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1 |  INTRODUCTION

An athlete's affective state can vary dramatically before, 
during, and after competition.1 Findings reported across 
an increasing number of studies highlight the implica-
tions of temporal aspects of affect and emotion for sport 

performance.2,3 Changes in affect can manifest fluctua-
tions in physiological responses (eg, blood lactate, heart 
rate) and perceptual cues (eg, perceived exertion) across 
temporal aspects of competition.4 The pattern of these 
fluctuations and potential associations between percep-
tual cues and physiological responses may diverge during 
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Athletes’ affective states can vary dramatically before, during, and after competition. 
Further, intense affect is associated with physiological responses that may amplify 
biological reactions manifested from the execution of physical tasks underlying per-
formance. Fluctuations in perceptual cues (eg, perceived exertion) and physiological 
responses (eg, blood lactate, heart rate) can influence performance and vary dra-
matically in relation to competition. However, the pattern of these fluctuations and 
potential associations between perceptual cues and biological responses may also 
diverge during task execution with differential implications for performance. Data 
collected from highly trained athletes (N = 25; Mage = 25.4) during a competition 
(ie, maximum total distance) comprised of three 7-minute cycling time trials and 
were analyzed with longitudinal multilevel modeling. Results showed that affective 
states were negatively associated with perceived exertion at the within-person level 
and negatively associated with heart rate at the between-person level within each 
trial. Blood lactate and heart rate were positively associated at the between-person 
level, whereas heart rate was positively associated with perceived exertion at the 
within-person level. The anticipation of more pleasurable affective states predicted 
less decline in affective states, but not physiological responses, during each trial. 
Anticipated affective states prior to each trial were also associated with affective 
states upon its completion. These findings suggest associations among perceptual 
cues and physiological responses may differ depending on the level of analysis (be-
tween- vs. within-person level associations), and anticipated affective states prior to 
performance may influence affective states during and after task execution.
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task execution with differential implications for underlying 
cognitive and physical components of sport performance.5 
However, limited research has investigated the configu-
ration of associations between physiological indices of 
affective states and perceptual cues across time points oc-
curring before, during, and after competition. The purpose 
of the present study was to explore potential relationships 
between athletes’ affective experiences and psychophys-
iological responses over the course of sport competition. 
Therefore, we assessed the variability of associations be-
tween athletes’ affective states, perceived exertion, and 
physiological responses across temporal aspects of cycling 
time trials (TTs).

Previous research exploring temporal aspects of emotions 
and affect in sport have predominantly collected psychophys-
iological measurements in the moments preceding competi-
tion6,7 and/or following the completion of sport-related tasks.8 
Attempts to investigate the experience of emotions and affec-
tive states during competition have relied upon the recounting 
of critical incidents in qualitative interviews,9 the completing 
of questionnaires immediately following a match,3 and the 
use of techniques such as video-assisted recall.2 However, the 
research designs used in these studies limit their ability to 
simultaneously record athletes’ physiological responses and 
affective states as they occur in real time and in relation to 
performance demands. A recent study conducted by Abel and 
colleagues10 recorded measures of both physiological and af-
fective states during task completion to examine the effect of 
environmental feedback on pacing strategy and affective load 
during five self-paced cycling TTs performed at three-day 
intervals. However, the data analyses reported in the study 
did not explore the influence of the recalled experience of 
the completed TTs (eg, TT1) on the affective states in antic-
ipation and undertaking of the subsequent TTs (eg, TT2 and 
TT3). Although the affective states of the eight participants 
in the study may have been influenced by subjective evalua-
tion of their performance, it does not appear that the cyclists 
were instructed the completion of the TTs was in a competi-
tion setting against other participants. Consequently, the find-
ings of the study are limited in their ability to be generalized 
to athletes’ psychophysiological experiences across temporal 
aspects of sport competition and may more closely resemble 
affective responses during exercise.

Extensive research has examined the role of temporal 
aspects of affective states in physical activity11 with a par-
ticular focus upon the associations across remembered, antic-
ipated, and experienced affective responses to exercise.12,13 
It is noted that anticipated affective responses to exercise 
can directly influence the affect that is subsequently experi-
enced14; further, affective responses during short durations of 
physical activity are reliably correlated with future exercise 
behavior.15,16 Taken collectively, the established links across 
temporal aspects of affective responses observed in physical 

activity may inform research investigating the patterns of 
fluctuations between perceptual and physiological responses 
before, during, and after sport competition. Exercise- and 
sport-related behaviors share a number of similarities associ-
ated with psychophysiological responses to physical activity 
(eg, affect, perceived exertion); resembling exercise, partic-
ipation in competitive sport is a repeated behavior wherein 
the affective responses during competition may be guided by 
recalled and anticipated affective states related to past and 
future sport competitions, respectively. However, competitive 
sport settings and exercise environments often differ across a 
range of factors (eg, achievement goals) that can influence a 
participant's affective experience.17

Competitive sport is inherently focused upon the anticipa-
tion and execution of physical tasks as well as performance 
outcomes; therefore, athletes engage in an ongoing process of 
self-monitoring and evaluation aimed at maintaining and/or 
enhancing performance.18 In particular, athletes’ reflections 
upon past performance are proposed to influence self-moni-
toring and affective states during sport competition19; how-
ever, previous research investigating temporal aspects of 
self-monitoring and sport performance has not examined 
affective states in association with physiological responses 
across repeated sport competitions. Moreover, the interaction 
of athletes’ physiological responses and affective experiences 
during task execution has not been examined. The aim of the 
present study was to explore potential patterns, fluctuations, 
and associations of athletes’ affective states and physiologi-
cal responses across temporal aspects of sport competition. 
Therefore, athletes’ affective states, perceived exertion, blood 
lactate, and heart rate were measured in the time preceding, 
undertaking, and following the completion of three competi-
tive cycling TTs.

2 |  METHODS

2.1 | Participants

Twenty-five highly trained competitive athletes (nineteen 
men and six women; Mage = 25.44, SD = 4.42; hours/week 
training: M = 10.64, SD = 3.13) were recruited to the study 
from the elite sport centers based at a post-secondary insti-
tution in Sweden; specifically, the athletes competed in ei-
ther cross-country skiing, ski orienteering, or orienteering at 
both national and international levels. Their mean height and 
weight were 180.45 (SD = 10.31) cm and 75.29 (SD = 10.57) 
kg, respectively.

Post hoc power analyses for the multilevel growth models 
using Monte Carlo simulations (based on a sample size of 25, 
five repeated measurements within each trial, and power of 
0.80) showed that the current study could detect regression 
coefficients of 0.070, 0.095, and 0.110, respectively, across 
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the three time trials. A detailed description of the post hoc 
power analysis is presented in the Supplementary Material.

Ethical approval for the study was provided by the 
Swedish Ethical Review Authority Regional Ethics board 
based at Umeå University. Participants received information 
about the protocol and provided written consent prior to un-
dertaking the study.

2.1.1 | Materials

Affective valence was measured by the Feeling Scale (FS) 
developed by Hardy and Rejeski20 (1989); the 11-point bi-
polar measurement scale of pleasure displeasure ranges 
from + 5 (I feel very good) to −5 (I feel very bad).

Recall of affective experience was measured with the 
Global affective evaluation scale (GAE) which has previously 
been used to measure the overall amount of pleasantness 
or unpleasantness experienced during physical activity12; 
it uses a scale ranging from −10 (very unpleasant experi-
ence) through 0 (neutral experience) to +10 (very pleasant 
experience).

Anticipated affective states were measured using an 
adapted GAE; participants’ responses ranged from −10 (very 
unpleasant experience) through 0 (neutral experience) to 
+10 (very pleasant experience) indicating how they antici-
pated feeling during the upcoming TT.

Whole-body ratings of perceived exertion were recorded 
using the Rating of Perceived Exertion scale (RPE21). 
Participants stated the number that reflected how difficult the 
exercise felt on a 6-20 scale, ranging from 6 (no exertion at 
all) through 13 (somewhat hard) to 20 (maximal exertion). 
In line with recommendations from Borg,21 participants were 
provided standardized instruction on how to use the scale.

Physiological responses were calculated via heart rate 
(HR, bpm) continuously measured (Polar H7; Polar Electro 
Oy, Kuopio Finland) during the TTs. Additionally, blood lac-
tate concentrations (BL) were assessed using blood samples 
(25 µL) collected from the finger and analyzed immediately 
(BIOSEN C_Line Clinic 2; FYSIOTEST, Båstad Sweden).

Performance measures were recorded in the form of con-
tinuous power output (PO, W) and distance covered on an 
SRM cycle ergometer (Schoberer Rad Meßtechnik SRM 
GmbH, Jülich, Germany).

2.1.2 | Procedure

On the scheduled day of testing, participants provided de-
mographic information and were familiarized with the test-
ing protocol. They were informed that they were competing 
with other participants to record the greatest amount of dis-
tance possible; their performance would be compared with 

all other participants and publically posted in ranking order 
with the best performance winning a prize valued at €100. 
Participants were reminded they were about to undertake the 
first of three 7 minutes TTs; they were then asked to warm-
up for 2 minutes by selecting a comfortable pace on a SRM 
Ergometer. Immediately before commencing the TT, partici-
pants reported their current affective state (FS), perceived ex-
ertion (RPE), anticipated affect (AA) during the trial, and had 
their heart rate (HR) as well as blood lactate (BL) measured. 
During the TT, every 2 minutes (ie, 2, 4, 6 minutes), partici-
pants provided measures of FS, RPE, HR, and BL as well as 
upon completion of the TT (ie, 7 minutes). Participants did 
not receive any information regarding the distance they cy-
cled or the passage of time during the completion of the trial. 
Upon completing the 7 minutes, TT participants were asked 
to cool down for another 90 seconds by cycling at a speed 
they self-selected. Immediately after the cool down, partici-
pants completed the FS and GAE. Three minutes after the 
TT, participants again answered the FS, GAE, and provided 
BL. They were then instructed they would complete the next 
TT in 7 minutes (10 minutes separated each TT) and provided 
time to recover and prepare as they would between regular 
competitions. Two minutes prior to commencing the next 
TT, participants again completed a warm-up for 2 minutes by 
self-selecting a cycling pace; they were reminded they were 
about to complete the second of three 7 minutes TTs in which 
they were to cover the greatest amount of distance possible in 
competition with the other participants. Immediately before 
commencing the 7 minutes TT, the FS, RPE, AA, HR, and 
BL were measured. During and after the TT, the same testing 
and measurement procedure as TT one was completed, fol-
lowed by the same cool down and measurement procedure as 
completed between trials one and two. Three minutes after 
the second TT was completed, measures of FS, GAE, and BL 
were taken. Participants followed the same procedure before, 
during, and after the third TT (ie, warm-up, completion of 
TT, and cool down with associated measures). Upon comple-
tion of the TTs and measurements, participants were fully 
debriefed about the nature of the study and provided perfor-
mance feedback. The athlete covering the greatest distance in 
the TTs was contacted and provided the winnings.

2.2 | Data analysis

Mplus version 8.2 was used to specify multilevel growth 
curve models and to estimate the intra-class correlation 
(ICC) coefficients and the within- and between-person level 
correlations of the feeling states, RPE, heart rate, and lactate 
during each TT. We followed recommendations and kept 
the random effects in the growth models at a maximum as 
long as no convergence problems occurred.22 Linear and 
quadratic slope factors were specified, and the intercept was 
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placed at the first measurement points in each TT. We used 
the robust maximum likelihood estimator (MLR in Mplus) 
to estimate the growth curve models. Five repeated meas-
ures within each TT were included in the multilevel growth 
curve models.

We used repeated measures ANOVA to examine differ-
ences between the three trials in performance (distance and 
watts), anticipated feeling states, and general affective eval-
uations 90 and 180  seconds after each trial. Greenhouse-
Geisser corrections were applied if the assumption of 
sphericity was violated and paired samples t tests were used 
for post hoc comparisons between trials. Linear regression 
analysis was used to examine the relation between antic-
ipated feeling states and feeling states after the TTs. The 
significance level was set to 0.05, and the ANOVA and 
regression analyses were performed using JASP version 
0.9.1.0.

3 |  RESULTS

Descriptive statistics across the TTs for the psychological 
and physiological variables are displayed in Table 1. As ex-
pected, the participants reported a worsening of affective feel-
ing state, increased perceived exertion, heart rate, and lactate 
across the trials. The multilevel growth models (see Table 2) 
showed that the average pattern of change was negative but 
decelerating for the feeling states, positive and decelerating 
for perceived exertion, and positive and decelerating for heart 
rate. Lactate showed a positive and decelerating change only 
in trial 1, but a positive and accelerating change in trial 2 
and trial 3 (note that the linear slope factor was not statisti-
cally significant in trials 2 and 3). The pattern of change was 
very similar across TTs in feeling states, RPE, and heart rate, 
whereas lactate showed a different change pattern in trial 1 
compared to trials 2 and 3.

Minute during time trial

Pre 2 4 6 7

Feeling states

Trial 1 M 2.60 −0.20 −0.60 −1.32 −0.96

SD 2.22 2.58 2.53 2.70 3.06

Trial 2 M 1.28 −0.88 −1.60 −2.00 −2.16

SD 2.41 2.13 2.43 2.84 2.97

Trial 3 M 0.80 −1.00 −1.64 −2.24 −2.20

SD 2.45 2.47 2.72 2.88 3.10

RPE

Trial 1 M 9.24 15.12 15.80 16.96 16.84

SD 2.09 1.17 1.23 1.37 1.70

Trial 2 M 9.60 15.20 16.88 17.76 18.08

SD 2.16 1.26 1.01 1.27 1.29

Trial 3 M 10.08 15.36 17.16 18.08 18.52

SD 2.47 1.47 1.11 1.04 1.16

Heart Rate

Trial 1 M 101.60 162.10 169.90 173.70 176.50

SD 21.42 12.02 10.77 11.52 11.98

Trial 2 M 121.10 169.30 176.10 179.90 181.20

SD 18.85 10.94 11.33 10.67 10.57

Trial 3 M 128.30 171.60 177.00 180.60 183.20

SD 15.06 10.05 9.34 9.13 9.85

Lactate

Trial 1 M 1.73 5.18 8.55 10.36 11.51

SD 0.50 2.00 2.76 2.89 3.12

Trial 2 M 8.22 8.69 10.02 11.31 12.25

SD 3.24 2.99 3.20 3.35 3.54

Trial 3 M 8.38 8.74 9.93 11.02 11.73

SD 3.83 3.54 3.52 3.45 3.33

T A B L E  1  Descriptive statistics of the 
psychological and physiological variables 
across the three time trials
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Within- and between-level correlations and intra-class 
correlation coefficients are reported in Table  3. ICCs in-
dicated that most of the variance in feeling states was at 
the within-person level (ICCs ranging from 0.55 to 0.63), 
whereas most of the variance in RPE and heart rate was at 
the between-person level (ICCs ranged from 0.03 to 0.12). 
Lactate showed differential patterns across the trials such 
that in trial 1 most of the variance was at the between-per-
son level (ICC = 0.16), whereas in trials 2 and 3 most of the 
variance was at the within-person level (ICCs ranged from 
0.73 to 0.82).

As seen in Table 3, the correlations at the within-person 
level showed a very consistent pattern of moderate to strong 
correlations within and across variables. As expected, feeling 
states were negatively related to RPE, heart rate, and lactate, 
indicating that at measurement points when feeling states 
were higher than usual (ie, higher compared to the mean tra-
jectory), RPE, heart rate, and lactate were lower than usual 
(ie, lower than the mean trajectory). RPE, heart rate, and lac-
tate were all positively related across the three TTs, indicat-
ing that at measurement points when one of the variables was 
higher than usual the other variables were also higher than 
usual.

Correlations at the between-person level were not as 
consistent as the within-person level correlations, and they 
were also generally weaker. The correlations within vari-
ables were all strong, whereas the correlations between 
variables were weak to moderate. The strongest relation at 
the between-person level was between heart rate and lactate 
indicating that people who on average had higher heart rate 
also on average had more lactate compared to people with 
lower heart rate.

Table  4 shows performance indicators (distance and 
watts), anticipated feeling states before TTs, and general af-
fective evaluation 90 and 180 seconds after each TT. All of 
the measures decreased across the three trials but there was 
a general pattern indicating that measures decreased mostly 
after the first TT and were more stable across the second and 
third trial.

The effect of anticipated feeling states on levels and 
changes on feeling states, perceived exertion, heart rate, 
and lactate during the TTs are reported in Table 5. The only 
consistent pattern across the three TTs was that anticipated 
feeling states were a positive predictor of the linear slope of 
feeling states during all three TTs indicating that people an-
ticipating a more pleasant affective experience had a better 
affective experience during the TTs. Finally, anticipated feel-
ing states also positively predicted general affective evalua-
tion 90 seconds (bT1 = 0.46, P = .005; bT2 = 0.60, P < .001; 
bT3 = 0.87, P < .001) and 180 seconds (bT1 = 0.55, P < .001; 
bT2 = 0.60, P < 0.001bT3 = 0.85, P < .001) after each TT. 
Taken together, participants’ anticipated feeling states had a 
positive effect on their feeling states during each TT and on T
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their general affective evaluation after each trial and the mag-
nitude of this effect increased across the three trials.

4 |  DISCUSSION

The main finding of the present study is that participants’ 
anticipated affective states were associated with their affect 
during task execution and the recall of the affective experi-
ence following performance. Further, the magnitude of the 
relationships between anticipated, experienced, and recalled 
affect increased as athletes accrued experience of the task 
across the repeated performance trials. It may be proposed 
that athletes integrated affective feedback gained from task 
execution, and as a result, their evaluation of past and future 
affective states became increasingly related with the affect 
experienced during subsequent sport performance.

In completing the repeated TTs, participants reported a 
worsening of affective state across the trials both during and 
in the recall of the task. The multilevel growth models showed 
that the average pattern of change was negative but decelerat-
ing for the affective states; similar negative slope patterns are 
reported in research examining affective responses to exer-
cise.23 Athletes’ anticipated feeling states before the TTs and 
general affective evaluation 90 and 180 seconds after each TT 
became less pleasant across the three trials, but there was a 
general pattern indicating that the measures decreased mostly 
after the first TT and were more stable across the second and 
third trials. The decelerating rate of change may reflect an 
affective habituation to the task through repeated exposure24; 
alternatively, athletes’ perceived progress toward the goal of 
completing the competition could have buffered against the 
rate of worsening affect.25,26

The average pattern of change for perceived exertion and 
heart rate across the trials was positive and decelerating, indi-
cating that the intensity of athletes’ efforts increased over the 
duration of the competition as the effects of energy expendi-
ture accumulated. However, a ceiling effect associated with 
measurement on the RPE scale21,27 and individuals’ perceived 
exhaustion in relation to their expenditure of effort and max-
imum heart rate28 are likely to have limited the extent of the 
observed pattern of change. Performance indicators (distance 
and watts) decreased across the three trials but there was a 
general pattern indicating that the measures decreased mostly 
after the first TT and were more stable across the second and 
third trials. Participants were informed their cumulative per-
formance across the three trials was the basis of comparison 
with other competitors; therefore, athletes may have made ad-
justed their pacing strategy to ensure more consistent perfor-
mance across the second and third trials in consideration of 
their experience of the first TT.29 In particular, it is possible 
that based upon the psychophysiological feedback gained in 
the execution of the first TT, athletes adjusted their pacing 
to balance perceived exertion and performance on the sec-
ond and third trials in order to achieve maximum cumulative 
distance.30 Although it has been suggested that repeated TTs 
do not result in significant learning/order effects,31 a more 
recent meta-analysis examining the reliability of protocols 
measuring repeat sport performance indicates that variation 
between the second and third trials is considerably lower in 
comparison with performance in the first trial.32

Upon closer inspection of the analyses conducted at the 
within- and between-levels, a variation in the pattern of 
changes across the TTs emerges. Specifically, participants’ 
affective states predominantly varied across measurement 
points at the within-person level, while variance in perceived 

T A B L E  3  Within- (below the diagonal) and between-level (above the diagonal) correlations and intra-class correlation (ICC) coefficients

FS1 FS2 FS3 RPE1 RPE2 RPE3 HR1 HR2 HR3 LAC1 LAC2 LAC3

FS1 0.91 0.94 0.04 −0.16 −0.30 −0.46 −0.19 −0.27 −0.09 −0.03 −0.04

FS2 0.79 0.97 −0.03 −0.42 −0.49 −0.42 −0.28 −0.38 −0.08 −0.05 −0.03

FS3 0.70 0.79 0.10 −0.28 −0.37 −0.49 −0.30 −0.39 −0.02 0.00 0.00

RPE1 −0.78 −0.76 −0.72 0.39 0.42 −0.35 −0.25 −0.30 0.33 0.42 0.40

RPE2 −0.73 −0.72 −0.67 0.93 0.60 0.07 0.28 0.18 −0.02 0.38 0.25

RPE3 −0.69 −0.72 −0.71 0.92 0.95 −0.31 −0.20 −0.09 0.03 0.20 0.21

HR1 −0.70 −0.67 −0.62 0.88 0.86 0.86 0.86 0.74 0.48 0.42 0.31

HR2 −0.71 −0.67 −0.64 0.88 0.89 0.89 0.95 0.91 0.51 0.59 0.54

HR3 −0.70 −0.68 −0.63 0.90 0.91 0.92 0.94 0.98 0.42 0.51 0.55

LAC1 −0.67 −0.63 −0.60 0.79 0.82 0.83 0.80 0.78 0.77 0.77 0.73

LAC2 −0.51 −0.50 −0.51 0.62 0.65 0.67 0.62 0.64 0.64 0.80 0.94

LAC3 −0.43 −0.52 −0.57 0.61 0.66 0.75 0.57 0.64 0.66 0.73 0.83

ICC 0.55 0.58 0.63 0.04 0.03 0.05 0.07 0.12 0.12 0.16 0.73 0.82

Note: 1, 2, and 3 refers to time trial 1, 2, and 3, respectively.
Abbreviations: FS, feeling states; HR, heart rate; LAC, lactate; RPE, perceived exertion.
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exertion and heart rate was primarily accounted for with 
between-person level analyses. Changes in lactate showed 
differential patterns across the trials; in trial 1, most of the 
variance was at the between-person level, whereas in trials 
2 and 3 most of the variance was at the within-person level. 
This finding highlights that analysis of psychophysiological 
responses to sport competition should consider both intra- 
and inter-personal comparisons to elucidate factors relating 
to individual and temporal differences that underpin athletes’ 
performance. Predominantly, research designs used in sport 
science studies focus on effects observed at the group level 
and are limited in their ability to identify the extent to which 
effects apply to each participant in the study. This approach 
to research design and data analysis can promote erroneous 
and problematic conclusions about the effects of specific 
variables both for an individual participant and by exten-
sion to the group.33 Specifically, the variability of affective 
responses across both intra- and inter-personal comparisons 
can increase the likelihood of incomplete deductions being 
made from analyses conducted solely at the group level.34 
Previous research examining the influence of pre-perfor-
mance emotions on performance factors during competition3 
has predominantly relied upon analyses conducted at the be-
tween-person level. In particular, research attempting to ex-
amine the role of affect during cycling TTs8,10 has examined 
effects at the group level and may have failed to detect influ-
ential individual differences at the intrapersonal level. Future 
psychophysiological experimental research may benefit from 
approaches to data analysis that are sensitive to variation and 
trends at the individual level. On a related note, an increasing 
appreciation of the unique characteristics of elite athletes has 
led to greater use of research designs such as case studies 
in sport science research.35,36 Knowledge derived from the 

study of effects observed at the individual level may help to 
bridge the research-practice gap by highlighting the appli-
cability of findings to elite athletes that may otherwise be 
identified as outliers or unresponsive to “traditional” training 
protocols developed from studies using group-level research 
designs.37

The findings of the present study highlight potentially 
important factors for maximizing athletes’ performance in 
competition. In particular, the noted influence of athletes’ me-
ta-experiences of affective states (anticipated and recalled38) on 
the affect experienced during sport performance has the poten-
tial to also augment factors influencing athletes’ perceptions of 
effort and physical sensations. The strong correlations between 
feeling states, RPE, heart rate, and lactate at the within-person 
level indicate that an athlete's individual experience of phys-
ically intense sport performance is a composite of both per-
ceptual and physiological cues. The highly trained athletes in 
this study possess extensive experience of undertaking TTs in a 
competitive sport setting; novice athletes may be influenced to 
an even greater extent by remembered affect as it is interpreted 
with limited feedback accrued from fewer past performances 
and a lower level of expertize.39 An athlete's interpretation of 
their unique psychophysiological experience can guide percep-
tions of effort and subsequent evaluation of performance with 
implications for the development of exhaustion and fatigue.40,41 
The use of mental skills such as self-talk has been shown to 
reduce perceptions of effort and enhance endurance perfor-
mance42 with motivational self-talk in particular altering pacing 
and cycling performance.43 In consideration of the findings of 
the present study, it may be useful to target athletes’ pre-perfor-
mance self-talk with the aim of optimizing anticipated affect as 
it has been shown to be associated with affect during competi-
tion and relates with physiological and perceptual cues.

T A B L E  4  Descriptive statistics of the performance, anticipated feeling states, and general affective evaluation across the three time trials

Time Trial RM-ANOVA Cohen's d

1 2 3 F df P ηp
2 1 vs 2 1 vs 3

2 vs 
3

Distance (km) M 4.47 4.30 4.28 8.40 2, 48 <.001 0.26 0.74* 0.64* 0.10

SD 0.45 0.49 0.55

Watts M 279.90 268.50 267.60 9.39 1.51, 36.13 .001 0.28 0.80* 0.62* 0.07

SD 48.82 47.07 50.58

Anticipated feeling 
states

M −2.72 −3.48 −5.40 3.89 2, 48 .027 0.14 0.17 0.45 0.46

SD 6.35 5.62 4.90

General affective
evaluation 90 s after

M −1.76 −3.92 −4.84 9.50 1.24, 29.69 .003 0.28 0.51 0.72* 0.55*

SD 5.37 4.95 4.38

General affective
evaluation 180 s after

M −2.28 −4.00 −4.24 3.44 1.50, 35.98 .053 0.13 0.47 0.38 0.07

SD 5.37 4.91 5.03

Abbreviation: RM-ANOVA, repeated measures ANOVA.
*P < .05 after Bonferroni correction. 
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This study has limitations that future research should 
consider to advance understanding of athletes’ affective re-
sponses in competitive sport settings. In designing future 
studies, common method variance should be considered 
and minimized; for example, one strategy is to avoid the 
duplication of measurement formats across repeated mea-
sures of related concepts.44 Second, the data collection in 
the present study was undertaken in the controlled environ-
ment of a laboratory. It is possible that these findings may 
be impacted upon by environmental factors (eg, weather) 
inherent to the sporting arena that influence both physio-
logical responses and affective states across temporal as-
pects of sport competition.45

In conclusion, the present study suggests associations be-
tween affective states and physiological responses may differ 
depending on the level of analysis (between- vs within-per-
son level associations). Further research is required to exam-
ine the role of individual differences (eg, personality) in the 
relationship between affective and physiological responses to 
sport competition. Future studies to confirm the findings of 
the present study may subsequently help guide the develop-
ment of interventions aiming to optimize athletes’ affective 
states in competitive sport settings.

5 |  PERSPECTIVE

The present study demonstrates that athletes’ affective states 
fluctuate across temporal aspects of competition and are as-
sociated with psychophysiological responses experienced in 
the completion of repeated cycling TTs. In particular, an-
ticipated affect prior to undertaking each TT was associated 
with general affective evaluation following task execution; 
the magnitude of this effect increased across the competition 
in completion of three TTs. These findings outline the impor-
tant role of temporal aspects of affective states on psycho-
physiological responses in sport competition. Further, they 
extend previous research highlighting the connection be-
tween anticipated, experienced, and recalled affect observed 
in exercise settings.11 The present study also lends support 
to psychophysiological models of pacing and endurance 
performance.28,40 In particular, athletes’ meta-experiences 
of affective states (anticipated and recalled38) and affect ex-
perienced during competition have the potential to influence 
perceptions of effort and physical sensations. The strong cor-
relations observed between feeling states, RPE, heart rate, 
and lactate at the within-person level demonstrate that an 
athlete's individual experience of physically intense sport 
performance is an amalgamation of perceptual and physio-
logical cues. Moreover, the data analysis in the present study 
highlights the importance of considering individual athletes’ 
variability of psychophysiology over the course of competi-
tion when attempting to evaluate and predict performance.T
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