AST) .01
Approach-Avoidance Task (AAT) .56b .45c

Evaluative Decision Task (EDT) .25 .74
Extrinsic Affective Simon Task (EAST) -.13 .28
Go/no-go Association Task (GNAT) .12 .62
Personalized Single-Category Implicit

Association Test (PSC-IAT)
.85

Single-Category Implicit Association Test
(SC-IAT), D-score

.18

Visual Probe Procedure (VPP) -.05

Note:
a Proportion of "pleasant" categorizations vs. "unpleasant" categorizations.
b Initial Response Latency: The time it took for the participant to make the

first movement.
c Final response latency: The time it took for the participant to complete the

movement.
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an evidence-supported justification for selecting such measures.
Therefore, an important potential contribution of this dataset is that it
offers the means by which this line of research can overcome the
questionable current practice of selecting measures without a sup-
porting rationale.

It is essential to clarify that we did not conceive this psychometric
evaluation as a competition to establish the “best” measure of auto-
matic exercise associations and have avoided framing the issue in such
terms. As stated in the introduction, although all the measures tested in
the present study exhibit features of automaticity, we have no reason to
believe that they all tap the same implicit processes and are, therefore,
interchangeable. Thus, we concur with Schinkoeth and Antoniewicz
(2017), who wrote that “although … the temptation is high to hand out
advice that one might be the 'best' implicit measure,” it is “neither
possible nor advisable” to do so (p. 13). Nevertheless, the relative
strength of the correlations of the measures with the validation criteria
would be useful information for researchers interested in selecting a
measure and performing power calculations to determine the appro-
priate sample size for their investigations.

A crucial consideration in a comparative psychometric evaluation is
to ensure that all measures are given an equal chance by ensuring stable
and consistent testing conditions. In addition, in planning this in-
vestigation, we were mindful of the need to establish some degree of

standardization in the procedural details of the testing protocols.
Schinkoeth and Antoniewicz (2017) commented on this problem,
stating that “even when studies used the same measure, the specific
application varied” (p. 13). Therefore, in the present study, great care
was taken in selecting stimuli and structuring the tasks. Specifically,
unless an empirical justification for a different number of trials existed
in the literature, each task consisted of 120 test trials and was preceded
by 24 practice trials. Likewise, the number of stimuli used in each task
was based on the number of trials and task structure for each measure
(see Supplementary Material, Section 2).

5.1. Administration time and task efficiency

On average, each task took less than 7.5 min to complete. This ad-
ministration time is comparable to most self-report questionnaires,
underscoring the practicality of using measures of automatic exercise
associations. The tasks were also efficient, as indicated by the high rates
of random number strings identified correctly after each task
(86.3%–92.6%). This finding lends empirical support to the claim that
the tasks exhibit automaticity and can thus be presumed to tap un-
derlying implicit processes (Hermans et al., 2000).

Table 3
Validity coefficients of measures of automatic exercise associations.

Task (Outcome Variable) Affective Slope Affective End Recalled Affect Explicit Attitude Exercise Behavior Situated Decisions

Approach-Avoidance Task (Initial Response Latency) r=−.170 r=−.033 r = −.002 r = −.096 r= -.323 r=.331
n=95 n=95 n = 94 n = 95 n= 92 n=95
p= .100 p=.749 p = .989 p = .355 p= .002 p= .001

Approach-Avoidance Task (Final Response Latency) r = −.143 r = −.066 r = .026 r = −.136 r= -.330 r= .352
n = 95 n = 95 n = 94 n = 95 n= 92 n= 95
p = .166 p = .525 p = .802 p = .190 p= .001 p < .001

Affect Misattribution Procedure r = .074 r = .076 r = .043 r = .173 r = .156 r = −.096
n = 85 n = 85 n = 84 n = 85 n = 82 n = 85
p = .501 p = .489 p = .696 p = .114 p = .163 p = .384

Affective Stroop Task (Response Latency) r = .000 r = .073 r = .038 r = .019 r = −.126 r = .055
n = 91 n = 91 n = 90 n = 91 n = 88 n = 91
p = .999 p = .491 p = .723 p = .858 p = .241 p = .605

Evaluative Decision Task (Response Latency) r = −.131 r = .017 r = .196 r = −.071 r = −.092 r = −.115
n = 82 n = 82 n = 81 n = 82 n = 80 n = 82
p = .240 p = .878 p = .079 p = .528 p = .418 p = .305

Evaluative Decision Task (Error Rate) r = −.059 r = -.191 r = −.158 r = −.099 r = −.140 r = −.016
n = 82 n = 82 n = 81 n = 82 n = 80 n = 82
p = .599 p = .086 p = .159 p = .376 p = .216 p = .887

Extrinsic Affective Simon Task (Response Latency) r = −.112 r = .037 r = −.094 r = .104 r = .027 r = −.032
n = 84 n = 84 n = 83 n = 84 n = 81 n = 84
p = .311 p = .737 p = .400 p = .346 p = .813 p = .776

Extrinsic Affective Simon Task (Error Rate) r = .126 r = .114 r = .069 r = .063 r = .054 r = −.134
n = 84 n = 84 n = 83 n = 84 n = 81 n = 84
p = .254 p = .302 p = .536 p = .567 p = .630 p = .225

Go/no-go Association Task (Response Latency) r = −.062 r = −.071 r = −.226 r = .004 r = −.073 r = .046
n = 82 n = 82 n = 81 n = 82 p = 80 n=82
p = .577 p = .524 p = .043 p = .970 n = .518 p = .684

Go/no-go Association Task (Error Rate) r = .025 r = .053 r = .011 r = −.082 r = .115 r = .109
n = 82 n = 82 n = 81 n = 82 n = 80 n=82
p = .820 p = .634 p = .924 p = .463 p = .308 p= .329

PSC-IAT (D-score) r= .298 r = .051 r = −.111 r = −.020 r = −.083 r = −.030
n= 95 n = 95 n = 94 n = 95 n = 92 n = 95
p= .003 p = .621 p = .289 p = .850 p = .432 p = .774

SC-IAT (D-score) r = −.029 r = .047 r = −.017 r = .034 r = −.005 r = −.069
n = 95 n = 95 n = 94 n = 95 n = 92 n = 95
p = .778 p = .650 p = .869 p = .743 p = .959 p = .509

SC-IAT (Processing Efficiency) r = −.220 r = -.101 r = −.054 r = −.025 r = −.138 r = .117
n = 90 n = 90 n = 89 n = 90 n = 87 n = 90
p = .037 p = .343 p = .614 p = .812 p = .202 p = .273

Visual Probe Procedure (Response Latency) r = .024 r = .008 r = −.059 r = .042 r = .197 r = .024
n = 92 n = 92 n = 92 n = 92 n = 89 n = 92
p = .821 p = .936 p = .579 p = .692 p = .064 p = .823

Abbreviations: PSC-IAT: Personalized Single-Category Implicit Association Test. SC-IAT: Single-Category Implicit Association Test. Notes: Correlation coefficients
approaching or exceeding |0.30| are boldfaced. The sample size is provided for each correlation.
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5.2. Internal consistency

The internal consistency of the AMP in this sample (i.e., 0.85) was
comparable with previous research (i.e.,> 0.80; Payne et al., 2005).
The internal consistencies of the EDT, using error rate as the outcome
variable, and the PSC-IAT were also acceptable. In contrast, other
measurements yielded poor internal consistency, suggesting suscept-
ibility to random measurement error. While it is not possible to ascer-
tain the extent to which the unreliability of these measurements is due
to the nature of the tasks or to the particular measurement conditions of
the present study, it should be noted that the internal consistency
coefficients found in this study were, in several cases, lower than pre-
viously reported (Calitri, et al., 2009; Gawronski, Deutsch, & Banse,
2011; Karpinski & Steinman, 2006; Rebar et al., 2015).

In evaluating our results, however, readers should note that we took
several precautions aimed to help attenuate random measurement error
and thus promote reliability. These included efforts to reduce ambient
noise and visual distractions, a private laboratory environment, stan-
dardized instructions, and highly scripted experimenter-participant in-
teractions. On the other hand, other methodological elements may have
inadvertently contributed to random measurement error by increasing
mental fatigue. These include the use of the memory-load task and the
intensive nature of data collection (i.e., total of nine measures com-
pleted during the same session). Both of these methodological elements
were introduced by design, the former to increase the likelihood that
task responses would reflect implicit processes and the latter to enable
the evaluation of the measures in the same sample while avoiding both
participant attrition and error variance due to multiple visits (e.g.,
variation in sleep patterns, hydration and nutrition, health status, life
stress, environmental conditions). However, it is possible that partici-
pant fatigue was the downside of these choices. This point is discussed
further below.

In interpreting these internal-consistency estimates, readers should
also keep in mind that reliability is not an inherent and invariant
property of the measures; rather, it is measurement-specific. Therefore,
the coefficients obtained from the present sample cannot be used as
evidence that a certain measure “has” or “does not have” reliability, “is”
or “is not” reliable. Rather, researchers are encouraged to calculate and
report estimates of internal consistency (and test-test reliability, where
possible) from their samples and under the unique measurement con-
ditions of their studies. Finally, readers should keep in mind that un-
reliability limits validity. According to classic test theory, only the re-
liable portion of the variance of scores on a given test can be valid.

5.3. Validity

The AAT was found to be significantly and meaningfully correlated
with self-reported exercise behavior and situated decisions to exercise.
This was true for both the response time to make an initial movement
and the response time to complete the pulling or pushing motion.
However, it should be noted that the direction of the association raises
an interpretational challenge (also see van Dantzig, Pecher, & Zwaan,
2008). Faster pulling movements were associated with less exercise
behavior. When participants pulled the joystick, the image on the
computer screen zoomed in, creating the illusion that the image was
moving closer to the participant. Thus, it was originally postulated that
pulling would indicate an approach tendency, as is commonly assumed
in the literature (Cacioppo, Priester, & Berntson, 1993; Chen & Bargh,
1999; Cheval et al., 2016; Rinck & Becker, 2007; Wiers, Rinck, Dictus, &
van den Wildenberg, 2009). However, it is plausible that pulling may be
indicative of an avoidance tendency, despite the zooming-in of the on-
screen image, because, when a participant pulls on the joystick, she or
he pulls away from the computer screen. In contrast, pushing the joy-
stick may indicate an effort to lean toward the image on the screen. This
would be analogous to postural sway in the anterior (forward) direction
when viewing pleasant images, a finding typically interpreted as

indicative of approach (Eerland, Guadalupe, Franken, & Zwaan, 2012).
To avoid this interpretational ambiguity, investigators may consider
using a manikin variant of the AAT, which has demonstrated evidence
of criterion validity and acceptable internal consistency in the context
of physical activity and sedentary behavior (Cheval et al., 2015, 2016)
and may be preferable to the joystick variant used in the present study
(Krieglmeyer & Deutsch, 2010).

The possibility that the associations of the AAT variables with ex-
ercise behavior and situated decisions to exercise may still be spurious,
despite being statistically significant and meaningful (r≥0.32,
p ≤ .002), cannot be discounted. However, post hoc Bayesian analysis,
suggested by a reviewer, indicates that, compared to the null hy-
potheses (i.e., no associations), the data are 16.83–53.63 times more
likely under the hypotheses that the AAT variables are correlated with
self-reported exercise behavior and situated decisions to exercise. It
should also be noted that the correlations of the AAT with exercise and
situated decisions in this study were higher than many, if not most,
previous correlations between measures of automatic exercise associa-
tions and validation criteria (e.g., Antoniewicz & Brand, 2014; Calitri
et al., 2009; Conroy et al., 2010; Eves, Scott, Hoppé, & French, 2007;
Hyde et al., 2010; Rebar et al., 2015). Conceivably, the AAT used in the
present study (and manikin variants used in other studies; Cheval et al.,
2015, 2016) may be specifically indicative of behavioral approach-
avoidance tendencies, more so than other measures, and this may ex-
plain the relation of the AAT with self-reported exercise behavior and
situated decisions to choose exercise behavior.

5.4. Critical reflections

While the measures of automatic exercise associations exhibited
high efficiency (and can, therefore, be presumed to reflect auto-
maticity), most showed low internal consistency and their correlations
with the validation criteria were underwhelming. The AAT and the
PSC-IAT were the only measures found to exhibit meaningful relations
with any of the validation criteria. For the AAT, the direction of the
association is ambiguous and will require additional research to es-
tablish whether pushing suggests approach and pulling suggests
avoidance, or vice versa. The internal consistency of the PSC-IAT was
satisfactory, but the negligible correlations with other validation cri-
teria calls for a cautious interpretation of its correlation with the af-
fective slope.

Overall, the absence of a consistent pattern of relationships between
measures of automatic exercise associations and the validation criteria
represents a critical challenge for proposals favoring a transition to
dual-process models of exercise and physical activity behavior. It could
be argued that the potential of the much-needed theoretical advance-
ment could be undermined by a measurement technology that is still in
need of considerable refinement.

At this point, the absence of a systematic pattern of associations
across nine measures of automatic exercise associations with validation
criteria in the present study raises some challenging questions. This
finding clearly stands in contrast to the observation that significant
associations between measures of automatic exercise associations and
various operationalizations of exercise have been reported “in the vast
majority of studies” in the published literature (Schinkoeth &
Antoniewicz, 2017, p. 13). One possibility is that the findings reported
here, despite a sample size that should entail some degree of stability of
the correlational estimates, are statistically anomalous or can be at-
tributed to certain methodological elements (as detailed below). An-
other possibility is that published studies showing consistent associa-
tions between measures of automatic exercise associations and exercise
behavior reflect, at least in part, selective publication. The latter pos-
sibility is rendered perhaps more probable by the observation that
different studies (even studies conducted by the same research group)
have employed different measures without articulating a rationale for
switching from one measure to another.
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5.5. Possible methodological explanations for null correlations

It is noteworthy that no reliable correlations were found between
the measures of automatic exercise associations and the novel theory-
derived validation criteria of experienced and recalled affect, im-
plemented for the first time in the present study. If true, this finding
challenges theoretical proposals suggesting that affective responses to
exercise shape automatic exercise associations (Brand & Ekkekakis,
2018; Conroy & Berry, 2017; Schinkoeth & Antoniewicz, 2017). Before
drawing the conclusion that this theoretical proposition is wrong,
however, it would be prudent to consider methodological explanations.

First, as the first endeavor to evaluate the relation between affective
responses to exercise and automatic exercise associations, the present
study relied on a simplifying assumption, namely that affective re-
sponses to a level of exercise intensity (i.e., VT) known to result in
substantial interindividual variability in affective responses could serve
as a meaningful proxy of a history of affective experiences with exercise
in general. It is certainly possible that this simplifying assumption is
false. In that case, a reasonable next step would be to sample affective
responses from multiple instances of exercise performed under ecolo-
gically valid and diverse conditions using an experience sampling
protocol (e.g., ecological momentary assessment; see Shiffman, Stone, &
Hufford, 2008).

Second, as mentioned earlier, it is possible that the validity esti-
mates of measures of automatic exercise associations in the present
study were underestimated due to participant fatigue. In order to create
an equitable comparison, each participant completed all nine tasks in
random order during the same session. It is possible that this caused
fatigue, increasing random measurement error, and consequently a
decline in validity estimates as testing progressed. To explore this
possibility, we conducted a post hoc analysis (see Supplementary
Material, Table S6) on the subsample of participants who completed
each task early (first, second, third, or fourth). The results did not in-
dicate that fatigue was a factor since there was no evidence that validity
coefficients were systematically stronger when the tasks were com-
pleted early. While some validity coefficients were slightly higher (six
of eight correlations between the AAT and validation criteria ap-
proached or exceeded |0.30|), nearly half (48.8%) were negligible
(r≤0.10).

Still, the possibility that validity estimates were attenuated cannot
be fully discounted. In the future, researchers may want to contemplate
the pros and cons of alternative approaches. These include comparative
validation studies that have a more narrow scope, requiring partici-
pants to complete a smaller number of measures of automatic exercise
associations, or studies in which participants are required to visit the
laboratory on multiple occasions while attempting to control extra-
neous confounds (e.g., sleep, nutrition, health, stress). These are options
that researchers may consider, with the understanding that such deci-
sions require tradeoffs.

Third, it is possible that the timing of the measurement of validation
criteria and automatic exercise associations may have attenuated va-
lidity estimates. In the present study, self-reported exercise behavior,
explicit affective attitudes, affective responses to exercise, and situated
decisions to exercise were measured between one and three weeks prior
to the measurement of automatic associations. In contrast, in other
studies, it is common for measurements of validation criteria and au-
tomatic exercise associations to be obtained during the same session.
We believe that this practice is ill-advised in the context of a validation
study because it fails to create the “temporal separation” (Podsakoff
et al., 2003, 2012) that is essential in order to attenuate common
method bias. For example, back-to-back measurement of automatic
associations and explicit constructs can inflate their congruence
(Scherer & Schott, 2012). Given the aim of the present study, the at-
tenuation of common method bias was deemed crucially important.
While, in theory, neither the validation criteria (i.e., exercise behavior
during a “usual” week, affective responses to a standardized exercise

bout, situated decisions to exercise based on hypothetical scenarios) nor
automatic exercise associations should be expected to change to a
meaningful extent within a three-week time frame, it is possible that the
relationship between the validation criteria and automatic exercise
associations is time-dependent. If this is the case, the shape of this re-
lationship remains unknown. In the future, investigators may wish to
further explore this question.

Fourth, the memory-load task was used to engage controlled pro-
cesses (working memory), thereby increasing reliance on efficient,
implicit processes during task performance (Feldon, 2007; Friese,
Hofmann, & Wӓnke, 2009; Hermans et al., 2000). Previous investiga-
tions have similarly incorporated cognitive-load tasks for the same
reason (e.g., Gibbons, Seib-Pfeifer, Koppehele-Gossel, & Schnuerch,
2018; Klauer & Teige-Mocigemba, 2007). However, while the use of the
memory-load task may have strengthened the argument that perfor-
mance on the automatic exercise association tasks relied on implicit
processes, it is possible that this parallel task also interfered with per-
formance on measures of automatic associations. It should be noted that
cognitive-load manipulations have been used previously mainly with
the AMP and EDT (Gibbons et al., 2018; Hermans et al., 2000; Klauer &
Teige-Mocigemba, 2007). Other procedures may depend to some ex-
tent, in addition to implicit processes, on executive or controlled pro-
cesses (e.g., attentional resources). Therefore, it is plausible that the
reduced cognitive capacity caused by the memory-load manipulation
may have interfered with the execution and outcomes of these tasks,
thereby limiting their validity. To our knowledge, no other investiga-
tion focusing on automatic exercise associations has used a concurrent
cognitive-load task.

Fifth, as alluded to earlier, the possible mental fatigue resulting
from the combination of the memory-load task and the completion of
all nine measures of automatic exercise associations during the same
session may have contributed to the low coefficients of internal con-
sistency exhibited by six of the measures. These methodological ele-
ments differed from previous investigations in the context of exercise
and may explain why the internal consistency of several measures was
lower than previously reported. In turn, measurement error likely at-
tenuated some of the validity estimates.

Finally, error of measurement in some of the validation criteria may
have also led to attenuated correlations with indices of automatic ex-
ercise associations. In particular, although validated, the self-report
measure of exercise behavior (IPAQ-SF) is still not ideal for research
purposes (Lee, Macfarlane, Lam, & Stewart, 2011). Although en-
cumbered by different challenges, it is possible that an objective mea-
sure of exercise behavior (i.e., accelerometer) would have yielded more
significant and meaningul corrleations with measures of automatic
exercise associations (e.g., Cheval et al., 2015; Chevance, Caudroit
et al., 2018). It is also conceivable that the specific nature of the in-
structions used for the IPAQ-SF (i.e., reference to bouts with a minimum
duration of 10min) and the measure of explicit affective attitude (i.e.,
“exercising at least 30min per day for at least 5 days”) may have made
these measures not directly aligned with the measures of automatic
exercise associations, which referred to the stimulus concept of “ex-
ercise” in general, with no such restrictions.

6. Conclusions and suggestions for future investigations

Researchers willing to pursue future psychometric evaluations of
measures of implicit exercise associations should contemplate the role
of exercise behavior as a validation criterion. Exercise is not only an
extremely complex and multidetermined behavior (such that automatic
exercise associations may influence it only through interactions with
other personal and extrapersonal factors) but it is also notoriously
difficult to measure with any accuracy at the individual level.
Researchers who insist on this variable due to its obvious public-health
interest should consider employing a multimethod approach that
combines self-reports and objective assessments (e.g., accelerometers,
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attendance records). Here, we also adopted the suggestion by Brand and
Schweizer (2015) that “situated decisions” can be regarded as a more
proximal “functional link” between implicit processes and the distal
outcome of exercise behavior. While this suggestion has theoretical
appeal, in the present sample, scores on the Situated Decisions to Ex-
ercise Questionnaire (SDEQ) exhibited meaningful and reliable corre-
lations only with the AAT and these were of a magnitude comparable to
those of the IPAQ-SF. Therefore, whether measures of implicit asso-
ciations should be expected to relate to situated decisions more closely
or robustly than to measures of exercise behavior remains to be de-
monstrated empirically.

It is possible that implicit processes manifest themselves primarily
as behavioral urges and may thus be more strongly associated with
general physical activity (i.e., unplanned and unstructured movement
not specifically aimed at fitness promotion) or with sedentary behavior
(Cheval et al., 2015) rather than exercise per se. In support of this po-
sition, Hagger and Chatzisarantis (2014) argued that “formal types of
exercise that involve equipment, transport, venue, costs, and other
considerations, require considerable planning” and are therefore likely
to be “a behavior that is largely under the control of the reflective
system” (p. 65). While this is a plausible argument, it should be kept in
mind that several published studies have reported that measures of
implicit associations correlated significantly with both exercise and
physical activity (Schinkoeth & Antoniewicz, 2017).

It is also important to emphasize that, unlike most other validation
scenarios, the correspondence between automatic exercise associations
and validation criteria may not be direct and straightforward. Dual-
process theories, for example, postulate that exercise behavior is always
jointly determined by interacting implicit and explicit processes (Brand
& Ekkekakis, 2018; Conroy & Berry, 2017; Williams & Evans, 2014) and
these interactions may be moderated by a multitude of other situational
and dispositional variables (Brand & Ekkekakis, 2018; Cheval, Sarrazin,
Isoard-Gautheur, Radel, & Friese, 2016; Chevance, Stephan, et al.,
2018; Friese, Hofmann, & Schmitt, 2009; Padin, Emery, Vasey, &
Kiecolt-Glaser, 2017). Therefore, taking into account such factors as the
availability of self-regulatory resources, executive capacity, impulsivity,
need for cognition, and mood may provide useful insights about the
conditions in which automatic associations relate to behavior and other
validation criteria.

In conclusion, in the first study designed to examine the internal
consistency and validity of nine measures of implicit exercise associa-
tions, we found that the internal consistency coefficients of the AMP,
EDT, and PSC-IAT were satisfactory, and only the AAT was significantly
and meaningfully related to validation criteria (i.e., self-reported ex-
ercise and situated decisions to exercise). These findings underscore the
inherent challenge of tapping implicit processes via behavioral tasks, as
well as the challenge of investigating emerging, and promising, dual-
process theoretical models of exercise and physical activity behavior.
They also highlight the importance of consistent and transparent re-
porting (e.g., stimuli, trial details, task details, scoring procedures) and
the urgent necessity of additional foundational psychometric work.
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