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 Enjoying the Peaks and the Valleys: Exploring the Predictive 
Value of the Peak-and-End Rule on Enjoyment  

in a Resistance Training Session 

by 
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The peak-and-end rule postulates that the most salient affective responses during exercise (i.e., most negative 
and/or positive peak) and the affect experienced at the end of a session (i.e., end affect) are associated with variables related 
to exercise adherence, such as enjoyment. However, this phenomenon remains considerably unexplored in resistance 
training (RT). This study aimed to explore the predictive value of the peak-and-end rule on the enjoyment levels in a 
commonly prescribed RT session. Experienced exercisers (N = 43) responded to the Feeling Scale (FS) after two aerobic 
exercise moments and six RT exercises. Individual and hierarchical regression analyses were applied to test the predictive 
value of the FS peaks and the FS end, as well as the FS slope and the FS mean. Results showed that the FS end was the 
only variable that consistently predicted enjoyment post- (15%) and 24 h after exercise (11%), while all variables 
predicted 24 h after enjoyment (7% to 15%). Overall, the peaks and end affect might be necessary for enjoyment 
promotion, but only the end affect presented consistent results. Future research should investigate the effect of the peak-
and-end rule in RT on retrospective affective variables and objective exercise behaviour. 
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Introduction 

Resistance training (RT) is a form of 
exercise that can provide several relevant health 
benefits (American College of Sports Medicine, 
2021; Momma et al., 2022). As such, continuous 
enrolment in an RT program has the potential to 
impact public health positively. However, 
considering the alarming levels of physical 
inactivity (Strain et al., 2024) and high dropout 
rates in common locations of RT practice such as 
health clubs (Buckworth et al., 2013; Sperandei et 
al., 2016), this potential still has to reach its fruition.  

One potential approach to increase RT 
adherence is through the promotion of a more 
pleasurable exercise practice (Dukes et al., 2021; 
Stevens et al., 2020). After decades of research 
based on cognitive approaches demonstrating only 

small-to-moderate effects on exercise behavior 
(Albarracín et al., 2024; Ekkekakis and Zenko, 2016; 
Rhodes et al., 2019), contemporary theories have 
proposed the integration of hedonic assumptions 
to complement the limitations of previous models 
and strategies (Brand and Ekkekakis, 2018; Dukes 
et al., 2021; Strobach et al., 2020). In other words, 
adding affective considerations to strategies that 
have solely focused on cognitive factors (e.g., 
intention, social support, behavioral attitudes) is 
expected to result in more effective behavior 
change strategies. Affect is an umbrella term 
encompassing the constructs of core affect, 
emotions, and the mood (Ekkekakis, 2013). Of 
these, core affect (i.e., non-reflective elementary 
feelings, most evident in the mood and emotion, 
but always consciously available; Ekkekakis, 2013) 
appears to be important for the sustainability of  
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exercise behavior, particularly its dimension of 
affective valence (i.e., pleasure/displeasure). 
Accordingly, research has shown that positive core 
affective valence can positively impact behavior 
maintenance (Ekkekakis et al., 2011; Rhodes and 
Kates, 2015; Teixeira et al., 2024; Williams, 2008), 
effectively putting the spotlight on affective 
phenomena when addressing regular RT practice 
and exercise adherence as a whole. 

Similarly, other affect-related variables 
have demonstrated their relevance for exercise 
adherence (Klos et al., 2020). One such a variable is 
enjoyment. Understood as generalized feelings of 
pleasure and satisfaction, enjoyment is considered 
a mixture of affective experiences and cognitive 
appraisals (Ekkekakis et al., 2018) and can reflect 
intrinsic motivation for physical activity 
participation (Nielsen et al., 2014), habit formation, 
and intention to continue exercising (Teixeira et al., 
2022), and has been identified as a predictor of 
exercise adherence (Allender et al., 2006; Gardner 
et al., 2017; Rodrigues et al., 2020). As such, 
creating strategies that ensure more enjoyable RT 
may be of relevance for the maintenance of a 
regular exercise practice. 

An important factor for exercise adherence 
is how an individual recalls or evaluates a previous 
exercise experience and how it influences the 
likelihood of repeating it in the future. Previous 
research in behavior economics has demonstrated 
that specific affective moments are particularly 
relevant to how an experience will be remembered 
(Fredrickson, 2000; Kahneman et al., 1993). This 
phenomenon, known as the peak-and-end rule, 
suggests that the most intense affective response of 
the experience (i.e., peaks, most negative and/or 
most positive affective response) and the affect 
experienced in its finishing moments (i.e., end core 
affect) will weigh heavily in how the event will be 
recalled (Fredrickson, 2000; Hargreaves and Stych, 
2013). These affective moments have been linked 
with remembered affect (i.e., remembered utility in 
behavior economics) (Kahneman et al., 1993; 
Redelmeier et al., 2003), which can be considered a 
recall of the affective response during previous 
physical activity.  

Considering that affective peaks and end 
affect pose important implications for exercise 
adherence, research in the last decade has started 
to explore them in exercise. For example, the 
results of Hargreaves and Stych (2013)  
 

 
demonstrated that the affective peaks and end 
affect could significantly predict remembered 
affect in aerobic activities; in turn, Zenko et al. 
(2016) showed that a session that ended with a 
more positive affective response was associated 
with greater enjoyment, remembered affect, and 
forecasted affect. Additionally, the results of Zenko 
et al. (2016) also demonstrated that the individual 
slope of pleasure (i.e., calculated through linear 
regression analysis) successfully predicted post-
exercise remembered affect (35–46% of variance), 
forecasted affect (37–40%), and enjoyment (33%). 
Importantly, the mean affective response of the 
session was uncorrelated to any of these 
retrospective affective variables. 

Currently, no studies have been found 
exploring the complete theoretical foundation of 
the peak-and-end rule (e.g., both the affective 
peaks and end affect) in RT. However, two studies 
using resistance exercises in circuit training 
indicate that a protocol with a decreasing intensity 
across the session elicited greater remembered 
affect and enjoyment than a protocol with a 
progressive intensity (Hutchinson et al., 2020, 
2023). Additionally, the affective response of the 
final set of exercises (i.e., a measure similar to the 
end affect, as proposed by the peak-and-end rule) 
was more strongly correlated with these three 
retrospective affective variables than the affective 
response of the first set (in both protocols) 
(Hutchinson et al., 2020, 2023), and both the slope 
and the mean affective response of the session 
(Hutchinson et al., 2020). Furthermore, timing and 
methods for the end affect assessment vary among 
studies (e.g., FS scores averaged at the end of the 
circuit). These differences can raise some doubts 
when interpreting the end affect value for future 
exercise participation, given that, as posited by 
Hargreaves and Stych (2013), end affect should be 
considered “the affect experienced at the end of the 
event”. Moreover, international guidelines 
recommend a low-intensity cool-down stage at the 
end of a session (e.g., American College of Sports 
Medicine, 2021), meaning that it should be 
conducted immediately after this stage that the end 
affect should be evaluated, and not necessarily at 
the end of the fundamental/conditioning stage (i.e., 
the stage of an exercise session where its main 
goals are accomplished). Considering its 
methodological and safety implications, the cool-
down stage is an important and integral part of an  
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exercise session and, as such, should not be 
neglected. Thus, although key to the advancements 
of the peak-and-end rule research, previous 
explorations have not specifically addressed how 
one feels during the final moments that can better 
account for a more approximate end affect 
assessment. These moments can be considered 
crucial for affective response measurement, given 
that they represent the end of the (whole) exercise 
experience, and thus reflect the theoretical 
underpinning of the peak-and-end rule.  

Therefore, the objective of this study was 
to explore the predictive value of the peak-and-end 
rule on enjoyment levels of a commonly prescribed 
and evidence-based RT session. For this purpose, 
the peak-and-end rule variables (i.e., high peak, 
low peak, and end affect) along with variables 
representative of the totality of the session’s 
affective response (i.e., individual slope and the 
session mean) were examined to verify whether 
the specific affective moments would demonstrate 
a better explanatory power than the global 
affective response. First, the individual predictive 
value of all affective variables for (1) post-exercise 
and (2) 24h-after enjoyment was tested. This was 
accomplished with linear regression analyses to 
test the explanatory power of particular variables. 
Second, a hierarchical regression model with the 
peak-and-end rule variables was performed for the 
same enjoyment measurement moments. In this 
model, a second block with the addition of the 
affective slope, and a third block with the addition 
of the session’s mean affective response, was 
added according to the hypothesis that the model’s 
explanatory power might be improved. For these 
analyses, the session termination moment was 
used as the time point for the end-affect 
assessment, and the affective slope and the session 
mean were calculated for every participant.  

Methods 
Participants 

Sample size calculations were conducted 
with the Soper’s a priori sample size calculator for 
hierarchical multiple regression to ensure 
sufficient statistical power (Soper, 2023). A 
minimum total sample size of 42 was defined 
according to the following input parameters: effect 
size of f2 = 0.35 (based on several related studies, 
e.g., Alves et al., 2019; Hutchinson et al., 2020), the 
statistical power of 1−β = 0.80, and α = 0.05. 

 

 
Accordingly, a total of 48 participants were 

recruited for this study. Five were ultimately 
excluded as they were unable to reach muscle 
concentric failure when intended (see protocol for 
details), resulting in a final sample size of 43 
participants (male = 21; Mage = 34.69 ± 6.71 years; 
Mexperience = 8.32 ± 4.54 years; MBMI = 24.26 ± 2.64 
kg/m2). Recruitment was made by convenience in 
two gyms in the Lisbon area, according to the 
following inclusion criteria: volunteers aged 
between 20 and 45, apparently healthy, free of any 
injury, and with no other contraindication for 
exercise, and with at least three months of 
uninterrupted RT experience (with a minimum of 
one training session per week). The previous 
exercise experience recruitment criterion was 
included to ensure proper technique in the free 
weight exercises of the intervention (e.g., back 
squat), particularly when reaching muscle 
concentric failure. All participants read and signed 
an informed consent form before the study 
commencement. This study was approved by the 
ethics committee of the Faculty of Physical 
Education and Sport, Lusófona University, Lisbon, 
Portugal (protocol code: 001/2020, approval date: 
28 September 2020) and was developed according 
to the Helsinki Declaration and its later 
amendments. 

Measures 

Affective Valence 

The Feeling Scale (FS; Hardy and Rejeski, 
1989) was used to assess core affective valence 
during the exercise session. This 11-point bipolar 
scale ranges from −5 (“Very bad”) to +5 (“Very 
good”) and has been extensively used to assess 
affective phenomena in the dimensional approach 
of affect research, also in exercise (Ekkekakis, 2013; 
Rhodes and Kates, 2015). Recommendations for the 
utilization of the FS in RT were followed (Andrade 
et al., 2022; Bastos et al., 2023). 

Enjoyment 

Exercise enjoyment was measured with an 
8-item questionnaire (e.g., “Is it fun?”) previously 
used for enjoyment measurement (Rodrigues et al., 
2020; Teques et al., 2020). The item stem asked 
respondents how they felt at the moment about the 
physical activity they had been doing, with the 
answers being given on a 7-point Likert scale 
ranging from 1 (“Totally disagree”) to 7 (“Totally  
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agree”). The internal consistency of this scale was 
deemed excellent across the three time-point 
assessments (start α = 0.93; end α = 0.91; 24 h after 
α = 0.94).  

Repetitions in Reserve 

The repetitions in the reserve-based rating 
of perceived exertion scale (RPE-RIR; Zourdos et 
al., 2016) were used to measure how close the 
participants were to muscle concentric failure in 
the last repetition of a set. This scale consists of 10 
points, each with repetitions in the reserve 
descriptor (e.g., a rating of seven has a description 
of three repetitions remaining), and was created 
specifically for RT applications. 

Design and Procedures 

Participants took part in two experimental 
sessions. During the first one, they were 
familiarized with the FS and the RPE-RIR. This 
session started with the completion of the study 
questionnaires followed by a general warm-up on 
a treadmill (five to seven minutes of low to 
moderate intensity running), one set of 12 
repetitions in six RT exercises (lat pulldown, back 
squat, barbell bench press, deadlift, dumbbell 
shoulder press, and leg extension exercise), and, 
lastly, a warm-down stage back on the treadmill 
(two minutes of low intensity walking). The 
exercise cadence was 2:2 (2 s of duration for both 
concentric and eccentric phases), with a rest 
interval of three minutes between exercises. 
Following recent recommendations (Andrade et 
al., 2022; Bastos et al., 2023), the FS was applied 
immediately after each set. Data from the first 
session were not used for statistical analysis, but 
rather to provide prior training with the FS before 
the second session. The RPE-RIR was also applied 
after each set to measure the proximity to muscle 
failure to facilitate the necessary load and effort 
adjustments for the following session. 

The second session followed the same 
exercise structure as the first one, but with three 
sets for each RT exercise and a 90-s rest interval 
between them (the rest interval between 
subsequent exercises remained at three minutes). 
The FS was applied after warm-up termination, 
immediately after each exercise's third and final 
set, and after the warm-down stage. The RPE-RIR 
was applied after each set to enable the necessary 
load adjustments to reach muscle concentric failure  
 

 
in the third and final set. A target of reaching set 
failure in the 12th repetition was always attempted, 
but a range of eight to 14 repetitions was 
considered acceptable due to some inter-subject 
variability being expected (Halperin et al., 2022). 
This allowed for a load of approximately 70% of 
one repetition maximum, which was aligned with 
international recommendations for the threshold 
between moderate and vigorous intensity in RT 
(American College of Sports Medicine, 2021). 
Enjoyment was measured before, after, and 
approximately 24 hours after the second session. 

A thorough explanation of the core 
affective valence construct was made during the 
warm-up stage of both sessions. The scale was 
presented to the participants (and every time it was 
applied during the session thereafter), the 
standardized instructions and item stems were 
described, and various examples were given to 
illustrate what the FS was intended to assess, 
followed by the establishment of individual 
anchoring examples for the extreme items of the 
scale. Lastly, no encouragement was provided to 
the participants to enable standardization of the 
experimental conditions. Three researchers trained 
in the application of the psychometric instruments 
performed the data collection. All training and 
familiarization procedures with the FS and the 
RPE-RIR followed psychometric recommendations 
from the literature (e.g., Duda, 1998; Haile et al., 
2015). 

Statistical Analysis 

IBM SPSS version 27.0. was utilized to 
conduct all statistical analyses. Descriptive and 
correlational analyses were conducted for all 
studied variables. Normality and 
homoscedasticity were verified with the Shapiro-
Wilk (n < 50) and Levene's tests. For all tests, the 
significance level to reject the null hypothesis was 
set at 5%. The peak high and the peak low of each 
participant’s affective response were determined. 
To assess the influence of the global affective 
response to the session, the individual FS mean 
(i.e., the average of all the reported affective 
responses) and the slope (i.e., with a regression 
analysis including all reported affective responses) 
were determined. Linear regression analyses were 
conducted to evaluate the predictive value of FS 
peaks, the FS end, the FS mean, and the FS slope 
for post-exercise and 24 hours after enjoyment. The  
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enjoyment values for both time points consisted of 
the sum of each participant´s scores for the 8-item 
questionnaire. Separate analyses were performed 
for all variables, followed by hierarchical 
regressions with three blocks: (1) FS peaks and the 
FS end, (2) the FS slope, and (3) the FS mean. In 
these, the Durbin-Watson test was used to check 
for autocorrelation, and the Variation Inflation 
Factor (VIF) was measured to test for 
multicollinearity (values over the 5.0 threshold 
implied high correlation between variables). 

Results 
Descriptive statistics and correlation 

analyses are presented in Table 1. Briefly, post-
exercise enjoyment was positively correlated with 
the FS end (r = 0.41; p < 0.01), while 24-h enjoyment 
was positively correlated with all FS variables, the 
highest being the FS mean (r = 0.41; p < 0.01).  

Individual linear regression scores are 
presented in Table 2, and the hierarchical 
regression scores can be observed in Table 3. 
Individual analyses indicated that the FS end was 
the only variable that significantly predicted post- 
 

 
exercise enjoyment, accounting for 15% of the 
variance (F(1, 41) = 8.13, p < 0.01, β = 0.41, t = 2.85). 
The hierarchical model testing FS peaks and the FS 
end presented an F(3, 39) = 2.82, p = 0.051, and only 
the FS end accounted significantly for these results 
(p = 0.015). This model explained 12% of the 
adjusted variance, with the addition of the FS slope 
(block 2) and the FS mean (block 3) lowering the 
predictive value to 8%. 

Regarding 24 h after enjoyment, all FS 
variables demonstrated a significant predictive 
value in the individual analyses. The hierarchical 
model testing FS peaks and the FS end 
demonstrated a significant predictive value (F(3, 
39) = 3.57, p < 0.05). The addition of the FS slope 
(F(4, 38) = 3.25, p < 0.05) and the FS mean (F(5, 37) = 
2.58, p < 0.05) to the hierarchical model was also 
significant, but failed to significantly add to the 
variance explained. Together, FS peaks and the FS 
end explained 16% of the adjusted variance, with 
the addition of the FS slope raising it to 18% and 
the addition of the FS mean lowering it back to 16% 
while simultaneously demonstrating 
multicollinearity issues (VIF = 5.9). All other data 
presented no multicollinearity problems. 

 
 

Table 1. Descriptive and correlational analysis of the affective variables. 
  M SD       

Age (years) 34.69 6.71       

BMI (kg/m2) 24.26 2.64       

Experience (years) 8.32 4.54               

  M SD 1 2 3 4 5 6 7 

1. FS peak low (−5–5) 0.53 1.89 1       

2. FS peak high (−5–5) 4.26 0.79 0.42* 1      

3. FS end (−5–5) 3.11 1.27 0.32* 0.26 1     

4. FS mean (−5–5) 2.76 1.23 0.71** 0.77** 0.27 1    

5. FS slope −0.10 0.40 0.31* 0.52** −0.02 0.65** 1   

6. Pre enjoyment (8–56) 43.70 7.39 0.31* 0.38* 0.35* 0.41** 0.27 1  

7. Post enjoyment (8–56) 46.28 6.51 0.11 0.20 0.41** 0.18 0.00 0.81** 1 

8. 24h enjoyment (8–56) 43.00 7.74 0.31* 0.36* 0.36* 0.41** 0.32* 0.94** 0.79** 

Note: M = mean, SD = standard deviation, BMI = body mass index, FS = feeling scale,  
* p < 0.05, ** p < 0.01 
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Table 2. Linear regression analysis predicting enjoyment post and 24 h after the intervention. 
Dependent variable Predictor variable b (SE)  β t Adj R2 

Post-enjoyment FS peak low 0.39 (0.53) 0.11 0.73 −0.01 

 FS peak high 1.64 (1.26) 0.20 1.30 0.02 

 FS end 2.09 (0.73) 0.41 2.85** 0.15 

 FS mean 0.93 (0.81) 0.18 1.14 0.01 

 FS slope −0.02 (2.52) 0.00 −0.01 −0.02 

24-h enjoyment FS peak low 1.26 (0.61) 0.31 2.08* 0.07 

 FS peak high 3.44 (1.43) 0.35 2.40* 0.10 

 FS end 2.22 (0.89) 0.36 2.49* 0.11 

 FS mean 2.58 (0.89) 0.41 2.88** 0.15 

  FS slope 6.08 (2.84) 0.32 2.14* 0.08 

Note: FS = feeling scale, * p < 0.05, ** p < 0.01, β = beta estimated coefficient 
 
 
 
 

Table 3. Hierarchical regression analysis predicting enjoyment post and 24 h after the intervention 

Predictor variable Post-enjoyment   24-h enjoyment   

 Adj R2 ΔR2  β t  Adj R2 ΔR2  β t 

Block 1: 0.12 0.18    0.16 0.22   

FS peak low   −0.07 −0.40    0.13 0.80 

FS peak high   0.12 0.77    0.23 1.46 

FS end   0.40 2.56*    0.26 1.73 

Block 2: 0.09 0.00    0.18 0.04   

FS peak low   −0.06 −0.33    0.09 0.55 

FS peak high   0.15 0.81    0.11 0.62 

FS end   0.39 2.39*    0.31 2.03* 

FS slope   −0.05 −0.30    0.24 1.42 

Block 3: 0.08 0.01    0.16 0.00   

FS peak low   −0.14 −0.58    0.02 0.09 

FS peak high   0.07 0.30    0.04 0.18 

FS end   0.38 2.34*    0.31 1.98 

FS slope   −0.10 −0.50    0.20 1.00 

FS mean   0.18 0.50    0.45 0.66 

Note: FS = feeling scale, * p < 0.05, β = beta estimated coefficient 
 
 

 
 
 



x  Peak-and-End Rule in resistance training sessions 

Journal of Human Kinetics, volume xxx, x xxxx http://www.johk.pl 

 

Discussion 
The objective of this study was to explore 

the predictive value of the peak-and-end rule on 
enjoyment levels of a commonly prescribed and 
evidence-based RT session. This study provides 
some novelty for affect research by analyzing the 
predictive value of the complete peak-and-end rule 
(i.e., peaks and end affect) for exercise enjoyment 
in two distinct time points, adding to previous 
research focused on the session’s “close-to-the-
end” affect (through different intensity 
manipulations; Hutchinson et al., 2020, 2023; 
Zenko et al., 2016), or on remembered affect as the 
outcome of the intervention (Hargreaves and 
Stych, 2013).   

Our results suggest that taking into 
account the highest, the lowest, and the final 
affective response of an exercise session may be 
relevant for enjoyment promotion. However, only 
the session’s end affect presented consistent 
predictive value throughout the analysis. Indeed, 
the individual linear regressions demonstrated 
that the FS end was the only variable capable of 
predicting both post-exercise (15%) and 24 h after 
(11%) enjoyment. The hierarchical model for post-
exercise enjoyment followed the same trend, 
exhibiting a predictive value of 12% that was 
accounted only by the FS end (and thus, rendering 
additional variables in the tested models 
unnecessary). Although the results of the affective 
peaks regarding 24 h after enjoyment (i.e., 
individually and in the hierarchical model) are 
promising (e.g., a predictive value of 16% in the 
hierarchical model, which is slightly superior to the 
individual FS end at 11%), they can be considered 
insufficient to make strong deductions. The link 
between the pleasure or displeasure one feels 
specifically at the end of exercise and enjoyment 
has already been demonstrated by Hutchinson et 
al. (2020), with a measure of ending exercise affect 
being more strongly correlated with enjoyment 
after RT than the session’s affective slope or mean. 
These results are encouraging to promote 
enjoyable RT experiences because end affect can be 
considered relatively simple to manipulate. For 
example, adjusting an exercise session to elicit a 
more positive FS mean (which demonstrated a 
predictive value only for 24 h after enjoyment) 
implies attempting to improve the pleasantness of 
the entire session, while creating a more  
 

pleasurable end of the exercise experience appears 
to be more feasible given the usual structure of a 
session (i.e., cool-down). 

Regarding the FS slope and the FS mean, 
both variables were inconsistent in individual 
analyses and did not add significantly to the 
hierarchical models. The inability of these global 
affective response variables to add further 
explanatory value to both models is aligned with 
the peak-and-end rule’s theoretical background, 
which postulates that perceptions of an experience 
tend to be biased towards the most intense 
moments of pleasure and/or displeasure and how 
the episode ended, rather than by the totality of the 
affective response (Fredrickson, 2000; Kahneman 
et al., 1993). Notwithstanding, previous research 
has demonstrated that both the FS mean and the FS 
slope are correlated with enjoyment and 
remembered pleasure (in RT; Hutchinson et al., 
2020) and that the FS slope (but not the FS mean) 
can significantly predict these same dependent 
variables (in aerobic exercise; Zenko et al., 2016). 
This leaves suggestions that both the affective 
slope and the mean affective response of exercise 
may be variables of interest for retrospective 
affective evaluations, but do not significantly add 
to the peak-and-end rule hierarchical model 
designed to predict exercise enjoyment. 

One of the strengths of the present study is 
its ecological value. By conducting the experiment 
in health clubs and following international 
recommendations for an RT session (American 
College of Sports Medicine, 2021), this intervention 
was considerably closer to a real-life 
context/situation. Furthermore, the application of 
these recommendations included the 
implementation of a warm-up and a cool-down 
stage with light-to-moderate aerobic exercise, 
allowing for a broader understanding of the 
affective dynamics of a typical RT session (vs. only 
analyzing the fundamental stage of the session 
with a specific intensity manipulation). This is 
important when operationalizing the peak-and-
end rule. First, in the fundamental stage of the 
session, the professional should measure the 
affective response frequently enough to ensure 
adequate identification of the higher and lower 
affective moments (Bastos et al., 2022, 2023). New 
exercises for the participant (which can be 
considered uncharted affective territory) and sets 
with vigorous intensity are examples of moments  
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that should not go unmeasured (in the event of 
high intensity, applying it early in the session 
might be preferable) (Hutchinson et al., 2020, 2023). 
Secondly, the low-intensity nature of the cool-
down stage should be considered for the end affect 
assessment and interpretation, and can be used to 
facilitate the prescription of a pleasurable activity.  

Considering the results of the present 
study, practitioners should be aware that the 
affective response at the end of the exercise session 
can influence an individual’s perception of exercise 
enjoyment. Accordingly, adjusting one’s exercise 
prescription to elicit a more pleasurable end affect 
could be an effective strategy to promote a more 
positive post-exercise enjoyment. This can be 
accomplished by prescribing low-intensity 
exercise activities in the cool-down phase. The light 
aerobic exercise implemented in the present 
study’s protocol is an example of how to 
operationalize this. Another possibility is to finish 
the cool-down with light stretches (e.g., Teixeira et 
al., 2024) or to perform additional RT sets with 
lighter loads and lower effort.  

This study is not without limitations. The 
fact that enjoyment is the only measured outcome  
 
 

of interest is one of them. Although this can be 
considered appropriate for a novel exploratory 
study, future research should further explore the 
peak-and-end rule’s relationship with other affect-
related variables and objective exercise behavior 
(e.g., exercise frequency). Another 
recommendation for future research pertains to 
trying to replicate these results with less 
experienced individuals due to their higher risk of 
the exercise dropout (Sperandei et al., 2016) and 
usually lower levels of perceived exercise 
enjoyment. 

Conclusions 
Overall, the session’s end affect exhibited 

the most consistent predictive value for exercise 
enjoyment in a commonly prescribed and 
evidence-based RT session. Also, results 
demonstrated that the affective peaks slightly 
increased the explanatory power regarding 
enjoyment 24 h after exercise, but failed to do so for 
post-exercise enjoyment. Future research should 
further explore the predictive power of the peak-
and-end rule in other exercise behavior variables of 
interest. 

 

Author Contributions: Conceptualization: D.S.T.; methodology: V.B. and D.S.T.; software: V.B. and D.S.T.; 
validation: V.B., A.J.A. and D.S.T.; formal analysis: V.B. and D.S.T.; investigation: V.B., A.J.A. and D.S.T.; 
resources: V.B., A.J.A. and D.S.T.; data curation: V.B. and D.S.T.; writing—original draft preparation: V.B.; 
writing—review & editing: A.J.A. and D.S.T.; visualization: V.B.; supervision: D.S.T.; project administration: 
D.S.T. All authors have read and agreed to the published version of the manuscript. 

ORCID iD:  

Vasco Bastos: https://orcid.org/0000-0002-9227-8522 

Ana Jesus Andrade: https://orcid.org/0000-0003-1837-8688  

Diogo Santos Teixeira: https://orcid.org/0000-0003-4587-5903  

Funding Information: This research received no external funding. 

Institutional Review Board Statement: This study was conducted following the principles of the Declaration 
of Helsinki and approved by the ethics committee of the Faculty of Physical Education and Sport, Lusófona 
University, Lisbon, Portugal (protocol code: 001/2020, approval date: 28 September 2020). 

Informed Consent: Informed consent was obtained from all participants included in the study. 

Conflicts of Interest: The authors declare no conflict of interest. 

Acknowledgements: The authors thank all subjects for volunteering for this study. 

Received: 24 September 2024 

Accepted: 22 December 2025 

 



x  Peak-and-End Rule in resistance training sessions 

Journal of Human Kinetics, volume xxx, x xxxx http://www.johk.pl 

 
References 
Albarracín, D., Fayaz-Farkhad, B., & Granados Samayoa, J. A. (2024). Determinants of behaviour and their 

efficacy as targets of behavioural change interventions. Nature Reviews Psychology 3(6), 377–392. 
Allender, S., Cowburn, G., & Foster, C. (2006). Understanding participation in sport and physical activity 

among children and adults: A review of qualitative studies. Health Education Research, 21(6), 826–835. 
https://doi.org/10.1093/her/cyl063 

Alves, E. D., Panissa, V. L. G., Barros, B. J., Franchini, E., & Takito, M. Y. (2019). Translation, adaptation, and 
reproducibility of the Physical Activity Enjoyment Scale (PACES) and Feeling Scale to Brazilian 
Portuguese. Sport Sciences for Health, 15(2), 329–336. https://doi.org/10.1007/s11332-018-0516-4 

American College of Sports Medicine. (2021). ACSM’s guidelines for exercise testing and prescription. Lippincott 
Williams & Wilkins. 

Andrade, A. J., Ekkekakis, P., Evmenenko, A., Monteiro, D., Rodrigues, F., Cid, L., & Teixeira, D. S. (2022). 
Affective responses to resistance exercise: Toward a consensus on the timing of assessments. 
Psychology of Sport and Exercise, 62, 102223. https://doi.org/10.1016/j.psychsport.2022.102223 

Bastos, V., Andrade, A. J., Rodrigues, F., Monteiro, D., Cid, L., & Teixeira, D. S. (2022). Set to fail: Affective 
dynamics in a resistance training program designed to reach muscle concentric failure. Scandinavian 
Journal of Medicine & Science in Sports, 32(12), 1710–1723. https://doi.org/10.1111/sms.14222 

Bastos, V., Rodrigues, F., Davis, P., & Teixeira, D. S. (2023). Assessing affective valence and activation in 
resistance training with the feeling scale and the felt arousal scale: A systematic review. PLoS One, 
18(11), e0294529. 

Brand, R., & Ekkekakis, P. (2018). Affective-Reflective Theory of physical inactivity and exercise: Foundations 
and preliminary evidence. German Journal of Exercise and Sport Research, 48(1), 48–58. 
https://doi.org/10.1007/s12662-017-0477-9 

Buckworth, J., Dishman, R. K., O’Connor, P. J., & Tomporowski, P. D. (2013). Exercise Psychology (2nd ed.). 
Human Kinetics. https://doi.org/10.5040/9781492595502 

Duda, J. (1998). Advances in Sport and Exercise Psychology Measurement. Fitness Information Technology. 
Dukes, D., Abrams, K., Adolphs, R., Ahmed, M. E., Beatty, A., Berridge, K. C., Broomhall, S., Brosch, T., 

Campos, J. J., Clay, Z., Clément, F., Cunningham, W. A., Damasio, A., Damasio, H., D’Arms, J., 
Davidson, J. W., De Gelder, B., Deonna, J., De Sousa, R., … & Sander, D. (2021). The rise of affectivism. 
Nature Human Behaviour, 5(7), 816–820. https://doi.org/10.1038/s41562-021-01130-8 

Ekkekakis, P. (2013). The measurement of affect, mood, and emotion: A guide for health-behavioral research. 
Cambridge University Press. 

Ekkekakis, P., Parfitt, G., & Petruzzello, S. J. (2011). The Pleasure and Displeasure People Feel When they 
Exercise at Different Intensities: Decennial Update and Progress towards a Tripartite Rationale for 
Exercise Intensity Prescription. Sports Medicine, 41(8), 641–671. https://doi.org/10.2165/11590680-
000000000-00000 

Ekkekakis, P., & Zenko, Z. (2016). Escape from cognitivism: Exercise as hedonic experience. In Sport and exercise 
psychology research (pp. 389–414). Elsevier. 

Ekkekakis, P., Zenko, Z., Ladwig, M. A., & Hartman, M. E. (2018). Affect as a potential determinant of physical 
activity and exercise. In Williams, David M., Ryan E. Rhodes, and Mark T. Conner, (Eds.), Affective 
Determinants of Health Behavior, 1st edition, pp. 237–261. Oxford University Press. 

Fredrickson, B. L. (2000). Extracting meaning from past affective experiences: The importance of peaks, ends, 
and specific emotions. Cognition & Emotion, 14(4), 577–606. https://doi.org/10.1080/026999300402808 

Gardner, L. A., Magee, C. A., & Vella, S. A. (2017). Enjoyment and Behavioral Intention Predict Organized 
Youth Sport Participation and Dropout. Journal of Physical Activity and Health, 14(11), 861–865. 
https://doi.org/10.1123/jpah.2016-0572 

Haile, L., Gallagher, M., & J. Robertson, R. (2015). Perceived Exertion Laboratory Manual: From Standard Practice 
to Contemporary Application. Springer New York. https://doi.org/10.1007/978-1-4939-1917-8 

Halperin, I., Malleron, T., Har-Nir, I., Androulakis-Korakakis, P., Wolf, M., Fisher, J., & Steele, J. (2022). 
Accuracy in Predicting Repetitions to Task Failure in Resistance Exercise: A Scoping Review and 
Exploratory Meta-analysis. Sports Medicine, 52(2), 377–390. https://doi.org/10.1007/s40279-021-01559-x 

 



 by Vasco Bastos et al. x 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

Hardy, C. J., & Rejeski, W. J. (1989). Not What, but How One Feels: The Measurement of Affect during Exercise. 
Journal of Sport and Exercise Psychology, 11(3), 304–317. https://doi.org/10.1123/jsep.11.3.304 

Hargreaves, E. A., & Stych, K. (2013). Exploring the peak and end rule of past affective episodes within the 
exercise context. Psychology of Sport and Exercise, 14(2), 169–178. 
https://doi.org/10.1016/j.psychsport.2012.10.003 

Hutchinson, J. C., Jones, L., Ekkekakis, P., Cheval, B., Brand, R., Salvatore, G. M., Adler, S., & Luo, Y. (2023). 
Affective Responses to Increasing- and Decreasing-Intensity Resistance Training Protocols. Journal of 
Sport & Exercise Psychology, 45(3), 121–137. https://doi.org/10.1123/jsep.2022-0243 

Hutchinson, J. C., Zenko, Z., Santich, S., & Dalton, P. C. (2020). Increasing the Pleasure and Enjoyment of 
Exercise: A Novel Resistance-Training Protocol. Journal of Sport and Exercise Psychology, 42(2), 143–152. 
https://doi.org/10.1123/jsep.2019-0089 

Kahneman, D., Fredrickson, B. L., Schreiber, C. A., & Redelmeier, D. A. (1993). When More Pain Is Preferred 
to Less: Adding a Better End. Psychological Science, 4(6), 401–405. https://doi.org/10.1111/j.1467-
9280.1993.tb00589.x 

Klos, L., Feil, K., Eberhardt, T., & Jekauc, D. (2020). Interventions to Promote Positive Affect and Physical 
Activity in Children, Adolescents and Young Adults—A Systematic Review. Sports, 8(2), 26. 
https://doi.org/10.3390/sports8020026 

Momma, H., Kawakami, R., Honda, T., & Sawada, S. S. (2022). Muscle-strengthening activities are associated 
with lower risk and mortality in major non-communicable diseases: A systematic review and meta-
analysis of cohort studies. British Journal of Sports Medicine, 56(13), 755–763. 
https://doi.org/10.1136/bjsports-2021-105061 

Nielsen, G., Wikman, J. M., Jensen, C. J., Schmidt, J. F., Gliemann, L., & Andersen, T. R. (2014). Health 
promotion: The impact of beliefs of health benefits, social relations and enjoyment on exercise 
continuation: Football as health promotion. Scandinavian Journal of Medicine & Science in Sports, 24, 66–
75. https://doi.org/10.1111/sms.12275 

Redelmeier, D. A., Katz, J., & Kahneman, D. (2003). Memories of colonoscopy: A randomized trial. Pain, 104(1–
2), 187–194. 

Rhodes, R. E., & Kates, A. (2015). Can the Affective Response to Exercise Predict Future Motives and Physical 
Activity Behavior? A Systematic Review of Published Evidence. Annals of Behavioral Medicine, 49(5), 
715–731. https://doi.org/10.1007/s12160-015-9704-5 

Rhodes, R. E., McEwan, D., & Rebar, A. L. (2019). Theories of physical activity behaviour change: A history 
and synthesis of approaches. Psychology of Sport and Exercise, 42, 100–109. 

Rodrigues, F., Teixeira, D. S., Neiva, H. P., Cid, L., & Monteiro, D. (2020). The bright and dark sides of 
motivation as predictors of enjoyment, intention, and exercise persistence. Scandinavian Journal of 
Medicine & Science in Sports, 30(4), 787–800. https://doi.org/10.1111/sms.13617 

Soper, D. S. (2023). A-priori Sample Size Calculator for Hierarchical Multiple Regression [Software]. 
https://www.danielsoper.com/statcalc 

Sperandei, S., Vieira, M. C., & Reis, A. C. (2016). Adherence to physical activity in an unsupervised setting: 
Explanatory variables for high attrition rates among fitness center members. Journal of Science and 
Medicine in Sport, 19(11), 916–920. https://doi.org/10.1016/j.jsams.2015.12.522 

Stevens, C. J., Baldwin, A. S., Bryan, A. D., Conner, M., Rhodes, R. E., & Williams, D. M. (2020). Affective 
Determinants of Physical Activity: A Conceptual Framework and Narrative Review. Frontiers in 
Psychology, 11, 568331. https://doi.org/10.3389/fpsyg.2020.568331 

Strain, T., Flaxman, S., Guthold, R., Semenova, E., Cowan, M., Riley, L. M., Bull, F. C., & Stevens, G. A. (2024). 
National, regional, and global trends in insufficient physical activity among adults from 2000 to 2022: 
A pooled analysis of 507 population-based surveys with 5· 7 million participants. The Lancet Global 
Health, 12(8), e1232–e1243. 

Strobach, T., Englert, C., Jekauc, D., & Pfeffer, I. (2020). Predicting adoption and maintenance of physical 
activity in the context of dual-process theories. Performance Enhancement & Health, 8(1), 100162. 

 
 
 
 



x  Peak-and-End Rule in resistance training sessions 

Journal of Human Kinetics, volume xxx, x xxxx http://www.johk.pl 

Teixeira, D. S., Bastos, V., Andrade, A. J., Palmeira, A. L., & Ekkekakis, P. (2024). Individualized pleasure-
oriented exercise sessions, exercise frequency, and affective outcomes: A pragmatic randomized 
controlled trial. International Journal of Behavioral Nutrition and Physical Activity, 21(1), 85. 
https://doi.org/10.1016/j.psychsport.2025.102963 

Teixeira, D. S., Rodrigues, F., Cid, L., & Monteiro, D. (2022). Enjoyment as a Predictor of Exercise Habit, 
Intention to Continue Exercising, and Exercise Frequency: The Intensity Traits Discrepancy 
Moderation Role. Frontiers in Psychology, 13, 780059. https://doi.org/10.3389/fpsyg.2022.780059 

Teques, P., Calmeiro, L., Silva, C., & Borrego, C. (2020). Validation and adaptation of the Physical Activity 
Enjoyment Scale (PACES) in fitness group exercisers. Journal of Sport and Health Science, 9(4), 352–357. 
https://doi.org/10.1016/j.jshs.2017.09.010 

Williams, D. M. (2008). Exercise, Affect, and Adherence: An Integrated Model and a Case for Self-Paced 
Exercise. Journal of Sport and Exercise Psychology, 30(5), 471–496. https://doi.org/10.1123/jsep.30.5.471 

Zenko, Z., Ekkekakis, P., & Ariely, D. (2016). Can You Have Your Vigorous Exercise and Enjoy It Too? 
Ramping Intensity Down Increases Postexercise, Remembered, and Forecasted Pleasure. Journal of 
Sport and Exercise Psychology, 38(2), 149–159. https://doi.org/10.1123/jsep.2015-0286 

Zourdos, M. C., Klemp, A., Dolan, C., Quiles, J. M., Schau, K. A., Jo, E., Helms, E., Esgro, B., Duncan, S., Garcia 
Merino, S., & Blanco, R. (2016). Novel Resistance Training–Specific Rating of Perceived Exertion Scale 
Measuring Repetitions in Reserve. Journal of Strength and Conditioning Research, 30(1), 267–275. 
https://doi.org/10.1519/JSC.0000000000001049 

 
 


