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Automatic associations and the
affective valuation of exercise:
disentangling the type-1 process
of the affective–reflective theory
of physical inactivity and exercise

Introduction

Regular physical activity and exercise
are effective health-preventive (Rhodes,
Janssen, Bredin, Warburton, & Bauman,
2017) and health-promoting strategies
(Warburton, Nicol, & Bredin, 2006).
However, the analysis of global trends in
physical activity indicates thatworldwide
more than 27%of adults are insufficiently
active, according to the recommenda-
tions of the WHO (2010). In high-
income countries, the level of inactivity
is even higher (>35%) and continues
to rise (Guthold, Stevens, Riley, & Bull,
2018). Most health interventions to-
day aim to change activity behavior by
stimulating rational deliberation, e.g.,
about the health benefits of exercise.
The approach underlying these inter-
ventions refers to the assumption that
human decision-making is fundamen-
tally rational (e.g., Brand&Cheval, 2019;
Ekkekakis, Zenko, Ladwig, & Hartman,
2018). However, precisely this premise
has never been without controversy (e.g.,
Simon, 1986). Hence, within exercise
psychology over the past few years, the
investigation of the role of automatic
and affective processes in health behav-
ior change and maintenance has become
a flourishing field (e.g., Ekkekakis &
Brand, 2019; Rebar et al., 2016). Related
to this novel line of research, a couple of
new theories and models have emerged
(e.g., Cheval et al., 2018; Conroy&Berry,
2017), of which the affective–reflective
theory (ART) of physical inactivity and

exercise (Brand & Ekkekakis, 2018) is
under study here.

TheART is a dual-process theorywith
anexplicit exercisepsychological account
that provides a theoretical framework
for the interplay of automatic affective
processing (type-1: fast and automatic
in the sense that it requires minimal
cognitive resources and effort; Evans &
Stanovich, 2013) and reflective process-
ing (type-2: generally slower and it re-
quires controlled reasoningunder theuse
of working memory; Evans & Stanovich,
2013) and their impact on exercise be-
havior. According to the ART, external
(e.g., seeing somebody jogging) or inter-
nal stimuli (e.g., thinking of the intention
to do more exercise) will trigger the au-
tomatic affective type-1 process and ac-
tivate spontaneous mental associations
with memories of exercise. These au-
tomatic associations rely on mental as-
sociations between the concept of “ex-
ercise” and other semantic concepts in
memory. It is believed that any activa-
tion of the “exercise” concept will auto-
matically reactivate associated concepts
(e.g., “displeasure,” “sweat,” “exertion”).
Determined by the relative strength and
type of activated associations (e.g., “run-
ning” and “displeasure”), an automatic
affective valuation follows. The affective
valuation emerges from somato-affective
bonds formed through one’s past experi-
enceswithexercise(e.g., theexperienceof
shortness of breath during a run). These
bonds are re-actualized during the auto-

matic processing of the exercise-related
stimulus.

According to the ART, the automatic
affective valuation includes core affec-
tive feelings of pleasure or displeasure
that arise directly from the body. This
relates to the definition of core affect as
a “neuro-physiological state consciously
accessible as a simple, primitive, non-
reflective feeling most evident in mood
and emotion but always available to con-
sciousness” (Russell & Feldman Barrett,
2009, p. 104). Core affect can be dimen-
sionally classified according to its affec-
tive valence (positive–negative) and level
of arousal (activation; Russell, 1980). The
affective valuation provides the basis for
a reflective evaluation (type-2 process;
e.g., rational reflection about personal
values and expected consequences of ex-
ercising) in a way that it can color sub-
sequent reasoning, especially when self-
regulatory resources are available. The
type-1process is alsoconnectedwithadi-
rect impulse to change one’s actual state
of physical inactivity; the type-2 process
can result in divergent or concurrent ac-
tion plans.

Recent empirical studies have investi-
gated aspects of automatic processes very
similar to the way they are defined in
the ART. For instance, several indepen-
dent studies have shown that those who
exercise more have stronger positive au-
tomatic associations with exercise com-
pared to those who exercise less (for sys-
tematic reviews see Cheval et al., 2018;
and Schinkoeth & Antoniewicz, 2017).
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Automatic associations were shown to
be related to exercise decision prefer-
ences (e.g., Brand & Schweizer, 2015;
Zenko&Ekkekakis, 2019). Activated au-
tomatic associations with exercise have
been shown to lead to self-imposed phys-
ical load in a brief exercise session imme-
diately after the activation (Antoniewicz
& Brand, 2016). Consistent with this,
the more negative the automatic associ-
ations were, the less future exercise be-
haviorwasreportedbyparticipants(Eves,
Scott, Hoppé, & French, 2007).

Very few studies have tried to ap-
proach the automatic affective valuation
of exercise and its affective core, as de-
fined in the ART, as yet. One study relies
on data from the Affective Misattribu-
tion Procedure (AMP; Payne, Cheng,
Govorun, & Steward, 2005) and found
that indoor fitness center exercisers had
more positively valenced affect after
subliminally presented fitness center
primes, compared with participants who
preferred to exercise in different settings
(Antoniewicz & Brand, 2014). Core
affect as a neuro-physiological state is
accompanied by activity patterns in the
autonomicnervous system(ANS), aswell
as facial changes (Russell, 2003). Two
more recent studies (Brand & Ulrich,
2019; Schinkoeth, Weymar, & Brand,
2019) used approaches with biometric
data to assess these psychophysiological
and behavioral changes associated with
the arousal and valence of the automatic
valuations affective core. Both stud-
ies play essential roles in the empirical
study presented here (study descriptions
below).

This study aims to disentangle and re-
late to each other the ART’s two type-1
process components, i.e., automatic as-
sociations and affective valuationof exer-
cise. Accordingly, it is necessary to have
tests that allow the separatemeasurement
of these two constructs.

Automatic associations with
exercise-related stimuli

Automatic (evaluative) associations be-
tween the mental concept of “exercise”
and positive or negative attributes (e.g.,
“pleasure” and “displeasure”) are often re-
ferred to in the literature as automatic af-

fective evaluations of exercise (e.g., Con-
roy & Berry, 2017; Rebar et al., 2016).
Themajority of studies that have investi-
gated automatic associations with exer-
cise have used variants of the Implicit As-
sociationTest (IAT;Greenwald, McGhee,
& Schwartz, 1998) tomeasure these asso-
ciations (Cheval et al., 2018; Chevance,
Bernard, Chamberland, & Rebar, 2019;
Schinkoeth & Antoniewicz, 2017).

The standard version of the IAT
(Greenwald et al., 1998) uses stimuli
from a category with two complemen-
tary objects of evaluation (e.g., the target
concept “exercise” and the comparison
concept “physical inactivity,” with words
like “training,” “workout,” “gym,” and
“read,” “sit,” “sleep” as word stimuli) and
an evaluative category with the two con-
cepts “good” and “bad” (e.g., “pleasure,”
“joy,” “fun,” and “terrible,” “disgusting,”
“sad” as word stimuli). Study partici-
pants are required to sort the stimuli
presented on a computer screen as fast
and accurately as possible to their re-
spective concept by pressing a key on the
keyboard, in a test setup in which two
concepts from the two categories share
the same response key (e.g., “exercise”
and “good” paired on one response key,
and “physical inactivity” and “bad” on
the other). Combinations of concepts
vary across test blocks. The test rests
on the assumption that those who have
positive associations with exercise will
sort exercise-related stimuli faster when
“exercise” and “good” (vs. “exercise”
and “bad”) share the same response key
since the response is compatible with
their mental associations.

Although it is known that IAT scores
can be considered as only partly au-
tomatic (Gawronski & De Houwer,
2014), today the IAT is almost regarded
as a standard method for measuring
automatic associations. Some meta-
analyses support the validity of the IAT
(e.g., criterion-related validity: Green-
wald, Poehlman, Uhlmann, & Banaji,
2009; and convergent validity: Hof-
mann, Gawronski, Gschwendner, Le,
& Schmitt, 2005), while other reviews
have reached more skeptical conclusions
(e.g., Schimmack, 2019) with regard to
whether the test can predict individual
differences in behavior.

Heart rate variability as a somatic
correlate of the affective valuation
of exercise

Peripheralcorrelatesofcoreaffective feel-
ings canbemeasuredon the somatic level
as activity patterns in the ANS, for exam-
ple, aschangesinheartrate(HR;e.g., Rus-
sell, 2003) and HRV (Koval et al., 2013).
HR is a somatic indicator of the com-
bined regulatory processes in both divi-
sionsof theANS, i.e., the sympathetic and
parasympathetic systems. HigherHRof-
tenoccurswhentheactivityof thesympa-
thetic system is higher than parasympa-
thetic activity, but coinhibition or coac-
tivation of the two divisions can occur
as well (Berntson, 2019). Hence, an af-
fective stimulus can produce an accel-
erated, decelerated, or even unchanged
HR response depending upon which ac-
tivational input is larger (Berntson, Ca-
cioppo, & Quigley, 1991). As a result,
empirical studies investigating links be-
tween affect and changes in HR have
found inconclusive results (Brouwer, van
Wouwe,Mühl, vanErp,&Toet, 2013; Ca-
cioppo, Berntson, Larson, Poehlmann, &
Ito, 2000).

HRV is another candidate for the in-
vestigation of affective components at
the somatic level. It is defined as the
variation in the periods between succes-
sive heartbeats. Evidence suggests that
HRV is a valid measure of parasympa-
thetic (vagal) activity when respiration
rate and depth are sufficiently controlled.
According to the neurovisceral integra-
tion model (Thayer & Lane, 2000), re-
activity in HRV (phasic HRV) can be
interpreted in terms of the self-regula-
tion of affect via prefrontal–subcortical
routes (Thayer, Åhs, Fredrikson, Sollers,
& Wager, 2012).

To the authors’ knowledge, only one
study has so far analyzed HRV reactiv-
ity to investigate individual differences
in participants’ affective responses to ex-
ercise-related stimuli (Schinkoeth et al.,
2019). In that laboratory study, partici-
pants were confronted with exercise-re-
lated and neutral control pictures, while
their HRV was continuously recorded.
Ratings of affective valence and arousal
of all exercise-related and control pic-
turesweremeasuredwithself-assessment
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manikins (Bradley & Lang, 1994). The
participants’ habitual exercise volumes in
everyday life were obtained via self-re-
port. Results indicated that those who
reported less exercise and evaluated the
exercise-related pictures as less pleasant
showed a decrease in HRV in response to
exercise stimuli. The authors suggested
that the observed HRV reactivity could
be interpreted as a somatic component
of the affective valuation of exercise.

Facial expression analysis and the
affective valence of the automatic
valuation of exercise

The valence of affective feelings is some-
times associatedwith characteristic facial
action (e.g., Cacioppo et al., 2000; Lang,
Greenwald, Bradley, & Hamm, 1993).
This has often been measured with fa-
cial electromyography (EMG; e.g., Ca-
cioppo et al., 2000). Viewing unpleasant
pictures, for example, from the interna-
tional affective picture system database
(IAPS; Lang, Bradley, & Cuthbert, 1997)
has been shown to increase corrugator
(“frown-muscle”) activity. In contrast,
viewing pleasant pictures prompted zy-
gomatic (“smile-muscle”) tension (Lang
et al., 1993). Recent technological inno-
vations allow the automatic computer-
ized coding and analysis of facial actions
in the whole face from video recordings
(Kulke, Feyerabend, & Schacht, 2018;
Timme & Brand, 2020).

To the best of the authors’ knowledge,
only one study to date has used auto-
matic FE analysis as a means to identify
the valence of inter-individually differ-
entautomatic affectivevaluationsof exer-
cise (Brand & Ulrich, 2019). There, par-
ticipants worked through an emotional
Stroop task, in which they were asked
to respond to exercise-related and con-
trol stimuli with either a positive (smile,
pleasure) or a negative (frown, displea-
sure) expression on their face depend-
ing on how the respective stimulus was
presented. It was hypothesized that par-
ticipants are faster in giving compatible
responses (e.g., if someone who does not
like exercise has to react with a frown to
an exercise-related photo) than in giv-
ing incompatible responses (e.g., if the
same person has to react to the same
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Abstract
The decision to exercise is not only bound to
rational considerations but also automatic
affective processes. The affective–reflective
theory of physical inactivity and exercise
(ART) proposes a theoretical framework
for explaining how the automatic affective
process (type-1 process) will influence
exercise behavior, i.e., through the automatic
activation of exercise-related associations
and a subsequent affective valuation of
exercise. This study aimed to empirically test
this assumption of the ART with data from
69 study participants. A single-measurement
study, including within-subject experimental
variation, was conducted. Automatic
associationswith exercisewere first measured
with a single-target implicit association test.
The somato-affective core of the participants’
automatic valuation of exercise-related
pictures was then assessed via heart rate
variability (HRV) analysis, and the affective
valence of the valuation was tested with
a facial expression (FE; smile and frown) task.
Exercise behavior was assessed via self-report.
Multiple regression (path) analysis revealed

that automatic associations predicted HRV
reactivity (β= –0.24, p= .044); the signs of the
correlation between automatic associations
and the smile FE score was in the expected
direction but remained nonsignificant
(β= –0.21, p= .078). HRV reactivity predicted
self-reported exercise behavior (β= –0.28,
p= .013) (the same pattern of results was
achieved for the frown FE score). The HRV-
related results illustrate the potential role
of automatic negative affective reactions to
the thought of exercise as a restraining force
in exercise motivation. For better empirical
distinction between the two ART type-1
process components, automatic associations
and the affective valuation should perhaps
be measured separately in the future. The
results support the notion that automatic
and affective processes should be regarded
as essential aspects of the motivation to
exercise.

Keywords
Heart rate variability · Facial expression ·
Somatic · Dual-process · Motivation

picture with a smile since it was pre-
sented differently). Results showed that
theparticipantswhoreported lowerexer-
cise volumes and a more negative reflec-
tive evaluation of exercise were faster in
giving frowns after exercise-related pic-
tures (compared with those who exer-
cisedmore). The authors interpreted this
finding as evidence for a negative auto-
matic affective valuation on reminders of
exercise.

This study

The aim of the present study was to
empirically analyze the relationship be-
tween the two components of the type-1
process (automatic association and af-
fective valuation of exercise) postulated
in the ART (Brand & Ekkekakis, 2018).
Different measurement methods were
used for these components in an effort to
avoid common method bias (Podsakoff,
MacKenzie, Lee, & Podsakoff, 2003).

Automatic associations were assessed
with a reaction time-based test (a recod-
ing-free variant of the single-target IAT;
Brand & Utesch, 2019). Two separate
measures were used to identify the par-
ticipants’ automatic affective valuations
of exercise. The somatic component of
the affective valuation was addressed by
the HRV reactivity test of Schinkoeth
et al. (2019), and the affective valence
of the reaction was evaluated with the
FE task of Brand and Ulrich (2019). The
authors hypothesized that more negative
(vs. positive) automatic associations
with exercise would predict more nega-
tive (vs. positive) affective valuation of
exercise, as reflected in experimentally
induced HRV reactivity as well as in the
affective valence compatibility–incom-
patibility effect in the FE task. It was
furthermore expected that individuals
with a more negative (vs. positive) auto-
matic response to exercise would report
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exercising less (vs. more) often in their
everyday lives.

Materials andmethods

Participants and study sample

The authors sampled data from 107
individuals (Mage = 25.9± 4.5 years old,
64 female) that were recruited on a uni-
versity campus and asked for partici-
pation (without applying preselection
criteria) after full disclosure of the study
aim and measurement procedures. All
participants gave written informed con-
sent. Measured data from38participants
(Mage = 27.2± 4.9 years, 23 female) could
not be used in our main analyses for
various technical reasons: technical
malfunction during video recording of
the face (n= 1), errors in algorithmic
identification of a face for facial action
analysis (n= 5), more than 20% incor-
rect reactions in the facial expression
task (n= 19), and technical malfunction
during heartbeat recording (n= 13).

The data subjected to statistical analy-
sis for hypothesis testing (study sample),
therefore, included data from 69 young
adults (Mage = 25.3± 4.2years; 41 female).
There were no significant differences be-
tween the excluded subsample and the
study sample in any of the main study
variables. However, the participants in
the study sample were slightly younger
than those in the excluded subsample,
t(105)= 2.15, p= .034, d= 0.43.

Automatic associations with
exercise

The participants’ automatic associations
with exercise were assessed with a re-
coding-free (RF; Rothermund, Teige-
Mocigemba, Gast, & Wentura, 2009)
variant of the single-target IAT (STIAT;
Bluemke & Friese, 2008). This test is the
object of ongoing development in the
authors’ working group, but a prelimi-
nary version of it was presented recently
at a conference (Brand & Utesch, 2019).
In the RF-STIAT, participants are asked
to sort exercise-related target stimuli
(exercise words: pulse, breathing, sweat-
ing, exertion, muscles, endurance) and
attribute stimuli (positive words: pleas-

ant, great, super, awesome, wonderful,
gorgeous; negative words: unpleasant,
annoying, bad, awful, horrible, terrible)
as fast as possible to the target concept
“exercise” (exercise-related stimuli), or
“good” and “bad” (attribute stimuli). The
sorting task consistedofpressing the keys
“E” or “I” on the computer keyboard. RF
variants of the IAT aim to eliminate re-
coding effects (Rothermund et al., 2009)
by random trial-to-trial alteration of tar-
get-compatible and target-incompatible
trials. In target compatible conditions,
the target concept and “good” are on the
one side, and the control concept and
“bad” are to the other side, for those
who have positive associations with the
target concept; in target-incompatible
trials the control concept and “good” are
to the one side, and the target concept
and “bad” are to the other side, for those
who have positive associations with the
target concept. The evaluative concepts
remain constantly assigned to one side
(e.g., “positive” is left or right; inter-
individually randomized) whereas the
target concept (here: “exercise”) ran-
domly switches between left and right.
The authors calculated and used the
G-score (Richetin, Costantini, Perugini,
& Schönbrodt, 2015), which represents
a robust, scale-invariant, nonparamet-
ric measure of automatic associations.
This score relies on ordinal information
(percentiles of the participants’ response
latencies) and represents the difference
between the means of the Gaussian
rank latencies in the two test blocks. It
drastically reduces the bias of outliers.
Spearman-Brown corrected split-half
reliability of this test score in the current
sample was r= .57, and thus very similar
to those reported in previous studies
(e.g., Raccuia, 2016).1

1 Due to the smaller number of items,the relia-
bility in single-target IATs is typically lower than
instandard IATs. Cronbach-alphacoefficients for
internal consistency as ameasure of the reliabi-
lity of IATs are usually significantly higher, and
areoccasionally reportedinpublications instead
of the split-half reliability coefficient. Itmust be
notedhowever that items (i.e., participants’ test
responses) in the two IAT conditions (usually:
test blocks) are not expected to covary so that
internal consistency scores are inappropriate

Fast responses in compatible pairings
indicate a strong association between the
concept of “exercise” and the evaluative
attribute “good” and results in a high
positive G-score.

HRV reactivity

The procedure described in Schinkoeth
et al. (2019) was used for the measure-
ment of HRV reactivity. It consists of
14 exercise-related pictures and 14 affec-
tively neutral control pictures from the
IAPS (Lang et al., 1997; e.g., household
items like an electric socket, a teaspoon,
a chair). The exercise-related pictures
depicted exercise of differing intensity,
e.g., football, hip-hop dancing, and ten-
nis (without showing faces or other obvi-
ous display of affect) and exercise equip-
ment, such as a badminton racket with
a shuttle or a high-jump landing pad. The
pictures were taken from online stocks
and selected according to recommenda-
tions of Rebar et al. (2016). Heartbeat
and interbeat intervals were measured
with a Polar RS800CXheart ratemonitor
and a chest belt sensor (Polar Electro Oy,
Kempele, Finland). Data preprocessing
andscorecalculationwasperformedwith
KubiosHRV software (KubiosOy, v3.0.0,
Kuopio, Finland). The root mean square
of successive differences between normal
heartbeats (RMSSD) was chosen as the
HRV indicator (Schinkoeth et al., 2019).
This is a time-domain index of HRV re-
flecting vagal tone (Thayer & Lane, 2000)
and is a validmeasure inultra-short-term
recordings, i.e., in periods of between 10
and60s(Shaffer&Ginsberg, 2017). HRV
scores were natural log-transformed to
account for skewed distributions prior
to further analysis (Laborde, Mosley, &
Thayer, 2017). HRV reactivity is the ratio
of HRV during exercise-related stimuli
to HRV during neutral stimuli (i.e., di-
viding HRV exercise by HRV neutral).
Potential confounding variables for HRV
(e.g., age, gender, smoking behavior, ha-
bitual levels of alcohol consumption, and
disorders of the cardiovascular system)
were assessed, as suggested by Laborde
et al., (2017), and post-hoc analyses re-

measures fordeterminingthe reliabilityofan IAT
score.
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vealed that HRV remained unaffected by
these variables.

Facial expression task

The FE task described in Brand and Ul-
rich (2019) was used for measuring the
affective valence of the participants’ au-
tomatic affective valuation of exercise.
However, in this study, the same 14 ex-
ercise-relatedpictures as in theHRVwere
employed. Another difference from the
original procedure was that gray rectan-
gles were used instead of pictures rep-
resenting a comparison concept (phys-
ically inactive study work, in Brand &
Ulrich, 2019). The reason for not choos-
ing neutral pictures from the IAPS in the
present studywas that theauthorswanted
to avoid artifacts due to irritation (e.g.,
when participants are asked to respond
witha smile tousuallyunvalencedobjects
like an electric socket; Lang et al., 1997).
The authors assumed that gray rectangles
provide a more appropriate baseline for
the latency of showing an affective facial
expression to affectively neutral stimuli
in this case.

All exercise pictures and gray rect-
angles were presented twice in random
order for 4 s each, with a 3-s blank screen
between them. All stimuliwere 900× 600
pixels in size, had a thin white frame
(twopixels), andwerepresented centered
against a black screen. The participants’
task was to produce either a smile or
a frown as quickly as possible after stim-
ulus presentation, depending onwhether
the picture was presented upright (sym-
metric to the borders of the monitor in
one trial) or tilted (1 degree to the left or
to the right) according to what they had
learned in practice trials before the test.
Facial responses (latencies in the gener-
ation of facial expressions, i.e., smile or
frown, after stimulus presentation; er-
ror rates in producing the requested fa-
cial expression) were analyzed with au-
tomated FE coding software (Affectiva
Affdex; McDuff et al., 2016; as imple-
mented in the iMotions platform for bio-
metric research). This software detects
faces in videos and tracks themovements
of 34 facial landmarks (e.g., brow furrow,
nose wrinkle, lip pull corner). Data from
these facial movements are analyzed and

integrated to classify facial actions (here:
smile vs. frown). The detection of pos-
itive and negative facial expressions by
Affectiva Affdex has been shown to be
significantly correlated with the results
of EMG measures of corrugator and zy-
gomaticus muscle activity (Kulke et al.,
2018).

Following the recommendation by
Brand and Ulrich (2019), two ratio
scores were calculated. For those who
exercisemore, andwhoare therefore sup-
posed to like exercise more, responding
with a smile is the compatible response.
Smile latency score is the ratio of average
onset time for signs of positive valence in
a participant’s FE after exercise-related
stimuli to the average onset time for
signs of positive valence after control
stimuli. Scores smaller than 1 indicate
that participants are comparably faster
to respond with a requested smile after
exercise pictures, which is considered
indicative of a positive affective valuation
of exercise. This applies conversely to
frown latency score, which was calculated
as the ratio of average onset time for
signs of negative valence in one’s FE after
exercise-related stimuli to average onset
time for signs of negative valence after
control stimuli. Scores smaller than 1 in-
dicate a comparably faster response with
a requested frown after exercise pictures.
Those who exercise less, and who are
therefore supposed to like exercise less,
are meant to respond faster to exercise
pictures with a frown, since according
to their negative affective valuation of
exercise, responding with a frown is the
compatible reaction for them.

Calculationandanalysisofbothscores
are essential (Brand&Ulrich, 2019) since
it is known from earlier studies with
emotional Stroop tasks that effects are
mainly driven by reaction time delays
in the incompatible condition (Pratto &
John, 1991). Therefore, in heterogeneous
study samples like here, when the rate of
individuals with positive or negative af-
fective valuations of exercise is unknown,
both response modality scores (frown
and smile latencies) must be analyzed.

Exercise behavior

Exercise behavior was assessed with one
item from the International Physical Ac-
tivity Questionnaire (Hagströmer, Oja,
& Sjöström, 2006). Participants were
asked how often in a week they would
usually spend time for moderate or vig-
orous exercise. They indicated numbers
of exercise sessions and average dura-
tion of sessions by typing their answers
in two separate free-text fields presented
on the computer screen. Number of ex-
ercise sessions was used for hypothesis
testing since the authors have learned
from participants in their own previous
studies that this information can often be
remembered more easily (and probably
more accurately) than the exact session
lengths.

Procedure

Tests were conducted under controlled
conditions in the laboratory. After the
participants gave full informed written
consent for studyparticipation, theywere
seatedinfrontofacomputer. Participants
first completed the RF-STIAT. Then the
chest belt sensor for testing HRV reac-
tivity was attached. This test started with
a rest measure, for which participants
were asked to remain in a quiet sitting
position for 5min in front of the blank
computer screen. Heartbeat and inter-
beat-interval (IBI) data recorded during
this periodwere used to calculate average
HR rest and HRV rest. The 28 pictures
were then presented for 7 s each in four
blocks(sevenpicturesrandomlyassigned
to the blocks and in random sequence;
block sequence was fixed to “exercise,”
“neutral,” “exercise,” and “neutral” for all
participants, and blocks were separated
by 10-s blank screens; see Schinkoeth
et al., 2019). Participants were instructed
in advance that they would see exercise-
related pictures in order to elicit their
personal thoughts and feelings about ex-
ercise. After the HRV-related part of the
test procedure, the heartbeat recording
was stopped. The FE task then followed.
The participants finally gave their per-
sonal data (age, gender) and reported
about their exercise behavior and poten-
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Table 1 Means, standard deviations, and correlationswith confidence intervals for themain study variables

Variable M SD 1 2 3 4 5 6

1 Automatic associa-
tions with exercise

0.04 0.30 – – – – – –

2 HR rest 71.64 11.15 –.03
[–.27, .21]

– – – – –

3 HRV rest (log) 3.60 0.62 .08
[–.16, .31]

–.78**
[–.86, –.67]

– – – –

4 HRV change (log) 0.02 0.22 –.24*
[–.45, –.00]

.34**
[.11, .53]

–.24*
[–.45, –.00]

– – –

5 Smile latency 1.03 0.13 –.21
[–.42, .03]

–.04
[–.28, .19]

–.00
[–.24, .24]

.20
[–.04, .41]

– –

6 Frown latency 1.06 0.15 .14
[–.10, .37]

–.10
[–.33, .15]

.06
[–.19, .29]

–.16
[–.39, .08]

.02
[–.22, .26]

–

7 Number of exercise
sessions

2.22 1.76 .13
[–.11, .35]

–.29*
[–.49, –.06]

.30*
[.07, .50]

–.24*
[–.45, .00]

.19
[–.05, .41]

.16
[–.08, .39]

HR heart rate, HRV heart rate variability,Mmean, SD standard deviation
Values in square brackets indicate the 95% confidence interval for each correlation
*p< .05, **p< .01

tial HRV confounders (e.g., food intake
and caffeine consumption).

Design, test scores, and statistical
tests

A single-measurement study with with-
in-subject experimental variation was
conducted. Bivariate intercorrelations
between all main study variables were
analyzed with Pearson correlation coeffi-
cients. Means, standard deviations, and
correlations between automatic associ-
ations, HR rest, log-transformed HRV
scores (HRV rest and HRV reactivity),
facial action scores (smile latency and
frown latency), and exercise behavior
(number of exercise sessions) are shown
in . Table 1. Two separate linear re-
gression path-models with maximum
likelihood estimation were calculated
for hypothesis testing using the lavaan
(0.6–4; Rosseel, 2012) package for R
(R Core Team, 2019). Path model A
tested relations between the variables
automatic associations with exercise (ex-
ogenous variable), HRV reactivity, smile
latency, and number of exercise sessions.
Path model B contained the same vari-
ables, except that frown latency (instead
of smile latency) was included in this
model. The authors interpreted qual-
itative and descriptive model fit indi-
cators (i.e., χ2, p-value, Tucker–Lewis
Index [TLI], comparative fit index [CFI],
root-mean-square error of approxima-

tion [RMSEA], standardized root mean
square residual [SRMR], Akaike Infor-
mation Criterion [AIC], and Bayesian
Information Criterion [BIC]) for both
models. Recommended thresholds of
model fit indices, their interpretation,
and use for the evaluation of a model fit
are explained in Kline (2015). Follow-
ing recommendations by Goodboy and
Kline (2017, pp. 72–73), nonsignificant
paths were not deleted.

The sequence of measurements in the
currentstudyreflects thesequenceofpro-
cesses as postulated in the ART (from
automatic associations to affective val-
uation to behavior). To strengthen the
argument that the type-1 process under
investigationcanbe considered in this se-
quence, two reversedmodels (models A′

and B′) were also fitted (i.e., with num-
ber of exercise sessions as the exogenous
variable).

Results

The reported exercise volume per week
ranged from 0–720min per week (M=
166.36min, SD= 167.38min). More ex-
ercise sessions per week were correlated
with lower HR rest and higher HRV rest.
Further analyses revealed a high negative
correlation between HR rest and HRV
rest. Descriptive statistics, together with
these and other correlations, are shown
in . Table 1.

Path analysis model A
(smile latency score)

Model A (. Fig. 1a) exhibited good
fit to the data, χ2 (2)= 2.74, p= .254,
TLI= 0.81, CFI= 0.94, RMSEA=0.07
(90% confidence interval [CI]: .00, .26),
and SRMR= 0.06. The AIC was 180.04,
and the sample-size adjusted BIC was
173.63. More negative (vs. positive)
automatic associations with exercise
predicted an increase (vs. decrease) in
HRV during the presentation of exer-
cise-related stimuli (p= .044), and this
increase (vs. decrease) statistically pre-
dicted lower (vs. higher) self-reported
values of exercise (p= .013). This finding
is in line with what the authors had
expected. The regression weight to pre-
dict smile latency score by automatic
associations remained too small for sta-
tistical significance (p= .078). The sign
of the coefficient refers to the expected
direction of the influence: more nega-
tive (vs. positive) automatic associations
are related to delayed (vs. increased)
response times for smiles. Aside from
this, and contrary to the authors’ pre-
diction, time-delayed (vs. accelerated)
smile responses allow the statistically
significant prediction of more (vs. less)
exercise sessions per week (p= .031).

ThereversemodelA′ (. Fig. 2a)exhib-
ited insufficient model fit, χ2 (2)= 5.61,
p= .060, TLI= 0.10, CFI= 0.70, RM-
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Fig. 19 a Path analysis
model A (smile latency
score);bpath analysis
model B (frown latency
score). Fit indices can be
found in the text. R2 ex-
plained variance, *p< .05

SEA= 0.16 (90% CI: .00, .33), SRMR=
0.09, AIC= –61.39, and BIC= –67.80.

Path analyses model B (frown
latency score)

Fit indices formodelBwere χ2(2)= 1.756,
p= .416, TLI= 1.09, CFI= 1.00, RM-
SEA= 0.00 (90% CI: .00, .23), and
SRMR=0.05, indicating a good fit to
the data. The AIC was 177.86, and the
sample-size adjusted BIC was 171.36.
Again, increase (vs. decrease) in HRV
while viewing exercise-related stimuli
was statistically predicted by more nega-
tive (vs. positive) automatic associations
with exercise (p= .042), and less (vs.
more) self-reported exercise sessions
were predicted by this increase (vs. de-
crease) in HRV (p= .048). Although the
signs of all the regression weights here
were as expected (positive vs. negative
automatic associations predict slower vs.
faster response times to frown, and these
predict more vs. less exercise behavior),
the paths between automatic associa-
tions and frown latencies after exercise-
related pictures (p= .117), and reaction

time to frown and number of exercise
sessions per week (p= .344), remained
nonsignificant (. Fig. 1b).

The reversed model B’ (. Fig. 2b)
exhibited good global fit to the data, χ2
(2)= 1.88, p= .390,TLI= 1.05,CFI= 1.00,
RMSEA=0.00 (90% CI [.00, .23]),
SRMR=0.05, AIC= –63.26, and BIC=
–69.76. However, in this reversed model
only one path was significant, indicating
that numbers of exercise sessions can
predict HRV reactivity (p= .032).

Discussion

This study aimed to empirically test theo-
retical assumptions about the automatic
and inherently affective type-1 process as
defined in the ART (Brand & Ekkekakis,
2018). Hence, the authors hypothesized
that negative (vs. positive) automatic as-
sociations with exercise would predict
a negative (vs. positive) affective valua-
tion of exercise and expected that the two
indicesofaffectivevaluation(i.e., changes
in HRV as an expression of the somatic
component, and affective valence asmea-
sured with the FE task) could be used

to statistically predict the participants’
self-reported exercise behavior. Not all
of the tested hypotheses found empir-
ical support in the data. As hypothe-
sized, automatic associations with exer-
cise predicted HRV reactivity during the
viewing of exercise-related pictures, and
this HRV reactivity was associated with
the number of self-reported exercise ses-
sions per week. The regression weights
for the paths between automatic asso-
ciations and affective valuation as mea-
sured with the FE task were in the ex-
pected direction (negative in model A
for smile latency; positive in model B for
frown latency) but remained statistically
insignificant. Frown latency did not sig-
nificantly predict exercise behavior, and,
in opposition to the authors’ hypothesis,
faster (vs. slower) smiles on exercise-re-
lated pictures were correlated with less
(vs. more) exercise behavior. The au-
thors conclude that the measurement of
the valence of the affective valuationwith
theFE taskdidnotworkwell in this study.
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Fig. 29 a Reversed path
analysismodel A′ (smile
latency score);b reversed
path analysismodel B′

(frown latency score). Fit
indices can be found in the
text. R2 explained variance,
*p< .05

Automatic associations with
exercise, HRV reactivity, and
exercise behavior

Participants with negative automatic as-
sociations showed an increase in HRV in
response to reminders of exercise, and
this increase was linked to fewer exer-
cise sessions per week. Vice versa, posi-
tive automatic associations with exercise
were linkedwith a decrease inHRVwhile
viewing exercise pictures, and more ex-
ercise sessions in consequence. First and
foremost, theauthorsconsider thesefind-
ings to be preliminary evidence for the
process postulated in the ART (Brand &
Ekkekakis, 2018)—that reminders of ex-
ercise trigger exercise-related automatic
associations (here: evaluative associa-
tions between the semantic concept of
exercise and semantic representations of
“good” and “bad”), which are interrelated
with an instant psychophysiological re-
action (see Damasio, 1996). In terms
of the ART, the authors think that the
psychophysiological reaction reflects the
somatic core of the participants’ affective
valuation of exercise (Schinkoeth et al.,

2019). Nevertheless, given the correla-
tional nature of the study, the directional
relations between the variables must not
be over-interpreted. However, results of
the reversedmodels (i.e., insufficientdata
fit in model A′ and nonsignificant paths
in model B′) indicate that the hypoth-
esized sequence for this process in the
ART may continue to be accepted. The
significant relation between exercise ses-
sions and HRV reactivity (in model B′)
is also in accordance with the assump-
tions of the ART. According to Brand
and Ekkekakis (2018), experiences with
exercise leave mental traces in memory
that form or strengthen automatic exer-
cise associations and color the affective
valuation of exercise.

However, the direction of HRV reac-
tivity in this study was different from the
one observed in Schinkoeth et al. (2019).
In this earlier study, participants who
reported less exercise, andwere therefore
supposed to like exercise less, reacted
with a decrease in HRV while viewing
exercise-related stimuli and not with an
increase, as was observed in the study
here (to the best of the authors’ knowl-

edge, the two studies are the only ones to
date that have examined HRV reactivity
to exercise reminders). Of note, previous
studies outside of exercise psychology,
in which psychophysiological reactions
to positively and negatively charged af-
fective stimuli were investigated, have
shown both an increase and a decrease
in HRV (Kreibig, 2010 for a systematic
review). Differences in study samples
from the two exercise-related studies
(Schinkoeth et al., 2019 and the one
presented here) might have contributed
to the divergent results: participants in
the previous study (Schinkoeth et al.,
2019) were on average 1.9 years younger
(Mage= 23.4± 5.9 years; t[158]= –2.27,
p= .025, d= –0.36) and reported on av-
erage 83.7min more exercise per week
(M= 250.1, SD= 184.7; t[158]= 2.97,
p= .003, d= 0.48).

Aside from these sample differences,
phasic changes in HRV have been in-
terpreted in terms of a variety of affect
self-regulationprocesses (e.g., Appelhans
& Luecken, 2006; Holzman & Bridgett,
2017; Thayer et al., 2012). For exam-
ple, increased HRV (as found here for
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individuals with a presumably negative
affective valuation of the exercise stim-
uli, according to their automatic asso-
ciations with exercise and self-reported
exercise behavior) has been attributed to
higher prefrontal control on the heart
and facilitating effective emotional regu-
lation (by either reappraisal or suppres-
sion; Butler, Wilhelm, & Gross, 2006;
Thayer et al., 2012). Other authors have
suggested that processes connected with
attentional disengagement may have the
same effect (Jennings, 1986; Thayer &
Lane, 2000). On the other hand, de-
crease in HRV (as found here for the
participants with a presumably positive
affective valuation, according to their au-
tomatic associations with exercise and
self-reported exercise behavior) has been
associated with lower vagal impact on
the heart (and perhaps a higher sympa-
theticactivation; Thayeretal., 2012), and,
for example, with states of approach and
avoidancemotivation (e.g., preparing for
activity; Kreibig, 2010; Wu, Gu, Yang, &
Luo, 2019). In the authors’ view, there
should be no further speculation about
this point here; instead, they posit that
phasic HRV reactivity was measurable
here and that more research is needed for
a better understanding of the probably
complex associations with affective self-
regulation and motivational impulses.

Automatic associations with
exercise, affective valence of the
valuation, and exercise behavior

The results for the affective valence of the
automatic valuation as measured with
the FE task (i.e., latencies to produce
a smile or frown in response to exer-
cise pictures in comparison to control
pictures) were not as hypothesized, as
shown in a previous study (Brand & Ul-
rich, 2019). Although the directions of
the correlations (regression weights) be-
tween automatic associations and frown
and smile latency scores, and between
frown latencyandexercisebehavior, were
as expected, the coefficients remained
too small to reach statistical significance.
Aboveall, ahighlycounterintuitivecorre-
lation between smile latency and exercise
behavior emerged (longer reaction times
to produce a smile on exercise-related

stimuli predicted more exercise episodes
per week).

The authors would like to emphasize
that this was only the second study that
attempted to approach the affective va-
lence of the automatic valuation of ex-
ercise in an FE task. The inconclusive
results here underscore the previously re-
ported result that this FE taskmight need
further refinement (see Brand & Ulrich,
2019). These authors also had to exclude
31% of their data due to incorrect facial
responses by the participants, and they
concludedthat thisemotionalStrooptask
might be too demanding for many peo-
ple. In the current study, the authors had
to exclude 18% of the participants for the
same reason. Other tests (for example,
theAMP; Payne et al., 2005)maybemore
appropriate for future measurements of
the affective valence of studyparticipants’
automatic valuation of exercise.

HRV reactivity and affective
valence of the automatic valuation

Althoughthis result shouldnotbeoverin-
terpretedduetothedifficultiesofmeasur-
ing affective valence with the described
FE task, it should be noted that the so-
maticcoreof theaffectivevaluation(HRV
reactivity) and affective valence (smile
and frown latency scores) were uncor-
related. In the authors’ view, this sug-
gests that the two indicators indeed rep-
resent two different aspects of the au-
tomatic affective valuation of exercise;
see Schinkoeth et al. (2019), who re-
ported a similar result that valence rat-
ingswiththeself-assessmentmanikintest
and HRV reactivity were also uncorre-
lated. Whereas HRV reactivity might be
indicative of (peripheral) psychophysi-
ological activation due to cortical and
subcortical processes, the valence of the
core affective feeling associated with the
affective valuation might be completely
independent of it; see Kreibig (2010) for
results indicating that affective feelings
can be reportedwithout concomitant au-
tonomic changes.

Study limitations and
recommendations for future
studies

The number of cases with technical mal-
functions was high in this study. As
already noted, the FE task in particu-
lar might require further refinement or
should be replaced by another test. The
final sample consisted of data of only
69 participants. This small sample size
may have affected statistical power and
the models’ fit indices in the path anal-
yses. Small sample sizes can lead to
higher χ2 bias and RMSEAs (Jackson,
2003). In future studies, the findings
here should be replicated using larger
samples. Furthermore, exercise behavior
was assessed by self-report. It is known
that individuals tend to overrate their
exercise behavior in self-assessments of
this kind (Duncan, Sydeman, Perri, Li-
macher, & Martin, 2001). Future stud-
ies, especially those that will then focus
even more on the links between type-1
processes and exercise behavior, might
employ a more objective test of exercise
activity, forexample, byusingphysicalac-
tivity accelerometers. Last but not least,
the participants in the present studywere
asked about their past exercise behavior.
The ART, however, makes assumptions
about the mental processes at the very
moment when an exercise-related deci-
sion takes place. To stay even closer to
the assumptionof theART, future studies
might apply designs such that the auto-
maticaffectiveprocessescanbemeasured
shortly before or right at the moment of
an exercise-related decision.

Conclusion

This study showed that negative auto-
matic associations with exercise were
linked with a somatic reaction (increase
in HRV) that was triggered by watching
exercise-related pictures. The authors
suggested understanding this reaction
as one somatic aspect of what has been
defined as the affective valuation of ex-
ercise in the ART (Brand & Ekkekakis,
2018). In their view, this study repre-
sents a first but successful attempt to
disentangle the two components of the
ART’s type-1 process. The findings must
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not be overinterpreted as confirmation
of the ART per se. It has been repeat-
edly pointed out (e.g., Brand & Cheval,
2019; Rhodes, McEwan, & Rebar, 2019)
that a greater variety of theoretical and
methodological approaches would be
necessary to further develop our current
understanding of exercise motivation.
The authors hope that the findings pre-
sented here represent progress in this
direction. Furthermore, through the
combination of two reaction time-based
measures with different response modal-
ities, one physiological measure and self-
reports, the authors have tried to avoid
common-method bias. Therefore, the
study might also offer an outlook on
an exercise psychology that no longer
predominantly relies on self-report data
to examine its constructs.
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