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ABSTRACT

Background: Affective experiences, including emotions and moods, are central to well-being. Physical activity (PA) is linked to improved mood, but the acute
relationship between objectively measured PA and affect in daily life remains underexplored. Ecological Momentary Assessment (EMA) minimizes biases of
retrospective reports and captures real-time effects. This scoping review synthesizes studies using EMA and accelerometers to examine the acute (within 30 min)
effects of PA on positive and negative affect in healthy adults, highlighting methodological diversity and future research needs.

Methods: A systematic search of MEDLINE, CINAHL, PsycINFO, and SportDiscus identified studies involving healthy adults that used EMA, accelerometer-based PA
measures, and assessed acute PA effects on affect. Data extraction followed the CREMAS protocol, focusing on sample characteristics, PA and affect measures,
compliance rates, and moderators.

Results: From 208 identified studies, 14 met the inclusion criteria. Studies varied in sample size, accelerometer placement, affect measurement scales, prompt fre-
quency, and compliance, complicating comparisons. PA was consistently linked to increased arousal; findings for valence and positive affect were mixed. Negative
affect tended to decrease after PA, but results were inconsistent. Several studies explored moderators, such as competence, autonomy, and social context.
Conclusions: EMA is a valuable method for studying PA and affect dynamics in everyday life. However, methodological heterogeneity calls for more standardized
protocols. Future research should improve transparency in reporting, explore additional moderators, and recruit more diverse samples to enhance generalizability.

1. Introduction

Affective experiences, comprising emotions and moods, constitute
fundamental components of human well-being and psychological func-
tioning (Diener, 2009; Keyes, 2002). Physical activity (PA) has been
associated with improved mood and emotional well-being (Buecker
et al., 2021; Reed & Buck, 2009; Reed & Ones, 2006), thereby offering a
promising avenue for promoting mental health.

Traditionally, affect has been assessed through retrospective self-
reports, which are vulnerable to recall bias and heuristic-based distor-
tions (Robinson & Clore, 2002; Stevens et al., 2020). These measures
often fail to capture the dynamic and context-sensitive nature of
emotions.

Over recent decades, several methods offer alternatives for assessing
affect as it happens in daily life, such as the Experience Sampling
Method (Larson & Csikszentmihalyi, 2014) and Ecological Momentary
Assessment (EMA) (Shiffman et al., 2008). These methods provide a
window into the variability of human experiences and highlight re-
lationships that remain concealed when relying on summative or
average scores from retrospective measures. Moreover, they facilitate
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the development of just-in-time interventions, tailored to specific trig-
gers such as emotions, motivational states, activities, or environmental
contexts (Schneider et al., 2024). Statistically, these methods offer in-
sights at both within- and between-person levels (Curran & Bauer,
2011).

In this scoping review, we use the term EMA to refer to four defining
characteristics: 1) data collection in real-world settings, 2) assessment of
subjects’ current state, 3) strategic selection of assessment time points,
and 4) the completion of multiple assessments over time within a day
(Shiffman et al., 2008). These characteristics imply that EMA protocols
can take various forms depending on the research objectives.
Time-contingent sampling designs signal participants to respond to in-
quiries at fixed or randomly selected times within a predefined time-
frame, while event-contingent sampling designs prompt participants to
complete questions when specific predefined events occur. Mixed de-
signs combining time and event sampling are also viable, and protocols
may vary in duration as well as the frequency of prompts.

To align affective responses with actual behavior, accelerometers
provide more objective, high-resolution data on PA (e.g., intensity,
frequency, and duration) (Troiano et al., 2008). Self-reports, by
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comparison, are prone to biases that include recall inaccuracies, social
desirability effects, and variability in individual interpretations of ac-
tivity levels (Prince et al., 2008). They often fail to capture low-intensity
activities and tend to aggregate data over broad timeframes, obscuring
the dynamic interplay between PA and affective states (Skender et al.,
2016).

Currently, two reviews have addressed the association between PA
and affect using EMA across diverse adult populations (Liao et al., 2015;
Timm et al., 2024). The first conducted by Liao et al. (2015) reviewed 14
studies investigating relationships between affect, physical feeling
states, and PA. Among them, only six studies used accelerometers to
measure PA. The second review by Timm et al. (2024) systematically
analyzed 66 studies focusing on the within-subject association between
PA (measured by accelerometers) and affective well-being in daily life.
Both reviews indicate that PA predicts higher positive affect and feelings
of energy in the hours following activity, while findings for reductions in
negative affect are mixed. They emphasized that these inconsistencies
were partly due to methodological heterogeneity, such as varying PA
durations, affective dimensions assessed, study designs, the use of small,
non-representative samples. Liao et al. (2015), as mentioned by Kanning
et al. (2013), recommended incorporating accelerometry whereas Timm
et al. (2024) suggested to focus on more specific and homogeneous
populations which could enhance the reliability of findings by reducing
variability related to population characteristics.

In line with these recommendations, a new scoping review is war-
ranted to map the existing literature on the acute effects of PA on af-
fective responses using EMA in combination with accelerometry.
Understanding these acute effects is particularly important, as imme-
diate emotional responses are not only central to mental health and well-
being. For example, the dual-mode model and the affective-reflective
theory emphasize that in-the-moment affective responses during PA
are more predictive of future engagement and emotional outcomes than
delayed mood assessments (Brand & Ekkekakis, 2018; Ekkekakis, 2009).
Although past reviews have documented general associations between
PA and affect, none have systematically examined how EMA and
accelerometry have been integrated to capture the acute effect in
healthy adults.

This review focuses specifically on healthy adults, as EMA requires
sustained real-time engagement that may be burdensome for children or
clinical populations (Heron et al., 2017). Moreover, PA behavior and
affective dynamics vary with age and health status (Carstensen et al.,
2000; Caspersen et al., 2000; Vancampfort et al., 2017). A homogeneous
adult sample helps improve internal validity and clarity of
interpretation.

A scoping review is well suited for mapping this evolving field, given
its methodological diversity and conceptual complexity (Peters et al.,
2020). This review aims to (1) describe how EMA has been used to
examine the acute effects of device-based PA on affect in healthy adults,
and (2) offer recommendations to strengthen future research in this
area.

2. Methods
2.1. Data sources and search

Identification and selection of the studies were conducted according
to PRISMA Extension for Scoping review (Tricco et al., 2018). MEDLINE,
CINAHL, PsycINFO, and SPORTDiscus databases were selected to
retrieve the studies following the advice from a specialized librarian
(University of Quebec in Trois-Rivieres, Canada). The search strategy
was built as a single-line Boolean string, which groups synonyms for
each concept with OR (to maximize sensitivity) and links concepts with
AND only where essential (to preserve specificity) (Bramer et al., 2018;
McGowan et al., 2016). The Boolean string was ((Physical-activity OR
Exercise OR Fitness OR Workout or Aerobic) AND (EMA OR
Ecological-Momentary-Assessment OR Ambulatory-assessment OR
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Ambulatory-Monitoring OR ESM OR Experience-Sampling-Method OR
Event-Sampling) AND (Affect OR Emotion OR Mood OR Feeling OR
Mental-health OR Well-Being) AND accelerometer)) with no date re-
striction. The search was conducted on July 22, 2024.

2.2. Eligibility criteria and study selection

Studies were eligible for inclusion if they: (1) were published in
English, (2) were published in peer-reviewed journals, (3) used EMA
methodology, (4) included participants aged 18 years or older, (5)
included a measure of PA by an accelerometer, and (6) included at least
one measure regarding the acute effect (30 min or less) of PA on affect.
Studies were excluded if: (1) participants presented a diagnosis related
to mental or physical health, (2) they collected data once per day or less,
and (3) they were not conducted in the participant’s natural
environment.

2.3. Data extraction

A data-charting form was developed by two reviewers (BP & MC)
based on the CREMAS, a specific method used to report information
from EMA studies (Liao et al., 2016). The two reviewers extracted and
filled out the form independently. After extracting the information from
three studies, the reviewers met and discussed extraction to make sure
they shared a common understanding of the charting process. At the
end, extracted information was compared and discussed and a consensus
was reached regarding differences in the charting process.

Data extraction included general information about study charac-
teristics including sample size, mean age, outcomes, and measures.
Following recommendations from CREMAS, information about the
technology used, prompt design, wave duration, monitoring period,
prompt frequency, and compliance were extracted. Finally, the rela-
tionship between PA and affect was also detailed.

3. Results
3.1. Scientific literature search

The scientific literature search yielded 208 studies. Following the
removal of duplicates using EndNote software, two reviewers (BP & MC)
screened independently 87 studies against inclusion and exclusion
criteria based on title and abstract. Studies that were excluded by only
one reviewer were further revised for consensus. Then, the same process
was applied to 22 articles based on the full text to reach a consensus on
the 12 studies included in this scoping review. During this process, five
studies were removed because they did not measure the association
between PA and affect, four because they included PA measures over
more than 30 min before the prompt and one study was an intervention
one. Additionally, we search Google Scholar (10 first pages) with the
same key words and found one extra article. Then, a systematic review
on similar subject (Timm et al., 2024) was conducted to screen for other
articles and, as a result, one article was included. Using this procedure,
14 articles were included in this scoping review. Fig. 1 presents a flow
chart of the systematic literature search, according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.

3.2. Sampling and measure

The sample characteristics of each included study are presented in
Table 1. Half of the studies (k = 7), focused on adults from the general
population. The other seven focused on a more specific population: five
used a sample comprised of university students and two used a sample
including only older adults. Most studies (k = 9) were conducted in
Germany while four were conducted in the United States and one in
Scotland. Samples were predominantly from European and North
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Fig. 1. Study selection flowchart.

Table 1

Characteristics of the sample included in the studies.
Study Country Sample Sample N Mean age SD Female %
Seiferth et al. (2024) Germany Adults with higher bodyweight 157 43.7 15.9 68
Li et al. (2022) Scotland University students and employes 78 25.5 6.2 73.1
Hevel et al. (2021) United States Older adults 103 72.4 7.4 62.5
Kim et al. (2020) United States Adults from general population 111 41.3 11.6 76.4
Sudeck et al. (2018) Germany Adults from general population 64 35.5 12.3 57.8
Kanning and Hansen (2017) Germany Older adults 68 60.1 7.1 49
Liao et al. (2017) United States Adults from general population 110 40.4 9.7 70
Reichert et al. (2017) Germany Adults from general population 93 23.4 2.7 62.4
Jeckel and Sudeck (2017) Germany Adults from general population 46 32 10.2 54.6
Dunton et al. (2015) United States Adults from general population 116 40.5 9.5 72.2
Kanning (2013) Germany Undergraduate students 87 24.6 3.2 54
von Haaren et al. (2013) Germany Undergraduate students 29 21.3 1.7 NR
Bossmann et al. (2013) Germany Students 62 21.4 1.8 15
Kanning et al. (2012) Germany Undergraduate students 44 26.2 3.2 48

American and may therefore not be representative of other cultures. The
number of participants in the studies ranged from 29 to 157 (M = 83.43,
SD = 34.47). The mean age ranged from 21.3 to 72.4 (M = 38.77, SD =
17.25). The proportion of females ranged from 15 % to 76.4 % with a
mean of 58.69 %.

Measures of affect and PA are presented in Table 2. Most studies (k =
9) assessed affect using the full six-item Short Mood Scale (Wilhelm &
Schoebi, 2007). This scale assesses valence, calmness, and arousal using
six bipolar items: content-discontent, unwell-well (valence); agi-
tated—calm, relaxed-tense (calmness); and tired-awake, full of ener-
gy—without energy (arousal). The within-person reliability coefficients are
0.70 for both valence and calmness, and 0.77 for arousal. One study
measured affect using two dimensions: valence and arousal (Kim et al.,
2020). Valence was assessed with two items, happy and sad (reverse--
coded), while arousal was measured using interested and tired

(reverse-coded). No information pertaining to the scale’s reliability is
reported. The four other studies used different items reflecting positive
and negative affect. One assessed positive affect using two items: I feel
happy and I enjoy what I am doing while negative affect was measured
with six items: I feel sad, I feel irritable, I am restless, 1 feel guilty, I feel
worthless, and I feel hopeless (Li et al., 2022). The reliability coefficients
are 0.80 for positive affect and 0.86 for negative affect, however there is
no information if this is between or within reliability. Finally, Liao et al.
(2017) assessed positive affect with happy, cheerful, and calm or relaxed,
and negative affect with anxious, stressed, depressed, and angry. The
reliability coefficients are 0.837 for positive affect and 0.865 for nega-
tive affect. Dunton et al. (2015) and Hevel et al. (2021) used the same
five-item scale: happy, calm/relaxed, energetic, anxious, and stressed. The
reliability coefficients are, respectively, 0.77 and 0.81 for positive affect
and 0.76 and 0.78 for negative affect. Those three studies did not report
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Table 2

Characteristics of technology used and measures.
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Study Accelerometers PA Measure Timing PA EMA (Hardware) EMA Affect Measure
(Software)
Seiferth et al. (2024) Actigraph wGT3X-BT Vector 15 min Personal smartphone I-GENDO app Six-item mood scale (Wilhelm &
(hip) magnitude Schoebi, 2007)
Li et al. (2022) Move III sensor (chest) MET 30 min Android phone (personal MovisensXS Positive/Negative affect items
or lab)
Hevel et al. (2021) activPAL (thigh) Time stepping 15 min and 30 Motoral G4 MovisensXS Positive/Negative affect items
Time standing min
Kim et al. (2020) ActiHeart (chest) Activity counts 5 min, Palmtop device NR Positive/Negative affect items
(unidentified)
Sudeck et al. (2018) Move III sensor (hip) milli-g 15 min Google Nexus 5 MovisensXS Six-item mood scale (Wilhelm &
Schoebi, 2007)
Kanning and Hansen Varioport-e (hip) milli-g 10 min HTC Touch 2 MyExperience Six-item mood scale (Wilhelm &
(2017) Schoebi, 2007)
Liao et al. (2017) Actigraph GT2 M (hip) Counts per 15 and 30 min HTC Shadow MyExperience Positive/Negative affect items
minute
Reichert et al. (2017) Move II sensor (hip) milli-g 15 min Motorola Moto G MovisensXS Six-item mood scale (Wilhelm &
Schoebi, 2007)
Jeckel and Sudeck Move III sensor (chest) MET 15 min HTC Touch Diamond MyExperience Six-item mood scale (Wilhelm &
(2017) Schoebi, 2007)
Dunton et al. (2015) Actigraph GT2M (hip) Counts per 15 min HTC Shadow MyExperience Positive/Negative affect items
minute
Kanning (2013) Varioport-e (hip) milli-g 10 min Palm Tungsten E2 NR Six-item mood scale (Wilhelm &
Schoebi, 2007)
von Haaren et al. Move II sensor (chest) MET 15 min HTC Touch 2 MyExperience Six-item mood scale (Wilhelm &
(2013) Schoebi, 2007)
Bossmann et al. (2013) ~ Move I sensor (chest) milli-g 10 min HTC Touch 2 MyExperience Six-item mood scale (Wilhelm &
Schoebi, 2007)
Kanning et al. (2012) Varioport-e (hip) milli-g 10 min Palm Tungsten E2 Izybuilder Six-item mood scale (Wilhelm &

Schoebi, 2007)

if reliability was assessed at between or within level.

As for PA measurement, the studies varied in how they computed
data from accelerometers. Six studies used raw acceleration (milli-g),
three studies used the metabolic equivalent of task (MET), and two
studies measured counts per minute. Additionally, vector magnitude,
activity counts, and time spent stepping/standing were each utilized in
one study. Regarding the timing considered for the measure of PA,

studies examined the following timeframes: 30 min (k = 3), 15 min (k =
8), 10 min (k = 4) and 5 min (k = 1). before the notification. Two studies
considered two timing: 15 and 30 min. As for placement, the acceler-
ometer was worn on the hip in eight studies, on the chest in five studies,
and on the thigh in one study.

Five studies reported epoch length: one used 4 s (Von Haaren et al.,
2013), and four used 60 s (Bossmann et al., 2013; Hevel et al., 2021;

Table 3
Prompting strategy and compliance.
Study Prompt Monitoring Days per Prompt per Prompt Interval Compliance
Approach Periods Period Day (%)
Seiferth et al. Interval-design 1 7 8 Fixed - Eight 90 min blocks, 30 min apart. Starting time between 7:30 and ~ NR
(2024) 10:30.
Li et al. (2022) Interval-design 1 14 5 Random - First prompt between 8:00-11:30 a.m., second, third and fourth ~ 76.8
between 13:00-19:00, last prompt between 21:00-23:00 (minimal gap of
2h between prompt).
Hevel et al. Interval-design 1 7 6 Fixed - Every two and a half hour starting at 9:00 a.m. and ending at 9:30 86
(2021) p-m.
Kim et al. (2020)  Interval-design 1 3 6 Random - Within roughly two and a half hour intervals. NR
Sudeck et al. Interval-design 1 4 4 Random - One time per time bloc (9:30-10:30 a.m., 12:30-1:30 p.m., 76.3
(2018) 3:30-4:30 p.m., and 6:30-7:30 p.m.).
Kanning and Activity- 1 3 Average of Prompted when the accelerometer measured a volume of physical activity =~ NA
Hansen (2017) triggered 6.4 that surpassed a predefined activity threshold.
Liao etal. (2017)  Interval-design 1 4 8 Random - Within eight pre-programmed windows (between 6:30 a.m. and 82
10:00 p.m.).
Reichert et al. Mixed- 1 7 9to 22 Random - Between 8:00 a.m. and 10:20 p.m., no more often than every 40  81.2
(2017) sampling min and at least every 100 min. Location had to been more than 500m
strategy from last prompt.
Jeckel and Interval-design 1 7 3 Random - One time per time bloc (7:30-8:30 a.m., 12:30-1:30 p.m., and 76
Sudeck (2017) 5:30-6:30 p.m.).
Dunton et al. Interval-design 3 4 8 Random - Within eight pre-programmed windows (between 6:30 a.m.and 83
(2015) 10:00 p.m.).
Kanning (2013) Interval-design 1 1 NR Random - About every 45 min during a defined 14-h daytime period (8:00  97.5
a.m. to 10:00 p.m.).
von Haaren et al.  Interval-design 1 2 6 Random - Approximately every 2 h between 12:00 a.m. and 10:00 p.m. NR
(2013)
Bossmann et al. Interval-design 1 1 Average of Fixed - Starting when waking up, then every full. Finish when participants =~ NA
(2013) 10.5 cannot fill a particular assessment point.
Kanning et al. Interval-design 1 14 an average Random - About every 45 min during a defined 14-h daytime period (8:00 NR
(2012) of 19 a.m. to 10:00 p.m.).
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Jeckel & Sudeck, 2017; Reichert et al., 2017). Eight studies applied
person-mean centering for within-person associations. One used
grand-mean centering (Kanning et al., 2013). Five studies did not report
any transformation approach.

3.3. Technology and administration

All information regarding technology and administration can be
found in Table 2. In most studies, smartphones or handheld devices were
provided to participants. In one study, participants could use either a
study-issued smartphone or their own; another study had participants
used their personal smartphone. The MyExperience software was used in
six different studies, while four studies utilized MovisensXS. Two studies
employed custom-built platforms, and two did not report the softwa

Regarding accelerometer technology, six studies used different ver-
sions of the Move sensor: Move I (k = 1), Move II (k = 2), Move III (k =
3). Other studies used the Varioport-e (k = 3), Actigraph (k = 3), Acti-
heart (k = 1), and ActivPal (k = 1).

3.4. Schedule, prompting strategy and compliance

Table 3 summarizes the information about scheduling, prompting,
and compliance. All studies, except one, monitored participants during
only one period of time. One study used a three-wave data collection.
The duration of the monitoring period was on average 5.92 days (SD =
4.11). The frequency of the monitoring periods was: one day (k = 4), two
days (k = 1), three days (k = 2), four days (k = 2), seven days (k = 6),
and 14 days (k = 2). Prompting frequency was reported in 13 of 14
studies and ranged from 3 to 22 prompts per day (Mdn = 6.2).

Most (k = 12, 85.7 %) of the studies used an interval-contingent
prompting strategy. Of these 12 studies, three used fixed interval
contingent and nine used random interval contingent only. One study
used an activity-triggered strategy based on a predefined level of PA and
one study used a mixed approach using a random interval contingent
paired with a location-triggered approach.

Out of the 14 studies included, eight reported a compliance rate. This
rate ranges from 76 % to 97.5 %, averaging 82.35 % (SD = 7.1). The
highest compliance was observed with the shortest protocol (1 day).

3.5. Results of the studies

Table 4 presents the results regarding the relation between PA and
affect. PA showed varied relationships with valence, arousal, and
calmness. For valence, several studies report non-significant relations
(Jeckel & Sudeck, 2017; Kanning & Hansen, 2017; Kim et al., 2020;
Reichert et al., 2017; Seiferth et al., 2024). However, positive relations
are observed in four studies (Bossmann et al., 2013; Kanning, 2013;
Kanning et al., 2012; Sudeck et al., 2018), suggesting that PA can
enhance valence under certain conditions. Regarding arousal, PA mostly
has a positive effect (Bossmann et al., 2013; Jeckel & Sudeck, 2017;
Kanning, 2013; Kanning et al., 2012; Kanning & Hansen, 2017; Reichert
etal., 2017; Seiferth et al., 2024; Sudeck et al., 2018), indicating that PA
typically increases arousal levels. Two studies did not report significant
results (Kim et al., 2020; Von Haaren et al., 2013). In contrast, calmness
is often negatively associated with PA (Kanning et al., 2012; M. Kanning,
2013; Kanning & Hansen, 2017; Reichert et al., 2017; Seiferth et al.,
2024; Sudeck et al., 2018), suggesting that engaging in PA might reduce
feelings of calmness. Three studies did not find a significant association.

When it comes to positive affect, one study found a significant pos-
itive relation (Li et al., 2022). However, three other studies reported
non-significant effects (Dunton et al., 2015; Hevel et al., 2021; Liao
etal., 2017). For negative affect, two studies found a significant negative
relation indicating that PA tends to reduce negative feelings (Li et al.,
2022; Liao et al., 2017). However, the two other studies (Dunton et al.,
2015; Hevel et al., 2021) reported non-significant effects, reflecting the
variability in PA’s impact on negative emotions.
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Table 4
Summary of study results on the association between PA and affective responses.

Study Results Related to the Affect

Seiferth et al. (2024) PA - valence = ns
PA — arousal = +

PA — calmness = -

Li et al. (2022) PA - positive affect = +

PA — negative affect = -

Hevel et al. (2021) Stepping — positive affect = ns
Stepping — negative affect = ns
Standing — positive affect = ns

Standing — negative affect = ns

PA — valence = ns
PA — arousal = ns

Kim et al. (2020)

Sudeck et al. (2018) PA — valence = +

PA x competence — valence = +
PA — arousal = +

PA x competence — arousal = ns
PA — calmness = ns

PA x competence — calmness = -

PA — valence = ns

PA x autonomy — valence = +
PA x competence — valence = ns
PA x relatedness — valence = ns
PA — arousal = +

PA x autonomy — arousal = +
PA x competence — arousal = -
PA x relatedness — arousal = ns
PA — calmness = -

PA x autonomy — calmness = ns
PA x competence — calmness = ns
PA x relatedness — calmness = +

Kanning and Hansen (2017)

Liao et al. (2017) LPA — positive affect = na
LPA — negative affect = -
MVPA — positive affect = ns

MVPA - negative affect = ns

NEA - valence = ns
NEA - arousal = +
NEA - calmness = -

Reichert et al. (2017)

PA — valence = ns
PA — arousal = +
PA — calmness = ns

Jeckel and Sudeck (2017)

Dunton et al. (2015) PA - positive affect = ns

PA — negative affect = ns

PA x Alone — positive affect = -

PA x Alone — negative affect = ns
PA x Outdoors — positive affect = ns

PA x Outdoors — negative affect = -

Kanning (2013) PA — valence = +
PA x LW valence = ns
PA — arousal = +
PA x LW— arousal = ns
PA — calmness = -

PA x LW - calmness = ns

PA - valence = ns
PA — arousal = ns
PA — calmness = ns

von Haaren et al. (2013)

PA — valence = +
PA — arousal = +
PA — calmness = ns

Bossmann et al. (2013)

Kanning et al. (2012) PA — valence = +
PA x autonomy— valence = ns
PA — arousal = +
PA x autonomy— arousal = +
PA — calmness = -

PA x autonomy — calmness = -

Note. + = significant positive association; — = significant negative association;
ns = non-significant association. PA = physical activity; LPA = light physical
activity; MVPA = moderate-to-vigorous physical activity; NEA = non-exercise
activity; Stepping/Standing = specific posture-related activity measured via
accelerometer.
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Five studies also examined the interaction effect of specific moder-
ators in the relationship between PA and affect. Of these studies, four
used valence, arousal and calmness as an outcome. The first study
examined perceived competence associated with PA as a moderator and
found a significant interaction for valence and calmness but found a non-
significant interaction for arousal (Sudeck et al., 2018). The second
study examined basic psychological needs, proposed by
Self-Determination Theory (Ryan & Deci, 2017) as moderators and
found a significant interaction for autonomy with valence and arousal,
for competence with arousal, and for relatedness with calmness
(Kanning & Hansen, 2017). All other interactions were not significant.
The third study only examined the need for autonomy as a moderator
and found that its interaction effect was only significant for arousal
(Kanning et al., 2012). Finally, one study used the context of PA (lei-
sure/work) as a moderator and did not find any significant interaction
(Kanning, 2013).

The fifth study assessed positive and negative affect as an outcome.
This study considered being alone or with someone as well as being
indoors or outdoors during PA and found a significant interaction for
being with someone regarding positive affect (Dunton et al., 2015).
However, the authors found no interaction for being indoors or outdoors
regarding positive affect while it found a significant interaction between
PA and being outdoors for negative affect, but not for positive affect.

4. Discussion

The aim of this scoping review was to explore and describe how EMA
is used to examine the relation between PA, as measured with acceler-
ometers, and affective responses. Fourteen studies were selected based
on PRISMA guidelines (Tricco et al., 2018) and their data were reported
using the CREMAS protocol (Liao et al., 2016). Overall, the studies
included were highly heterogeneous, showing an important variation in
sample size, technology, duration, and the number of prompts per day. It
is therefore difficult to draw firm conclusions about the relationship
between PA and affect. That being said, the average compliance rate of
82.35 %, reported in eight studies, seems to indicate that EMA can be an
acceptable and feasible method to assess the relationship between PA
and affect.

4.1. Sampling

While there is no definitive consensus on the exact sample size
required for multilevel model analyses in EMA studies, it largely de-
pends on the complexity of the model and the specific research ques-
tions. Simulation studies suggest that under certain conditions, a sample
size as small as 30 participants may provide stable and reliable esti-
mates, especially when the models are relatively simple and the number
of observations per participant is high (Hox & McNeish, 2020). How-
ever, for most multilevel analyses, including those with more complex
structures or interactions, a sample size of approximately 50 participants
is generally considered sufficient to yield trustworthy and accurate es-
timates (Maas & Hox, 2005). In this context, all studies, except the one
with 29 participants, meet or exceed these recommendations from
simulation studies, supporting the reliability of their results. It is
important to note that beyond the number of participants, the total
number of observations (i.e., measurement occasions per participant) is
crucial in ensuring the stability of multilevel model estimates. There-
fore, even with slightly smaller sample sizes, an increased number of
observations per participant can compensate for the reduced participant
count, enhancing the robustness of the findings.

4.2. Affect measurement
Most of the studies rely on the Six-Item Short Mood Scale to index

affect. This instrument is brief and has shown good within-person reli-
ability in its original validation (Wilhelm & Schoebi, 2007). A strength
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of this choice is that the scale covers three core dimensions of the cir-
cumplex model (valence, arousal, and calmness) while minimizing
participant burden. Nevertheless, most articles quote the original reli-
ability coefficient rather than recalculating it in their own samples.
Because reliability is context-dependent failing to re-estimate it can hide
attenuation that weakens observed PA-affect associations (Brose et al.,
2020). For example, recent work shows that within-person omega can
fall by 0.10-0.20 when the same items are delivered six or more times
per day, particularly for low-arousal states that vary less
moment-to-moment (Haney et al., 2023). Thus, apparent null effects
may sometimes reflect measurement error rather than the absence of an
underlying relationship.

A second methodological limitation concerns the studies that
employed ad-hoc adjective lists to assess positive and negative affect.
Although many of these studies reported a reliability coefficient, few
clarified whether it reflected within-person or between-person consis-
tency. This distinction matters: a scale can rank individuals reliably
across days (high between-person reliability) yet still provide noisy
moment-to-moment scores (low within-person reliability), thereby
diluting event-level PA effects (Geldhof et al., 2014).

A related concern is the item composition of these ad-hoc lists. Scales
can be dominated by high-arousal terms, by low-arousal terms, and or
achieve a balanced mix. Composition matters, as it impacts the sensi-
tivity of the scale because high-arousal states show greater within-
person variance, increasing power to detect event-level PA effects,
whereas low-arousal items vary little over short intervals and thus dilute
the signal (Cranford et al., 2006; Haney et al., 2023).

To advance the field, future EMA studies should report both within-
and between-person reliability, specifying the statistic employed (e.g.,
ICC(1), within-person omega, generalizability coefficients); align their
measurement strategy with an explicit theoretical model of affect,
choosing instruments that map onto the dimensions hypothesised to
change; and disclose full item wordings, response scales, and prompts.

4.3. PA measurement

In terms of PA measurement, both the technology and the analytical
approaches vary widely across studies. Some studies rely on raw accel-
erometer data, while others use metrics such as metabolic equivalents
(METs), activity counts or time spent stepping or standing to quantify
PA. Devices are mounted at the hip, wrist, thigh, or chest, and each site
privileges different movement patterns: hip-worn sensors remain the
reference for ambulatory locomotion, yet wrist devices capture fine
motor activity often missed at the hip, while chest units coupled with
heart-rate monitors better index cardiometabolic load (Kerr et al., 2017;
Migueles et al., 2017). Accordingly, placement choice should be explicit,
with hip, wrist and thigh remaining the most common research sites.

Beyond placement, divergent filtering options, epoch lengths, and
non-wear algorithms can shift the same bout of PA into different in-
tensity bands. For example, longer epoch lengths tend to underestimate
MVPA and overestimate light activity, different cut-point definitions
shift the classification boundaries between intensity levels and alter the
proportion of time attributed to each, and non-wear algorithms vary in
their sensitivity to inactivity periods (Burchartz et al., 2024; Haddadj
et al, 2024). This methodological heterogeneity amplifies
between-study variance and complicates the integration of findings on
the relationship between PA and affect.

In addition to hardware and data-processing differences, variation in
statistical modeling procedures such as whether or not person-mean
centering was applied to PA predictors constitutes another important
source of heterogeneity. Centering PA at the individual level is essential
when the goal is to estimate how deviations from one’s typical activity
level relate to momentary affect, rather than capturing stable between-
person differences. Without person-mean centering, models risk
conflating within- and between-person variance, potentially leading to
biased or attenuated estimates of the PA-affect relationship (Curran &
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Bauer, 2011; McNeish & Kelley, 2019). Given that EMA is designed to
detect temporal fluctuations, failing to center PA appropriately may
obscure the real-time dynamics of this relationship. Clear reporting and
justification of centering practices should therefore be standard in EMA
studies seeking to model acute effects of PA on affect.

For these reasons, it is crucial for researchers to provide compre-
hensive information on accelerometer make and model, sampling fre-
quency, placement site, epoch length, wear-time algorithm, filtering
settings, and statistical procedures because each of these decisions can
alter the quantity and intensity of activity recorded (Curran & Bauer,
2011; Kerr et al.,, 2017; Migueles et al., 2017). Standardizing such
reporting practices would enhance the interpretability of PA-affect
findings and foster a more cohesive, cumulative body of literature.
Moreover, the use of raw accelerometer data and open-source metrics (e.
g., ENMO, MAD) processed through open-source software, such as GGIR
(Migueles et al., 2019), could provide a transparent option for pro-
cessing accelerometer data.

Emerging Al-based models offer promising tools for standardizing PA
classification across devices and placements. Such models can learn to
infer activity types or intensity levels directly from raw tri-axial accel-
eration signals, often outperforming traditional cut-point methods in
free-living conditions (Farrahi & Rostami, 2024; Jones et al., 2021).
While not yet widely adopted in EMA studies, these techniques may
reduce inter-study variability and support more nuanced behavior
recognition (e.g., differentiating fidgeting from purposeful walking),
thus enhancing PA-affect modelling.

Furthermore, even if no study in this scoping review used commer-
cial wearables such as Fitbit, Apple Watch, or Garmin, it is important to
acknowledge that these devices can introduce both opportunities and
challenges. On one hand, these tools allow large-scale, passive data
collection with high ecological validity and user compliance. On the
other hand, their proprietary algorithms and opaque data processing
limit reproducibility and comparability with research-grade accel-
erometry (Evenson et al., 2015; Fuller et al., 2020). As EMA research
continues to grow, striking a balance between scalability and measure-
ment validity will be important.

4.4. Schedule, prompting strategy and compliance

Given the varied research questions regarding the relationship be-
tween PA and affect, studies in the review used diverse scheduling and
prompting strategies. However, this heterogeneity, coupled with the fact
that only seven studies (50 %) reported compliance rates, makes it
difficult to draw any firm conclusions about how study design affects
compliance.

However, recent studies have provided recommendations to maxi-
mize compliance in EMA studies, and it appears crucial to balance data
collection frequency with participant burden. Moderate sampling fre-
quencies of 3-6 prompts per day are ideal, as more frequent prompting
increases burden without significantly improving data quality. If higher
frequencies are necessary, limiting the study duration to around one
week can help maintain adherence (Eisele et al., 2022; Wrzus and
Neubauer, 2023). Questionnaire length is another important factor.
Longer questionnaires (over 60 items) reduce compliance and data
quality, as participants may experience fatigue or respond carelessly. To
avoid this, shorter questionnaires of 30-40 items per prompt are rec-
ommended to maintain data quality (Eisele et al., 2022; Hasselhorn
et al., 2021).

Study duration also impacts compliance. As adherence tends to
decrease in studies lasting more than two weeks, shorter studies are
preferable. For longer studies, introducing break days or reducing the
number of prompts later in the study can help sustain participation
(Wrzus and Neubauer, 2023). Monetary incentives and personalized
feedback have been shown to increase compliance. Offering rewards
tied to compliance and providing regular feedback can keep participants
engaged (Eisele et al., 2022; Hasselhorn et al., 2021). Lastly, protocol
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flexibility, such as allowing participants a 15-30 min window to
respond, reduces perceived burden and improves adherence without
compromising too much data quality. Adapting the protocol to fit par-
ticipants’ daily routines minimizes disruptions and encourages
continued participation (Hasselhorn et al., 2021).

4.4.1. Affective responses to PA: Synthesis of findings

The results regarding the relationship between PA and affect reveal a
complex and varied pattern shaped by differences in how PA and affect
are measured. To interpret the heterogeneity in outcomes, we organize
the findings according to the circumplex model of affect, separating
valence, arousal, and calmness and positive and negative affect model.

Findings for valence were mixed and appear to depend on both
methodological and measurement features. Of the 10 studies examining
valence, six reported no significant effect, while four found positive
associations. Notably, the studies with significant effects commonly
employed hip-mounted accelerometers and relied on raw acceleration
data (milli-g) rather than processed metrics like METs or activity counts.
Those choices may have enhanced the sensitivity to capture PA move-
ment and minimized distortion from post-processing algorithms (Kerr
et al., 2017; Migueles et al., 2017).

By contrast, arousal demonstrated more consistent patterns: 8 out of
10 studies reported significant within-person increases following PA,
regardless of methodological considerations. Null effects in two studies
may stem from methodological limitations: Kim et al. (2020) was the
only one not to use the Six-Item Mood Scale, while Von Haaren et al.
(2013) had the smallest sample size (N = 29), limiting power. These
findings align with physiological models linking PA to increased sym-
pathetic activation and catecholamine release, mechanisms directly tied
to heightened arousal (Ekkekakis, 2003).

The calmness dimension revealed a more context-dependent pattern.
Of the nine studies that assessed calmness, four reported a significant
post-PA decrease, while five did not. All studies with significant effects
used hip-worn sensors and more frequent sampling (>6 prompts/day),
suggesting these factors may enhance detection of calmness.

Interestingly, calmness showed an inverse pattern to arousal in
several studies: 7 of the 9 that measured both found that as arousal
increased, calmness decreased. This appears consistent with the cir-
cumplex model of affect (Feldman Barrett & Russell, 1998), which
places these states on opposite ends of the activation axis. Yet, the
studies used the short mood scale by Wilhelm and Schoebi (2007),
which conceptualizes calmness and arousal as distinct but related di-
mensions. This suggests PA can shift both dimensions simultaneously,
increasing alertness while also affecting relaxation depending on
context, helping explain the more variable effects on calmness.

To complement the findings based on the circumplex model di-
mensions, several studies assessed affect using composite positive and
negative affect scales. Of the four studies using this approach, one found
significant PA-related increases in positive affect and decreases in
negative affect (Li et al., 2022); one found a significant decrease on
negative affect only for light PA (Liao et al., 2017); and the remaining
two studies reported null findings (Dunton et al., 2015; Hevel et al.,
2021). These inconsistencies may be driven more by differences in affect
measurement than by study design.

All three studies that reported null or partial findings used a similar
list of adjectives combining both high- and low-arousal terms. Hevel
et al. (2021) and Dunton et al. (2015) both used five items (happy, calm,
energetic, stressed, anxious), which blend opposite poles of the valence
and arousal axes. Liao et al. (2017) used similar list of items only
removing energetic and adding cheerful, depressed, and angry. These
scales may reduce sensitivity to PA effects by averaging signals from
emotional states with divergent reactivity.

By contrast, Li et al. (2022) employed a more focused set of items (I
feel happy and I enjoy what I am doing for positive affect, and six negative
items that are more consistent in arousal and valence. This narrower
operationalization may enhance the ability to detect subtle
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within-person associations with PA.

These findings highlight a broader concern in EMA-based affect
research: the use of aggregated affect scores that conflate distinct
emotional processes can obscure true variation. Scales that fail to ac-
count for arousal levels may miss critical affective shifts, especially those
linked to PA, which often modulates arousal more than valence alone
(Barrett, 2006; Kuppens et al., 2013).

Taken together, these findings suggest that while PA consistently
enhances arousal in daily life, its effects on valence, calmness, and
composite affect scores are more variable and context-sensitive. This
variability appears driven in part by methodological differences in both
PA and affect measurement. Yet beyond measurement, these in-
consistencies may also reflect genuine differences in how individuals
experience PA depending on psychological, social, and contextual
factors.

4.4.2. Moderating factors and theoretical perspectives

Five studies investigated moderators that might explain variability in
affective responses to PA. These offer key insights into the psychological
and contextual factors shaping emotional experiences during daily ac-
tivity and help clarify the heterogeneity observed in the core affective
findings.

Sudeck et al. (2018) examined affect regulation competence, an in-
dividual’s ability to regulate emotions via PA, and found stronger in-
creases in valence and calmness among participants with higher
competence. This self-regulatory trait, grounded in social-cognitive
theory, suggests that individuals differ in their capacity to use PA as a
means of emotional regulation. Affective benefits may therefore hinge
not just on the activity itself but on one’s perceived ability to derive
psychological gains from it.

Three studies by Kanning and colleagues applied Self-Determination
Theory (SDT), which posits that emotional functioning is enhanced
when basic psychological needs are fulfilled (Ryan & Deci, 2017).
Kanning and Hansen (2017) found that perceived autonomy moderated
PA’s impact on valence and arousal, and relatedness moderated its effect
on calmness. Kanning et al. (2012) similarly reported that autonomy
amplified arousal responses, while Kanning (2013) did not observe
significant interactions. Collectively, these findings suggest that PA is
more likely to elicit affective benefits when it is perceived as self-chosen,
meaningful, and socially embedded. This aligns with broader literature
showing that intrinsically motivated PA tends to enhance affective ex-
periences more reliably than externally imposed or constrained activ-
ities (Ryan & Deci, 2017).

Taken together, these moderator findings illustrate that affective
responses to PA are shaped not only by physiological components but
also by how individuals interpret the activity in context. For example, a
brisk walk may be energizing and enjoyable for one person, yet stressful
and fatiguing for another, depending on their prior experience, current
goals, or perceived control. These subjective appraisals operate along-
side biological processes and help explain why even methodologically
similar studies report divergent affective outcomes.

From a theoretical standpoint, these patterns support integrative
models such as the Affective-Reflective Theory (Brand & Ekkekakis,
2018), which proposes that affective responses are shaped by both
automatic emotional reactions (e.g., bodily activation) and reflective
appraisals (e.g., perceived purpose or self-congruence of the activity). By
embedding PA within a motivational and cognitive-affective framework,
these models help account for when and for whom PA enhances
well-being.

Beyond the frameworks tested in the included studies, other theo-
retical perspectives offer promising avenues for explaining the hetero-
geneity in affective responses to PA. For exemple, the Dual-Mode Theory
(Ekkekakis, 2003, 2009) posits that affective responses vary systemati-
cally with exercise intensity, with cognitive factors playing a greater role
at moderate levels. This model may help explain why similar PA in-
tensities yield divergent affective outcomes across individuals. In

Mental Health and Physical Activity 29 (2025) 100728

addition, the Process Model of Emotion Regulation conceptualizes PA as
a regulation opportunity (e.g., attentional deployment/distraction,
cognitive change/reappraisal, response modulation), whereby height-
ened arousal can be converted into pleasant activation and negative
affect dampened in situ (Gross, 1998, 2015). Finally, the
Broaden-and-Build Theory of Positive Emotions (Fredrickson, 2001)
suggests that repeated experiences of positive affect during PA may
build personal resources over time, enhancing future motivation and
well-being. Future studies would benefit from integrating these com-
plementary perspectives to capture both immediate and longer-term
affective mechanisms.

4.5. Limitations

A major limitation of this scoping review is that it might have missed
published studies that met the inclusion criteria. Although the authors
included multiple terms that are used to refer to EMA methodology, it is
possible that some researchers used terms that were not included. Also,
the authors selected the most predominant database in psychology and
PA, but they cannot rule out that some studies have been published
somewhere else. Moreover, the authors included only studies published
in English.

Future research should enhance methodological transparency by
rigorously adhering to established reporting guidelines, such as CRE-
MAS, and by providing comprehensive details on affect and PA activity,
including both within- and between-person reliability metrics (Brose
et al., 2020; Liao et al., 2016; Wilhelm & Schoebi, 2007). Standardizing
accelerometer protocols is critical for improving cross-study compara-
bility; this includes clear reporting on device placement, data processing
methods, and standardized cut points for activity intensity (Aadland &
Ylviséker, 2015; Kerr et al., 2017; Migueles et al., 2017; Troiano et al.,
2014). Moreover, optimizing EMA designs is essential to balance data
richness with participant burden, by calibrating prompt frequencies,
shortening questionnaire length, and limiting study duration to main-
tain high compliance (Eisele et al., 2022; Hasselhorn et al., 2021; Wrzus
and Neubauer, 2023). Finally, incorporating potential moderators, such
as contextual factors and individual psychological constructs, can
further elucidate the complex interplay between PA and affect, thereby
informing more targeted and effective interventions (Kanning et al.,
2012; Kanning & Hansen, 2017; Sudeck et al., 2018).

5. Conclusion

This scoping review summarized the current knowledge regarding
the use of EMA to assess the relationship between PA and affect among
healthy adults from the general population. The result shows EMA to be
both feasible and useful as it can contribute to gaining a better under-
standing of the effect of PA in daily life and the well-being of individuals.
However, the reported design and results are heterogeneous, and thus,
more studies are needed to reach a consensus on the relationship be-
tween PA and affect in healthy adults.
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