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Abstract

Objectives: Physical activity (PA) positively influences several aspects of mental well-being
including affect improvements. Yet, the fact that subjective and objective measures of PA often
diverge challenges research on the relationship of PA and affect. Methods: Subjective
(ecological momentary assessment, EMA) and objective (combined heart rate and
accelerometric activity tracker) measures of PA alongside repeated ratings of positive and
negative affects were obtained from 37 participants over seven consecutive days. Results:
Subjective and objective PA were significantly positively correlated. Affect improvements, i.e.
negative affect decrease as well as positive affect increase, were predicted by both subjective
(EMA) and objective (activity tracker) data. Conclusions: Measurement concordance supports
the validity of both assessment strategies. Affect improvements result from both subjective
representations of one’s own activity as well as from physiological mechanisms of PA that one

is not aware of, suggesting two independent routes to affect improvements.
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Introduction
Frequent physical activity (PA) is associated with broad physical health gains, e.g. reduced risk
for cardiovascular disease in primary prevention and slowed progression of coronary artery
disease in secondary prevention (Warburton, Nicol, & Bredin, 2006). In addition to
physiological health effects, PA also makes the onset of various mental disorders less likely
and helps in reducing related psychological symptoms as a treatment component (Peluso &
Andrade, 2005). Lifestyle modification treatments promoting PA show beneficial effects on
depression and various stress related disorders (e.g. Cooney et al., 2013; Richardson et al., 2005;
Rosenbaum, Tiedemann, Sherrington, Curtis, & Ward, 2014) as well as on non-clinical forms

of depressed moods (Rebar et al., 2015).

Importantly, besides planned and purposeful exercising, there are also various everyday
activities of moderate intensity such as brisk walking or commuting by bicycle that can be
beneficial for mental and physical health by contributing to the overall PA level (Audrey,
Procter, & Cooper, 2014; Haskell et al., 2007; Martin, Kelly, Boyle, Corlett, & Reilly, 2016).
The World Health Organization (2010) therefore recommends a minimum of 150 minutes of
moderate PA or 75 minutes of vigorous PA per week, or respectively a combination of both, to
achieve these benefits. Additionally, the benchmark of 10.000 steps per day was also suggested
to ensure a certain degree of physical activity (Tudor-Locke & Bassett, 2004). Yet, research has
repeatedly shown that large proportions of the population fail to reach these numbers due to
multiple psychological and environmental barriers and constraints (e.g. Hallal, Andersen, Bull,
Guthold, & Ekelund, 2012; Liu, Bennett, Harun, & Probst, 2008), although each episode of
everyday PA might help reduce associated mental and physical health risks (Saris et al., 2003;
World Health Organization, 2009; Zhai, Zhang, & Zhang, 2014). Thus, validly assessing and
documenting everyday PA seems crucial as a starting point of effective prevention and

intervention.
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Yet, methodological issues limit research on everyday PA: individuals are not always
aware of their general fitness level (e.g. cardiorespiratory fitness level) as well as their daily
extent of PA, especially regarding unplanned activities or shorter periods of PA. For instance,
subjective moderate PA was found to be over-reported when compared against objective
indicators in a college student sample (Downs, Van Hoomissen, Lafrenz, & Julka, 2014). Thus,
the predictive validity of (mental) health effects from such subjective reports of PA might be
limited due to the discordance between subjective and objective reports. It could therefore be
problematic that research on health-related behaviours mostly uses self-reported PA (Sallis &

Saelens, 2000).

Such subjective reports are mainly operationalised through recall questionnaires or
activity diaries, completed either on paper or electronically (Bert, Giacometti, Gualano, &
Siliquini, 2013). However, there might be several limitations that bias such data such as effects
of social desirability, memory limitations, or compliance with study instructions (Sallis &
Saelens, 2000). Some of these disadvantages might be addressed through real-time assessment
as afforded by smartphone apps (i.e. ecological momentary assessment, EMA): although
subjective, they allow capturing activities right when they occur (Shiffman, Stone, & Hufford,
2008). Particularly memory bias might be reduced because of a relatively short time period
between occurrence of behaviour and assessment. While EMA reports are still subjective, they
can be backed up with objective measures of PA (e.g. accelerometers, fitness trackers). These
devices bypass any memory or reporting biases through continuously recording objective
measures, e.g. heart rate and accelerometry (Warren et al., 2010) to derive for instance
metabolic equivalents of task (METSs; Jetté, Sidney, & Blimchen, 1990). METSs reflect the ratio
of the energy expenditure rate relative to body weight for specific physical activities compared
to resting (Jetté et al., 1990). In sum, subjective and objective markers of PA might have varying
advantages and disadvantages and might differ from each other, especially regarding their

reliability, but potentially also regarding their effects.
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Thus, the question arises as to whether data from simultaneous assessment of subjective
(e.g. via EMA) and objective PA (e.g. via heart rate weighted accelerometry) agree and show
measurement concordance. A systematic review comparing self-reported data of PA with
objectively measured data found not only positive associations (resulting in a low-to-moderate
mean correlation coefficient) but also zero and even negative associations (Prince et al., 2008).
Thus, the present study will analyse the degree of within-person measurement concordance
between subjective, EMA-based estimates and objective, heart rate weighted accelerometric

data of PA (Aim 1).

Subjectively experienced and objectively measured PA might not only be discordant,
but might also have different impacts on health outcomes. A particularly relevant health
outcome concerns affect. According to psychophysiological theories, PA improves affect due
to a reduction in the cortisol response from the hypothalamic-pituitary-adrenal axis (HPA axis)
(Zschucke, Renneberg, Dimeo, Wiistenberg, & Stréhle, 2015) as well as to changes in specific
brain regions and neurotransmitters (Bothe et al., 2013). Another mechanism for explaining PA
mediated affect improvements posits that subjective awareness (a prerequisite for subjective
reports; e.g. Ronda, Assema, & Brug, 2001) of one’s own successful engagement in PA might
fuel positive experiences (e.g. of self-efficacy). To exemplify, research in youth has shown that
only subjective (i.e. aware) reports in contrast to objective reports of PA were related to
experienced self-efficacy (Kavanaugh, Moore, Hibbett, & Kaczynski, 2015). PA-related self-
efficacy is in turn associated with affect (e.g. Bodin & Martinsen, 2004; Kwan & Bryan, 2010).
Hence, the present study contrasted EMA-based and objective indices of PA in predicting
subsequent affect changes (Aim 2). Particularly, we aimed to gain clarity on the nature of affect
improvements: There is a plethora of evidence suggesting that PA increases subsequent positive
affect. This effect has been found for subjectively reported PA (e.g. Kanning & Schlicht, 2010;
Liao, Shonkoff, & Dunton, 2015; Schéndube, Kanning, & Fuchs, 2016) as well as objectively

assessed PA (e.g. Bossmann, Kanning, Koudela, Hey, & Ebner-Priemer, 2013; Hogan, Mata,
5
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& Carstensen, 2013). However, the role of negative affect (reductions) is less clear (e.g. Liao
et al., 2015; Puterman, Weiss, Beauchamp, Mogle, & Almeida, 2017), which is important as it

might facilitate negative reinforcement.

The present study and research aims

The present study used EMA measures to examine the two main study aims: smartphone
supported subjective PA measurements were accompanied by objective PA measurements
assessed by a heart rate / accelerometer monitoring device. Based on the literature, the main
focus of the study was on moderate to vigorous activity (i.e. defined as subjectively being out
of breath or sweating, respectively, objective METs > 3) to a) ensure some degree of awareness
and b) include daily activities and not only planned exercise. Additionally, mental health effects
are more frequently reported for these intensities (e.g. Asztalos, De Bourdeaudhuij, & Cardon,
2010). Therefore, we expected within-participant concordance between subjective and
objective PA measures (Aim 1). Regarding affect improvements, we expected that both
subjective PA (assessed via EMA) and objective PA (assessed via activity tracking measures)
influence subsequent changes in positive and negative affect (Aim 2). Based on the literature
reviewed above, we hypothesised that higher subjective and objective PA would result in higher
positive and lower negative affect. However, due to a lack of previous research, we had no
specific hypothesis as to whether subjective or objective PA would be more important for affect
improvements. In addition, to acknowledge individual differences potentially influencing the
associations described above we controlled for body-mass index (BMI) as well as gender based
on differences found in previous literature (Slootmaker, Schuit, Chinapaw, Seidell, &
Mechelen, 2009; Thome & Espelage, 2004). We decided to investigate the described research
aims in a sample of university students, given that PA is related to health variables and mood

improvements in (university) student populations (Annesi, Porter, Hill, & Goldfine, 2017,
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Joseph, Royse, Benitez, & Pekmezi, 2014; Wunsch, Kasten, & Fuchs, 2017). Moreover,
students are prone to regularly experience stress as well as negative affect and are even

increasingly at risk for mental health problems (Storrie, Ahern, & Tuckett, 2010).

Method
Participants

Participants were recruited by means of a study announcement via e-mail, flyers and by
word of mouth. Initially, data of 51 participants were collected. Since not all participants were
able to wear the activity tracking device (e.g. because of a sticking plaster allergy; constraints
with regard to the number of devices), objective PA data could not be attained for all recruited
participants (N = 12). Additionally, participants were excluded in case of substantial missing
data in both EMA (< 50% of completed EMA questionnaires) and activity tracker assessment
methods (N = 2). Thus, in total 37 participants (28 female) were included in the statistical
analyses. Participants, mostly university students, had a mean age of 23.5 years (SD = 2.60
years, age range: 19-28 years). All participants received written and oral information on the
purpose of the study and signed an informed consent according to the relevant ethics committee

that also granted the ethical approval for the present study.
Procedure

Given the inclusion criteria, we only recruited participants ranging from 18-35 years,
who owned a smartphone to complete EMA data and were willing and able to carry the
Actihearts device (i.e. without sticking plaster allergy). Initially, the participants’ demographic
variables and their body weight and height (for BMI) were measured in the laboratory.
Afterwards, participants were asked to answer the ‘Freiburger Fragebogen zur korperlichen

Aktivitat’ (FFKA,; Freiburg Questionnaire of Physical Activity; Frey & Berg, 2002; Frey, Berg,
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Grathwohl, & Keul, 1999). It refers to physical activities at work and during leisure-time and
allows classification of the recent level of physical activity for each participant in terms of body
weight related energy metabolism per week. The FFKA shows acceptable psychometric
properties (Frey et al., 1999). Then, participants received the monitoring device for objective
PA with instructions on how to wear it (e.g. participants were told to wear the device all day
and all night for seven consecutive days unless they engaged in long-lasting water activities
such as swimming) and how to install and use the smartphone app. The smartphone app enabled
subjective data collection multiple times a day throughout the following eight days. However,
only the respective days of smartphone assessment with concurrent objective monitoring data
were used for analyses. The first day functioned as a practice day for participants to become
familiar with the surveys via app and the wearing of the device (data not used in the present
study). The majority of participants wore the device for six days, two individuals only for five
days and four individuals for seven days (practice day not taken into account). At the end of the
study period individuals answered final questionnaires which included compliance and
reactivity items asking for altered behaviour based on study participation. Reactivity
concerning PA was assessed by asking ‘How much did the assessment itself influence your
physical activity during the duration of the study?’ (0 = not at all — 100 = very much). Reactivity
concerning affects was assessed by asking ‘Did the assessment itself influence your mental
well-being during the duration of the study?’ (0 — 100, with 0 = negatively, 50 = not at all, 100
= positively). Moreover, compliance items (i.e. estimates of answered questionnaires as well as
acceptability and feasibility of data entries) asked to what extent participants followed the study
instructions. Please note that other parts of the dataset have previously been analysed and

published in Schultchen et al. (2019) as well as Reichenberger et al. (2018).
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Measures

Smartphone app. Participants received six app notifications (beeps) per day every 2.5
hours starting at 9:00 a.m. and ending at 9:30 p.m.. With each of these beeps individuals were
asked among other things (e.g. eating behaviour, food craving, stress; not of relevance for the
present study) to estimate their extent of moderate to vigorous PA since the last answered beep
with the question ‘How many minutes have you been physically active since the last entry?
Under physical activity we define activities that got you sweating or out of breath.”. Answers
were given on a continuous rating slider from 0 to 160 minutes. Participants were given 10
additional minutes for their subjective data entry because of a potential short delay in answering
the questionnaire after the first initial beep. Moreover, each beep contained adjectives
concerning current positive and negative affective states rated on a continuous rating slider from
0 (= not at all) to 100 (= very much). Some adjectives were chosen in the style of the Positive
and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988), more specifically
the German Version of the PANAS (Breyer & Bluemke, 2016). Additionally, we included items
in the same style referring to emotions with a lower threshold (e.g. worried instead of afraid),
items which might optimally cover a high and low arousal space (e.g. relaxed as a low-arousal
positive emotion), or items that are relevant to the specific study content (e.g. bored). Positive
affect adjectives used were “cheerful”, “enthusiastic”, “relaxed”, “calm”, “active” and “awake”,
whereas negative ones were “irritated”, “worried”, “troubled”, “bored”, “nervous/stressed”” and
“dissatisfied with self”. The within-person reliability of affect items was calculated using the
variance decomposition technique (Shrout & Lane, 2012) and was moderate for positive affect
(Rc =.78) as well as for negative affect (Rc = .69) according to Shrout (1998). For safety reasons
(e.g. while driving) and practicability, it was permitted to answer the app prompts with a
maximum delay of one hour after the onset of each beep interval. Later entries were registered

as missing.
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Obijective PA measures. To measure objective parameters of PA, a combined heart rate
and movement sensor (Actiheart; Cambridge Neurotechnology Ltd, 2010) was used. The first
of two electrodes is located on the lower end of the sternum while the second one is attached
laterally on the left side of the chest. The device determines heart rate (Brage, Brage, Franks,
Ekelund, & Wareham, 2005) and activity impulses (using accelerometry) every 15 seconds and
establishes METSs classified in sedentary behaviour (< 1.5 METS), light PA (1.5 — 3 METS),
moderate PA (3 — 6 METS), and vigorous PA (> 6 METSs). Based on these data and the
Actiheart’s branched model of analysis, minutes of specific MET-levels in the interval between
two smartphone beeps were calculated for each participant. As described above, only intervals
for which both subjective and objective data were available were included in the statistical
analyses, i.e. a maximum of seven days due to the Actiheart’s battery life. In general, the
Actiheart device is a technically reliable and valid instrument (Brage et al., 2005) for the
measurement of heart rate and PA under natural conditions (Barreira, Kang, Caputo, Farley, &
Renfrow, 2009). It has previously been used for PA research (Georgiou et al., 2015) and

therefore served as the source of objective data in the present study.
Data reduction and statistical analyses

Due to the study’s focus on all everyday (incidental) moderate to vigorous PA instead
of exclusively intentional and planned exercising, analyses targeted minutes of moderate and
vigorous PA (MVPA; > 3 METSs) during a given 2.5 h interval between smartphone beeps.
Because of repeated measures for each participant, hierarchical multilevel modeling was used
for analyses by means of the software HLM7 (Raudenbusch, Bryk, & Congdon, 2011).
Repeated assessments of an individual on Level 1 were nested within participants on Level 2.

Regarding the first research aim of subjective-objective measurement concordance, the
subjective estimation of PA within the last 2.5 h between to and t; (reported at t1) was predicted

on Level 1 by objectively measured data of PA, which were aggregated in the respective time
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interval. Secondary analyses were conducted including gender and BMI in prediction of the
intercept on Level 2 to control for their influences. Moreover, similar to the measurement
concordance analysis, an exploratory control analysis used sedentary behaviour (< 1.5 METYS)
as the predictor of subjective PA. Continuous predictor variables were person-mean centred on
Level 1 and grand-mean centred on Level 2, whereas the dichotomous variable, i.e. gender (0
= female, 1 = male), was entered uncentred into the models.

For the second research aim of affect improvements participants’ momentary mean
positive (based on the 6 positive affect items above) and respectively mean negative (based on
the 6 negative affect items above) affective states were calculated for each beep at t;. Both mean
affects were then predicted separately by subjective and objective measures of PA (person-
mean centred) during the preceding 2.5 h interval (between to and t1). To avoid obtaining general
affect maintenance effects, the influence of the preceding affect (at to) was simultaneously
controlled for by using lagged affect variables (person-mean centred and auto-correlated).
Additionally, exploratory control analyses used sedentary behaviour as the predictor of changes

in affect. The slopes and intercepts in all models were allowed to vary randomly.

Results

Descriptives

Table 1 reports participants’ descriptive statistics based on 1155 records of both EMA-
(subjective) and Actiheart- (objective) based data. The overall compliance (percentage of
completed EMA questionnaires) was 86%. Based on the FFKA questionnaire overall activity
score, 27 participants were classified as having high physical activity levels, 7 medium PA
levels and 3 low PA levels during the weeks before the smartphone assessment. Participants
reported that the influence of study participation on their PA was rather low, M = 10.8 (SD =

13.94, range = 0 — 46). Moreover, participants also reported that the study participation neither
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negatively nor positively changed their mental well-being, M = 49.2 (SD = 6.90, range = 38 —

73).

Table 1

Descriptive statistics of the assessed variables.

Variable M SD

Level 1

EMA: Subjective PA (0 — 160 minutes) 7.62 18.02
Sedentary behaviour (< 1.5 METSs; in minutes) 121.15 27.74
Light PA (1.5 - 3 METSs; in minutes) 21.37 19.48
Moderate PA (3 — 6 METS; in minutes) 6.76 11.84
Vigorous PA (> 6 METSs; in minutes) 0.63 3.93
Objective MVPA (> 3 METS; in minutes) 7.39 13.21
Daily MVPA (> 3 METS; in minutes) 45.05 42.29
Negative affect (0 — 100) 14.31 13.03
Positive affect (0 — 100) 41.06 17.81
Level 2

BMI (kg/m?) 22.28 2.72

Note. N = 37. Data based on 1,155 observations, except for 'Daily MVPA' (222 observations)
and BMI (one-time measurement). PA = Physical activity; MVPA = Moderate to vigorous
physical activity; MET = Metabolic equivalent; BMI = body mass index. Range of daily
MVPA: 0 —-299.00 minutes. All PA values (including sedentary behaviour) refer to intervals of

2.5 hours, except the daily MVPA.

Subjective-objective concordance

A first set of analyses tested the relationship of objective moderate to vigorous PA

(MVPA) and subjective PA. The models are expressed by the following equation.
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Level 1 (occasions)
subjectivePAy = foj + f1* (0bjectiveMVPAg) + rij

Level 2 (participants)

Poj = yoo + Uoj
i = 10 + Uy

A significant positive association between subjective PA and objective data of MVPA
was found (B1o = .497, SE = .097, p < .001) with an overall pseudo-R? of .219. The higher the
objective MVPA, the higher participants’ subjective PA was. Furthermore, there was no
significant difference between the mean subjective PA and the mean objective MVPA (min/2.5
h, objective: M = 7.45 minutes, SE = 4.14; subjective: M = 7.53, SE = 4.73) as revealed by a
paired sample t-test, t(36) = -.076, p = .936.

Moreover, exploratory analyses were run with objective sedentary behaviour as a form
of (low) objective PA. Results revealed a significant negative association with subjective PA
(B1o = -.205, SE = .045, p < .001) with an overall pseudo-R? of .231. The longer the time
sedentary, the lower participants’ subjective PA was. Additionally, to test whether participants
improved in concordance between subjective PA and objective MVPA across study
participation, the variable ‘day’ (i.e. days in the study) was taken into account. No significant
interaction was found meaning that consecutive days (i.e. the longer participants were part of
the study) did not influence the association of subjective and objective PA (B30 = .88, SE = 2.04,
p = .669). Controlling for gender and BMI did not influence the pattern or significance of all

reported results.

Affect improvements

In order to analyse potential associations between PA estimates and positive as well as
negative affect within a day, the latter were predicted by subjective and objective PA separately.

To account for autocorrelations or — stated differently — to focus on affect changes in a given
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interval, the respectively preceding positive or negative affect was included as lagged control
predictor. The models are expressed by the following equation (exemplified for subjective PA

as predictor of positive affect).

Level 1 (occasions)

Current positive affectij = foj + f1;*(subjectivePAj;) + B*(preceding positive affectij) + rij

Level 2 (participants)

PBoi = oo + Uoj
S1j = y10 + Uy
[S2j = y20 + Uyj

Positive affect

A significant positive association between subjective PA estimates and positive affect
was found (Bio = .193, SE = .041, p < .001) with an overall pseudo-R? of .059. The higher
participants estimated the amount of their own (preceding) PA, the higher their current positive
affect was. A significant positive association was also found regarding objective MVPA and
positive affect (B1o = .141, SE = .036, p < .001) with an overall pseudo-R? of .027. When both
assessment types were combined in one simultaneous model, subjective PA (B1o = .159, SE =
.044, p <.001) as well as objective MVPA (P10 =.088, SE =.036, p <.001) remained significant
with an overall pseudo-R? of .070. In contrast, a significant negative association between
objective sedentary behaviour and positive affect was found (B0 = -.077, SE = .021, p <.001)
with an overall pseudo-R? of .032. The longer the duration of sedentary behaviour, the lower
participants’ subsequent positive affect was. Again, controlling for gender and BMI did not

influence the pattern or significance of all reported results.
Negative affect

Participants showed lower negative affect subsequent to higher subjective PA estimates:

analyses revealed a significant negative association between negative affect and subjective PA
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(B1o = -.107, SE = .017, p < .001) with an overall pseudo-R? of .039. Again, this result was also
found for objective MVVPA as the predictor of negative affect (B1o = -.095, SE =.024, p <.001)
with an overall pseudo-R? of .020. When both assessment types were combined in one
simultaneous model, subjective PA (P10 =-.092, SE =.016, p <.001) as well as objective MVPA
(B1o = -.054, SE =.020, p < .001) remained significant with an overall pseudo-R? of .043. On
the other hand, higher negative affect was found after longer episodes of sedentary behaviour,
as objective sedentary behaviour was significantly positively associated with subsequent
negative affect (Bio = .051, SE = .011, p < .001) with an overall pseudo-R? of .012. Again,
controlling for gender and BMI did not influence the pattern or significance of all reported

results.

Discussion

In the context of assessing affect improvements as a result of PA, the present study used
a naturalistic EMA design to examine two research aims. The first question examined the
concordance of subjective EMA data and objective, heart rate weighted accelerometric
measures of PA within a given individual across seven days. The second question investigated
both data sources of PA as predictors of affect improvements (increase in positive affect and

decrease in negative affect examined separately).
Research aim 1: Subjective-objective (measurement) concordance

Regarding the first research aim, we obtained measurement concordance as
hypothesised: Results revealed a significant association between subjective and objective
MVPA, as well as largely accurate MVPA estimations (non-significant t-test). This result
contrasts with previous findings of overestimation of moderate (to vigorous) PA in a
comparable student sample (Downs et al., 2014). In addition, the present results differ from
results of over- or underestimation that used different methodological approaches and samples

(e.g. in an adult sample: Dyrstad, Hansen, Holme, & Anderssen, 2014; Prince et al., 2008).
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However, our reported results correspond to findings of accurate (or even under-estimated)
estimates by physically fit study participants in terms of overall concordance (Shook et al.,
2016) as well as to time-specific within-subject concordance (Bexelius, Sandin, Trolle
Lagerros, Litton, & L6f, 2011). One explanation of the accurate estimations in the present study
might be that moderate to vigorous PA likely ‘breaks into awareness’ by reaching an intensity
that is subjectively noted and remembered, whereas ’lighter’ episodes of PA might go
unnoticed. This interpretation is underpinned by a review observing that self-reports are more
sensitive to high intensity objective PA compared to low-to-moderate ones (Prince et al., 2008).
Thus, the observed measurement concordance could be the result of PA-awareness that enabled
participants’ precise and systematic self-reports of PA episode durations (for a detailed view on
PA-related awareness, see Ronda et al., 2001; van Sluijs, Griffin, & van Poppel, 2007). In the
present study, neither BMI nor gender changed the pattern or significance of the results (in line
with Dyrstad et al., 2014; Poole et al., 2011) suggesting a rather broad applicability within the

present population.

Research aim 2: Affect improvements

Regarding the second research aim, subjective estimates of PA emerged as significant
predictors of improvements in both positive and negative affect (even in consideration of the
controlled influence of the preceding affect and the respective objective PA). The same results
were found regarding objective MVPA. Thus, both objective and subjective PA indices appear
to be unique, non-redundant and reliable predictors of both types of affect improvement
(decrease in negative affect and increase in positive affect). Similarly, subjective and objective
PA assessments have shown specific associations with health relevant outcomes such as
different cardiovascular measures (Schmidt, Cleland, Thomson, Dwyer, & Venn, 2008).
Complementing these findings, objective sedentary behaviour was significant as a positive

predictor of affect deterioration in the present study. Our reported effects for objective MVPA
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agree with previous findings regarding positive affect increases (Cox, Thomas, & Davis, 2001;
Hogan et al., 2013) as well as negative affect decreases (Aggio et al., 2017). However, also the
subjective perception of PA was associated with (positive and negative) affect improvements:
the predictive potential of subjective PA in the present study corresponds to previous findings
regarding positive affect increases (e.g. Kanning & Schlicht, 2010; Mata et al., 2012; Wichers
et al., 2012). In contrast to other studies (Mata et al., 2012; Schwerdtfeger, Eberhardt, &
Chmitorz, 2008; Wichers et al., 2012), the present study was also able to find negative affect
decreases after PA. The results suggest that introspection and self-monitoring/self-awareness
regarding PA translate into affect improvements independently of objective PA. At the same
time, the results support the affect changing potential of actual (objective) PA, as the effects of

PA on physical and mental health are undisputed.

Together, these two associations suggest different mediating routes from PA to affect.
Psychophysiological research on the one hand has shown that objective movement, for instance
aerobic exercise, inhibits the feedback mechanism of the hypothalamic-pituitary-adrenal axis
(HPA axis) and thereby reduces the cortisol response in stressful situations (i.e. stress buffering)
while also increasing positive affect (Zschucke et al., 2015). Moreover, brain regions (e.g.
ventral striatum) and neurotransmitters (e.g. dopamine), that are associated with reward
systems, are influenced by PA (Bothe et al., 2013). Thus, psychophysiological or ‘bottom-up’
mechanisms might likely be at play. In addition to physiological mechanisms, the subjective
perception of one’s own PA seems to positively influence affect and thereby might contribute
to the maintenance of health relevant behaviour. As already described above, psychological
aspects such as awareness and self-efficacy (or related experiences such as pride and goal
attainment) might play important roles in this context (Bodin & Martinsen, 2004; Kavanaugh
etal., 2015; McAuley et al., 2007; Pickett, Yardley, & Kendrick, 2012; van Sluijs et al., 2007).
The fact that affect improvements can be attained through both positive affect increases and

negative affect decreases suggests that (positive and negative) reinforcement should work for
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both negative and ‘neutral’ baseline affects. Regarding both types of reinforcement, previous
research has found that PA can lead to an increase in positive affect as well as to a decrease in
negative affect in individuals with rather ‘neutral’ baseline affects (i.e. healthy individuals;
Annesi et al., 2017; Joseph et al., 2014; Wunsch et al., 2017) as well as individuals with rather
negative baseline affects, i.e. (subclinically) depressed individuals (Mata, Hogan, Joormann,

Waugh, & Gotlib, 2013; Pickett et al., 2012).

Limitations, future directions and conclusions

The following limitations must be acknowledged: Firstly, our sample consisted mostly
of female university students. Therefore, results cannot be generalised, which appears plausible
given that different results were found in different samples (e.g. Dyrstad et al., 2014). Hence,
future studies may examine participants with broader sample characteristics, especially from
vulnerable populations such as older adults (e.g. Shiroma et al., 2015) or individuals with
chronic diseases (e.g. O’Neill et al., 2017; Thyregod & Bodtger, 2016). Additionally, the
sample size of the present study was also relatively small and might be increased in future
studies to improve statistical power on Level 2. In order to increase power on Level 1, future
studies might also extend the assessment period (more days) and / or increase the frequency of
assessment (more beeps per day). Secondly, our methodological approach was to assess
subjective MVPA across the last 2.5 h in order to balance study interest and participant burden.
However, future research might profit from a more fine-grained assessment of PA (e.g. with
regard to kind of activity, individual intensity according to fitness level, etc.) and variability in
recall period (e.g. reporting PA directly when it occurs). This approach might also aid in
mapping subjective PA more closely to the objective PA assessment. Moreover, future studies
could additionally make use of objective physiological markers to examine PA and affect
related biological mechanisms, for instance by means of an ambulatory sampling of cortisol.

Thirdly, because of the monitoring device (and related battery life) the assessment period was
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shorter than the possible smartphone assessment period. Future research might utilise other
kinds of PA tracking like an inbuilt accelerometer in modern smartphones, a wrist-worn fitness

tracker or combinations of smartphone apps and fitness trackers to gather objective PA.

To conclude, the present study shed light on the association between subjective EMA
estimates and objective, heart rate weighted accelerometric PA measures. In this context,
smartphone-based subjective assessment seems a promising and valid method (e.g. Knell et al.,
2017) because of its high practicability and ubiquity. Importantly, a psychological advantage
might be that the above-mentioned awareness of one’s individual extent of PA may be increased
in the course of self-reporting (van Sluijs, van Poppel, Twisk, & Mechelen, 2006) and could
thereby initiate a self-reflective process. Such competence appears to be of great importance
for health-related awareness and increased engagement in PA (Lechner, Bolman, & van Dijke,
2006; Ronda et al., 2001; van Sluijs et al., 2007). Future studies could make use of individual
(bio-) feedback regarding both subjective and objective assessment methods in order to examine
an enhancement of participants’ PA-awareness as a potential form of health beneficial
intervention. As the present study underlines the relevance of subjective perception and
objective measures regarding health behaviour, both sources of data are relevant parts of any
comprehensive monitoring or intervention approach targeting PA and its affect improving

benefits.
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