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Editorial on the Research Topic
Affect in Sports, Physical Activity and Physical Education

Affect is a central theme of scientific inquiry in psychology, since its earliest debut. In recent
years, substantial progress has been made to deepen our knowledge of how affective states (i.e.,
core affect, mood) and emotions influence our lives (Williams et al., 2018; Jekauc et al., 2019;
Giurgiu et al., 2020). As sports, exercise, and physical activity represent behaviors with considerable
properties related to affect, this additional knowledge across several scientific disciplines has the
potential to stimulate research. Currently, emotions and affective states represent an important
topic in sport and exercise psychology that has gained significant prominence in recent years. It
has been speculated that there are three areas of application in the context of sport, exercise, and
educational psychology.

First, the results of several studies suggest that affective constructs have a significant impact on
motivation to adopt a physically active lifestyle (Jekauc and Brand, 2017). Accordingly, evidence
seems to support a hypothesis showing that affective constructs are consistently related to physical
activity (Rhodes et al., 2009; Rhodes and Kates, 2015). Second, emotions are supposed to have a
considerable influence on performance in competitive sports (Kopp and Jekauc, 2018; Fritsch and
Jekauc, 2020). For example, there is ample evidence that certain emotions, such as anxiety, can affect
performance in important competitions (Woodman and Hardy, 2003), although the mechanisms
of action are still unclear. Third, learning processes in physical education are also thought to be
influenced by affective phenomena (Simonton et al.,, 2021). However, this last area of research is
less well-explored.

The aim of this Research Topic was to investigate the relationship between affective processes
and action in these three areas of application. In the context of this Research Topic, it became
clear that the topic of emotions and affective processes plays a much greater role in research in
competitive sports and exercise than in physical education. Eight papers in this Research Topic
addressed aspects of exercise and physical activity, six papers addressed aspects of competitive
sports, and unfortunately, no paper addressed aspects of physical education.
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EXERCISE PSYCHOLOGY

In the field of exercise psychology, affective processes are
considered as determinants of physical activity. Depending on
which paradigm a study is based on, affective processes play
different roles and are assigned to different constructs. While in
the context of the social cognitive approach affective processes
are attributed to cognitive constructs such as affective attitudes or
affective outcome expectancies (French et al., 2005; Conner et al.,
2011), in the context of dual process theories affective processes
are understood as determinants of the implicit processes of
behavior control (Williams and Bohlen, 2019; Strobach et al.,
2020). Several dozen affective constructs now exist that can be
considered as determinants of physical activity. Stevens et al.
attempted to bring some clarity and structure to the discussion
of affective determinants in their narrative review. As the final
product of this review, the authors adapt the Affect and Health
Behavior Framework (Williams and Evans, 2014) for exercise
behavior, with four main categories of affective constructs that
aim to provide an organizing structure in which the many
different affects and affect-related constructs in sport psychology
can be located. This raises the question of whether affective
constructs can be influenced as part of interventions to increase
levels of physical activity. In a meta-analysis, Chen et al. found
that affective constructs can indeed be effectively influenced by
interventions to increase physical activity levels. Positive affective
variables partially mediated intervention effects on physical
activity, and both indirect and direct effects were significant,
implying that other non-affective constructs besides affective
variables play a role in driving health behaviors.

One such mechanism of how affective variables influence
physical activity is habit formation. In their longitudinal study
with many measurement time points, Weyland et al. found that
positive affective states during exercise are significantly involved
in the development of physical activity habits. Therefore, one
strategy to promote health-related habits might be to promote
positive affective states during exercise. Slawinska and Davis
suggest that in addition to the actual affect experienced during
exercise, recalled affect also has an influence on behavioral
control, with the intensity of exercise and time playing a role
in this process. In this context, Box and Petruzzello note
that high-intensity interval exercise is one of the top trends
in the fitness industry and this popularity is likely due to
the affective processes during high-intensity exercise. Another
potential affective determinant of physical activity in young
adults is anticipated shame, which, however, was found to be
an inconsistent predictor in Garn and Simonton’s study. To
explain motivation for physical activity and sedentary behavior,
Stults-Kolehmainen et al. developed the WANT model (Wants
and Aversions for Neuromuscular Tasks) based on findings from
neurophysiological research, which postulates two unrelated
dimensions (wants vs. aversion). To test the assumptions of this
model, Stults-Kolehmainen et al.’s developed a questionnaire to
measure these two dimensions as part of a second paper in this
Research Topic. The results of psychometric analyses seem to
confirm the assumptions of the WANT model and suggest good
psychometric properties.

SPORT PSYCHOLOGY

In the field of sport psychology, emotions can be considered
as determinants of athletic performance. However, until now,
clear evidence based on experimental research has been lacking.
To address this research gap, Giles et al. addressed the research
question of the extent to which approach-oriented emotions (i.e.,
anger) and avoidance-oriented emotions (e.g., fear) could be
systematically manipulated by an intervention and the extent to
which runners’ performances could be influenced by the induced
emotions. The results of the study confirmed the hypothesis that
approach-related emotions could enhance runners’ performance.
In another study, Fritsch et al. investigated the situational
factors influencing emotional expressive behavior in real table
tennis matches. The results showed that the importance of the
situation (e.g., big points) consistently influenced the expression
of positive and negative emotions, whereas the controllability
of the situation did not always influence the athletes’ expressive
behavior. In addition, the results of this study could not confirm
the hypothesis that emotional expression behavior influences the
probability of winning and losing the next point. In another
study, Dong et al. found that systematic use of probiotics, such as
Bifidobacterium animalis subsp. lactic BB-12, could significantly
reduce cognitive and somatic anxiety and led to increased
performance in young divers.

In addition to the question of how emotions arise in sport
and what consequences they have for athletes’ performance,
it is very significant to investigate how emotions can be
effectively regulated. One strategy of emotion regulation is
self-distancing, which was shown to be an effective strategy
for reducing aggressive behavior and negative affect in the
study by Michel-Krohler et al. Two other studies examined
how specific emotions could be measured in the context
of competitive sport. Rice et al. examined the psychometric
properties of the Athletic Perceptions of Performance Scale
when assessing athlete-specific guilt and shame in junior elite
cricketers. The analyses largely confirmed that shame-proneness
mediated the relationship between general and athlete-specific
distress, whereas guilt-proneness was not a significant mediator.
Finally, Han et al. examined the extent to which the mood
profiles identified in many English-language studies could also
be found in other cultural communities. The results of a
study with participants from Singapore could confirm these six
hypothesized mood profiles.

CONCLUSION

In sport and exercise psychology, there is a growing awareness
that emotions influence multiple processes such as motivation,
performance, or learning, and thus have a significant impact on
people’s actions in a sport context. The contributions cover a wide
range of exciting new questions, spanning from the emergence of
emotions in competitive sports to the effects of affective states
on habit formation. However, research in the area of physical
education is comparatively scant and not represented at all within
the scope of this Research Topic. Obviously, our Research Topic
has not reached researchers in physical education and possibly
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such research is difficult and faces many formal obstacles in the
context of schools. Notwithstanding these difficulties, research in
the context of school sports is crucial to our understanding of
emotional processes.

It is noteworthy that a variety of methods have been used in
the contributions to this Research Topic, including correlational,
longitudinal, and experimental designs that include behavioral
and self-report measures. To reach the next level in the study
of affective processes in the context of sport, it will probably
be important to also include objective methods of affect capture
such as skin conductance, heart rate, or hormone concentration
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Mood profiling is a popular method of quantifying and classifying feeling states. Previous
research has identified several novel mood profiles in predominantly Western English-
speaking populations (Parsons-Smith et al., 2017), and replicated the findings in the
domain of sport and exercise (Quartiroli et al., 2018; Terry and Parsons-Smith, 2019).
The aim of the current study was to investigate if six hypothesized clusters of
mood responses were evident in a population of English-speaking sport and non-
sport participants in Singapore. A seeded k-means cluster analysis was applied to
the mood responses of 1,444 participants (991 male, 440 female, 13 unspecified;
aged 18-65 years) who completed the Brunel Mood Scale (BRUMS; Terry et al.,
1999, 2003a). The six hypothesized mood profiles (i.e., iceberg, inverse Everest,
inverse iceberg, shark fin, submerged, and surface profiles) were identified clearly. Chi-
squared analyses showed unequal distribution of the profiles by gender, age group,
ethnicity, education level, and sport participation. Findings support the cross-cultural
generalizability of the six mood profiles in English-speaking sport and non-sport samples
in Singapore and contribute to investigation into the antecedents, correlates, and
consequences of each mood profile.

Keywords: affect, emotion, cluster analysis, mood profiling, BRUMS

INTRODUCTION

Sport psychologists have long been interested in the study of mood and its relationship with
performance. For the purpose of our investigation, mood is defined as “a set of feelings,
ephemeral in nature, varying in intensity and duration, and usually involving more than one
emotion” (Lane and Terry, 2000, p. 17). Morgan (1980) reported that mood responses were
predictive of athletic performance and developed a mental health model proposing that positive
mood is associated with psychological well-being and athletic success, whereas negative mood
is associated with psychopathology and poor performance (Morgan, 1985). The notion that the
iceberg profile, a pattern of mood responses characterized by above average vigor and below
average tension, depression, anger, fatigue, and confusion, was the “test of champions” (Morgan,
1980) gained much traction and spawned a large body of research on the subject (see Rowley
et al., 1995; Beedie et al., 2000). Research subsequently showed that the iceberg profile was the
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typical mood profile reported by athletes, successful or otherwise,
and hence its predictive effectiveness may be more limited than
previously claimed (Renger, 1993; Terry and Lane, 2000).

Athletic performance for some individuals is closely related to
mood but this is not the case for other individuals (Totterdell,
1999; Lane and Chappell, 2001) and therefore the utility of
mood profiling for predicting performance may rely on the
individualized assessment of idiosyncratic mood-performance
relationships (Terry, 1995). Other applications of mood profiling
in sport include assessing risk of burnout by overtraining
(Morgan et al., 1987), screening for risk of eating disorders (Terry
and Galambos, 2004), quantifying the beneficial effects of music
(Terry et al, 2020), and as a catalyst for discussion between
practitioner and athlete to gain insights into performance and
well-being (Terry, 1995).

In addition to the iceberg profile, other distinct mood profiles
have been identified. The inverse iceberg profile, characterized
by below average scores for vigor and above average scores
for tension, depression, anger, fatigue, and confusion, has been
shown to be associated with reduced performance (Budgett,
1998), higher occurrence of athletic injury (Galambos et al.,
2005), and risk of mental health disorders (van Wijk et al,
2013). The Everest profile, a more prominent iceberg profile
characterized by higher vigor scores, and lower tension,
depression, anger, fatigue, and confusion scores, is anecdotally
associated with superior performance (Terry, 1995).

More recent studies (Parsons-Smith et al., 2017; Quartiroli
et al,, 2018) have identified new profiles, referred to as the inverse
Everest, surface, shark fin, and submerged profiles. As described by
Parsons-Smith et al. (2017, pp. 4-5), the inverse Everest profile
is characterized by low vigor scores, high scores for tension
and fatigue, and very high scores for depression, anger, and
confusion. The surface profile is characterized by average scores
for all six mood dimensions. The shark fin profile is characterized
by below average scores for tension, depression, anger, vigor,
and confusion, combined with a high score for fatigue. The
submerged profile is characterized by below average scores for all
six mood dimensions.

To date, research on mood profile clusters has been limited
largely to Western populations. In order to demonstrate the
cross-cultural stability and generalizability of clusters, it is
necessary to identify them in different cultures. Singapore is a
multicultural society whose citizens are mainly of Asian descent,
with the main ethnic groups being Chinese, Malay, and Indian.
Singapore’s multiculturalism is reflected in its official documents
and public signs, which are available in English, Mandarin, Malay,
and Tamil. English is the official language of the country, largely
due to acculturation from previous British colonial rule; hence
English serves as the official medium of instruction in schools
and businesses (Tanzer et al., 1996). As such, the large majority
of Singaporeans, especially those educated in the public schools
since the 1980s, are fluent in the English language.

Our study had two aims: (1) To examine if mood profile
clusters previously reported are also evident in the general
Singapore English-speaking population; and (2) to examine
the distribution of distinct mood profiles across various
demographic variables of interest. Retrieving the hypothesized

mood profile clusters in a Singaporean sample will provide
further support for the validity and generalizability of these mood
profiles, demonstrating their cross-cultural replicability. Mood
profiling as an applied technique has considerable potential
for practitioners to examine relationships between mood and
various outcomes of interest in clinical as well as non-clinical
settings. Clarification of the distribution of mood profiles in
relation to various demographic variables may provide insights
into the design and implementation of potential interventions
and programs to better serve various segments of the Singaporean
population. Results from this study set the stage for further
research in Singapore to explore the practical, clinical, and
theoretical implications of mood profiling.

MATERIALS AND METHODS

Participants

A total of 1,444 Singapore residents participated in the study
(991 male, 440 female, 13 unspecified; age range: 18-65 years).
The ethnic distribution of participants was 80.5% Chinese, 8.2%
Malay, 8.2% Indian, and 2.1% other, which approximates the
ethnic distribution of Singapore as a whole (Department of
Statistics Singapore, 2018). All participants could read and write
in English, which is the first language of most Singaporeans.
A total of 65.4% (n = 945) of respondents participated in sport
either for leisure (n = 514) or competitively (n = 431). Table 1
presents the sample demographics.

Measures

Participants reported relevant demographic information
(gender, age band, ethnicity, education level, sport participation,
participation level) and completed a mood scale. Mood was
assessed using the Brunel Mood Scale (BRUMS; Terry et al,
1999, 2003a), a 24-item scale of basic mood descriptors, in its
original format with the recommended response timeframe of
“How do you feel right now?” (Terry et al., 2005). Participants
rated their responses on a five-point Likert scale (0 = not at all,
1 = a little, 2 = moderately, 3 = quite a bit, and 4 = extremely).
The measure has six subscales (i.e., anger, confusion, depression,
fatigue, tension, and vigor) each with four items, with total
subscale scores ranging from 0 to 16. No total mood disturbance
scores were calculated, as the focus of the study was on the
profiles generated from the six subscale scores. The BRUMS
has been validated across diverse cultures (e.g., Terry et al,
2003b; Zhang et al., 2014) and contexts (e.g., van Wijk
et al, 2013; Sties et al, 2014). Subscales show good internal
consistency, with Cronbach alpha coefficients ranging from
0.74 to 0.90 (Terry et al, 1999). Cross-cultural assessment
of the BRUMS has supported it as a valid measure of mood
in the Singaporean context, and local norms are available
(Han et al.,, 2019).

Procedure

Two methods of data collection were used to recruit English-
speaking Singaporean participants. First, a link to an online
version of the BRUMS, hosted on the university’s eResearch
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TABLE 1 | Sample demographics (N = 1,444).

Source n %

Gender

Male 991 68.6
Female 440 30.5
Unspecified 13 <1

Age band

18-21 507 35.1
22-25 256 17.7
26-30 336 23.3
31-35 140 9.7
36-40 75 5.2
41-45 34 2.4
46-50 22 1.5
51-65 24 1.7
>55 36 2.5
Unspecified 14 1.0
Age group

<25 years 763 52.8
26+ years 667 46.2
Unspecified 14 1.0
Ethnicity

Chinese 1163 80.5
Malay 119 8.2
Indian 118 8.2
Other 31 2.1

Unspecified 13 <1

Education level

Primary/Secondary 70 4.8
JC/IB/Poly/ITE* 873 60.5
University 370 25.6
Postgraduate 93 6.4
Other 18 1.2
Unspecified 20 1.4
Sport participation

Sport 954 66.1
Non-sport 476 33.0
Unspecified 14 1.0
Participation level

Recreational 514 35.6
School/Club 339 23.5
Regional/International 92 6.4
Unspecified 9 <1

#JC, Junior College; IB, International Baccalaureate, Poly, Polytechnic Diploma; ITE,
Institute of Technical Education Certification.

Survey System was distributed to a sample of Singapore
residents using snowball sampling and assistance from the
Singapore Sport Institute, which produced a sample of 695
respondents (48.1% of the total sample). A second group
of participants was recruited at random from a range of
organizations (e.g., schools and workplaces) who completed
a paper-and-pencil version of the BRUMS. Participants were
informed they were part of a research study aimed at
validating a mood scale for use in Singapore, and their

informed consent was sought prior to participation in the study.
This study was conducted in accordance with the Australian
Code for the Responsible Conduct of Research. The protocol
was approved by the Human Research Ethics Committee
at the University of Southern Queensland (USQ; approval
number: HI7REA143).

Data Screening

A total of 13 cases with missing values for the BRUMS were
excluded from the analysis. Data were screened for compliance
with the assumptions of univariate and multivariate normality.
Like previous samples (Parsons-Smith et al., 2017), significant
univariate non-normality was found in some subscales (e.g.,
depression, anger, and tension), consistent with typical mood
subscale distributions. Negative mood scores tended toward
higher numbers at the lower end, and lower numbers at the
upper end (Terry et al.,, 1999). The frequency distributions for
skewness and kurtosis were examined and it was concluded that
deviations from normal distribution were unlikely to make a
substantive difference to the analyses, thus no data were removed.
A total of 45 multivariate outliers were identified according to
a Mahalanobis distance statistic at p < 0.001. A case-by-case
visual inspection suggested that response patterns were plausible.
Given this, all outliers were retained, leaving a final sample of
1,444 respondents.

RESULTS

The results of this study are presented in three parts—cluster
analysis, discriminant function analysis, and distribution of
mood profiles by demographic variables.

Cluster Analysis

The objective of cluster analysis was described by Anderberg
(2014) as the separation of data units or variables into groups
(i.e., clusters), such that the elements within a cluster have a
high degree of natural association and the clusters are relatively
distinct from one another. The Statistical Package for Social
Sciences, version 25 was used to conduct the cluster analysis,
specifically k-means clustering (MacQueen, 1967), a method used
to automatically split a dataset into a specified number of clusters.
Using raw score cluster centroids from Quartiroli et al. (2018) (see
Table 2), a seeded k-means cluster analysis with a prescribed six-
cluster solution was run on the whole sample, and then separated
by sport and non-sport participants. The six clusters previously
identified by Parsons-Smith et al. (2017) and Quartiroli et al.
(2018), referred to as the iceberg profile (23.3% of the sample),
inverse Everest profile (4.8%), inverse iceberg profile (12.2%),
shark fin profile (16.6%), submerged profile (27.3%), and surface
profile (15.9%), were clearly identified in the present sample.
Descriptive statistics of the six-cluster solution are presented in
Table 3, presented as T-scores derived from local norms provided
by Han et al. (2019). The distribution of clusters is similar to that
reported by Parsons-Smith et al. (2017). Visual representations of
the six mood profiles are shown in Figure 1.
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FIGURE 1 | Visual representations of the six mood profiles.
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TABLE 2 | Raw score centroids used in the cluster analysis.

Cluster

Mood dimension 1 2 3 4 5 6

Tension 1.15 10.42 6.34 1.75 1.29 4.58
Depression 0.25 11.19 5.1 1.26 0.59 1.69
Anger 0.41 10.23 4.52 0.95 0.48 2.26
Vigor 10.62 4.69 5.98 414 4.72 9.10
Fatigue 2.39 11.83 8.59 9.97 2.91 4.76
Confusion 0.54 10.75 5.84 1.32 0.90 3.27
1 = iceberg, 2 = inverse Everest, 3 = inverse iceberg, 4 = shark fin,

5 = submerged, 6 = surface.

Discriminant Function Analysis

To explore the clusters further, a post hoc simultaneous multiple
discriminant function analysis (DFA) was conducted to evaluate
how well the clusters were classified. DFA predicts group
membership in naturally occurring groups, based on predictor
variables, and is not affected by unequal sample sizes (Tabachnick
and Fidell, 2013). DFA is a two-step statistical procedure which
involves significance testing of discriminant functions, followed
by a computational process of classification. The ratio of cases
to independent variables was 241 to 1, which far exceeds the
recommended minimum ratio of 20 to 1. The DFA identified
five functions accounting for 100% of the variance with the first
three functions accounting for 98.2% of the variance (Table 4).
A single-factor MANOVA was conducted to assess the between-
cluster differences in subscale scores, which showed a significant
omnibus effect, Wilks’ \ = 0.031, F(30,5734) = 266.04 p < 0.001,

partial 2 = 0.502. Using a Bonferroni-adjusted alpha level
of 0.008, significant univariate effects were confirmed for all
mood dimensions: tension, F(5,1438) = 352.14, p < 0.001,
partial n? = 0.550; depression, F(5,1438) = 609.78, p < 0.001,
partial n? = 0.680; anger, F(5,1438) = 444.98, p < 0.001, partial
n? = 0.607; vigor, F(5,1438) = 347.85, p < 0.001, partial n? = 0.547;
fatigue, F(5,1438) = 667.34, p < 0.001, partial 1> = 0.699;
confusion, F(5,1438) = 539.79, p < 0.001, partial n? = 0.652.

Mood dimensions strongly associated with Function 1 were
high depression, fatigue, confusion, anger, and tension. Function
2 identified high vigor and tension, and low fatigue. Function
3 identified low depression and anger, and high fatigue and
vigor. Table 5 lists all five discriminant functions. The findings
suggest that the distribution overlap was small and the functions
discriminated between clusters with a very high degree of
accuracy, with correct classifications for the iceberg profile at
99.1%, inverse iceberg profile at 89.9%, inverse iceberg at 94.3%,
shark fin profile at 95.4%, submerged profile at 99.5%, and surface
profile at 91.7% (see Table 6). It was found that 96.4% of the cases
were correctly reclassified back into the original clusters, which is
markedly higher than the minimum classification accuracy rate
of 44.9% (i.e., the proportional by chance accuracy +-25%).

Demographic Influences on Mood

Responses

Single-factor MANOVAs were used to provide an initial
assessment of the influence of demographic variables on
mood responses. Participants in the unspecified and “other”
categories were excluded from these analyses. Significant
multivariate variability was found for gender, age group,
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TABLE 3 | Descriptive statistics of the 6-cluster solution (N = 1,444).

Inverse Everest
(n = 69, 4.8%)

Iceberg
(n = 337, 23.3%)

(see Table 8), for gender, age group, ethnicity, level of
education, and sport participation. Adjusted residuals were used
to investigate the source of these differences. The distribution
of mood profiles by the various demographic variables are

Mood dimension M SD  95%Cl M SD  95%Cl elaborated below.
Tension 44.65 4.37 [44.18,4512] 67.40 12.35 [64.44,70.37] Gender
Depression 4430 287 [44.00,44.611 7806 7.97 [76.15,79.98] e distribution of the six mood profiles varied significantly
Anger 45.08 8.42 [44.72,45.45] 77.52 11.55 [74.75,80.30] by gender for all profiles. Males were over-represented
Viglor 89.70 6.04 [59.05,60.38 4520 949 [12.92,47.48] -y iceberg, submerged, and surface profiles, whereas
Fat'gue. 4143 4.97 [40.89,41.96] 64.10 697 [62.43,65.78] £ ales  were over-represented in the inverse Everest,
Confusion 43.83 4.13 [43.39,44.27] 7242 8.76 [70.31,74.52] . . .
inverse iceberg, and shark fin profiles, consistent
Inverse iceberg Shark fin with the findings of Parsons-Smith et al. (2017) and
(n =176, 12.2%) (n =239, 16.6%) Quartiroli et al. (2018).
Mood dimension M  SD 95% ClI M SD 95% ClI Age Group
Tension 6140 9.20 [60.03,62.77] 46.64 590 [45.89,47.39] The distribution of inverse Everest, shark fin, and
Depression 61.69 8.17 [60.47,62.90] 50.06 7.30 [49.13,50.99] submerged profiles was independent of age group.
Anger 60.38 0.58 [58.95, 61.80] 48.65 641 [47.84,49.47] Younger participants (<25 vyears) were over-represented
Vigor 49.52 8.14 [48.31,50.73] 42.48 6.94 [41.59, 43.36]
Fatigue 59.78 7.09 [68.72,60.83] 61.27 5.28 [60.60, 61.94]
Confusion 62.68 822 [61.46,63.00] 48.35 6.41 [47.53,49.17] TABLE 4| Discriminant functions (N = 1,444).
Submerged Surface Discriminant % of Canonical
(n = 394, 27.3%) (n = 229, 15.9%) function Eigenvalue variance Cumulative% correlation
Mood dimension M  SD  95% Cl M sD 95% ClI 1 6.373 74.2 74.2 0.930
2 1.551 18.1 92.3 0.780
Tension 44.43 4.65 [43.97,44.89] 56.96 8.50 [55.85,58.07] 3 0.507 5.9 98.2 0.580
Depression 45.38 4.16 [44.96, 45.79] 48.84 5.92 [48.07, 49.61] 4 0.151 18 100.0 0.363
Anger 4554 4.08 [45.13,4594] 5005 7.03 [49.14,50.97] 0.003 00 1000 0.055
Vigor 42,99 5.72 [42.42,43.55) 57.46 6.94 [56.56, 58.36]
Fatigue 43.80 4.83 [43.32,44.27] 49.77 5.63 [49.03,50.50]
Confusion 4417 454 [43.72,44.62] 5433 645 [53.49,55.17] TVABLES|Structure matrix (N = 1,444).
Table presents T-scores converted from raw scores with reference to local norms Discriminant function
reported by Han et al., 2019.
Mood dimension 1 2 3 4 5
ethnicity, education level, and sport participation (see Table 7)  Tension 0.388 0349  —0030  —0.701* 0.079
but not for participation level, which was excluded from pepression 0.558* 0.091 0411 05090  —0.445
subsequent analyses. Univariate analyses identified many anger 0.469 0165  —0.407 0.371 0.662
significant  between-group differences. Females reported vigor _0.104 0.808* 0.473 0.302 0.137
higher scores for anger, confusion, depression, and fatigue, Fatigue 0529  —0.417 0.720* 0.139 0.088
and lower scores for vigor, compared to males. Younger cConfusion 0.520* 0.282 _0.117 _0.376 —0.311

participants reported higher scores for confusion and tension
than older participants. Malay participants reported higher
anger, confusion, depression, fatigue, and tension scores
than Chinese participants. Participants with up to secondary
education reported lower scores for fatigue and higher scores
for vigor than those with a university education. Those involved
in sport reported lower scores for anger, depression, fatigue,
and tension, and higher scores for vigor, than those not
involved in sport.

Distribution of Mood Profiles by

Demographic Variable

Chi-squared tests were used to assess the distribution of
mood profile clusters according to the demographic variables
of interest. Significant variations in distribution were evident

“Largest absolute correlation between each variable and any discriminant function.

TABLE 6 | Cluster classifications (N = 1,444).

Cluster
Cluster 1 2 3 4 5 6 n %
lceberg 334 0 0 0 3 0 337 99.1
Inverse Everest 0 62 0 0 69 89.9
Inverse iceberg 0 0 166 8 0 2 176 94.3
Shark fin 0 0 228 6 0 239 95.4
Submerged 1 0 0 0 392 1 394 99.5
Surface 11 0 2 0 6 210 229 91.7
1 = iceberg, 2 = inverse Everest, 3 = inverse iceberg, 4 = shark fin,

5 = submerged, 6 = surface.
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TABLE 7 | MANOVA of BRUMS subscales by demographic variables.

Tension Depression Anger Vigor Fatigue Confusion
Source M SD M SD M SD M SD M SD M SD
Gender F(6, 1424) = 17.52"
Male (n = 991) 49.63 9.74 4857t 8.89  48.84t 8.76  50.991 10.00  48.69" 9.45 4927t 9.25
Female (n = 440) 50.89 10.60  53.19 1157  52.64 12.00  47.96 9.68  52.90 1059  51.67 11.39
Age group F(6, 1423) = 11.54"
<25 years (n = 763) 51.35t 10.82  49.96 9.75  49.63 944 4978 1015  50.61 9.95 5091t 10.21
26+ years (n = 667) 48.50 8.79  50.04 10.33  50.43 10.64  50.35 9.80  49.27 10.03  48.99 9.70
Ethnicity F(12, 2784) = 6.43"
Chinese? (n = 1,163) 49.57 973 49.42 945 4943 9.44  4957%° 9.82  49.88 975  49.68 9.72
Malay® (n = 119) 53.8972 11.35  54.81Ta 12.35 550072 12,70 51.15 1058  53.957¢ 1119 5363 11.82
Indian® (n = 118) 51.56 11.43  51.46 177 51147 11.36  53.03 1058  47.94 10.34  50.34 10.74
Level of education F(18, 3951) = 4.52"
Primary/Secondary? (n = 70) 50.29 9.88  50.04 9.92  50.03 9.17 5475 10.56  45.92%b¢ 9.08  48.71 8.87
JC/IB/Poly/ITE® (n = 873) 50.82 10.44  49.56 9.61  49.60 9.73  50.12 9.97  50.20 10.05  50.44 10.01
University® (n = 370) 48.86 935  51.12 10.81  50.76 10.76 48671 9.63  50.71 10.23  49.61 10.39
Postgraduate? (n = 93) 48.09 8.49 4935 1011 50.35 10.31  50.88 1012 4872 913 49.09 9.47
Sport participation F(6, 1423) = 8.86"
Sport (n = 954) 49.41* 948  49.20t 9.33 4927t 931 5107t 10.07  49.43* 958  49.61 9.73
Non-sport (n = 476) 51.22 1096  51.52 11.08  51.46 1120 47.99 952 5111 10.74  50.81 10.54

Table presents T-scores converted from raw scores with reference to local norms reported by Han et al., 2019. *JC = Junior College, IB = International Baccalaureate,

Poly = Polytechnic Diploma, ITE = Institute of Technical Education Certification. *p < 0.008, Tp < 0.001.

TABLE 8 | Distribution of clusters by demographic variables.

Cluster
Source 1 % 2 % 3 % 4 % 5 % 6 %
Gender x2(5, 1431) = 80.817
Male (n = 991) 2565+ 25.8 317= 3.1 94t~ 9.5 1377- 13.8 285+t 28.8 188+ 19.0
Female (n = 440) 805~ 18.2 3gt+ 8.6 g1t+ 18.4 grt+ 22.0 104*~ 23.6 40t- 9.1
Age group x2(5, 1430) = 25.78"
<25 years (n = 763) 1487~ 19.4 32 4.2 1108+ 14.4 127 16.6 205 26.9 1415+ 18.5
26+ years (n = 667) 1871+ 28.0 37 55 655~ 9.7 107 16.0 184 27.6 875~ 13.0
Ethnicity x2(10, 1400) = 38.49"
Chinese (1 = 1,163) 266 22.9 465~ 4.0 1315~ 11.3 200 17.2 3355+ 28.8 185 15.9
Malay (n = 119) 24 20.2 148+ 11.8 255+ 21.0 18 15.1 188~ 15.1 20 16.8
Indian (n = 118) 36 30.5 7 5.9 18 15.3 12 10.2 26 22.0 19 16.1
Level of education x2(15, 1406) = 39.77"
Primary/Secondary (n = 70) 23+ 32.9 3 4.3 4 5.7 5+ 7.1 16 22.9 198+ 27.1
JC/IB/Poly/ITE? (n = 873) 189 216 37 4.2 112 12.8 139 15.9 237 27.1 1595+ 18.2
University (n = 370) 87 23.5 24 6.5 46 12.4 76"+ 20.5 102 27.6 35t 9.5
Postgraduate (n = 93) 28 30.1 5 5.4 9 9.7 11 11.8 28 30.1 12 12.9
Sport participation x2(5, 1430) = 40.32"
Sport (1 = 954) 260"+ 27.3 38* 4.0 g7t- 10.2 148 15.5 244*~ 25.6 167+ 17.5
Non-sport (n = 476) 76t 16.0 31+ 6.5 78t+ 16.4 86 18.1 145+ 30.5 60"~ 12.6

1 = iceberg, 2 = inverse Everest, 3 = inverse iceberg, 4 = shark fin, 5 = submerged, 6 = surface. *JC = Junior College, IB = International Baccalaureate, Poly = Polytechnic

Diploma, ITE = Institute of Technical Education Certification. *p < 0.05, Sp < 0.01, Tpo < 0.001. *over-represented, ~under-represented.

in the inverse iceberg and surface profiles and under-
represented for the iceberg profile. Older participants
(26+ years) were over-represented in the iceberg profile
and under-represented in the inverse iceberg and
surface profiles.

Ethnicity

The distribution of iceberg, shark fin, and surface profiles was
independent of ethnicity. Chinese Singaporeans were over-
represented in the submerged profile and under-represented
in the inverse Everest and inverse iceberg profiles. Malay
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Singaporeans were over-represented in inverse Everest
and inverse iceberg profiles and under-represented in the
submerged profile.

Level of Education

The distribution of the inverse Everest, inverse iceberg, and
submerged profiles was independent of level of education.
Participants with secondary school or below level of education
were over-represented in the iceberg and surface profiles and
under-represented in the shark fin profile. Participants with pre-
university education (JC/IB/Poly/ITE) were over-represented in
the surface profile, whereas those with a university education
were over-represented in the shark fin profile and under-
represented in the surface profile.

Sport Participation

The distribution for the shark fin profile was independent
of sport participation. Those who participated in sport were
over-represented in the iceberg and surface profiles and
under-represented in the inverse Everest, inverse iceberg, and
submerged profiles. Those who did not participate in sport were
over-represented in the inverse Everest, inverse iceberg, and
submerged profiles and under-represented in the iceberg and
surface profiles.

DISCUSSION

Six mood profile clusters previously identified by Parsons-Smith
etal. (2017) and Quartiroli et al. (2018), referred to as the iceberg,
inverse iceberg, inverse Everest, shark fin, submerged, and surface
profiles, were clearly retrieved among our sample of Singaporean
participants, showing a similar structure matrix.

Support for the cross-cultural generalizability of these mood
profiles makes a significant contribution to the literature
on mood profiling and, more specifically, to the validation
of the BRUMS as a tool for mood profiling in Singapore.
The identification of associations between demographic
variables and the incidence of mood profiles across multiple
studies provides support for the use of mood profiling for
various purposes, ranging from screening or monitoring of
mental health to providing a tool to predict performance or
other outcome variables of interest. Our findings enhance
understanding of the association between demographic
variables and mood profiles and may serve as a guide for
practitioners and policy makers in the design of potential
interventions to promote well-being among general as well as
clinical populations.

A noteworthy finding of our study was that men were
over-represented in the more positive iceberg profile whereas
females were over-represented in the more negative inverse
Everest, inverse iceberg, and shark fin profiles. There are
several possible explanations for this gender difference.
First, it has been reported that men and women regulate
mood differently. For example, women are more likely to
ruminate that men, which may influence their reported
mood (Nolen-Hoeksema and Jackson, 2001). Second, there is

a gender difference in hormonal activity (e.g., premenstrual
syndrome, postnatal depression, menopause; Halbreich and
Kahn, 2001) which may make some women more prone to
negative moods. Third, it has been reported that women are
more likely than men to report feeling depressed, sad, anxious,
or nervous  (American Psychological Association, 2012b),
potentially explaining why women were over-represented in
the more negative mood profiles. Finally, males are often
taught from a young age to inhibit expression of emotion
to a greater extent than females (Underwood et al, 1992),
which may explain why males were over-represented for
the submerged profile which has low scores on all six
dimensions of mood.

In relation to age group, younger participants were under-
represented while older participants were over-represented for
the iceberg profile, whereas the reverse was true for the inverse
iceberg profile. This is similar to trends identified in previous
investigations of the age-related incidence of mood profile
clusters (Parsons-Smith et al., 2017; Quartiroli et al., 2018).
Interestingly, the age of onset of mood disorders is typically
around the mid-20s (Kessler et al., 2007) and data from the
Stress in America survey showed younger people report higher
stress levels than older generations and also report that they do
not manage it well (American Psychological Association, 2012a).
These age-related trends in mood responses are worthy of further
investigation in a Singaporean context.

With regard to ethnicity, our findings showed a higher
incidence of negative mood profiles (inverse Everest, inverse
iceberg) among Malay Singaporeans and a lower incidence
among Chinese Singaporeans. Previous studies have found
differences in health status as well as variations in the occurrence
of mood disorders according to ethnicity (Johnson-Lawrence
et al., 2013). Further investigation of ethnic differences in mood
is warranted among the Singaporean population, perhaps by
mapping the incidence of negative mood profiles in our dataset
to the incidence of mental health disorders at the national level.
Such investigations would further inform policy makers and
practitioners on potential preventive or protective measures as
well as interventions for the vulnerable groups.

There were few significant variations in the distribution
of mood profiles related to level of education, although the
relatively small number of participants in the primary/secondary
and postgraduate education groups should be noted. Previous
literature suggests that level of education and socioeconomic
status may have an influence on the mental health of individuals
(Hudson, 2005; Eid et al., 2013) and therefore the relationship
between education level and mood profiles might provide the
focus for future investigations in a Singaporean context.

A significant finding from our study relates to the distribution
of mood profile clusters in relation to participation in
sport. Our findings showed a clear association between sport
participation and mood responses. Those engaged in sport
were over-represented in the positive iceberg mood profile and
under-represented in the more negative inverse Everest, inverse
iceberg, and submerged profiles. This association between sport
participation and positive mood profiles might be related to the
positive effects of sport on mood or the effects of mood on
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physical functioning (Morgan, 1985; Beedie et al., 2000; Terry
and Lane, 2000), although the direction of effects cannot be
ascertained in our study due to its correlational design. The study
also found that a lack of participation in sport was associated
with experiencing negative moods, as evident in the over-
representation of the inverse Everest (the most negative profile,
characterized by high scores for tension and fatigue, combined
with very high scores for depression, anger, and confusion, and
perhaps indicative of psychopathology), inverse iceberg, and
submerged profiles.

Research has increasingly shown physical activity to be an
effective intervention to promote physical and psychological
benefits for both healthy and clinical populations (Penedo
and Dahn, 2005; Thegersen-Ntoumani et al., 2005; Biddle and
Asare, 2011) and our results are certainly consistent with that
burgeoning evidence base. Practitioners can be confident in
the potential for sport and other forms of physical activity to
be effective interventions to enhance mood and health, and
the findings from our study can be used to inform health
programs targeted at the different demographic groups. Given
the inherent benefits of physical activity on mood and well-being,
future studies could adopt experimental designs to evaluate the
effectiveness of specific interventions (e.g., music listening; Terry
et al., 2020) used to encourage and maintain participation in
physical activity, with mood profiling used to evaluate the efficacy
of interventions for promoting positive moods.

Despite our sample size of 1,444 participants, when
participants were distributed across the six mood profiles
the number of participants in some cells was very small (see
Table 8). We acknowledge this as a limitation of our study and
hence some findings, particularly those related to ethnicity and
education level, should be treated with caution. Some of the
less frequently reported profiles, notably the inverse Everest
profile which was reported by fewer than 5% of participants,
would require a much larger overall sample for detailed
exploration. Larger and/or more targeted samples would allow
researchers to investigate if certain profile types, especially
those with a negative orientation, could predict physical or
mental health deficits that might signal the need for detailed
follow-up or intervention. The lack of planned follow-up
with respondents reporting extremely negative mood profiles
was another limitation, given that only email addresses were
recorded, which participants could decline to provide. Future
studies should consider carefully the kind of contact information
to be collected, inform participants of potential follow-ups,
and provide them a brief mood report as well as avenues for
assistance if required.

In summary, when the previous validation of the BRUMS for
use in a Singaporean context (Han et al., 2019) is considered
in tandem with the replication of mood profiles in the present
study, many potential applications of mood profiling are feasible.
The mood profile clusters identified provide local practitioners
with a way to better interpret BRUMS test scores. The utility
and meaningfulness of mood profiles will increase further
once associations are established with objective measures of
performance, behavioral outcomes or mental health indicators.
Such knowledge would inform practitioners how to use mood

profiling more effectively in clinical and non-clinical settings. For
example, practitioners could use mood profiling as a method to
help individuals and teams to build a stronger understanding
of whether certain mood profile types facilitate or debilitate
performance, especially in occupations and work conditions that
are demanding or high-risk, such as military environments, law
enforcement, elite sport, aviation, and so on. There is also the
possibility of using the BRUMS as a screening or monitoring tool
for mental health purposes, once the therapeutic meaningfulness
of each of the six mood profiles is established.

CONCLUSION

The findings of the current study provide evidence that the
mood profile clusters previously reported by Parsons-Smith et al.
(2017) and Quartiroli et al. (2018) are also evident in the
English-speaking Singaporean resident population, confirming
the cross-cultural replicability of the clusters. The current study
raises many research questions for future investigation that
relate to the antecedents, correlates, and consequences of the six
mood profile clusters, and how mood profiling can be used to,
for example, predict performance outcomes or monitor mental
health status. Results from this study set the stage for further
research in Singapore to explore the practical, clinical, and
theoretical implications of mood profiling.
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Emotional states are thought to influence athletic performance. Emotions characterized
by high arousal enhance exercise performance. Extant research has focused on
the valence and arousal dimensions of emotions, but not whether the motivational
dimension (the extent to which the emotion engenders approach or avoidance
behaviors) influences exercise performance. Two studies aimed to determine whether
films and music chosen to induce approach- (i.e., anger), avoidance- (i.e., fear), and
neutral-oriented emotions would successfully induce their intended emotional states
(Study 1) and whether anger and fear emotion inductions would influence 2-mile time
trial performance (Study 2). In Study 1, the films and music successfully induced
their intended emotions. In Study 2, run time and perceived level of exertion did not
differ between emotions across all participants or among faster running participants
per a median split. However, among slower running participants, the anger induction
increased the 2-mile running speed relative to the neutral induction. These findings
suggest that emotions eliciting approach-related motivational states may improve
exercise performance, particularly in slower runners.

Keywords: exercise, motivation, approach, avoidance, emotion

INTRODUCTION

Emotional states are thought to influence athletic performance. Multiple retrospective, cross-
sectional studies suggest that precompetitive emotional states are associated with perceived athletic
performance. For instance, emotional states perceived as under control were thought to facilitate
swimming performance, whereas those perceived as out of control were thought to hinder
performance (Hanton and Connaughton, 2002). Certain pleasant emotions such as interest and
enjoyment and certain unpleasant emotions such as sadness, guilt, and self-hostility predicted
perceived athletic performance (Cerin, 2003). Further, precompetitive unpleasant feelings of anger,
confusion, depression, fatigue, and tension were associated with greater dysfunctional than optimal
performance, whereas pleasant feelings of calmness, happiness, and vigor were associated with
greater optimal than dysfunctional performance (Lane et al., 2010).

Within experimental work evaluating the influence of emotion on anaerobic exercise
performance, relatively high-tempo “arousing” music during a 10-min warm-up increased peak
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anaerobic power (Eliakim et al, 2007; Jarraya et al, 2012).
Similarly, “stimulating” music increased grip strength relative to
“sedative” music (Pearce, 1981; Karageorghis et al., 1996). Other
work has manipulated mood using imagery scripts and emotional
pictures. Peak force produced during isometric leg extensions was
greater following an imagery script intended to induce anger than
those intended to induce happiness or a neutral emotional state
(Woodman et al., 2009). Negative and positive pictures increased
force strength on a handgrip exercise relative to neutral pictures
(Schmidt et al., 2009).

Such results may translate to aerobic exercise performance
as well, as “arousing” music intended to “emotionally charge
up” participants enhanced 60-m dash performance among
collegiate track and field sprinters (Hall and Erickson, 1995).
Other research has found that music perceived as motivating
benefitted self-reported running performance (Lane et al., 2011).
Indeed, whether emotional states are perceived as functional
or not functional may drive their impact on performance.
According to the individual zones of optimal functioning (IZOF)
model, emotions can be pleasant and unpleasant as well as
functionally optimal or dysfunctional (Ruiz et al., 2017). For
instance, experiencing anger and anxiety may alter performance
in optimal and suboptimal ways between individuals and sports
(Ruiz and Hanin, 2011). Thus, the extant literature generally
suggests that arousing emotions, such as anxiety or anger,
enhance exercise performance, but these effects differ across
individuals. However, research has focused on relatively short-
duration, often-anaerobic exercise performance, and the valence
and arousal dimensions of emotions. To our knowledge, no study
has examined the extent to which the motivational dimension of
emotion influences aerobic exercise performance.

Emotional experience is thought to be organized by two
distinct motivational systems: approach and avoidance (Carver,
2006). Anger and fear are two negative-valence, high-arousal
emotions that occur in response to threat, but differ in
the motivation they trigger to approach or avoid the threat
(Newhagen, 1998). In other words, they are similar in valence and
arousal, but differ in the motivational response they engender.
Anger is appraised as a personal offense (Lazarus, 2000). It is
approach-oriented in that it motivates an individual to attack
the threat (Carver and Harmon-Jones, 2009). Fear is appraised
as an impending danger (Lazarus, 2000) and is thus avoidance-
oriented in that it motivates an individual to flee from threat
(Lazarus, 2001; Lee and Lang, 2009).

Different motivational states are known to alter action
dispositions and promote varied behavioral drives (Carver and
Scheier, 1990; Davidson et al., 1990; Bradley, 2000). Traditionally,
positive affect was associated with an approach-related drive,
whereas negative affect was associated with an avoidance-related
drive. However, there are some exceptions to this dissociation,
namely, that within negatively valenced emotional states, fear
can promote avoidance whereas anger can promote approach
(Harmon-Jones and Allen, 1998; Harmon-Jones, 2003; Carver
and Harmon-Jones, 2009). Inducing approach- versus avoidance-
oriented motivational states can alter several aspects of cognitive
and physical performance. For instance, inducing approach-
or avoidance-related motivational states can improve cognitive

control (Savine et al., 2010), and inducing anger can accelerate
approach-related joint-specific and gross motor behaviors
(Marsh et al., 2005; Mayan and Meiran, 2011). Regarding joint-
specific behavior, researchers showed participants approach-
or avoidance-inducing stimuli and found that approach states
facilitated arm extension (reaching toward) and avoidance
facilitated arm flexion (pulling away) (Marsh et al., 2005).
Regarding gross motor behavior, researchers induced anxiety
(avoidance) or anger (approach) and found that participants were
faster to initiate a step forward in the approach versus avoidance
and control conditions (Mayan and Meiran, 2011). Some believe
that the priming of approach-oriented behavior under conditions
of anger is due to a disruption of a broader need to satisfy goals
and an increased drive to behaviorally “push forward” and pursue
those goals (Frijda, 1988). However, it is unknown whether any
such effects of motivational states are robust enough to alter
whole-body aerobic exercise performance.

The present studies fulfill two primary objectives in relation
to this extant research. First, we seek to extend research
examining motivational state influences on behavior, better
isolating the influence of motivational states (in addition to
arousal and valence effects) on behaviors increasingly reflective
of real-world actions (i.e., athletic performance). Second, we
seek to extend research showing the influence of motivational
states on single-joint and step onset-related behaviors by
examining whole-body aerobic exercise. To accomplish these
objectives, we conducted two studies. The first aimed to
determine whether films and music chosen to induce anger,
fear, and neutral emotions would successfully induce those
emotions (Study 1), and the second aimed to determine
whether anger- and fear-associated motivational state inductions
would influence aerobic exercise (in the form of 2-mile time
trial performance) relative to a neutral motivational state
induction (Study 2).

STUDY 1

Methods

Participants

Thirty-four individuals (20 women; age 18-50 years) participated
for monetary compensation of $20 USD per hour (see Table 1).
Informed consent was obtained from all individual participants
included in the study, and both the Tufts University Institutional
Review Board and the Army Human Research Protections Office
approved all procedures.

Research Design

Study 1 used a repeated measures design, with motivational
state induction (approach, avoidance, neutral) as the within-
participants factor. Sample size estimation was based on effect
sizes from Lane et al. (2010) who found that emotional states
were associated with optimal and dysfunctional performance
(np2 = 0.39). Using G*Power (Faul et al., 2007) the necessary
sample size was estimated to be 21 with an alpha level of p = 0.05,
a power of 0.95, using repeated measures analysis of variance
(ANOVA) with two degrees of freedom (Lane et al., 2010).
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TABLE 1 | Study 1 sample characteristics (n = 34).

Mean SD Minimum  Maximum
Age 25.5 7.3 18 50
BMI 25.0 6.0 19.4 41.2
Godin Leisure Time Questionnaire  50.8 28.7 0 107
BAS Drive 8.5 2.5 5 15
BAS Fun Seeking 8.2 2.3 4 14
BAS Reward Responsiveness 7.3 2.6 5 15
BIS 134 3.8 8 21

BMI, body mass index; BAS, Behavioral Activation System,; BIS, Behavioral
Inhibition System.

Measures

The Godin Leisure Time Exercise Questionnaire and Behavioral
Approach System/Behavioral Avoidance System (BAS/BIS) were
administered at the start of the study to capture sample
characteristics. The Discrete Emotions Questionnaire (DEQ) was
administered at multiple time points during each of the three
experimental sessions.

Godin leisure time questionnaire

The Godin Leisure Time Exercise Questionnaire quantified
participants’ activity level and asked participants the number
of times they engaged in strenuous, moderate, and light
exercise for at least 15 min over an average week (Godin and
Shephard, 1985). Weekly frequencies of strenuous, moderate,
and light activities are then multiplied by nine, five, and
three, respectively, to calculate a weekly leisure activity score.
Individuals who score at least 24 are considered active, and those
who score less than 14 are considered inactive (Godin, 2011).
The Godin Leisure Time Questionnaire has been shown to be
valid in classifying individuals as active and insufficiently active
(Amireault and Godin, 2015).

Behavioral approach system/behavioral avoidance system
(BAS/BIS) scales

The BAS/BIS scales evaluated individual differences in approach
and avoidance motivation systems (Carver and White, 1994). The
BIS/BAS scales consist of a single Inhibition scale and Approach
subscales of Reward Responsiveness, Drive, and Fun Seeking.
Participants are asked to respond to 24 items by indicating on
a four-point scale how true each statement is from them (e.g., “I
crave excitement and new sensations” and “I worry about making
mistakes”). The BIS/BAS show adequate internal consistency
reliability (o = 0.66-0.76) (Carver and White, 1994) and test-
retest reliability (ICC = 0.41-0.42) (Schneider et al., 2016).

The discrete emotions questionnaire (DEQ)

The anger and fear subscales of the DEQ measured participants’
self-reported feelings of anger and fear. Participants rated the
extent to which they experienced emotions such as “anger;” “rage,”
and “mad” (anger subscale) and “scared,” “panic,” and “fear” (fear
subscale) on a scale ranging from “Not at all” (1) to “An extreme
amount” (7). These subscales show adequate internal consistency
reliability (o > 0.92) and sensitivity to detect changes in discrete
emotions (Harmon-Jones et al., 2016).

Motivational state induction

Approach  and avoidance motivational states  were
operationalized by experimentally inducing feelings of anger and
fear, based on evidence that anger and fear are both negative-
valence, high-arousal emotions that occur in response to threat,
but differ in the motivation they generate to approach (anger) or
avoid (fear) the threat (Newhagen, 1998). To do so, participants
viewed a series of films previously validated to engender neutral,
fearful, or angry feelings (Betz et al., 2015). Four film clips
(11 min, 17 s) used to induce anger included news stories of
sexual and verbal harassment and gang violence, and a movie
featuring verbal child abuse. Three film clips (11 min, 47 s)
used to induce fear included individuals being chased by unseen
threats and unexpected appearances of ghost-like individuals.
Three film clips (9 min, 35 s) used to induce a neutral emotional
state included a lesson on descriptive statistics, office discussions,
and a bowling competition. To extend the motivational state
induction, participants listened to music that was also validated
to evoke neutral, fearful, or angry feelings (Ford et al., 2010). The
music consisted of 5-min instrumental pieces played on repeat.

Procedure

First, informed consent was obtained from all individual
participants. Participants then completed the Godin Leisure
Time Questionnaire and the BAS/BIS scales. Participants then
completed a baseline DEQ. Participants watched the neutral-,
anger-, or fear-inducing films. They then completed a DEQ
immediately following the films. Next, the neutral-, anger-, or
fear-inducing music was started, which continued for the next
30 min. During this time, participants completed the DEQ every
5 min. The three test sessions were spaced at least 1 day apart
and were identical except for the motivational state induction.
Following the third test session, participants were fully debriefed
and compensated for their participation.

Statistical Methods

The DEQ was analyzed using a repeated measures ANOVA with
motivational state induction (Neutral, Anger, Fear), and Time
(Pre-Induction, Minutes 0, 5, 10, 15, 20, 25, 30 Post-Induction)
as within-participant factors.

An effect was deemed statistically significant if the likelihood
of its occurrence by chance was p < 0.05. When sphericity
was violated, Greenhouse—Geisser corrected p-values were used.
When an ANOVA yielded a significant main effect, post hoc tests
using the Bonferroni correction were conducted. Effect sizes are
reported as 1> for ANOVAs and Cohen’s dz for t-tests (Lakens,
2013). All statistical analyses described above were performed
using SPSS 21.0.

Results

Analysis of self-reported anger showed main effects of
motivational state induction, F(2,66) = 17.671, p < 0.001
(n? = 0.261), and time, F(7,231) = 7.840, p < 0.001 (n2 = 0.057),
which were qualified by a motivational state induction by time
interaction, F(14,462) = 8.293, p < 0.001 (1% =0.111); see Table 2.
Follow-up tests showed that self-reported anger was greater
during the anger than neutral or fear induction immediately
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TABLE 2 | Study 1 self-reported anger and fear before, during, and after anger, fear, and neutral motivational state inductions (n = 34).

Self-reported anger

Self-reported fear

Mean SEM Min Max Mean SEM Min Max

Anger induction film Pre-induction 1.16 0.07 1.00 2.75 1.13 0.05 1.00 2.00
0 min Post-induction 3.49 0.28 1.00 7.00 1.88 0.19 1.00 5.00

5 min Post-induction 2.03 0.22 1.00 5.33 1.55 0.18 1.00 5.75

10 min Post-induction 2.08 0.28 1.00 7.00 1.51 0.19 1.00 5.75

15 min Post-induction 2.18 0.32 1.00 6.67 1.61 0.21 1.00 6.00

20 min Post-induction 2.22 0.32 1.00 7.00 1.60 0.22 1.00 6.00

25 min Post-induction 2.25 0.33 1.00 7.00 1.63 0.20 1.00 6.25

30 min Post-induction 2.27 0.33 1.00 7.00 1.68 0.24 1.00 6.00

Fear induction film Pre-induction 1.28 0.14 1.00 5.25 117 0.10 1.00 3.75
0 min Post-induction 1.39 0.11 1.00 3.33 3.25 0.32 1.00 7.00

5 min Post-induction 1.30 0.15 1.00 6.00 2.04 0.22 1.00 5.75

10 min Post-induction 1.53 0.20 1.00 6.67 1.85 0.20 1.00 5.00

15 min Post-induction 1.38 0.15 1.00 5.67 1.65 0.19 1.00 5.75

20 min Post-induction 1.35 0.14 1.00 5.00 1.43 0.16 1.00 4.75

25 min Post-induction 1.47 0.19 1.00 6.33 1.43 0.20 1.00 6.75

30 min Post-induction 1.70 0.25 1.00 7.00 1.41 0.17 1.00 4.75

Neutral induction film pre-induction 1.29 0.12 1.00 4.67 1.25 0.10 1.00 3.25
0 min Post-induction 1.15 0.10 1.00 4.00 1.07 0.03 1.00 1.75

5 min Post-induction 1.10 0.05 1.00 2.33 1.04 0.03 1.00 1.75

10 min Post-induction 1.10 0.06 1.00 2.67 1.07 0.04 1.00 1.75

15 min Post-induction 1.14 0.07 1.00 2.67 1.07 0.03 1.00 1.75

20 min Post-induction 1.23 0.11 1.00 4.33 1.05 0.03 1.00 2.00

25 min Post-induction 1.16 0.07 1.00 2.75 1.10 0.04 1.00 2.00

30 min Post-induction 1.27 0.10 1.00 3.25 1.07 0.03 1.00 1.75

SEM, standard error of the mean.

through 25 min following the films (p-values < 0.01). Thirty
minutes following the films, self-reported anger was greater
during the anger than neutral induction (p = 0.003), but did
not differ between the anger and fear induction (p = 0.081).
Self-reported anger did not differ across motivational state
inductions before inductions (p = 0.61).

Analysis of self-reported fear showed main effects of
motivational state induction, F(2,66) = 13.534, p < 0.001
(n? =0.113), and time, F(7,231) = 14.874, p < 0.001 (n? = 0.080),
which were qualified by a motivational state induction by time
interaction, F(14,462) = 14.839, p < 0.001 (% = 0.109). Follow-
up tests showed that self-reported fear was greater during
the fear than neutral or anger induction immediately through
10 min following the films (p-values < 0.001). Self-reported
fear was greater during the fear than neutral condition 15,
20, and 30 min following the films (p-values < 0.05), but
did not differ between fear and anger at these time points
(p-values > 0.15).

Discussion

As expected, the anger- and fear-inducing films and music
increased self-reported anger and fear, respectively. Specifically,
anger-inducing films and music resulted in higher self-reported
anger than fear for at least 25 min following viewing the
films. Similarly, fear-inducing films and music resulted in higher
self-reported fear than anger for at least 10 min following

viewing the films. Both inductions increased their intended
emotions relative to neutral for the entire 30 min. Such
findings suggest that the chosen films and music will similarly
induce anger and fear states throughout the 2-mile time trial
in Study 2, given that the median pace in 5-km races is
9:16 min per mile in men and 11:15 min per mile in women
(Douglas and Fuehrer, 2014).

STUDY 2

Methods

Participants

Thirty-four individuals (19 women; age 18-35 years) participated
for monetary compensation of US$150 (see Table 3). All
participants exercised for at least 30 min of moderate-
intensity cardiorespiratory exercise 5 or more days per week,
or at least 20 min of vigorous-intensity cardiorespiratory
exercise for at least 3 days per week (Garber et al, 2011),
and ran at least 2 consecutive miles in 2 weeks prior to
their participation. Participants also had healthy vision and
hearing, were not pregnant or nursing, and did not have any
contraindications to exercise such as orthopedic injuries, heart
or lung problems, or asthma. Informed consent was obtained
from all individual participants included in the study, and both
the United States Army Research, Development, and Engineering
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TABLE 3 | Study 2 sample characteristics (n = 34).

Mean SD Minimum Maximum
Age 24.9 4.8 18 34
BMI 21.5 2.3 18.0 29.3
Cardiorespiratory exercise 284.8 192.4 60 1086
(minutes/week)
Longest weekly run (miles) 6.5 5.6 2 33
Godin Leisure Time 68.8 17.4 38 101
Questionnaire
BAS Drive 8.1 2.3 4 14
BAS Fun Seeking 7.3 21 4 12
BAS Reward 7.3 1.9 5 12
Responsiveness
BIS 14.4 3.2 8 20

BMI, body mass index; BAS, Behavioral Activation System, BIS, Behavioral
Inhibition System.

Command and the Tufts University Institutional Review Board
approved all procedures.

Research Design

Study 2 used a repeated measures design, with motivational
state induction (approach, avoidance, neutral) and Time (Pre-
Induction, Post-Induction, Mile 1, Post-Cool-down, Post-
Recovery) as within-participant factors. Sample size estimation
was identical to Experiment 1, with the necessary sample size of
21 (Lane et al., 2010).

Measures

As in Study 1, the Godin Leisure Time Exercise Questionnaire
and BAS/BIS were administered at the start of the study
to capture sample characteristics. The DEQ and Borg Rated
Perceived Exertion (RPE) Scale were before, during, and after
exercise to measure endurance exercise experience. Approach
and avoidance motivational states were experimentally induced
using the same films and music as Study 1.

Borg rated perceived exertion (RPE) scale

This commonly used one-item self-report scale measures
perceived physical exertion (Borg, 1982). Participants were told,
“Choose the number that best describes your level of exertion,”
on a scale ranging from “no exertion at all” (6) to “maximal
exertion” (20).

Two-mile time trial

Participants first warmed up for 5 min by walking at 2.5 miles per
hour (MPH). After 5 min, they ran for 2 miles at a self-selected
pace intended to mimic race conditions. After 2 miles, they
cooled down by walking at 2.5 MPH for 5 min and then sat quietly
for a 15-minute recovery period. The 2-mile time trial was chosen
as it is a common test of physical fitness (e.g., it is a component
of the Army Physical Fitness test; Knapik and East, 2014) and
is highly correlated with maximal oxygen consumption, a test
of aerobic fitness capacity (Mello et al., 1987). Participants were
given the following instructions before beginning the time trial:

“You will now complete a 2-mile time trial. You will run
for 2 miles. Your goal is to complete the 2 miles as quickly

as possible. You should also run within a pace that you feel
you can safely maintain, that is, we do not want you to run
at a pace that may cause you to trip or in any way injure
yourself. Your cumulative distance will be displayed on the
treadmill, but your pace and time will be hidden. You will be
asked to complete two questionnaires while running, when
you finish the first mile, which will ask about your level
of physical exertion and emotions. You will answer these
questions using the keypad on the treadmill. Do you have
any questions?”

Procedure

First, informed consent was obtained from all individual
participants. Participants were then screened for eligibility.
If selected to participate, they completed the Godin Leisure
Time Questionnaire and the BAS/BIS scales. Participants then
donned a heart rate monitor and completed a baseline DEQ.
Participants watched the neutral-, anger-, or fear-inducing
films and completed the DEQ and RPE. Next, the neutral-,
anger-, or fear-inducing music was started, and participants
warmed up at a slow speed (2.5 MPH) for 5 min. Participants
completed a 2-mile time trial, during which they completed
the DEQ and RPE at mile 1. Participants then cooled down
at 2.5 MPH for 5 min and completed the DEQ and RPE.
The music was stopped, and participants sat quietly for a
15-min recovery period, during which time they had no
access to distractions such as technology or reading material.
Following recovery, participants completed a final DEQ and
RPE, and watched a short positive film intended to reverse
any negative emotions induced by the films and music (see
Figure 1 for schematic representation of the study schedule).
Throughout the test sessions, heart rate data were collected
using Polar telemetry (Polar RS800CX). The three test sessions
were spaced at least 1 week apart and were identical except
for the motivational state induction. Following the third test
session, participants were fully debriefed and compensated for
their participation.

To reduce diurnal variation in cognitive and physical
performance, test sessions were scheduled at the approximate
same time of day within participants (£1 h). To reduce
the influence of hydration status on physical performance,
participants asked to consume !> L of water
the night before a test session, and !> L of water the
morning of a test session. Participants were also required
to consume at least one meal prior to a morning test
session (i.e., breakfast) and at least two meals prior to an
afternoon test session (i.e., breakfast, lunch). They were
asked to abstain from alcohol intake for 24 h prior to
the experiment.

were

Statistical Methods

Discrete Emotions Questionnaire, RPE, heart rate, and
2-mile run time were analyzed using repeated measures
ANOVAs with motivational state induction (Neutral, Anger,
Fear) and, where appropriate, Time (Pre-Induction, Post-
Induction, Mile 1, Post-Cool-Down, Post-Recovery) as
within-participant factors.
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FIGURE 1 | Schematic of Study 2 schedule.

Results

Two-Mile Run Time

Across all participants, the 2-mile run time did not differ across
motivational state induction (p = 0.331). In order to determine
whether motivation states differentially influenced faster versus
slower runners (Baldari et al., 2010), the 2-mile run times during
the neutral condition were divided into fast and slow using the
median splits method (the median cutoff point was 17:43 min),
resulting in 17 participants (seven women, 10 men) with fast run
times and 17 participants (12 women, five men) with slow run
times. Among the faster participants, the 2-mile run time did
not differ across motivational state induction (p = 0.448). Among
slower participants, the anger induction reduced the 2-mile run
time relative to the neutral induction, but did not differ from
the fear induction, F(2,32) = 3.786, p = 0.033 (n? = 0.191); see
Figure 2.

RPE

Rated Perceived Exertion was greater at mile 1 and upon
completion of the cool-down than before the warm-up, but did
not differ between before the warm-up and after the 15-min
recovery period, F(3,99) = 104.130, p < 0.001 (n? = 0.661).
RPE did not differ as a function of motivation state induction
or motivational state induction by time (p’s > 0.33). RPE did
not differ between the faster and slower participants (all p-
values > 0.38).

DEQ

Analysis of self-reported anger showed main effects of
motivational state induction, F(2,66) = 30.664, p < 0.001
(n? =0.135), and time, F(4,132) = 24.897, p < 0.001 (2 = 0.105),
which were qualified by a motivational state induction by
time interaction, F(8,264) = 27.920, p < 0.001 (m? = 0.218);
see Table 4. Follow-up tests showed that self-reported anger

was greater during the anger than neutral or fear induction
immediately following the films, F(2,66) = 79.391, p < 0.001
(n? =0.706), and at mile 1, F(2,66) = 8.035, p = 0.001 (n? = 0.040),
and self-reported anger was greater during the anger than fear
induction upon completion of the cool-down, F(2,66) = 3.735,
p =0.029 (n? = 0.030). Self-reported anger did not differ across
motivational state inductions before inductions or after the
15-min recovery (p’s > 0.29).

Analysis of self-reported fear showed main effects of
motivational state induction, F(2,66) = 15.415, p < 0.001
(n? =0.072), and time, F(4,132) = 34.274, p < 0.001 (2 = 0.166),
which were qualified by a motivational state induction by time
interaction, F(8,264) = 22.025, p < 0.001 (n? = 0.179). Follow-
up tests showed that self-reported fear was greater during the
fear than neutral or anger induction immediately following the
films, F(2,66) = 32.325, p < 0.001 (n? = 0.780), but not other time
points (p’s > 0.06).

HR

HR was missing for two participants due to the dropped signal
by the HR monitor. HR was lower during the motivational state
induction than all subsequent time points, and higher during the
run than all other time points, F(4,124) = 885.496, p < 0.001
(n? = 0.919). HR did not differ as a function of motivation state
induction or motivational state induction by time (p’s > 0.11).

Discussion

Study 2 examined whether experimentally induced approach-
and avoidance-oriented motivational states would influence
running performance on a 2-mile time trial. All participants were
regular exercisers, who scored at least 38 on the Godin Leisure
Time Questionnaire, where a score of 24 is considered “active”
(Amireault and Godin, 2015). They watched films validated in
Study 1 to induce fear, anger, and neutral emotions, and then ran
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FIGURE 2 | Two mile run time means (SEM) for each motivational state induction and running speed.
TABLE 4 | Study 2 self-reported anger and fear (n = 34).
Self-reported anger Self-reported fear
Mean SEM Min Max Mean SEM Min Max
Anger induction Pre-induction 1.08 0.04 1.00 2.00 1.02 0.01 1.00 1.25
Post-induction 2.85 0.18 1.00 4.75 1.48 0.13 1.00 4.00
Mile 1 1.65 0.13 1.00 3.75 1.35 0.14 1.00 4.50
Post-cool-down 1.52 0.17 1.00 4.75 1.33 0.13 1.00 4.00
Post-recovery 1.15 0.08 1.00 3.50 1.17 0.12 1.00 4.75
Fear induction Pre-induction 1.17 0.10 1.00 4.00 1.08 0.04 1.00 2.25
Post-induction 1.1 0.07 1.00 3.00 3.16 0.28 1.00 6.00
Mile 1 1.21 0.07 1.00 2.50 1.38 0.12 1.00 3.50
Post-cool-down 1.13 0.06 1.00 2.25 1.40 0.16 1.00 4.75
Post-recovery 1.04 0.02 1.00 1.75 1.10 0.07 1.00 3.25
Neutral induction Pre-induction 1.05 0.04 1.00 2.00 1.07 0.04 1.00 2.00
Post-induction 1.08 0.04 1.00 2.00 1.20 0.11 1.00 3.75
Mile 1 1.26 0.08 1.00 2.50 1.22 0.07 1.00 2.50
Post-cool-down 1.20 0.08 1.00 2.75 1.08 0.05 1.00 2.50
Post-recovery 1.15 0.07 1.00 2.75 1.03 0.038 1.00 2.00

SEM, standard error of the mean.

2 miles as fast as possible while listening to music validated to
induce the same emotions.

Results revealed that anger enhanced 2-mile time trial
performance among participants whose 2-mile run times fell
above (i.e., were slower than) the median during the neutral
condition. Anger or fear did not influence the 2-mile time
trial performance among participants whose times fell below
(i.e., were faster than) the median or the sample as a whole.
The results support previous research that music intended to
increase emotional arousal enhanced aerobic and anaerobic
exercise performance (Hall and Erickson, 1995; Karageorghis
et al, 1996; Eliakim et al., 2007; Jarraya et al., 2012). The
results also support the findings that less-active individuals

experienced longer times to exhaustion when they listened
to fast-tempo music than no music, whereas more-active
individuals experienced no such effect of music (Baldari et al.,
2010). The results extend this research by suggesting that
the arousal component of emotions cannot entirely account
for the results, as both our anger and fear inductions were
characterized as high arousal, negative valence emotions. Our
findings suggest that motivational states elicited may differentiate
emotional states regarding their effects on athletic performance
in certain individuals, but that there is no clear effect of
the two motivational state components on 2-mile run times.
This finding complements the work done with single-joint
and gross motor behavior, and extends it to the domain of
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whole-body aerobic exercise, a behavior that characterizes many
people’s daily lives. The results may also support research showing
that viewing a competitive sprint cycling task, the Wingate test,
as a challenge enhanced performance relative to viewing it as
a threat (Wood et al., 2018). However, the findings should be
interpreted with caution, as we did not find effects of anger across
the sample as a whole, and did not include a measure of physical
fitness such as maximum oxygen update (VO2;,4yx) to differentiate
participants on the basis of aerobic capacity.

Rated perceived exertion did not differ between motivational
state conditions or between faster and slower participants.
Previous research has suggested that certain emotions, such as
viewing positive relative to neutral pictures, reduced perceived
exertion during exercise (Schmidt et al, 2009). Research
comparing listening to music to no music has also found reduced
perceived exertion across a range of music genres and exercise
intensities (Szmedra and Bacharach, 1998; Potteiger et al., 2000;
Yamashita et al., 2006). Thus, it is possible that listening to
any music, regardless of the emotional or motivational state it
engenders, benefits exertion responses to exercise.

Self-reported emotion showed that participants felt more
anger than fear throughout the run and cool-down during the
anger induction. However, their feelings of fear relative to anger
dissipated by the first mile of the run. Given that the fear
induction persisted for at least 10 min relative to anger, and
at least 30 min to neutral in Study 1, it is possible that the
2-mile time trial itself mitigated emotional responses to fear.
Although, to our knowledge, no research has examined the effect
of exercise on feelings of fear, the findings support research
indicating that exercise reduces state anxiety (Petruzzello et al.,
1991; Ensari et al., 2015). Research employing the Profile of Mood
States has also found reductions in the anger-hostility subscale
following exercise (Berger and Motl, 2000). The present research
was not designed to test the influence of exercise on fear and
anger states, but may provide preliminary evidence that exercise
ameliorates emotions that elicit avoidance-oriented motivational
states such as fear.

The emotion inductions elicited relatively low levels of anger
and fear. Indeed, on a scale ranging from 1 (“Not at all”)
to 7 (“An extreme amount”), participants’ self-reported anger
averaged 3.5 immediately after watching the anger-inducing
films, and their self-reported fear averaged 3.25 immediately after
the fear-inducing films. Laboratory or real life events, such as
embarking on a run frustrated over racial inequities or fearful for
a family members’ health, that elicit these emotional-triggering
motivational states to a greater degree may have great effects on
athletic performance.
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Young adults face numerous barriers that can undermine their engagement in healthy
behaviors. For example, young adults on average experience disproportionally large
declines in physical activity (PA) participation compared to other demographic groups.
Self-evaluation processes may help explain these declines. This study investigated young
adults’ weekly trajectories of moderate physical activity, exploring self-evaluation processes,
including self-efficacy and shame as time-varying covariates. A total of 71 young adults
(Mage = 21.25, SD = 1.18; 55% male) reported moderate physical activity, exercise self-
efficacy, and anticipated shame toward exercise once a week for 5 weeks. Latent growth
curve models showed that a linear slope fit these data better than alternative models.
Parameters of the linear model revealed that these young adults reported engaging in
40 min of moderate PA approximately 3 days per week. However, there were physical
activity differences in initial levels and rates of change. Exercise self-efficacy consistently
predicted physical activity in a positive direction and with a small-to-medium magnitude.
Anticipated shame was an inconsistent predictor of physical activity, showing a negative
direction and small magnitude at time one and on average across the 5 weeks. These
findings highlight considerable variability in young adults’ short-term trajectories of physical
activity and underscore both positive and negative processes of exercise related self-
evaluations. Future physical activity interventions targeting young adults should incorporate
strategies that enhance self-efficacy (e.g., mastery experiences) and reduce feelings of
shame (e.g., attribution training).

Keywords: emotions, exercise, motivation, self-efficacy, shame

INTRODUCTION

Regular participation in physical activity (PA) is a lifestyle habit that enhances physiological and
psychosocial wellbeing across all segments of the population (United States Department of Health
and Human Services, 2018). Regular PA also reduces risk for developing non-communicable
diseases that can reduce quality of life and cause mortality (Piercy et al., 2018). In fact, evidence
underscores increasing rates of preventable risk factors such as obesity and cardiovascular disease
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in younger populations (Wittekind et al, 2018). Young adults
are one segment of the population who, on average, experience
disproportionally large declines in regular PA during the transition
from adolescence (Zick et al., 2007; Kwan et al., 2012). Among
different segments of the young adult population, those who
enroll in post-secondary education appear to be at greatest risk
for experiencing declines in PA (Bray and Born, 2004). According
to American College Health Association (2020), less than half
of college and university students in the United States meet PA
recommended guidelines related to aerobic activity and less than
40% related to muscular strength and endurance. In fact, evidence
suggests that college and university students throughout the
world often fail to meet PA guidelines (Haase et al., 2004).
PA participation is a complex endeavor; therefore, explaining
declines in young adults’ PA is a difficult process. Combinations
of environmental and biopsychosocial factors potentially cause
variations in both short-term and long-term PA patterns. In
general, many young adults who attend college or university
experience major life changes such as moving away from home
for the first time, having greater independence in day-to-day
decision making, and experiencing changes in peer groups
that for many appear to undermine health (Pullman et al,
2009; Deforche et al., 2015). Other factors such as work and/
or school demands, sickness, competence beliefs, weather, access
to facilities, and social support can facilitate or disrupt young
adults’ PA on a daily, weekly, monthly, and/or yearly interval.
Although evidence suggests that many college and university
students fail to meet PA guidelines (Haase et al.,, 2004), there
remain gaps to understanding how young adults’ engagement
in PA changes over time. For example, cross-sectional studies
provide no information on changes in young adults’ PA behavior
(e.g., Drenowatz et al, 2015). Intervention studies provide
important information on how young adults PA behavior
changes under controlled conditions but rarely explores intra-
individual changes (e.g., Fiebert et al, 2004). Furthermore,
these studies often assume homogeneity in PA behavior within
the sample at baseline. There is a clear need for investigating
within person trajectories of young adults’ PA, including naturally
occurring factors that may help explain individual patterns
(Lemoyne et al., 2016). Currently there is conflicting evidence
on the nature of change in young adults PA with research
demonstrating both increases (Lemoyne et al, 2016) and
decreases (Lounassalo et al,, 2019) over time. In this study,
we investigate young adults’ weekly PA trajectories, examining
whether self-evaluation processes help explain individual
differences in these trajectories. Specifically, we explore two
self-evaluation processes (Tracy and Robins, 2004; Baldwin
et al., 2006): exercise self-efficacy and anticipated shame. In
the paragraphs below, we define exercise self-efficacy and
anticipated shame within the context of self-evaluation; describe
how self-evaluation links to health behaviors such as PA; and
outline the purpose and specific hypotheses of the study.

Self-Evaluation and Physical Activity

People strive to maintain a positive sense of self, seeking out
opportunities that facilitate positive and avoiding situations that
produce negative self-evaluations (Baumeister, 1999; Marsh, 1990).

Theorists suggest self-evaluation processes such as self-efficacy
and shame influence how individuals interpret, act, and react
within their environment (Bandura, 2004; Baldwin et al., 2006).
Self-evaluation provides a common link between self-efficacy
and shame. Bandura (1997) defines self-efficacy as one’s beliefs
about capabilities to engage in behaviors that lead to specific
performance achievements. Individuals rely on self-evaluation
(e.g., “do I have the capability to run a mile in 8:00 min?”)
when making judgments about their self-efficacy (Bandura,
2004). Shame also requires self-evaluation, representing a self-
conscious, negative emotion whereby individuals believe they
have or will fail to meet an internal and/or external standard,
resulting in self-degradation (Tracy and Robins, 2004). Self-
efficacy is central to health behaviors because people have
little incentive to take action and persist unless they believe
in their abilities to produce desired outcomes (Bandura, 2004).
Likewise, feelings of shame can reduce health behaviors through
ambivalence, aversion, and withdraw (Danielson et al., 2016).
Together, self-efficacy (ie., can I do it?) and shame (i.e., how
will T feel if T fail to do it?) reflect common cognitive and
emotional self-evaluation processes that direct behavioral
engagement and previous research establishes connections
between self-evaluation and various health behaviors,
including PA (Castonguay et al., 2017).

Self-efficacy is arguably the single strongest self-evaluation
determinant of PA adoption, adherence, and maintenance
(McAuley and Blissmer, 2000; Wallace et al., 2000; Amireault
et al, 2012). This evidence is robust across different
demographics, time intervals, parameters of PA, study designs,
and study contexts. For example, PA studies demonstrate that
self-efficacy consistently enhances future PA in youth (Dishman
et al., 2004), young adults (Parschau et al., 2012; Farren et al,,
2017), adults (Dallow and Anderson, 2003), and older adults
(Clark, 1996). However, Anderson-Bill et al. (2011) revealed
that exercise self-efficacy tends to decline with age. Research
also demonstrates that self-efficacy predicts changes in both
short-term (Courneya and McAuley, 1994) and long-term
(Amireault et al., 2012) PA. Courneya and McAuley (1994)
also reported self-efficacy as a predictor of both frequency
and intensity of PA in young adults.

Both observational (e.g., Farren et al., 2017) and intervention
studies (e.g., McAuley et al., 2012) consistently highlight the
importance of self-efficacy in relation to PA. For example, in
a review of PA interventions (n = 20), Williams and French
(2011) reported that the correlation between changes in self-
efficacy and changes in PA was robust (r = 0.69). Self-efficacy
is also a crucial determinant of PA maintenance. In a meta-
analysis study of PA intervention studies conducted by Amireault
et al. (2012), participants with higher levels of self-efficacy at
baseline were more likely to be physically active and less likely
to relapse 6 or more months post intervention. Finally, using
self-efficacy as a tool for promoting PA can be across a variety
of contexts, including school (Dishman et al, 2004), faith
(Anderson-Bill et al., 2011), health (Maddison et al.,, 2014),
and leisure (Farren et al., 2017) settings.

Self-efficacy is also theorized to affect other psychosocial
factors of health behaviors such as goal setting and intentions
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(Bandura, 2004; Buchan et al., 2012) as well as affective responses
(Magnan et al., 2013). Collectively, these robust links between
self-efficacy and PA make it a central factor in the investigation
of health behaviors. However, a majority of these studies has
focused on the ability of self-efficacy to explain inter-individual
differences in PA (Buchan et al., 2012). In other words, most
studies examine how self-efficacy relates to differences or the
average magnitude of change between groups of people. Few
studies explore how self-efficacy relates to intra-individual
changes in PA. This is a different research question that can
potentially help uncover how well self-efficacy explains PA
changes and its heterogeneity within individuals. This type of
approach provides a dynamic perspective of understanding
behavior change processes (Reuter et al., 2010).

Another appealing characteristic of focusing on self-efficacy
to understand health behavior such as PA is the clear theoretical
underpinnings that outline its enhancement. These characteristics
include primary and vicarious experiences, verbal persuasion,
and affective/physiological states (Bandura, 1997). Previous
experiences, especially those considered successful, are
considered the most prominent source of self-efficacy according
to Bandura. Vicarious experiences represent the potential
inspiration one gets from the observations of other people’s
behavioral engagement. Verbal persuasion is a source of self-
efficacy stemming from receiving positive feedback from others.
Finally, affective and physiological states are the feelings one
associates with their behavior. For example, this might be the
vigor or enjoyment one links to PA. Meta-analysis studies
suggest that mastery experiences, vicarious experiences, and
verbal persuasion are the strongest sources for promoting PA
self-efficacy (Ashford et al., 2010; Williams and French, 2011).
Williams and French (2011) also highlighted the strategy of
planning when, where, and how to be physically active when
trying to boost self-efficacy.

While self-efficacy is arguably the most prominent self-
evaluation process related to enhancing PA (McAuley et al,
2012), less is known about links between shame and PA.
However, research is starting to highlight the salience of shame
in undermining PA (Sabiston et al., 2010; Gilchrist et al., 2017).
Emotions such as shame create multidimensional response
tendencies over a relatively short period of time (Fredrickson,
2001). Emotions stem from personally meaningful appraisals
of an object. For example, an individual invited to attend a
new gym who anticipates experiencing scrutiny because of
poor fitness is likely to avoid the situation (e.g., make up an
excuse not to go). In this case, potentially losing social status
in the eyes of others by showing incompetence is the object
that provokes anticipated shame (Tracy and Robins, 2004).
Common response tendencies associated with shame are thought
to be disruptive, including avoidance, withdrawal, passiveness,
and self-loathing (Gilbert, 1997; Haidt, 2003). However, some
evidence suggests that shame can promote approach-oriented
interpersonal responses such as cooperation and pro-social
behavior (De Hooge et al, 2011).

In terms of PA, Sabiston et al. (2010) revealed that
body-related shame was negatively related to leisure-time
PA (r = —0.23) in a sample of adult women from Canada.

Findings also revealed that body-related shame related to
undesirable patterns of PA motivation (i.e., high controlled
and low autonomous). Gilchrist et al. (2017) explored anticipated
shame as a predictor of the quality and quantity of marathon
training in the final 5 weeks leading up to the race. Findings
revealed that anticipated shame was not associated with future
time or effort spent training for the marathon. However, these
participants reported very low levels of anticipated shame. The
data collection timing may of also affected these results as it
is common for marathon runners to reduce training (i.e., taper)
in the final weeks of race preparation.

These studies provide a foundation from which to move
future research on shame and PA forward. For example, Sabiston
et al. (2010) focused on relations between body-related shame
and PA. Future research needs to further clarify how the object
focus of shame relates to PA. It is plausible that mapping the
object focus of shame directly to the behavior (ie., shame
toward PA rather than shame toward body) may produce
stronger relations with PA. Future research also needs to move
beyond cross-sectional research designs with both men and
women. Gilchrist et al. (2017) addressed both of these issues,
however, their focus was on a highly active sample of adults
(i.e., marathon runners) training for a competitive race. Thus,
there is a clear need to examine links between shame and
PA in samples that reflect broader populations of society.

The Present Study

The purpose of this study was to investigate how self-evaluation
processes operationalized as anticipated shame and exercise
self-efficacy relate to young adults’ weekly trajectories of moderate
intensity PA behavior. The first research question (RQ1) examines
the nature of change in PA over the course of 5 weeks, focusing
on the initial amount of PA, trajectories of PA over time, and
the relation between these two aspects of PA. RQ2 investigates
the amount of inter-individual difference in both the amount
of PA and its trajectory. RQ3 and RQ4 investigate the extent
to which exercise self-efficacy and anticipated shame (i.e., time-
varying covariates) relate to participants’ PA, respectively.

MATERIALS AND METHODS

Participants and Procedures

The sample included young adults (N = 71; Mage = 21.25,
SD = 1.18) from a large university in the Southeastern
United States. There were slightly more males (1 = 39, 55%)
than females (n = 32, 45%). Participants mainly reported their
race/ethnicity as White, Caucasian (66%), Black, African
American (21%), or Multi-Racial (4%) and were seniors (82%),
juniors (10%), and sophomores (8%) in their academic rank.
The researchers’ Institutional Review Board provided reviewed
and approved the study protocol. The researchers described
the study to potential participants during one class period in
a large Kinesiology course. The participants received an email
with a link to an online survey each week for 5 consecutive
weeks. During the first part of the first survey, participants
read a passage that descried the voluntary nature of the study
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and provided informed consent by clicking on a button that
started the survey. Each link was active for 48 h and sent to
participants on each Monday morning.

Measures

Participants completed questions about basic demographics,
including age, sex, race/ethnicity, and grade classification.
Exercise self-efficacy was based on an item from the Exercise
Self-Efficacy Scale (McAuley, 1993): “How confident are
you that you can exercise at a moderate intensity three
times per week for at least 40+ min for the next week?”
The answer scale ranged from 0% (not at all confidence)
to 100% (highly confidence) using 10% intervals. Shame
(Gilchrist et al., 2017) was measured with the following
item “How ashamed will you feel if you do not meet your
exercise goal this week?” on a scale ranging from 1 (not
at all) to 5 (extremely). Finally, participants reported the
number of days in the previous week they exercised for at
least 40 min at a moderate intensity. This question was
based on the Global Physical Activity Questionnaire developed
by the World Health Organization (2005).

Data Analysis

Preliminary analyses included examination of missing data,
variable distribution patterns, descriptive statistics, and
correlation estimates. In order to evaluate our main research
questions, we tested a series of latent growth curve models
within the structural equation modeling framework using
Mplus version 7.4 (Muthén and Muthén, 2017). All models
used maximum likelihood estimation procedures. Missing
data were handled with full information likelihood estimation
(FIML) procedures (Enders, 2010). Model fit was judged
using chi-square estimates based on degrees of freedom,
comparative fit index (CFI), Tucker-Lewis Index (TLI), root
mean square error of approximation (RMSEA), and

standardized root mean residuals (SRMR). For CFI and TLI,
higher scores reflect better model to data fit with criteria
of a good fit, >0.95, and acceptable fit, >0.90 (Hu and Bentler,
1999). For RMSEA and SRMR, lower scores represent better
model to data fit with criteria of a good fit, <0.06, and
acceptable fit, <0.08 (Hu and Bentler, 1999).

We started by testing unconditional latent curve models
for moderate PA. Specifically, we tested a series of trajectories,
including an intercept only model (ie., no growth), linear
trajectory, quadratic trajectory, and finally a latent basis trajectory.
Time (i.e., slope) was coded as 0, 1, 2, 3, and 4 in the linear
model. In the quadratic model, time was coded as 0, 1, 4, 9,
and 16 in addition to the linear slope. Finally, in the latent
basis model, time was coded 0 at T1 and 1 and T5, while
T2-T4 were freely estimated (Ram and Grimm, 2007). Residual
variance estimates were constrained to be equal across the
five waves of data. We treated PA as a continuous variable
because it had more than five categories and it was normally
distributed (Sass et al., 2014; see Table 1).

We then added both time-invariant and time-varying
covariates. Specifically, sex (male = 1, female = 0) was added
as a time-invariant predictor of PA, while anticipated feelings
of shame and exercise self-efficacy were added as time-varying
covariates. We ran two conditional models, the first whereby
time-varying covariates were estimated at each time point, and
the second whereby equality constraints were added to each
time-varying covariate in order to obtain the standardized
relationship for each covariate with the PA trajectory.

RESULTS

Preliminary Findings

There were 322 time specific observations across the five waves
of data. Approximately 82% of the participants completed all
five waves of data, 12% four waves, 4% two waves, and 2%

TABLE 1 | Descriptive statistics for all study variables.

Total Males Females
Variable M SD M SD M SD Min Max Skew Kurtosis
Week 1 PA 3.14 1.88 3.63 1.86 2.56 1.76 0 7 0.09 -0.43
Week 2 PA 3.36 1.80 3.76 1.67 2.94 1.86 0 7 -0.04 -0.41
Week 3 PA 3.23 1.59 3.58 1.60 2.87 1.52 0 7 0.06 -0.26
Week 4 PA 3.18 1.77 3.86 1.54 2.44 1.74 0 7 0.14 -0.52
Week 5 PA 3.32 1.65 3.94 1.56 3.62 1.50 0 7 -0.20 -0.26
Week 1 Shame 1.74 0.86 1.76 0.75 1.72 0.99 1 5 1.36 2.33
Week 2 Shame 1.80 0.95 1.76 0.89 1.84 1.01 1 5 1.19 1.15
Week 3 Shame 1.74 0.73 1.73 0.76 1.75 0.72 1 5 0.70 0.06
Week 4 Shame 1.84 0.99 1.77 1.00 1.91 0.99 1 5 1.10 0.07
Week 5 Shame 1.95 1.11 1.91 1.10 2.00 1.03 1 5 1.11 0.63
Week 1 ESE 7.61 2.58 8.34 2.00 6.75 2.94 0 10 -0.75 -0.80
Week 2 ESE 7.39 2.86 8.26 2.60 6.47 2.87 0 10 —-0.59 -1.23
Week 3 ESE 7.40 2.77 8.42 2.21 6.34 2.92 0 10 -0.69 -0.80
Week 4 ESE 6.88 3.00 7.86 2.74 5.81 2.94 0 10 -0.42 -1.23
Week 5 ESE 7.10 2.72 8.12 2.34 5.93 2.70 0 10 —0.41 -1.16

PA, average number of days per week of 40+ min of moderate physical activity; ESE, exercise self-efficacy.
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one wave. The amount of missing data at each time was: (a) o
week 1, 1%, (b) week 2, 7%, week 3, 8%, week 4, 5%, and F -
week 5, 12%. Reports of PA produced normal distribution g
properties at each time point (see Table 1). Table 1 presents °
descriptive statistics for all study variables. These young adults :, &
reported engaging in 40 min of moderate PA approximately £ - g
3 days per week. Reports of shame were below the midpoint & '
of its scale in all five waves of data whereas reports of exercise o .
self-efficacy were above the midpoint of its scale in all five :. -82
waves of data. A correlation matrix is provided in Table 2. a SRS
In general, there were positive, moderate relations between
PA and exercise self-efficacy at each time point. There were : Lo b
negative, weak-to-moderate relations between PA and shame EI - E g “rc\))
at each time point. [
<
. .. = : o
Main Findings 2 888k
Table 3 provides results from unconditional latent growth curve g SRRk
model testing. Our findings revealed that the linear latent @
growth curve model for PA fit these data better than the A SRR
intercept-only model (ACFI = 0.051), and fit these data equally I.J’JI RN R
well compared to the more complex quadratic and latent models. w Te°9g°
Therefore, we used the linear model for subsequent analyses.
The overall fit was acceptable although the RMSEA estimate |"-’| _ é g % ;_r © % _
was slighter higher than recommended values (Hu and Bentler, g SSeesd s
1999). Table 3 highlights parameter estimates of the linear ' I v
latent growth curve model for PA. The latent intercept mean l‘zl R %
. .. s . o O -SONW | W
revealed that the predicted level of participants’ PA consisted £ ~L85988L S
of engaging in 40 min of moderate intensity PA on 3.187 days 5 T9°99°9 ¥
during week 1 with meaningful variance around the mean. ;
The latent slope mean estimate was not statistically significant, 2| 5 ;B ZQ o S i.% © :,:‘ £
suggesting that on average PA trajectories were stable across ﬁ Taognassos E
the 5-week period. However, the linear slope variance estimate ! ' ! g
underscored heterogeneity in the PA trajectories. The negative o T %
covariance between the intercept and linear slope implies that e - § § g S § U%) E\: § S 3
participants’ reporting more days of PA at week 1 experienced e ©cgecgecgc | g
a slower rate of change compared to participants reporting - %
fewer days of PA at week 1. i~ chbaoanbgobnr |y
Model fit results from the conditional models, which included § RS e I I “;
sex (male = 1, female = 0) as a time-invariant covariate, and n b b b ! %
shame and exercise self-efficacy as time-varying covariates are o e
provided at the bottom of Table 3. We tested two conditional " ~-88388¢2¢ g § 32 ﬁ_ §
models; the free conditional model estimated shame and exercise i §ScSgcScSgocgs | a
self-efficacy freely at each of the five time points while the g
standardized model placed equality constraints on shame and 8 r L R bobiibiboh 8
exercise self-efficacy, respectively, in order to examine the 8| < "TR2583J3cH8B8BIDB | ©
. . . . . . 3 a OO0 O0OCO0OCOC oSO | £
systematic relations across time. Adding these equality constraints > [ [ [ [ g
produced a similar fitting model compared to the freely estimated E r . . . N
model. Therefore, we focus on the standardized model while = | 9 25885880988k an |2
: 5 | E TEOUSAOANONND |
addressing RQ3 and RQ4. The overall model fit was adequate, 8 8 S9C0F000000300 | =
with only the TLI estimate (0.898) slightly below the £ ° 3
recommended guideline of 0.90 (Hu and Bentler, 1999). Sex E = SRR NN
. . .. s . S NONLbO-ONODOO—0®m | 2
was not associated with participants’ predicted level of PA at = uwj' ~EERIIREICIIRRL |
week 1 or its rate of change (see Table 4). Support of the % ul eegeegeeqeeQ é
standardized model suggested that the time-varying covariates © 2
were stable across individual time points. A one-unit increase 8 LT c - i < F © P ;‘f’
in shame was associated with a 0.225 decrease in PA during a 0 % K 0 g ~ N % e 0 % a8 0 % =3 5
any given week whereas a one-unit increase in exercise & boflodlodlodlad &
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TABLE 3 | Latent growth model fit statistics.

Model Va df CFI TLI RMSEA SRMR
Physical activity

Intercept only 34.527* 17 0.897 0.939 0.121 0.114

Linear 22.882 14 0.948 0.963 0.095 0.079
Quadratic 20.237* 10 0.940 0.940 0.120 0.097
Latent 19.892* ih 0.948 0.952 0.107 0.102
Conditional free 73.520* 53 0.901 0.879 0.082 0.047
Conditional standardized 80.879* 61 0.904 0.898 0.075 0.065

Intercept only model represents a “no growth” model, linear, linear slope with time coded O, 1, 2, 3, and 4. Quadratic model includes linear and quadratic slopes with quadratic
slope coded 0, 1, 4, 9, and 16. Latent model coded 0 at T1 and 1 at T5 while T2-T4 are estimated. Bottom part of table reflects. Latent growth models with covariates. In the
free model, time varying covariates are estimated at each time point. In standardized model, time varying covariates are constrained to be equal across five time points.

*p < 0.05: *p < 0.01.

self-efficacy was associated with a 0.279 increase in PA during
any given week (see Table 4). The R* values for PA at each
week in the final model were: (a) week 1, 0.676; (b) week 2,
0.616; (c) week 3, 0.597; (d) week 4, 0.683, and (e) week 5,
0.816. The R* values for latent intercept and slope were small,
0.037 and 0.010, respectively.

DISCUSSION

The purpose of this study was to investigate how self-evaluation
processes relate to young adults’ weekly trajectories of moderate
intensity PA behavior. Specifically, we examined four research
questions related to PA trajectories (RQ1l and RQ2) and self-
evaluation covariates (exercise self-efficacy, RQ3; anticipated
shame, RQ4) over a 5-week period using latent growth modeling.
Young adults, especially those who enroll in universities, are
one segment of the population that typically experiences declines
in PA (Kwan et al., 2012) and often fail to meet recommended
levels of PA (Farren et al, 2017; American College Health
Association, 2020). Major findings revealed considerable variation
in young adults starting levels and trajectories of PA as well
as consistent positive relations with exercise self-efficacy and
inconsistent negative relations with anticipated shame.

Weekly Trajectories of PA

RQI and RQ2 focused on young adults PA. Regular PA is
an essential strategy for maximizing health and reducing
modifiable risks causing morbidity and mortality (United States
Department of Health and Human Services, 2018). Young
adults attending university are especially vulnerable for
experiencing declines in PA (Maselli et al., 2018). Findings
from this study illustrate PA patterns in a sample of young
adults from a region in the United States with consistently
higher rates of sedentary behavior and obesity (Centers for
Disease Control and Prevention, 2020). According to the
United States Department of Health and Human Services
(2018) adults should be active most days per week. On average,
the participants in this study reported being active approximately
3 days per week with trajectories that stayed stable across
the 5 weeks of the study. However, there was heterogeneity
in both the initial levels and weekly trajectories of these young
adults PA. Furthermore, young adults who reported more

days of PA at baseline were more likely to see slower rates
of change across the 5-week period. Although not directly
comparable, these participants reported slightly lower amounts
of PA compared to previous studies measuring young adults
PA using accelerometers (Henderson et al., 2020).

The heterogeneity in our participants’ initials levels and
rates of change in PA yield insights that can guide promotion
strategies of short-term PA in young adults. Specifically, the
variation in initial levels and trajectories of PA suggest the
need for deliberate target strategies for young adult subgroups.
Interestingly, our findings revealed that it is not as simple
as targeting males or females. Previously effective strategies
for university students include tailoring interventions to
current levels of PA (Keating et al., 2005). For example,
strategies for young adults who are completely sedentary
would be different from strategies for those who participate
in some PA. Furthermore, exploring profiles of specific sets
of salient barriers toward PA may also help create more
fine-tuned PA targeting. For example, young adults who
report low levels of social support may need different
intervention strategies than those who lack safe, accessible
PA infrastructure.

Finally, offering university courses that promote health
education and provide young adults with structured PA
opportunities on a weekly basis may also help reduce the
variability seen in this study. Adherence to PA is influenced
by numerous factors, however, structure and supervision are
often highlighted as key elements (Gilli et al, 2018).
Unfortunately, many universities in the United States do not
require students to enroll in personal health courses. Recent
estimates suggest that only about 10% of universities in the
United States required a personal health course in order for
students to graduate (Henry et al., 2017).

Self-Evaluation Predictors

Self-efficacy and shame share foundations grounded in self-
evaluation (Baldwin et al., 2006). While self-efficacy has been
widely acknowledged as a key determinant of PA (Dishman
et al., 2004; Maddison et al., 2014), less research has examined
the role of shame in shaping ones PA. Findings from our
study provide greater insights concerning self-efficacy (RQ3),
shame (RQ4), and young adults’ short-term PA trajectories.
Exercise self-efficacy was a consistent, positive predictor of PA
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TABLE 4 | Parameter estimates for linear latent growth models.

Parameter- I mean | variance S mean S variance I S covariance I S correlation
unconditional

PA 3.187 (0.210)* 2.467 (0.527)* 0.025 (0.054) 0.088 (0.035)* —0.204 (0.110)* —0.533*
Parameter-conditional

Physical activity 1.018 (0.439)** 1.178 (0.338)** 0.035 (0.080) 0.104 (0.036)** —0.214 (0.094)* -0.631*
Covariates B (SE) B

| on Male 0.424 (0.359) 0.192

S on Male 0.061 (0.112) 0.094

PA_1 on ESE_1 0.369 (0.063)** 0.510

PA_1 on Shame_1 —-0.508 (0.173)* -0.241

PA_2 on ESE _2 0.305 (0.053)** 0.491

PA_2 on Shame_2 -0.229 (0.149) -0.127

PA_30onESE _3 0.261 (0.047)* 0.434

PA_3 on Shame_3 -0.154 (0.164) -0.068

PA_4 on ESE _4 0.258 (0.047)* 0.454

PA_4 on Shame_4 -0.183(0.128) -0.127

PA_50onESE_5 0.229 (0.057)* 0.388

PA_5 on Shame_5 -0.139 (0.132) -0.111

PA on ESE_ave 0.279 (0.040)* 0.413, 0.482

PA on Shame_ave —0.225 (0.093)* —0.098, —0.146

I, latent intercept; S, latent slope; PA, average number of days per week of 40+ min of moderate physical activity; ESE, exercise self-efficacy; B (SE), unstandardized beta coefficient
with standard error; f, standardized beta coefficient. Ave, unstandardized beta average estimate across all five time points. *p < 0.05; **p < 0.01.

at each of the five time points and on average across time.
These results reinforce the importance of addressing one’s self-
efficacy when considering the promotion of health behavior
(Bandura, 2004). Therefore, targeting sources of self-efficacy
represents a key consideration when developing PA interventions
with young adults (Bandura, 1997; Ashford et al., 2010; Williams
and French, 2011). However, findings from meta-analysis studies
on enhancing self-efficacy toward PA specifically highlight
divergences from standard suggestions of mastery experiences,
verbal persuasion, vicarious experiences, and physiological/
affective states of Bandura (1997).

In terms of mastery experience, which Bandura (1997)
highlights as the most critical source of self-efficacy, Ashford
et al. (2010) found that intervention techniques that used
feedback on past performance was an especially successful
strategy for enhancing ones exercise self-efficacy. Similarly,
Williams and French (2011) reported that feedback focused
on effort or PA progress to be an effective strategy for enhancing
exercise self-efficacy. Thus, developing PA environments that
focus on feedback geared toward personal improvement and
success appears warranted. However, both of these meta-analysis
studies revealed that grading performance to mastery criteria
actually lowered one’s exercise self-efficacy.

Interestingly, in the Ashford et al. (2010) meta-analysis,
PA interventions that used vicarious experiences generally
increased self-efficacy while persuasion techniques were
associated with decreases in exercise self-efficacy. Thus, there
appear to be nuances regarding how sources of self-efficacy
can be implemented effectively in PA interventions. One of
the most interesting findings from the Williams and French
(2011) meta-analysis was the potential strength of using action
planning techniques in PA interventions. Action planning is
a self-regulation strategy aimed at creating if-then plans that
help link environmental cues to behavioral responses
(Conner et al., 2010). These if-then plans typically focus on

addressing specific details about how, when, and where PA
will occur as well as identifying contingences if/when barriers
arise. Williams and French (2011) reveal that the use of
action plan strategies in PA interventions enhance exercise
self-efficacy and increased levels of PA. Therefore, future
research should explore action planning techniques in health-
related interventions because of their potential to facilitate
both cognitive determinants and behavior.

Shame produced an inconsistent pattern of relationships
with PA compared to exercise self-efficacy. Specifically, it was
a negative predictor of PA at T1 and on average across the
5 weeks. However, it was not a significant predictor at T2,
T3, T4, or T5. Our results produced both similarities and
differences compared to previous research. For example, on
average, participants in this study reported low levels of shame,
similar to previous research with adult women (Sabiston et al.,
2010) and runners training for a marathon (Gilchrist et al,
2017). The negative direction and low magnitude of the
relationship between shame and PA was similar to findings
from Sabiston et al. (2010). However, the average relations
between shame and PA across time were a unique finding,
diverging from results reported by Gilchrist et al. (2017). This
is likely a reflection of differences in sample characteristics
(i.e., somewhat active young adults versus adults in the final
stages of marathon training).

Theorists suggest emotions produce predictable action
tendencies over short periods of time (Fredrickson, 2001) with
shame facilitating avoidance behaviors (Haidt, 2003). Unlike
broader measures of affect, discrete emotions such as shame
always have a specific object focus (Pekrun, 2006). In this
study, the object focus of shame was not meeting one’s exercise
goal for the week. The personal nature of an exercise goal
may help explain the low magnitude in relation between shame
and PA. Future researchers should consider creating a normative
object focus of PA related shame such as failing to meet
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important others’ expectations or losing social status. It is
possible that the normative implications of PA related shame
may increase the magnitude of avoidance tendencies. In many
instances, PA environments can facilitate social comparisons
that lead to negative thoughts and feelings in young adult
populations (Fitsimmons-Craft et al, 2016). In simple terms,
using a normative object focus may increase the stakes related
to one’s anticipated negative outcomes.

It is important to acknowledge limitations associated with
this study. First, because of the repetitive nature conducting
weekly data collections, we used one-item measures of all
study variables to reduce participant burden. Despite robust
auto-correlations across time (i.e., test-retest) for all variable
(see Table 2), this is not an ideal measurement approach.
Future researchers should use more comprehensive measures
of exercise self-efficacy, shame, and PA. Second, we examined
young adults’ weekly trajectories of PA. This short-term
timeline reflects the theorized properties of emotional effects
(Fredrickson, 2001) and follows previous studies on shame
(Gilchrist et al., 2017), but may not generalize to long-term
PA. Examination of longer measurement intervals is needed
in future research. Third, we used a small sample of young
adults from one university in one region of the United States.
Future studies would benefit from examining self-evaluation
and PA in diverse samples. Finally, we relied on self-report
measures of PA, which may produce social desirability bias.
Future research should use objective measures of PA such
as accelerometers.

CONCLUSION

The purpose of this study was to examine young adults
weekly trajectories of PA, exploring exercise self-efficacy and
anticipated shame as time varying predictors. Our findings
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The purpose of the present study was to shed light on the behavioral component
of emotions by investigating antecedents and consequences of outward emotional
reactions during table tennis competitions. With regards to the antecedents of outward
emotional reactions, in line with appraisal theories, we considered the importance and
the controllability of the situation as two important constructs. Fifteen table tennis
matches, involving in total 21 players (7 females) with a mean age of 16.71 (SD = 0.70),
were video recorded during the finals of the youth National Championship in Greece.
Based on the footage, outward emotional reactions after every point were classified
as neutral, positive, or negative. Situational factors in relation to the scoring system,
bearing the importance and the controllability of the situation, were formed to assess
antecedents of outward emotional reactions. To measure the consequences of outward
emotional reactions, the impact on the outcome of the next point was assessed.
Generalized linear models with a logit link were computed separately for positive outward
emotional reactions after having won a point and negative outward emotional reactions
after having lost a point. In general, the results show that while situational factors bearing
the importance of the situation could predict positive and negative outward emotional
reactions, the effects of situational factors bearing the controllability of the situation were
less conclusive. In addition, the results also showed interactive effects between the
two constructs for both positive and negative outward emotional reactions. With regard
to the consequences of outward emotional reactions, negative and positive outward
emotional reactions could not predict the outcome of the next point. To conclude, this
study highlights the behavioral component of emotions as a viable alternative to enhance
our understanding of the role of emaotions in sport.
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INTRODUCTION

In sports like table tennis, players can react very differently,
depending on whether they won or lost a point. In some
situations, after having won a point, players may make a fist
and give a shout of joy, whereas after losing a point, players
might throw the racket and give a shout of frustration. In other
situations, however, you cannot really tell from the players’
reaction whether the point was won or lost. This variety of
emotional reactions during a match not only makes sport
fascinating to watch, it also says a lot about the psychological
challenges players face in sports competitions.

Emotions are an integral part of sports. This is highlighted
by studies in general psychology that make use of the nature
of sports competitions to study emotions (e.g., Fernandez-
Dols and Ruiz-Belda, 1995; Matsumoto and Willingham, 2006;
Aviezer et al, 2012). Although the definition of emotions is
highly debated (Lindquist et al., 2013), researchers agree that
emotions consist of one’s individual subjective experience (e.g.,
feeling anxious), physiological processes (e.g., change in blood
pressure), and behavioral component (e.g., facial expressions;
Mauss and Robinson, 2009). Research aimed at understanding
the role of emotions in sports has mostly utilized questionnaires
(e.g., Jones et al., 2005), or interviews (Martinent and Ferrand,
2009). Due to ethical and practical reasons, these methods cannot
be applied to investigate emotions in real time, ie., during
real sports competitions, and thus limit the ecological validity
of retrospective or prospective study designs (Uphill et al.,
2014). As an alternative to these methods, focusing primarily
on the subjective experience of emotions or the perception of
physiological processes, this study was based on the premise that
emotions are also observable from the outside. The behavioral
component of emotion is worth investigating as it is relatively
understudied, but also as it addresses the interpersonal nature
of emotions (Tamminen and Bennett, 2017). Specifically, in
this study we focused on the investigation of antecedents and
consequences of outward emotional reactions in table tennis.

The term outward emotional reaction refers to an impression,
which is based on an individuals behavior and provides
information about his/her emotional state. This impression
includes different body signals that indicate an emotional state.
Examples of these are postures, gestures, facial expressions, and
verbalizations (Mauss and Robinson, 2009). It is important to
note that instead of focusing on discrete emotions such as
joy or anger, outward emotional reactions generally distinguish
between positive and negative reactions, which makes it possible
to study a wide range of emotions (Ekkekakis, 2013). While
negative outward emotional reactions indicate that something
emotionally unpleasant has happened to the individual (e.g.,
losing a point), positive outward emotional reactions indicate
that something emotionally pleasant has occurred to the
individual (e.g., scoring a point). It is further important to note
that outward emotional reactions do not always correspond to
the subjective emotions experienced. On the one hand, players
sometimes fake a higher emotional intensity than is actually
experienced through outward emotional reactions (Seve et al,
2007). On the other hand, even intense emotions experienced

are not always accompanied by outward emotional reactions
(Fernandez-Dols and Ruiz-Belda, 1995).

From a sport psychological perspective, two intriguing
questions arise: (a) under which conditions are outward
emotional reactions more likely to occur and (b) how do
these subsequently affect sports performance? In other words, it
appears fruitful to focus on the antecedents and consequences
of outward emotional reactions in sport competitions (Hanin,
2007). Expanding metacognitive knowledge about these two
aspects could help players to regulate their behavior and thoughts
more effectively and could thus also improve their emotion
regulation skills (MacIntyre et al., 2014). Understanding the
conditions under which players tend to react emotionally and
identifying how these reactions affect sports performance can
help us understand the underlying psychological processes. In
addition, such knowledge could be used to develop strategies
that channel emotions in a performance-enhancing way, both
proactively and reactively (Uphill and Jones, 2007).

In sports like table tennis or tennis, winning or losing a
point are the proximate events that trigger outward emotional
reactions. Outward emotional reactions, however, are not
randomly distributed throughout a match. In line with theoretical
appraisal emotion approaches (Lazarus, 1991; Scherer, 2013), the
importance of the situation and the controllability of the situation
appear to be two relevant constructs that can either increase or
decrease the likelihood of outward emotional reactions. These
constructs do not themselves elicit outward emotional reactions,
however, they may regulate the occurrence of outward emotional
reactions following a potentially emotion-eliciting stimulus (i.e.,
winning or losing a point in table tennis). Because emotions
are the result of a person-environment transaction (Lazarus,
1991), it is important to understand the subjective appraisal
processes (e.g., Uphill and Jones, 2007). However, studies in
tennis and table tennis have showed that these appraisal processes
are often related to situational factors, such as the scoring system
(Séve et al., 2007; Lewis et al.,, 2017). Since such situational
factors can be objectively classified in observational studies, they
appear to be particularly useful for studying their relationship
to outward emotional reactions (for a study in handball see
Moesch et al., 2015).

The importance of the situation hugely depends on the
potential consequences it can have. Situations with more
significant consequences for the individual’s goal attainment are
associated with stronger emotional responses (Lazarus, 1991;
Scherer, 2013). The importance of the situation is appraised very
rapidly after the occurrence of an either positive or negative
stimulus, and directs more in-depth processing (Scherer, 2013).
Moesch et al. (2015) showed, for example, that handball players
were more likely to celebrate a goal openly (i.e., positive outward
emotional reactions) in elimination matches than in group
stage matches. A possible explanation for this is that a defeat
in elimination matches is equivalent to an elimination from
the competition, which makes the situation more significant.
In contrast, a defeat during a group stage match might be
potentially compensated by subsequent matches. Because table
tennis matches are divided into sets and sets in turn are divided
into points, the importance can also be leveled down to the set
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level (within the match) as well as the point level (within the
set). While points/sets closer to the potential end of a set/match
have a stronger impact on the outcome of the set/match, earlier
points/sets in the set/match can be compensated more easily
by future actions.

The controllability of a situation refers to a basic psychological
need, as people generally prefer to have control over the potential
outcomes of a situation (Ryan and Deci, 2000). In comparison
to the importance of the situation, which must be identified
beforehand, the controllability of a situation is appraised at
a later stage (Scherer, 2013). In addition, the controllability
of a situation seems to be more important for stimuli that
are incongruent with the current goal (Scherer, 2013). Since
positive emotions are viewed as benefiting one’s goals (Lazarus,
1991), situational factors associated with the controllability of a
situation could in particular influence the occurrence of negative
outward emotional reactions. In table tennis, the current score
is one relevant situational factor in relation to emotions (Seve
et al, 2007). In situations where the players are leading, the
controllability of the situation is higher than in situations where
the players are trailing. Hence, the current score can be an
indicator of controllability. Table tennis sets generally have 11
points. Leading by 9 to 2 points in a set indicates a higher
controllability than leading by 9 to 8 points. At the same
time, being behind by 2 to 9 points is associated with a lower
controllability of the situation than being behind by 8 to 9
points. Furthermore, the controllability of the situation can be
influenced by preceding experiences (Bandura, 1997). Winning
consecutive points can lead to a positive momentum that in turn
is related to a higher controllability of the situation (Kimiecik and
Jackson, 2002). In contrast, losing consecutive points can lead to a
negative momentum and is thus related to a lower controllability
of the situation.

Summarizing the above we argue that a higher importance
of the situation generally increases the likelihood of both
positive and negative outward emotional reactions. Furthermore,
a higher controllability of the situation generally decreases
the likelihood of negative outward emotional reactions. As
these constructs do not function in isolation during a sports
competition, it is important to consider the interactive effects
of their associated situational factors. For instance, losing a
point when the score is 9-7 is related to a higher level
of importance of the situation, which thus increases the
likelihood of negative outward emotional reactions (Lazarus,
1991; Scherer, 2013). However, at the same time, being in
front (9-7) increases the controllability of the situation, and
thus decreases the likelihood of negative outward emotional
reactions. On the contrary, losing a point at the end of the
set when you are behind (7-9) can accumulate effects of a
higher importance/lower controllability of the situation, making
negative outward emotional reactions very likely.

From a sport psychological perspective, it is not only
interesting to understand why players show outward emotional
reactions in some situations and not in others, but also how these
in turn affect the subsequent sports performance. Enhancing the
understanding of the relationship between emotions and sports
performance can raise players awareness of the importance

of applying appropriate emotion regulation strategies (Jones,
2003). A number of studies have investigated outward emotional
reactions (e.g., over verbalizations and gestures) and have linked
these to objective performance indicators (e.g., the subsequent
point). Studies in tennis have yielded interesting yet inconsistent
results. While two studies showed an association between
negative outward emotional reactions and a reduced probability
of winning the next point (Van Raalte et al., 1994; Zourbanos
et al., 2015), another study could not replicate this finding
(Van Raalte et al., 2000). Conversely, it was shown that positive
outward emotional reactions either have only a very weak positive
association with the outcome of the next point (Van Raalte
et al., 2000; Zourbanos et al., 2015) or no association at all
(Van Raalte et al., 1994).

In this article, we argue that investigating outward emotional
reactions can contribute to our understanding of the role of
emotions in sports. The purpose of this study was to study
emotions in real time and in their natural context by investigating
antecedents and consequences of outward emotional reactions.
In particular, we examined situational factors associated with the
importance of the situation and the controllability of the situation
as two important constructs influencing emotional outcomes
(Lazarus, 1991; Scherer, 2013). With regard to antecedents of
outward emotional reactions, we hypothesized that situational
factors bearing a higher importance of the situation (e.g., point at
the end of the set) would increase the likelihood of both positive
outward emotional reactions after winning a point as well as
negative outward emotional reactions after losing a point. In
line with the assumption that the controllability of a situation
has a greater effect for goal incongruent stimuli (Scherer, 2013),
we also hypothesized that situational factors bearing a higher
controllability of the situation (e.g., leading) would reduce the
likelihood of negative outward emotional reactions after losing
a point. For positive outward emotional reactions after winning
a point, we hypothesized that the controllability of the situation
would not have an effect. In addition, we hypothesized that the
increased probability of negative outward emotional reactions
in highly important situations would be reduced when there
was a higher controllability of the situation (e.g., leading at
the end of the set). For positive outward emotional reactions,
we hypothesized that there would be no interaction between
the importance and the controllability of the situation. With
regards to the consequences of outward emotional reactions, the
subsequent point was taken as a performance indicator. Given the
inconsistent results of previous studies (Van Raalte et al., 1994,
2000; Zourbanos et al., 2015), we did not have specific hypotheses
regarding the impact of positive and negative outward emotional
reactions on the likelihood of winning the next point.

MATERIALS AND METHODS

Participants

Participants were approached before the finals of the Greek
national youth championship. A total of 14 male and 7 female
Greek junior table tennis players, aged 16 to 18 years (M = 16.71;
SD = 0.70) and with an average of 7.29 (SD = 1.72) years of
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competition experience agreed to participate in the study. The
highest level of competition participation was international for 12
players and national for 9 players. The players trained 3.71 days
(SD = 1.48) on average per week.

Procedure

The university’s ethics committee gave its approval for the study.
Players who were 18 signed a consent form, whereas for younger
players the consent was granted by their legal guardians. In order
to avoid self-presentation biases, the players were told before the
match that the recording was intended for motion analysis. After
the tournament, they were informed about the actual objective of
the study. A total of 15 matches were recorded by two cameras
positioned diagonally behind the table, which recorded the
movements of the players on the opposite side. Thus, the video
footage showed the whole person, including postures, gestures,
facial expressions, and verbalizations, as important signals for the
emotional state (Mauss and Robinson, 2009). In addition, the
video footage also contained the trajectories of the ball, which
allowed to keep track of the score. The data collection involved
eight group stage matches, one quarter-final, four semi-finals, and
two finals. Some of the players took part in more than one match,
and a total of 2014 points (per match: 51 to 117; M = 67.13;
SD = 17.6) were observed.

Measures

Outward Emotional Reactions

Outward emotional reactions were used as a dependent variable
to investigate their antecedents, and as an independent variable
to investigate their consequences. Based on the video footage,
two coders independently classified the players’ reactions after
each point into (1) a positive outward emotional reaction,
(2) a negative outward emotional reaction, or a (3) neutral
outward emotional reaction. The first coder was a researcher with
expertise in emotion literature and the second one a former Greek
professional table tennis player and currently a coach. The coding
was based on different body signals such as postures, gestures,
facial expressions, and verbalizations, indicating the players’
emotional state (Mauss and Robinson, 2009). Since research
suggests that conclusions about an individual’s emotional state
cannot be drawn from physical features alone, but rather depend
on context (Kayyal et al., 2015), the outcome of the point was
taken as relevant context information. The coders were instructed
to code outward emotional reactions as positive when the players’
behavior indicated that something emotionally positive occurred,
and as negative if the players’ behavior indicated that something
emotionally negative happened. Considering that individuals
are always in some kind of emotional state (Russell, 2009),
if the coders could not tell from the behavior of the players
that something emotionally positive or negative occurred, these
outward emotional reactions were coded as neutral.

Antecedents of Outward Emotional Reactions
Importance of the situation

Three situational factors representing the importance of the
situation were analyzed, namely the stage of competition, the
number of remaining sets, and the number of remaining points.

Stage of competition. This variable was used to distinguish
between matches that could be compensated by future matches,
and matches that were decisive for remaining in the tournament,
i.e, group stage and elimination matches. Thus, points in
elimination matches would indicate a higher importance of the
situation than points in group stage matches. This situational
factor was coded as a binary variable, with elimination matches
coded as ’1” and group stage matches coded as 0.

Remaining sets. This variable was used to indicate the lowest
number of sets that potentially had to be played until the end
of a match. The lower the number of remaining sets, the more
important the situation was. Thirteen of the 15 matches were
played until one player had won three sets. Two matches (one
final and one semi-final) were played until one player had won
four sets. This situational factor was coded as a continuous
variable, with a higher number indicating that potentially more
sets had to be played until the end of the match.

Remaining points. This variable was used to indicate the lowest
number of points that potentially had to be played until the end
of a set. The lower the number of remaining points, the higher
the importance of the situation was. The sets of all matches were
played until one player had won 11 points, with at least two points
difference between the players. Thus, with a score of 10-10, the
set lasted at least up to 12 points (in case of a score of 11-11,
up to at least 13 points, etc.). This situational factor was coded
as a continuous variable, with a higher number indicating that
potentially more points had to be played until the end of the set.

Controllability of the situation

Four situational factors were used to assess the controllability
of the situation, namely leading in sets, leading in points,
consecutive points won, and consecutive points lost.
Furthermore, the two situational factors set difference and
point difference were formed. However, it is important to
note that these two variables only took into account the
absolute set/point difference between the players, and could not
distinguish whether the players were leading or not. Because
this made an important difference in terms of controllability,
two interaction effects (set difference x leading in sets and point
difference x leading in points) were additionally analyzed.

Leading in sets. This variable was used to distinguish between
situations where the players were leading in sets within a match
and situations where the players were not leading (either trailing
or tied). Trailing and tie were combined into one category
because a tie implies a set difference of ‘0’. Treating a tie as a
separate category would have therefore resembled the variable set
difference (see below), which would have led to collinearity and
exclusion of this category. Leading in sets would thus indicate
a higher controllability of the situation. This situational factor
was coded as a binary variable, with leading coded as ‘1’ and
trailing/tie coded as ‘0",

Leading in points. This variable was used to distinguish between
situations where the players were leading in points within a
set, and situations where the players were not leading (either
trailing or tied). The reason for combining trailing and tie was
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the same as described for the variable lading in sets (i.e., a tie
would have resembled a point difference of ‘0’). Equivalent to the
situational factor leading in sets, leading in points would indicate
a higher controllability of the situation. This situational factor
was coded as a binary variable, with leading coded as ‘1’ and
trailing/tie coded as 0.

Set difference. This variable was used to indicate the difference
between sets won by each player. Since this variable had only
three gradations, we formed two binary variables. While the
first binary variable contrasted situations where an absolute set
difference between the players was 1 (e.g., 2-1) to where it was
a tie, the second binary variable contrasted situations where the
absolute set difference between the players was 2 (e.g., 2-0) to
where it was a tie. In both variables, the set difference of 1 set
(or 2 sets) was coded as ‘1’ and a tie was coded as ‘0’.

Interaction set difference x leading in sets. For the variable set
difference, only the absolute difference was taken into account,
but not in whose favor the set difference was. For this reason,
we computed the interaction between the two situational factors
set difference and leading in sets. Because the results, upon using
two dummy variables for the variable set difference, did not
converge, the interaction effect was based on the continuous
variable set difference.

Point difference. This variable was used to indicate the absolute
difference between points won by each player within a set.
The range of this variable was from 0 (in case of a tie) to
the maximum of 10 (in case of a score of 10-0 or 0-10). This
situational factor was coded as a continuous variable, with a
higher number indicating that the point difference between the
players was higher.

Interaction point difference x leading in points. Similar to the
set difference, the point difference only took the absolute
difference into account. For this reason, we formed an interaction
term including the two situational factors point difference and
leading in points.

Consecutive points won. This variable was used to indicate the
number of points won in a row before the assessed point. A higher
number of consecutive points won would indicate a higher
controllability of the situation. The range of this variable was
from 0 (in case it was the start of the set or the last point was
lost) to a maximum of 10 (in case the score was 10-0). This
situational factor was coded as a continuous variable, with a
higher number indicating that more points were consecutively
won by the players.

Consecutive points lost. This variable was used to indicate the
numer of points lost in a row before the assessed point. In contrast
to consecutive points won, a higher number of consecutive points
lost would indicate a lower controllability of the situation. The
range of this variable was from 0 (in case it was the start of the
set or the last point was won) to a maximum of 10 (in case the
score was 0-10). This situational factor was coded as a continuous
variable, with a higher number indicating that more points were
consecutively lost by the players.

Interaction between importance of the situation and
controllability of the situation

Finally, we investigated the two interactions between remaining
sets and leadings in sets as well as remaining points and leading in
points in order to assess the interaction between the importance
and the controllability of the situation.

Interaction remaining sets x leading in sets. This interaction
allowed us to investigate whether the impact of the remaining sets
on outward emotional reactions depended on whether the players
were leading or not.

Interaction remaining points x leading in points. This interaction
made it possible to investigate whether the impact of remaining
points on outward emotional reactions depended on whether the
players were leading or not.

Consequences of Outward Emotional Reactions
Outcome of next point

Here, we investigated whether outward emotional reactions were
linked to the performance in the subsequent point. We predicted
the outcome of winning, with a won point coded as ‘1" and a
lost point as 0.

Statistical Analysis

Statistical Analysis for Antecedents of Outward
Emotional Reactions

The coders identified no positive outward emotional reactions
after losing a point and only five negative outward emotional
reactions after winning a point. For this reason, we made two
different computations. The first computation included only
the won points and positive (vs. neutral) outward emotional
reactions as binary outcome, and the second computation
included only the lost points and negative (vs. neutral) outward
emotional reactions as binary outcome. Since some of the players
participated in more than one match and up to 117 points
per match were observed for each player, outward emotional
reactions and match characteristics were not independent of
each other, but were nested within persons and within matches.
In addition, we considered a temporal autocorrelation since
consecutive outward emotional reactions closer in time expected
to be more similar.

We used generalized linear models with a logit link (ie.,
hierarchical logistic models) within the R package TIme4’
(Bates et al., 2015) to predict outward emotional reactions
as binary outcomes. We modeled match and player as two
independent random effects. To account for the possible
temporal autocorrelation, we created lag variables for the
outward emotional reactions. That is, the outward emotional
reactions before the observed point (and thus the corresponding
outward emotional reactions as a dependent variable) were coded
as the variables ‘lag 1), the outward emotional reactions before it
as the variables ‘lag 2’ and so on. This took into account the likely
autocorrelations in the outward emotional reactions, since the
Ime4 package does not have an option to include autocorrelation
errors as a specific covariance structure. Specifically, we looked
at the outward emotional reactions as well as the outcome of
the point of up to five preceding points. For the outcome of the
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preceding points, the lag variables were coded as ‘1’ when won
or as ‘0’ when lost. For the outward emotional reactions, negative
ones were coded as ‘-1’, positive ones as ‘1, and neutral ones as ‘0.
Due to technical problems with the camera or situations in which
the players were outside of the camera view, outward emotional
reactions could not be coded in 93 situations. These outward
emotional reactions were treated as missing values, however,
for the lag variables we coded them as ‘0’ (neutral) to avoid
a loss of cases.

To avoid convergence problems of more complex models,
continuous predictors were grand mean centered, and the
maximum number of iterations was increased. No issues
with multicollinearity could be identified when looking at the
generalized variance inflation factors of our models. Separately,
for both positive and negative outward emotional reactions, we
first calculated odds ratios for the bivariate relationships between
each individual situational factor and the subsequent outward
emotional reaction, adjusted only for the lag variables. In the final
model, the significant interaction terms were included and the
effects for each situational factor were adjusted by the effects of
the other situational factors. The intraclass coefficient (ICC) was
calculated for the empty model.

Statistical Analysis for Consequences of Outward
Emotional Reactions

In order to assess whether outward emotional reactions affect
sports performance, we also composed two models. In the first
model, we tested the effects of positive (vs. neutral) outward
emotional reactions, and in the second model, we tested the
effects of negative (vs. neutral) outward emotional reactions. In
both cases, this was then linked to the outcome of the next point
(won vs. lost). The first point of each set was not included in
the analysis because there was no immediate preceding outward
emotional reaction. Since outward emotional reactions could also
influence performance over more than one point, lag variables
were also explored. Again, we looked at the outward emotional
reactions as well as the outcome of the point of up to five
preceding points.

RESULTS

Descriptive Analysis of Codes

Overall, 1921 outward emotional reactions were recorded. In
93 situations (4.6%), players’ outward emotional reactions could
not be coded due to technical problems with the camera or
situations in which the players were outside of the camera view.
Of the remaining 1921 outward emotional reactions, the two
coders agreed on 1781 of the ratings (92.71%). With regard
to the 140 differently rated situations, only one of the coders
identified a negative outward emotional reaction in 119 cases, and
a positive outward emotional reaction in 21 cases, whereas the
other coder rated all of the 140 outward emotional reactions as
neutral. In the following analysis, these 140 outward emotional
reactions were treated as neutral, so that only positive and
negative outward emotional reactions were considered as such
in the analysis if they were identified as such by both coders. In

TABLE 1 | Antecedents of positive outward emotional reactions.

Situational factor Unadj. OR (95% CI)  Adj. OR (95% CI)

Importance of the situation

14.965*
(1.882-118.988)

0.782 (0.480-1.275)
0.775% (0.713-0.843)

Stage of competition 6.314* (1.134-35.133)

Remaining sets? 0.583* (0.470-0.724)
Remaining points? 0.946% (0.893-1.002)

Controllability of the situation

Leading in sets
Leading in points

Set difference (1 vs. 0)
Set difference (2 vs. 0)

3.009" (1.882-4.811)
1.056 (0.705-1.582)

2.026" (1.359-3.019)
2.434* (1.882-4.811)

1.439 (0.684-3.030
1.049 (0.546-2.015

0.504 (0.157-1.621

( )
( )
1.045 (0.494-2.212)
( )
( )

1.520 (0.419-2.771
0.503" (0.404-0.626)
1.334* (1.016-1.752)

Set difference x leading in sets®
Point difference?® 0.753* (0.641-0.864)

Point difference x leading in
points

0.865 (0.715-1.046) 0.810° (0.636-1.033)
0.872 (0.728-1.044) 0.872 (0.688-1.105)
Interaction between importance of the situation and controllability of

Consecutive points won?
Consecutive points lost?

the situation
Remaining sets x leading in sets 0.295* (0.141-0.617)
Remaining points x leading in 0.960 (0.839-1.098)

points®

Sp <0.10; *p < 0.05; 2Grand mean centered; DThis interaction was not considered
in the final model.

the analysis, 480 negative outward emotional reactions and 481
neutral outward emotional reactions were coded after having lost
a point and 356 positive outward emotional reactions, 5 negative
outward emotional reactions, and 599 neutral outward emotional
reactions were coded after having won a point.

Antecedents of Positive Outward
Emotional Reactions After Winning a

Point

For the prediction of positive outward emotional reactions, none
of the lag variables for preceding outcomes of the point were
significant and, therefore, no lagged effects for the outcome
of the point were included in the models. Since the three
preceding outward emotional reactions were significantly related
to the current outward emotional reactions, all following models
were adjusted for these lagged effects. A model including only
these three lagged effects of outward emotional reactions had a
deviance value of 843.34, compared to 882.45 for the intercept
only (empty) model (}3(3) = 39.11, p < 0.05). The intraclass
correlation (ICC) for person was 0.294, and for match was
0.367. The results for the individual situational factors are
presented in Table 1, including odds ratio for the bivariate
relationships and odds ratio adjusted by all situational factors and
significant interactions.

Situational Factors for Importance of the Situation

For the bivariate relationships, the two situational factors stage
of competition (OR = 6.314, CI = 1.134-35.133) and remaining
sets (OR = 0.583, CI = 0.470-0.742) were significant predictors of
positive outward emotional reactions. In addition, the situational
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factor remaining points approached significance (OR = 0.946,
CI = 0.893-1.002). In the final model, the two situational
factors stage of competition (OR = 14.695, CI = 1.882-118.988)
and remaining points (OR = 0.775, CI = 0.713-0.843) were
significant predictors of positive outward emotional reactions.
Thus, after having controlled for all situational factors, the
results showed that after winning a point, the players were
more than fourteen times more likely to show positive outward
emotional reactions in elimination matches than in group
stage matches. However, there was a large confidence interval.
Furthermore, the likelihood of positive outward emotional
reactions decreased by about 22.5% for each point further away
from the potential end of the set.

Situational Factors for Controllability of the Situation
For the bivariate relationships, the four situational factors,
leading in sets (OR = 3.009, CI = 1.882-4.811), set difference
of one set (OR = 2.026, CI = 1.359-3.019), set difference of
two sets (OR = 2.434, CI = 1.882-4.811), and point difference
(OR = 0.753, CI = 0.641-0.864), were significant predictors
of outward emotional reactions. In the final model, only the
situational factor point difference (OR = 0.503, CI = 0.404-
0.626) was a significant predictor of positive outward emotional
reactions. Thus, after controlling for all situational factors, after
winning a point the chance of a positive outward emotional
reaction decreased by about 49.7% when the point difference
increased by one point. In addition, the interaction between the
two situational factors point difference and leading in points
was a significant predictor (OR = 1.334, CI = 1.016-1.752).
When the players were leading, the OR of point difference
was 0.671, while when the players were trailing or tied, the
OR of point difference was reduced to 0.503. This means that
the effect of point difference on positive outward emotional
reactions was moderated by leading in points. The effect was
stronger when the players were trailing or tied. Finally, the effect
for the situational factor consecutive points won approached
significance (OR = 0.810, CI = 0.636-1.033). This suggests that
the chance of positive outward emotional reactions decreased
by about 19% when the number of consecutive points won
increased by one point.

Situational Factors for Interaction Between
Importance/Controllability of the Situation

The interaction of the two situational factors, remaining sets and
leading in sets, was a significant predictor of positive outward
emotional reactions (OR = 0.295, CI = 0.141-0.617). Specifically,
when the players were leading, the OR for remaining sets
was 0.231 and when the players were trailing or tied, the OR
for remaining sets was 0.782. Thus, the results indicate that
in situations with more remaining sets the chance of positive
outward emotional reactions was more reduced when the players
were leading compared to when they were trailing or tied.

Antecedents of Negative Outward

Emotional Reactions After Losing a Point
For the prediction of negative outward emotional reactions,
again, none of the lag variables for the preceding outcomes of

TABLE 2 | Antecedents of negative outward emotional reactions.

Situational factors Unadj. OR (95% CI)  Adj. OR (95% CI)

Importance of the situation
Stage of competition 0.8583 (0.545-1.335)
0.737* (0.628-0.865)

0.965 (0.923-1.008)

0.809 (0.504-1.299)
0.7208 (0.496-1.045)
0.913" (0.862-0.968)

Remaining sets?

Remaining points?
Controllability of the situation
Leading in sets 0.947 (0.590-1.520
1.158 (0.819-1.637,

1.038 (0.742-1.452) ( )
( )
1.100 (0.623-1.942)
( )
( )

1.068 (0.777 -1.429)
1.602* (1.111-2.031)
1.918" (1.286-2.861)

Leading in points

Set difference (1 vs. 0)

Set difference (2 vs. 0)

Set difference x leading in sets®

1.319 (0.577-3.016
0.658 (0.344-1.257

0.831* (0.747-0.925)
0.938 (0.788-1.116)

Point difference® 0.936° (0.868-1.009)

Point difference x leading in
points?

Consecutive points won? 1.098 (0.963-1.251) 1.115 (0.956-1.300)
0.981 (0.867-1.110) 1.032 (0.893-1.193)

Interaction between importance of the situation and controllability of

Consecutive points lost?

the situation
Remaining sets x leading in sets 1.924* (1.117-3.313)
Remaining points x leading in 1.020 (0.924-1.127)

points®

Sp < 0.10; *p < 0.05; 2Grand mean centered; ° This interaction was not considered
in the final model.

the point showed a significant effect, but we found significant
effects up to the third lag variable for the preceding outward
emotional reactions. A model including lagged effects for three
preceding outward emotional reactions had a deviance value of
1249.40, compared to 1258.30 for the intercept only (empty)
model (¥2(3) = 8.983, p < 0.05). We therefore included three
lag variables, as in the models for positive outward emotional
reactions. The intraclass correlation (ICC) for person was 0.036
and for match 0.021 in the intercept only (empty) model.
Due to the low number of five negative outward emotional
reactions after winning a point, they were not considered in
this analysis. The results for the individual situational factors
are presented in Table 2, including odds ratio for the bivariate
relationships and odds ratio adjusted by all situational factors and
significant interactions.

Situational Factors for Importance of the Situation

For the bivariate relationships, the situational factor remaining
sets was a significant predictor (OR = 0.737, CI = 0.628-0.865).
In the final model, the situational factor remaining points was
significant (OR = 0.913, CI = 0.862-0.968) and the situational
factor remaining sets approached significance (OR = 0.720,
CI =0.496-1.045). Thus, after having controlled for all situational
factors, the chance of negative outward emotional reactions
decreased by about 8.7% for each point further away from the
potential end of the set, and by about 28% for each set further
away from the potential end of the match.

Situational Factors for Controllability of the Situation
For the bivariate relationships, the two situational factors set
difference of one set (OR = 1.502, CI = 1.111-2.031), and
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the set difference of two sets (OR = 1.918, CI = 1.286-
2.861) had significant effects. Furthermore, the situational
factor point difference approached significance (OR = 0.936,
CI = 0.868-1.009). In the final model, only the situational
factor point difference was significant (OR = 0.831, CI = 0.747-
0.925). This result suggests, after having controlled for all
situational factors, that the chance of negative outward emotional
reactions decreased by about 16.9% when the point difference
increased by one point.

Situational Factors for Interaction Between
Importance/Controllability of the Situation

The interaction of the two situational factors, remaining sets
and leading in sets, was a significant predictor for negative
outward emotional reactions (OR = 1.924, CI = 1.117-3.313).
Specifically, when the players were leading, the OR for remaining
sets was 1.385 and when the players were trailing or tied, the
OR for remaining sets was 0.720. Thus, the results showed that
in situations with more remaining sets the chance of negative
outward emotional reactions was increased when the players
were leading. On the contrary, when the players were trailing
or tied the chance of negative outward emotional reactions was
decreased with more remaining sets.

Consequences of Outward Emotional
Reactions

Finally, we conducted analyses to assess whether positive or
negative outward emotional reactions can significantly predict
the outcome of the next point. A total of 1813 observed
points were included in this analysis. Thus, points where
the immediately preceding outward emotional reactions were
missing were not considered. This included those points where
preceding outward emotional reactions could not be coded due
to technical problems (n = 93) as well as the first point of
each set (n = 108). Neither the lag variables for preceding
outcomes of the point nor outward emotional reactions were
significant and therefore no lagged effects were included in
the models. No significant effects were found for both positive
outward emotional reactions (OR = 0.954, CI = 0.734-1.239) and
negative outward emotional reactions (OR = 1.117, CI = 0.892-
1.399). Thus, the results suggest that neither positive nor negative
outward emotional reactions could predict the outcome of the
following point.

DISCUSSION

This study aimed to examine antecedents and consequences of
outward emotional reactions during competitive table tennis
matches. The results showed positive outward emotional
reactions were more likely in elimination matches. Both positive
and negative outward emotional reactions were less likely when
there were more remaining points until the potential end of
the set and also when there was a higher point difference
between the players. For positive outward emotional reactions,
the effect of point difference was stronger in situations where
the players were trailing or tied than in situations where the

players were leading. In addition, with more remaining sets until
the potential end of the set, the chance of positive outward
emotional reactions was more reduced when the players were
leading compared to when they were trailing or tied. For negative
outward emotional reactions, with more remaining sets until
the potential end of the match, they were more likely when
the players were leading in sets, but less likely when they were
trailing or tied in sets. Finally, we found that neither positive nor
negative outward emotional reactions could predict the outcome
of the next point.

Antecedents of Outward Emotional
Reactions

Situations that are appraised as relevant for the individual’s
goal realization have a greater influence on emotional responses
(Lazarus, 1991; Scherer, 2013). It is therefore consistent with our
hypothesis that situational factors representing the importance
of a situation increased the likelihood of both positive and
negative outward emotional reactions. The controllability of
the situation is particularly relevant in the emotion generation
process for stimuli that are not congruent with the current goal
(Scherer, 2013). Thus, we hypothesized that the controllability
of the situation would reduce the likelihood of negative
outward emotional reactions, but would not influence positive
outward emotional reactions. However, in contrast to this
hypothesis, the results show that, after having controlled for all
situational factors, none of the situational factors representing
the controllability of the situation could predict the likelihood of
negative outward emotional reactions; some of them, however,
could predict the likelihood of positive outward emotional
reactions. Below, we will first discuss the findings of the
individual situational factors concerning the importance of the
situation, then the factors related to the controllability of the
situation, and finally the interaction of factors related to the
importance and controllability of the situation.

Importance of the Situation

In accordance with our hypothesis, the results show that positive
outward emotional reactions were more likely in elimination
matches than in group stage matches. These findings are in line
with a study with handball players (Moesch et al., 20