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Abstract 1 

Researchers have shown that the emotions that athletes experience during sporting 2 

competition can be transferred between team members to create collective team emotional 3 

states. Nevertheless, collective emotions have not yet been investigated for sporting dyads. In 4 

this study the emotional experiences of 68 doubles table tennis players (34 dyads) were 5 

examined at three time points, pre-competition, in-competition and post-competition. It was 6 

found that the intensity of each emotional state differed as a function of match situation 7 

(positive/negative). Moreover, in-competition anxiety, dejection and anger were shown to 8 

predict poorer subjective performance, and anxiety was shown to negatively impact future 9 

objective athlete performance. Most pertinently, within-dyad emotional aggregation was 10 

identified for athlete in-competition happiness and dejection, and for post-competition 11 

happiness, dejection and anger. These findings represent the first quantitative evidence of 12 

emotional convergence in sport dyads and provide support for the social-functional theory of 13 

emotion in sport.  14 

Keywords: Emotion, temporal, performance, collective emotion, emotional contagion.15 
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Collective emotions in doubles table tennis 16 

Athlete emotions are defined as brief, discrete subjective experiences which can vary 17 

in response to the context specific sporting events which occur (see Wagstaff & Tamminen, 18 

2021 for a recent review). For example, scoring or losing a point can alter an athlete’s 19 

emotional experience (Fritsch et al., 2020; Seve et al., 2007). Athletes’ emotions have also 20 

been found to develop as a result of the interpersonal emotional influence exhibited by their 21 

coaches, opposition and teammates. For instance, Van Kleef (2009) explained in the 22 

Emotions as Social Information (EASI) model that other individuals’ emotional displays can 23 

influence the affect, cognitions and behaviour of observers. As such, one can infer that 24 

athletes’ emotions do not occur in a vacuum as they are likely to impact, and be impacted by, 25 

social interactions (Tamminen & Bennett, 2017). For instance, observing a teammate’s 26 

positive emotional display may lead one to feel happier or a teammate witnessing you upset 27 

could result in them attempting to comfort you. A deeper understanding of the impact that 28 

these interpersonally developed emotions can have in an in-competition context will 29 

significantly advance both the literature and the applied field.  30 

A primary focus of this study was the use of an in-competition emotion measurement 31 

method to assess the transient emotions that athletes experience throughout sport competition, 32 

as well as investigating the effect that these emotions may have on performance. In-33 

competition, context-specific measurement of athlete emotion allows for a greater degree of 34 

measurement accuracy, specificity and the opportunity for multiple emotion assessments to 35 

occur (Campo et al., 2019; Campo et al., 2018; Freemantle et al., 2021). In the absence of in-36 

competition measures, post-competition methods have been used to assess the prevalence, 37 

antecedents and consequences of athletes’ in-competition emotions (Martinent & Ferrand, 38 

2009; Neil et al., 2011; Vast et al., 2010). Researchers have sought to identify athletes’ 39 

experienced emotions as well as focus on the effect that these emotions may have on athletes’ 40 
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subjective and objective performance (see Janelle et al., 2020 for review). For instance, 41 

increased intensity of athlete positive emotion has been found to be associated with an 42 

improved subjective performance in softball (Vast et al., 2010), and an improved objective 43 

performance in basketball (Uphill et al., 2014). Uphill et al. using a questionnaire 44 

methodology, also highlighted, the significant detrimental impact that an increased intensity 45 

of negative emotions, such as anger, can have upon successful objective game involvements. 46 

Nevertheless, some researchers argue that the effect of anger can be both facilitative and 47 

debilitative for athletes depending on the sporting context (Robazza et al., 2006). Qualitative 48 

assessments in table tennis have indicated that simpler relationships may exist between the 49 

athletes’ experienced emotions and their performance. Using self-confrontational interviews, 50 

Martinent and Ferrand (2015) found that national level table tennis athletes associated 51 

positive emotion with successful performance and negative emotion with performance 52 

dissatisfaction. Qualitative assessments of table tennis athletes’ emotions have provided the 53 

field with useful insights. Yet, a quantitative assessment of athletes’ emotions, completed 54 

during competition, as in the current study, affords a rich examination of the emotional states 55 

that athletes experience and an objective understanding of how these transient emotional 56 

states may affect subsequent performance.  57 

The above evidence and the majority of the ‘emotions in sport’ literature, focuses on 58 

the effect of individual athletes’ emotional states on an outcome measure relevant to the 59 

individual. Nonetheless, researchers are increasingly cognisant of social-functional 60 

approaches to emotion (Friesen et al., 2020; Van Kleef et al., 2019; Wagstaff & Tamminen, 61 

2021). It is recognised that athletes’ emotions can occur, in part, as a result of the social 62 

environment in which the athlete is situated (see Tamminen & Bennett, 2017). In social 63 

contexts, emotions may help to communicate intentions and serve as deterrents, as well as 64 

strengthen group bonds and define social boundaries (Wagstaff & Tamminen, 2021). 65 
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Although an emotion is experienced individually, any emotional expression is likely to be 66 

public in its display, thus influencing those individuals in proximity. This influential 67 

emotional environment is a key facet of the EASI model (Van Kleef, 2009). Evidence that 68 

athletes experience interpersonal affective relationships has been presented in support of the 69 

EASI model and researchers have reasoned that the emotions felt during sport, especially 70 

team sports, should be considered social phenomena because they arise out of interactions 71 

rooted in social connections (Tamminen & Bennett, 2017).  72 

Moreover, the social emotional influence that athletes experience when situated in 73 

teams has been shown to lead to the generation of collective team emotions through 74 

interpersonal emotional transfer (Tamminen et al., 2016; Wolf et al., 2018). Collective 75 

emotions are defined as the synchronous convergence of affect across individuals in response 76 

to a specific event (von Scheve & Ismer, 2013). Tamminen et al. (2016) found evidence for 77 

collective emotions in a qualitative assessment of student athletes’ emotional experiences and 78 

stated that collective emotions can be both positive and negative and can serve facilitative 79 

functions, such as a contribution to social bonds. Totterdell (2000) was the first to investigate 80 

the concept of social affect within a sports team. He found quantitative evidence for 81 

collective affective states within cricket players on the same team and showed that an 82 

athlete’s positive mood was significantly related to that of their teammates. Totterdell 83 

proposed that this emotional association occurred because of social phenomena, rather than 84 

simply the athletes individually experiencing the same emotion in relation to the same events. 85 

Emotional contagion, the conscious and unconscious transfer of emotion between individuals 86 

in a group (Hatfield et al., 1994), was used by Totterdell to explain this interpersonal 87 

affective association. This bi-directional emotional transfer process is facilitated by tone of 88 

voice, physiological factors, facial expressions, and explicit verbal communication. 89 
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Further to the EASI model, other explanatory models have been proposed to explain 90 

shared action in teams which focus solely on conscious cognitive processes (see Reimer et 91 

al., 2006). For instance, Boss and Kleinert (2015) used Heider’s balance theory to explain 92 

performance lapses facilitated by social contagion in dyads. In Boss and Kleinert’s 93 

experimental work, the conscious appraisals relevant for emotional contagion were also cited 94 

as contributory factors for the interpersonal devaluation processes central to balance theory 95 

and the subsequent shared performance collapse. Nevertheless, emotional contagion, as 96 

explained by the EASI model, incorporates emotional transfer through both conscious 97 

(inferential processes) and unconscious (affective reactions) methods (Van Kleef, 2009). The 98 

EASI model emotionally relevant cognitive appraisals relate to individuals recognising 99 

others’ emotional displays and using that information to inform their own emotional state. In 100 

contrast to other more cognitive models, social functional emotional theories provide a useful 101 

encompassing explanation for the development of specifically collective emotions. This is 102 

due to the consideration of both conscious and unconscious processes, and evidence within 103 

sport for the underpinning emotional expression and identification behaviours. Additionally, 104 

evidence from outside of sport has shown the collaborative effect that automatic processes 105 

can provide more considered emotional appraisals in the facilitation of collective emotions 106 

when both processes are enacted collaboratively (Parkinson & Simons, 2009).  107 

Although the contagious effect of emotion in sports teams is understudied, athletes are 108 

adept at identifying other athletes’ positive and negative non-verbal emotional expressions 109 

(Drewes et al., 2020), which arguably represent an essential cornerstone of emotional 110 

contagion. Furthermore, in support of the presence of emotional contagion in sport contexts, 111 

Rumbold et al. (2021) found evidence of collective emotions in soccer teams following a 112 

match. These collective emotions were partially facilitated by athlete’s verbalising their 113 

feelings and presenting emotional expression behaviours. Although not between teammates, 114 
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emotional contagion has also been found to be present in relationships between opposing 115 

soccer players (Moll et al., 2010) and in coach-athlete relationships (Cotterill et al., 2020) 116 

owing to similar demonstrated emotional indicators. Researchers of performance collapses 117 

have also established support for the presence of interpersonal emotional transfer in sport and 118 

the impact that these social emotional concepts can have on team performance and emotional 119 

states. For instance, in their qualitative explorations of performance collapses, Wergin et al. 120 

(2018) and Cope et al. (2010) demonstrated the existence of a contagious spreading of 121 

negative emotions when team performances became worse. It was also shown that one 122 

individual with a particularly detrimental and negative attitude was able to trigger an 123 

interpersonal spread (Cope et al., 2010). These studies offer further evidence that sport 124 

provides rich contextual and social characteristics for the study of inter-personal emotional 125 

aggregation through emotional contagion.  126 

Emotional aggregation and emotional convergence are two terms used within the 127 

literature to outline and explain concepts related to the processes of emotional contagion. 128 

Emotional convergence describes the tendency for the emotions of two or more individuals to 129 

become more alike over a period of time (Zablah et al., 2017). Emotional aggregation has not 130 

been defined within the literature, and therefore, in the current study, we use the term to refer 131 

to a shared, group emotional state consisting of similar constituent individual group 132 

members’ emotions. As such, group emotional aggregation relates to a measurement taken at 133 

a single time point, while evidence of emotional convergence requires a group’s emotional 134 

similarity to increase over time. We argue that both emotional aggregation and emotional 135 

convergence necessitate the demonstration of emotional contagion. 136 

Dyads are found across differing sporting contexts. For instance, dyadic relationships 137 

have been investigated in table tennis (Greenlees et al., 2005), tennis (Lausic et al., 2009) and 138 

volleyball (Wickwire et al., 2004). Sporting dyads consist of two individuals with ambitions 139 
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toward a shared competitive goal and who have shared experiences of the same events. 140 

Consequently, these pairs often engage in extensive communication while competing and a 141 

substantial amount of this intra-dyadic communication is emotional in nature (Lausic et al., 142 

2009). Indeed, table tennis offers multiple opportunities for intra-pair communication 143 

throughout a match as a result of the teammates’ close proximity and the frequent pauses 144 

between points that often involve an explicit outward emotional reaction (Fritsch et al., 2020; 145 

Poizat et al., 2009). Relevant here is that observers have been shown to correctly categorise 146 

table tennis athletes’ post-point emotional reactions as either emotionally positive, neutral or 147 

negative, indicating that the nature of these outward emotional reactions can be largely 148 

accurately identified by a general healthy population (Fritsch et al., 2020). Instances of non-149 

verbal emotional communication between table tennis players throughout matches, not solely 150 

between points, have also been shown to impact the in-competition cognitions and 151 

expectations of athletes (Greenlees et al., 2005). A qualitative investigation completed by 152 

Poizat et al. (2009) showed that a table tennis pair consistently communicated both verbal 153 

and non-verbal information while competing. Approximately 85% of this communicated 154 

information was relevant to the collaborative partnership and most of the information was 155 

symmetrically communicated (i.e., the pair were communicating similar information at 156 

similar times). These frequent instances of intra-team communication, which are often 157 

distinctly emotional, may provide the necessary opportunities for the development of 158 

collective emotions and emotional convergence in table tennis partnerships through both 159 

unconscious and conscious emotional contagion. Despite these observations, no studies have 160 

investigated how an athlete’s emotional state may affect that of their performance partner.  161 

Quantitative evidence for the presence of intra-team emotional aggregation has been 162 

presented for larger teams during matches (viz., cricket, Totterdell, 2000), yet evidence for 163 

the existence of the concept within sports dyads, has not been examined. The dyadic analysis 164 



COLLECTIVE EMOTIONS IN DOUBLES TABLE TENNIS 7 

is important given their prevalence within sport, and in light of the widespread existence of 165 

informal dyad relationships in team sports (e.g., the scrum half and fly half in rugby, or the 166 

two sweepers in curling) and across stakeholder groups (e.g., between individual athletes and 167 

coaches). Evidence is required to better understand the within-dyad social emotional 168 

influence that sport partners can demonstrate, in order to examine the theory of EASI model 169 

processes within a wider range of applied contexts. Additionally, Totterdell’s (2000) work 170 

remains the only study in which researchers have included an assessment of intra-team 171 

emotional aggregation during a sport competition, and as such, there remains much to be 172 

explored in terms of in-competition collective emotional states in sport.  173 

In the present study, our aim was to investigate the effect that athletes’ emotional 174 

states may have on their partners’ emotions while competing in table tennis matches as a 175 

dyad. Social-functional approaches to athlete emotions (Friesen et al., 2020; Van Kleef, 176 

2009) were central to the development of the research aims. Owing to doubles athletes’ 177 

repeated exposure to each other’s emotional expressions (Fritsch et al., 2020; Poizat et al., 178 

2009), as well as evidence of emotional aggregation in other sports (Rumbold et al., 2021; 179 

Totterdell, 2000), it was predicted that the dyad pairs would present an aggregated emotional 180 

state following periods of collaborative competition. We also expected the athletes’ 181 

emotional states to vary as a function of match (positive/negative) situation, and for 182 

individual emotional states to affect subjective and objective performance. In line with 183 

evidence from the literature, we hypothesised that positive emotions would predict better 184 

performance while negative emotions would predict weaker performances.  185 

Methods 186 

Participants  187 

Sixty-eight male amateur table tennis players (34 dyads) competing in competitive 188 

doubles league matches were recruited. The average age of the sample was 31 years (SD = 189 
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13.3 years) and the pairs had, on average, competed together in 3 matches in the year prior to 190 

the study (range of 0 matches to 10 matches). In order to detect a medium to large effect size 191 

with 80% power for the comparison of the emotions experienced across the three match 192 

performance groups, G*Power suggested that a sample size of 66 participants was required. 193 

A sample size of approximately 29 dyads was needed to detect an intra-class correlation 194 

coefficient value of between .4 and .5 with 80% power and .05 alpha level (Bujang & 195 

Baharum, 2017). Actor-Partner Interdependence Models (APIM) are suited to smaller sample 196 

sizes and APIMs have been found to adequately detect differences in smaller sample sizes 197 

than those presented in this analysis (see Tambling et al., 2011). 198 

Design 199 

 A three-time point (pre-competition, in-competition, and post-competition) 200 

longitudinal questionnaire design was used in this study to assess athletes’ emotions across a 201 

table tennis match. Analyses were run to examine the differences in emotion intensity across 202 

time and match performance. Additionally, the within-dyad emotional aggregation was 203 

assessed at each of the three time points. This design allowed for a deeper examination of the 204 

athletes’ emergent collective emotional experiences and considered the transience of sporting 205 

emotion (Campo et al., 2018).  206 

Measures  207 

Emotion 208 

 The athletes’ emotional states were measured using the Brief In-Competition 209 

Emotion (BICE) scale (Freemantle et al., 2021). The BICE scale has been developed for the 210 

assessment of athletes’ in-competition emotions and evidence has been presented to support 211 

the validity of this scale (Freemantle et al., 2021). The 10-item questionnaire measures 212 

emotion across the five principal factors of anxiety, happiness, dejection, excitement and 213 

anger and uses a 5-point Likert scale ranging from 0 (Not at All) to 4 (Extremely). All five of 214 
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the emotion factors presented a McDonald’s Omega reliability score of above .7 across the 215 

three data collection time points. 216 

Subjective Performance  217 

The participants were asked to rate how well they believed they were playing and how 218 

well they thought their pair were collectively playing using separate 70mm visual analogue 219 

scales ranging from Poor to Excellent. Similar measures of subjective performance have been 220 

utilised within the literature (e.g., Arnold et al., 2018). The athletes were also asked to 221 

provide an insight into how likely they thought it was that they would win the match. A 222 

70mm visual analogue scale anchored at Very Unlikely and Very Likely was used for this 223 

measure. This is a similar methodology to that used in Totterdell (2000) which included a 224 

favourableness of match situation rating scale.  225 

Objective Performance 226 

The athletes’ objective performance was operationalised as the number of points the 227 

pairs’ opponents had scored subtracted from the number of points the participant pair had 228 

scored. A negative score indicated that the participants had lost more points than they had 229 

won. Point difference has been shown to be a useful indicator in predicting athlete 230 

performance and the likelihood of winning matches (Barreira et al., 2016).  231 

Susceptibility to Emotional Contagion 232 

 The Contagion of Affective Phenomena Scale (Clarkson et al., 2021) was used to 233 

assess the participants’ susceptibility to experiencing emotional contagion. The scale includes 234 

29 items using a 5-point Likert scale ranging from 1 (Never True) to 5 (Always True). An 235 

overall susceptibility score can be calculated, as well as a positive emotion susceptibility 236 

score (McDonald’s Omega = .836), a negative emotion susceptibility score (McDonald’s 237 

Omega = .883) and a general susceptibility score (McDonald’s Omega = .902). Positive 238 

emotion susceptibility is measured using items such as “when people around me are buzzing 239 



COLLECTIVE EMOTIONS IN DOUBLES TABLE TENNIS 10 

with excitement, I get excited too”, while examples of an item assessing negative emotion 240 

susceptibility include “I feel tense when those around me are worrying about something”. 241 

General emotion susceptibility is assessed using items such as, “other people’s emotions 242 

impact my own emotions”. 243 

Procedure 244 

 The participants provided informed consent before beginning their doubles table 245 

tennis match. All of the questionnaires were administered by the first author and were 246 

completed using pen and paper. The first data collection time point occurred approximately 247 

10 minutes before the match commenced. At this pre-competition time point (Time 1), the 248 

participants completed the BICE scale and an assessment of the likelihood that they would 249 

win the match. The second data collection point (Time 2) was undertaken in the one-minute 250 

allotted break in play between the second and third games during the match. The participants 251 

completed the BICE scale, a subjective assessment of their own performance, their 252 

collaborative performance as a pair and the likelihood that they would win the match. 253 

Following the completion of the match, the participants then immediately took part in the 254 

third data collection session (Time 3). Here the participants completed their final BICE scale 255 

assessment and a subjective assessment of their own performance and their collaborative pair 256 

performance since Time 2. Within approximately 30 minutes of the post-competition time 257 

point, the participants completed the Contagion of Affective Phenomena Scale (Clarkson et 258 

al., 2021). Institutional ethical approval was granted for this study (SFEC 2019-066). 259 

Data Analysis 260 

 First, separate repeated measures ANOVAs were run to investigate how each of the 261 

five athlete emotional states changed over time (pre-, in- and post-competition). A single 262 

mixed ANOVA was also run to assess whether the BICE scale emotion factors were 263 

experienced at different intensities by participants who were winning, drawing or losing at 264 
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Time 2 and those who had won or lost at Time 3. In these ANOVA models, the within 265 

subjects variable was emotion (anxiety, happiness, dejection, anger and excitement) and the 266 

between subjects variable was the match performance (winning, drawing or losing and won 267 

or lost). In addition, an ANCOVA model was completed which examined the relationship 268 

between the five measured emotions at Time 1 and Time 2 with subsequent objective 269 

performance (between-subjects), while controlling for the athletes’ objective performance at 270 

the time of emotion measurement. Regression analyses were run to measure the extent to 271 

which emotion could predict subjective personal performance. All statistical assumptions 272 

were met for each of the analyses that were run. 273 

 The emotional aggregation exhibited by the dyad pairs was assessed using an Actor-274 

Partner Interdependence Model (Kenny et al., 2006). A partial intraclass correlation 275 

coefficient (ICC) was calculated for the dyads’ five emotional states at Time 2 and Time 3 276 

while controlling for the athletes’ objective (the pairs’ points difference at the time of 277 

emotion measurement) and subjective (the self-assessment of the pair’s collaborative 278 

performance) experiences of the match at the time. These two variables were chosen so as to 279 

remove residual emotional similarity which may have occurred as a result of the partners’ 280 

shared match environment. Significant ICC values have previously been used to indicate 281 

empirical support for aggregation (Bartel & Saavedra, 2000; Kenny & LaVoi, 1985) and ICC 282 

values between .40 to .75 represent fair to good agreement (Fleiss, 1986). The 283 

interdependence of the emotion scores was also assessed, such that any unexplained variance 284 

in the similarity of the dyads’ emotion scores indicated the existence of an emotional 285 

aggregation which did not occur as a result of the participants experiencing the same match 286 

characteristics. 287 

Results 288 

Performance Correlations 289 
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 The correlations between the objective and subjective performance measures for both 290 

Time 2 and Time 3 can be found in Table 1. The participants’ subjective assessments of their 291 

performance and their collaborative pair performance was highly correlated with their 292 

objective performance at both Time 2 and Time 3.  293 

[Table 1 here] 294 

Emotional Experiences 295 

 Table 2 presents the means, standard deviations and group differences of the five 296 

emotion factors at all three data collection time points. Post hoc Bonferroni pairwise 297 

comparisons showed that athlete Happiness at Time 1 was significantly higher than at Time 298 

2. Athlete Anxiety was significantly higher at Time 1 and Time 2 than at Time 3. The athletes 299 

experienced significantly less Dejection at Time 1 compared to Time 2 and Time 3 and the 300 

same pattern was found when comparing Anger at Time 1, Time 2 and Time 3. The only 301 

significant difference between time points for Excitement was between Time 1 and Time 2. 302 

A mixed factorial ANOVA assessing the effect of match situation and emotion factor 303 

on emotional intensity was completed for Time 2. Table 3 shows the means, standard 304 

deviations and confidence intervals while Table 4 shows the ANOVA results. Bonferroni 305 

corrected pairwise comparisons were also completed. Happiness scores were significantly 306 

lower for those athletes losing compared to those winning. The athletes felt significantly less 307 

dejected when winning and drawing compared to when losing. Additionally, the athletes were 308 

significantly less angry when winning compared to when losing. There were no significant 309 

differences in Excitement or Anxiety scores whether winning, drawing or losing.  310 

A second mixed factorial ANOVA was conducted to examine whether the athletes’ 311 

post-match emotions differed at Time 3 dependent upon whether they had won or lost the 312 

match. A significant main effect was found for emotion, F(1.80, 118.91) = 56.03, p < .001, 313 

ηp
2 = .46, and a significant main effect was found for match performance, F(1, 66) = 5.48, p = 314 
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.022, ηp
2 = .08. The interaction effect was also significant, F(1.80, 118.91) = 33.28, p < .001, 315 

ηp
2 = .36. Bonferroni corrected pairwise comparisons were again run to assess this significant 316 

interaction effect and all five emotion factors were shown to present significantly different 317 

emotional intensities whether the athlete had won or lost the match (see Table 5).  318 

[Table 2, 3, 4 and 5 here] 319 

Emotions and Performance 320 

Subjective Performance  321 

Regression analyses were completed to investigate whether each of the emotion factor 322 

scores at Time 1 could predict subjective performance assessments made at Time 2. While 323 

controlling for the participants’ pre-match assessments of their likelihood of winning, only 324 

the participants’ levels of pre-competition Excitement had a significant additional predictive 325 

impact upon subjective personal performance levels at Time 2 (Beta = .262, p = .011, R2 326 

change = .080). These findings suggest that increased levels of pre-competition Excitement 327 

were related to higher subjective in-competition performance.   328 

Similar regression models were then completed to assess the effect of the participants’ 329 

Time 2 emotion on their subsequent subjective personal performance while controlling for 330 

the Time 2 assessment of their likelihood of winning the match. The participants’ during 331 

match Anxiety (Beta = -.277, p = .015, R2 change = .078), Dejection (Beta = -.309, p = .005, 332 

R2 change = .100) and Anger (Beta = -.230, p = .018, R2 change = .073) all contributed a 333 

significant additional effect to their subjective personal performance assessments. Time 2 334 

Anxiety (Beta = -.221, p = .037, R2 change = .048), Dejection (Beta = -.223, p = .020, R2 335 

change = .059) and Anger (Beta = -.191, p = .021, R2 change = .058) also significantly 336 

predicted Time 3 subjective performance when Time 2 points difference was instead 337 

controlled for.  338 

Objective Performance 339 
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 An ANCOVA assessing the effect of Time 2 emotion on subsequent objective 340 

performance (won or lost) while controlling for the participants’ objective points difference at 341 

Time 2, F(1, 65) = 1.72, p =.20, ηp
2 = .03 was then run. The main effect for both emotion 342 

factor, F(1.76, 114.05) = 49.68, p < .001, ηp
2 = .43, and match performance, F(1, 65) = .53, p 343 

= .01, ηp
2 = .11, were shown to be significant, and the interaction effect was non-significant, 344 

F(1.75, 114.05) = 1.46, p = .24, ηp
2 = .29. Bonferroni corrected pairwise comparisons showed 345 

that only Time 2 Anxiety was significantly different for the participants who subsequently 346 

won or lost the match. The participants who lost (M = 2.44, 95% CI [1.76, 3.12]) were found 347 

to have been experiencing more Anxiety at Time 2 than those who won (M = 1.09, 95% CI 348 

[.67, 1.50]). 349 

Emotional Aggregation and Convergence 350 

At Time 2, both dyad Happiness (ICC = .488, p < .001) and Dejection (ICC = .395, p 351 

= .008) presented significant within-dyad partial ICC values. This was consistent with the 352 

prediction that the dyad pairs would experience emotional aggregation and present a 353 

collective team emotion. Of the within-dyad variance, 75.1% of the Happiness variance and 354 

69.4% of the Dejection variance was not explained by the comparative subjective and 355 

objective match contexts that both dyad members were experiencing simultaneously. These 356 

results suggest that mechanisms other than the participants experiencing the same match 357 

characteristics contributed to the aggregated emotional states that the dyad pairs 358 

demonstrated. Owing to previous evidence from the literature which shows that sport 359 

provides the necessary social and contextual characteristics for interpersonal emotional 360 

transfer to occur, these influential emotional processes may have assisted in creating the 361 

within-dyad collective emotional states.  362 

 In additional support of the predictions, at Time 3, Happiness (ICC = .539, p < .001), 363 

Dejection (ICC = .491, p = .001) and Anger (ICC = .518, p < .001) scores all presented 364 
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significant within-dyad partial ICC scores when controlling for the athletes’ subjective and 365 

objective experiences of the match at the time. Further, the within-dyad emotional variance 366 

not explained by athletes’ subjective or objective performance was 62.1% for the Happiness 367 

scores, 55.7% for Dejection scores and 61.2% for Anger. Consequently, large proportions of 368 

the within-dyad emotional variance were caused by factors other than the shared match 369 

experiences and may therefore have been facilitated by interpersonal emotional transfer.  370 

The partial ICC values were found to increase between Time 2 and Time 3 for all of 371 

five measured emotions. These increases indicate that the athletes within the same dyads 372 

presented a more similar emotional state as the match progressed, thus suggesting emotional 373 

convergence. The ICC values can be found in Table 6. 374 

[Table 6 here] 375 

Emotion Aggregation and the Contagion of Affective Phenomena Scale 376 

 The participants recorded an average overall emotional contagion susceptibility value 377 

of 2.88 (SD = .50), an average positive emotional contagion susceptibility score of 3.63 (SD = 378 

.56) and an average negative emotional contagion susceptibility score of 2.52 (SD = .56). The 379 

same APIM models from the aggregation analysis were run with the Contagion of Affective 380 

Phenomena Scale (CAPS) scores also included as a predictor. Significant increases in the 381 

variance explained by the models after the addition of the CAPS scores would suggest that 382 

the participants’ subjective assessments of their susceptibility to experience emotional 383 

contagion contributed to explaining their within-dyad emotion similarity. The addition of the 384 

CAPS scores significantly increased the variance explained by the APIM model for the 385 

within-dyad Happiness scores by 8.5% at Time 2 and by 18.9% at Time 3. The inclusion of 386 

the subjective CAPS scores in the model for Dejection at Time 2 and Time 3, and for Anger 387 

at Time 3 did not significantly affect the variance explained by the model.  388 

Discussion 389 
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 In this study, we examined the emotional experiences of doubles table tennis players 390 

using an in-competition emotion measurement technique. The emotions that the athletes’ 391 

experienced throughout their matches were highlighted, as well as the impact that these 392 

emotions had upon the athletes’ subjective and objective performance. In addition, and in line 393 

with the study hypotheses, we present data that provide evidence of within-dyad emotional 394 

aggregation at both the in-competition and post-competition time points.  395 

In general, the results of the present study act to support the hypothesis and the 396 

current literature which suggests that athletes experience more negative emotions when 397 

losing or following a loss and they experience more positive emotions when winning or 398 

following a win (see Jones & Sheffield, 2007; Polman et al., 2007). These quantitative results 399 

can be interpreted to also support the qualitative findings presented by Seve et al. (2007) and 400 

Martinent and Ferrand (2015), who showed that table tennis players experience more pleasant 401 

and fewer unpleasant emotions when winning games and vice versa when losing games. The 402 

participants who were drawing at Time 2 demonstrated an emotional response which was 403 

consistently emotionally situated between the winning and losing athletes’ emotional 404 

experiences. For example, the drawing athletes were not as happy as the winning athletes but 405 

happier than the losing athletes. Table tennis matches cannot be drawn, therefore both a 406 

match win or loss were still possible for these athletes and it is thus not surprising that their 407 

emotional profiles were somewhat indicative of the possibility of either eventual match 408 

outcome. The novel in-competition methodology used in this research provides further 409 

evidence of the transient emotions which Campo et al. (2018) suggest are experienced by 410 

athletes in-competition, but which have not previously been quantitatively assessed. To 411 

extend this work, researchers might continue to adhere to the methodological 412 

recommendations outlined by Wagstaff and Tamminen (2021) regarding the necessity for in-413 

competition assessment when measuring in-competition athlete emotion.   414 
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 Another objective of the present study was to assess the effect of the five measured 415 

emotions on the athletes’ subjective and objective performance. It was found that pre-416 

competition excitement positively impacted future subjective performance while in-417 

competition anxiety, dejection and anger each negatively affected future subjective 418 

performance. The present findings therefore suggest that negative emotions are debilitative 419 

when experienced during table tennis matches. The athletes’ decrease in subjective 420 

performance assessments may have occurred because of maladaptive cognitive appraisals 421 

impacting on the athletes’ attitude towards their own performance through internally 422 

exaggerating the athletes’ mistakes and ignoring their successful actions (Nicholls et al., 423 

2012). Subjective performance was also highly correlated with objective performance, further 424 

highlighting the importance of seeking to improve athletes’ emotional states.   425 

 Interestingly, only in-competition anxiety was associated with a reduction in the 426 

athletes’ subsequent objective performance. The effect of state anxiety on objective sporting 427 

performance has been widely examined, with the vast majority of studies indicating, similarly 428 

to the results of the present study, that more intense experiences of anxiety lead to poorer 429 

performance (see Woodman & Hardy, 2003). Nevertheless, the objective performance 430 

measure that was used here (a win or a loss) was as much a measure of the participants’ pair 431 

performance as the participants’ own performance. Therefore, that individual level subjective 432 

anxiety was shown to relate to a pair level objective performance measure, indicates the full 433 

extent of the impact that experiences of state anxiety can have on athletes’ performance.  434 

 The key aim of the current study was to investigate the effect of an athlete’s emotion 435 

on their partner’s emotional state and identify any instances of collective emotions. 436 

Collective emotions were identified as synchronous emotional states exhibited across 437 

individuals in response to a stimulus (von Scheve & Ismer, 2013). In the present study, we 438 

have interpreted the data as showing that at Time 2 (between game 2 and 3 of the match) the 439 
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athletes’ within-dyad experiences of happiness and dejection were significantly related, and 440 

at Time 3 (immediately following the match) within-dyad happiness, dejection and anger 441 

were significantly associated. In line with this interpretation, we argue that these results 442 

support our hypothesis that happy, dejected and angry emotional states were collectively 443 

experienced by the collaborative dyads. This represents the first evidence of this phenomenon 444 

in dyadic sport. The significant association between the paired athletes’ happiness scores 445 

directly supports Totterdell’s (2000) study which found that cricket players’ happiness was 446 

related to the happiness of their teammates regardless of the match situation and any personal 447 

hassles. Yet, in the present study, within-dyad collective emotion was also found for 448 

participants’ in-competition experiences of dejection and anger, indicating that negative 449 

emotions may also aggregate in sports teams and lead to collective emotional states.  450 

In our analysis, within-dyad happiness, dejection and anger emotional aggregation 451 

was present after controlling for the pairs’ objective and subjective experiences of their match 452 

performance. As a result, and in line with Totterdell’s (2000) conclusions, it can be assumed 453 

that some portion of the demonstrated collective emotional states were not established simply 454 

as a result of the pair experiencing the same events simultaneously. Owing to previous 455 

research indicating that interpersonal emotional transfer may be present in sport (Cotterill et 456 

al., 2020; Rumbold et al., 2021; Totterdell, 2000), and evidence that small-sided collaborative 457 

teams can experience emotional contagion when undertaking collaborative tasks (Ilies et al., 458 

2007), it was hypothesised that the emotional aggregation highlighted in this study occurred, 459 

in part, as a result of emotional contagion (Hatfield et al., 1994). Emotional contagion is the 460 

interpersonal transfer of affect, facilitated by facial expressions, tone of voice, gestures and 461 

other behaviours (Barsade et al., 2018). In support of this theory, the socially intense 462 

environments that sport fosters have been shown to lead to both explicit emotional 463 

expressions and subtle, nuanced emotional indicators (Fritsch et al., 2020; Lausic et al., 2015; 464 
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Poizat et al., 2009; Tamminen et al., 2016). Indeed, happiness and dejection are two emotions 465 

that are easily expressed and identified (Keltner et al., 2019), which may suggest why these 466 

two emotions showed a significant within-dyad association at the in-competition time point 467 

and the post-competition time point. It is suggested that expressions of excitement and 468 

anxiety, when compared to happiness and dejection, may not be so easily demonstrated and 469 

identified by individuals, which explains why these emotions did not elicit a significant 470 

partial ICC score. Nevertheless, expressions of anger are often frequently explicitly exhibited 471 

in sport (Gonzalez-Garcia et al., 2019), hence it is not a surprise that at Time 3, anger was 472 

shown to also significantly aggregate within the pair. Hatfield et al. (2014) previously stated 473 

that emotional experiences must be of suitable intensity for emotional contagion to occur and 474 

therefore it seems that the emotional intensity threshold for anger was met at Time 3 475 

following an increase in the average anger intensity from Time 2.  476 

The within-dyad emotional aggregation observed here was also found to increase for 477 

all of the five emotions as the match progressed. Further, the statistically significant 478 

aggregation of Happiness and Dejection at Time 2 and then Happiness, Dejection and Anger 479 

at Time 3 can be interpreted as support for the pairs experiencing emotional convergence and 480 

their emotional states becoming more similar over time. This is the first explicit evidence of 481 

longitudinal emotional convergence during sporting competition and these observations 482 

significantly extend previous studies which have either not addressed the changes in within-483 

team emotional similarity over time (e.g., Totterdell, 2000) or have only measured within-484 

team emotion aggregation at a single time point (e.g., Rumbold et al., 2021). 485 

The Contagion of Affective Phenomena Scale (Clarkson et al., 2021) was also found 486 

to significantly increase the explained variance in the athletes’ within-dyad happiness 487 

aggregation. This finding supports the theory that part of the emotional aggregation identified 488 

during these table tennis matches can be explained through emotional contagion. 489 
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Additionally, the findings suggest that the CAPS may also provide a useful indication as to 490 

individuals’ tendencies to experience interpersonally aggregated emotions and may act as a 491 

predictor for the likelihood of social emotional transfer in athletes. Further research is 492 

encouraged to assess the role that the CAPS may play in predicting emotional contagion.  493 

Regarding limitations, the naturalistic approach that was implemented in this study 494 

may have acted as a limitation in presenting supportive evidence for the emotional contagion 495 

hypothesis as it was not possible to manipulate the participants’ emotions and the events that 496 

they experienced (see arguments proposed by Totterdell, 2000). Instead, as a result of this 497 

design, we utilised an analysis technique which provided evidence of within-dyad emotional 498 

aggregation and cases of unexplained emotional similarity. As such, this analysis 499 

demonstrated evidence of collective emotional states (von Scheve & Ismer, 2013), although 500 

the exact causes of these collective emotions are not explicitly clear. Nevertheless, the 501 

athletes’ objective and subjective experiences of the match were controlled for in the 502 

calculation of emotional aggregation, which would suggest that the collective emotions did 503 

not occur solely because of the pairs’ simultaneous experiences of match events. In addition, 504 

owing to the frequent emotional communication that sporting dyads have been shown to 505 

demonstrate (Lausic et al., 2009), as well as the largely symmetrical information sharing in 506 

table tennis doubles pairs (Poizat et al., 2009), it is probable that the required characteristics 507 

(e.g. emotional intensity and clear emotional expression) were present for within-dyad 508 

collective emotions to occur through interpersonal emotional transfer. Future researchers may 509 

wish to conduct experiments which manipulate the emotions of sporting teams before 510 

competition to provide further evidence of emotional transfer. Nevertheless, an emotional 511 

manipulation would be difficult to achieve in sporting competition and would include an 512 

ecological validity cost. 513 



COLLECTIVE EMOTIONS IN DOUBLES TABLE TENNIS 21 

In sum, within-dyad associations in athlete emotion were found for the emotions of 514 

happiness and dejection, in-competition, and happiness, dejection and anger post-515 

competition. Previous researchers have found evidence for the presence of emotional 516 

aggregation in a range of relationships within sport (e.g., coach-athlete Cotterill et al., 2019; 517 

opponent-opponent Moll et al., 2011; large group teammates Totterdell, 2000) and the wider 518 

literature has shown that the emotions experienced within sport are socially relevant and 519 

interpersonally influential (Tamminen & Bennett, 2017; Van Kleef et al., 2019). Hence, the 520 

evidence presented in this study provides support for social-functional theories of emotion 521 

within sport and further indicates the effect that teammates’ emotional displays can have 522 

upon other’s cognitive and affective states (Van Kleef, 2009). Moreover, this work can be 523 

interpreted to indicate that athletes should be wary of negative emotions being transferred 524 

within teams, as well as hopeful for the transfer of positive emotion. As such, researchers 525 

could extend the present work by investigating the association between athletes’ individual 526 

performance measures whilst competing in teams and their transient in-competition 527 

emotional profiles. For instance, if an athlete makes a mistake at ‘match point’ this may 528 

trigger a more intense intra-personal reaction and thus stronger interpersonal emotional 529 

influence than if a mistake is made at the beginning of the competition.  530 

Our examination of table tennis dyad members’ in-competition emotional states has 531 

highlighted the salient emotions that athletes experience throughout matches and the 532 

collective nature of these emotions. We argue that the presented collective emotions occur, in 533 

part, because of emotional contagion. These findings support previous research investigating 534 

interpersonal emotional phenomena and provide further evidence that individuals’ emotions 535 

are interpersonally relevant in social situations. 536 
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Tables 

Table 1. Bivariate Spearman’s Rho Correlations between subjective and objective 

performance measurements taken at Time 2 and Time 3 

Note. N = 68 
**p<.01 
 

 

 

 

 

 

 

 

 

 

 Variable 1 2 3 4 5 6 
1. Time 2 Objective 

Performance -      

2. Time 2 Subjective 

Personal Performance .594** -     

3. Time 2 Subjective 

Collaborative Performance .625** .651** -    

4. Time 3 Objective 

Performance .691** .419** .550** -   

5. Time 3 Subjective 

Personal Performance .510** .579** .609** .587** -  

6. Time 3 Subjective 

Collaborative Performance .416** .343** .590** .694** .803** - 



  

Table 2. Descriptive Statistics and group differences for each of the Five BICE Scale Emotions at Time 1, Time 2 and Time 3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note. N = 68 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Emotion 
Time 1 Time 2 Time 3 Differences across 

Time Mean SD Mean SD Mean SD 

Happiness 5.38 1.76 4.60 2.30 4.90 2.41 F = 4.27, p = .02  

Anxiety 1.63 1.62 1.76 1.75 0.93 1.67 F = 8.80, p <.001  

Dejection 0.91 1.59 1.96 2.09 2.59 2.79 F = 15.15, p <.001 

Excitement 4.38 1.69 5.51 1.87 5.07 2.15 F = 8.74, p = .001  

Anger 0.94 1.54 2.19 2.29 2.35 2.59 F = 13.05, p <.001   



  

Table 3. Descriptive Statistics for each of the Five BICE Scale Emotions whether winning, drawing or losing at Time 2 

Note. N = 68 
 
 
 
 
 
 
 

Emotion 
Winning Drawing Losing 

Mean SD Confidence 
Intervals Mean SD Confidence 

Intervals Mean SD Confidence 
Intervals 

Happiness 5.55 2.40 [4.60, 6.50] 4.54 2.02 [3.67, 5.41] 3.65 2.23 [2.66, 4.64] 

Anxiety 1.00 1.23 [.28, 1.72] 2.04 1.51 [1.38, 6.70] 2.25 2.24 [1.50, 3.00] 

Dejection 0.96 2.40 [.15, 1.76] 1.77 1.48 [1.03, 2.51] 3.30 1.75 [2.45, 4.15] 

Excitement 5.66 1.90 [4.99, 6.56] 5.81 1.77 [5.08, 6.53] 4.85 1.90 [4.02, 5.68] 

Anger 1.23 2.49 [.29, 2.16] 2.27 1.93 [1.41, 3.13] 3.15 2.29 [2.17, 4.13] 



  

Table 4. ANOVA results table for the differences in emotion intensity across different 

emotion factors and match situation 

 
 

 

 

 

 

 

Table 5. Descriptive Statistics for each of the Five BICE Scale Emotions at Time 3 whether 

the athlete had Won or Lost the match 

 
Table 6. The Partial ICC values for all Five Emotions at Time 2 and Time 3. 1 

 

 
 
 
 
 
 
 
 
 
 

*p<.05 

Source df MS F p Effect 
Size 

Emotion Factor (A) 1.79 116.15 50.63 <.001 .44 

Match Situation (B) 2 65 1.94 .152 .06 

A × B 3.57 116.15 4.94 .002 .13 

Emotion 
Won Lost 

Mean SD Confidence 
Intervals Mean SD Confidence 

Intervals 

Happiness 6.24 2.06 [5.55, 6.92] 3.56 1.96 [2.87, 4.25] 

Anxiety 0.50 1.05 [-.06, 1.06] 1.35 2.04 [.80, 1.91] 

Dejection 0.82 2.04 [.08, 1.56] 4.35 2.28 [3.61, 5.10] 

Excitement 5.97 1.78 [5.30, 6.65] 4.18 2.14 [3.50, 4.85] 

Anger 0.94 2.09 [.19, 1.69] 3.77 2.27 [3.02, 4.51] 

Emotion Time 2 partial ICC 
Value 

Time 3 partial ICC 
Value 

Happiness .488* .539* 

Anxiety .227 .266 

Dejection .395* .492* 

Excitement .004 .189 

Anger .288 .519* 


