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ABSTRACT

Despite the well-established benefits of regular physical activity (PA) on health, a large proportion of the world population
does not achieve the recommended level of regular PA. Although affective experiences toward PA may play a key role to
foster a sustained engagement in PA, they have been largely overlooked and crudely measured in the existing studies. To
address this shortcoming, the Affective Exercise Experiences (AFFEXX) questionnaire has been developed to measure
such experiences. Specifically, this questionnaire was developped to assess the following three domains: antecedent
appraisals (e.g., liking vs. disliking exercise in groups), core affective exercise experiences (i.e., pleasure vs. displeasure,
energy vs. tiredness, and calmness vs. tension), and exercise motivation (i.e., attraction vs. antipathy toward exercise).
The current study aimed to validate a Chinese version of the AFFEXX questionnaire (AFFEXX-C). In study 1, 722
Chinese college students provided data for analyses of factorial, convergent, discriminant, criterion validity, and test-
retest reliability of the AFFEXX-C. In addition, 1,300 college students were recruited in study 2 to further validate its
structural model. Results showed that the AFFEXX-C demonstrates a good fit and reliability. Additionally, results
further supported the hypothesized model based on previous research: antecedent appraisals predicted core affective
exercise experiences, which in turn predicted attraction-antipathy toward physical exercise. The AFFEXX-C was found
to be a reliable and valid measure of affective exercise experiences in a population of Chinese college students.
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Introduction

The World Health Organization (WHO) has recommended
that adults should perform at least 150 min/week of
moderate-intensity physical activity (PA) or 75 min/week
of vigorous-intensity PA—at best accompanied by at least
two sessions of strength training per week—to maintain
and promote general health [1,2]. However, the proportion
of adults who fail to meet these PA guidelines remains
relatively high. For example, recent estimates suggest that
nearly 80% of people fail to achieve the aerobic and
muscle-strengthening  guidelines [3]. Among the
populations at particular risk for physical inactivity are
college students. For example, 41.4% of college students
can be classified as physically inactive, ranging from
21.9 % in Kyrgyzstan to 80.6% in Pakistan [4,5]. This
high prevalence of physical inactivity has severe
consequences as it contributes to the increased risk of
premature mortality [6,7] and a variety of chronic diseases
[8,9], including hypertension, coronary heart disease,
cognitive decline [10—12], depressive symptoms [13], type
IT diabetes mellitus, and cancers [14]. Moreover, the
economic burden due to physical inactivity is substantial.
Latest data from WHO suggests that health consequences
related to physical inactivity cause healthcare costs of
nearly 520 billion USD by 2030 worldwide, while
physical inactivity-related productivity loss reaches
47.6 billion USD per year [15]. Against this background,
global efforts to promote regular PA (e.g., in structured
and planned forms also referred to as physical exercises)
are urgently required.

Although numerous efforts have been made to better
understand why many individuals intending to be
physically active fail to turn these intentions into action,
our ability to understand this so-called intention-behavior
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gap is, so far, relatively limited. Recently, affective
mechanisms have taken a prominent place in recent
theories aiming to explain individuals’ engagement in PA
[16-18], to the point that these mechanisms could be
considered as pivotal constructs to explain the gap
between intention and action. Experimental studies in line
with these theories have shown that experiencing a
positive affective response during physical activity
increases the probability of re-engaging in this behavior in
the future [19-22]. Despite these promising results,
studies investigating the role of affective mechanisms are
still relatively limited due to at least one main reason: the
lack of validated scales to accurately measure the affective
constructs and mechanisms.

To fill this gap, Ekkekakis and colleagues proposed a
construct, namely affective exercise experiences, which
was defined as a “summary valanced designation, ranging
from pleasant to unpleasant, that reflects the history of
associations between exercise over the life course of an
individual and the attendant affective responses” [23].
Anchored within the affective-reflective theory [24],
Ekkekakis et al. have developed a new questionnaire to
assess such affective exercise experiences, namely the
Affective Exercise Experiences (AFFEXX) questionnaire.
The authors proposed a conceptual model of the AFFEXX
questionnaire (see Fig. 1), which relied on a three-tiered
causal chain—antecedent appraisals influencing core
affective experiences, which in turn influence attraction-
antipathy toward exercise [23]. In a validation study, the
AFFEXX questionnaire showed good reliability and
validity to assess the impact of affective constructs on
exercise motivation in a sample of US college students [23].

Despite the importance of the affective mechanisms
to foster engagement in PA, a validated Chinese version of
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Figure 1: Illustration of the structural model of the AFFEXX questionnaire (36 items)
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the scale is lacking at the time of writing. The first aim
of the study was thus to validate a Chinese version of
the AFFEXX questionnaire (AFFEXX-C). Moreover,
evidence suggests that affect-related processes are
culturally patterned [25]. Accordingly, the structure of the
AFFEXX questionnaire could differ between different
cultures, especially between western, individualism relative
to eastern, collectivist countries [26]. The second aim of
the study was therefore to examine the cross-cultural
validity of the AFFEXX-C in a Chinese sample to assess
to which extent the hypothesized model proposed in
previous western research is maintained or differed in an
eastern country. Moreover, at the conceptual level, it is
essential to test the hypothesized model proposed in
previous research [23] (i.e., antecedent appraisals — core
affective exercise experiences — attraction-antipathy
toward exercise) to further verify the role of the first two
structures in exercise motivation.

Methods

In this research, college students were invited to complete a
questionnaire on the online Questionnaire-Star platform.
Specifically, a scan code was sent to colleagues of the
leading author across China. Those colleagues agreed to
help distribute the code to their students via WeChat.
Only students who were willing to participate in this
study got access to the questionnaire. In study 1, the
survey included the AFFEXX-C and other instruments
designed to assess the convergent validity (i.e., affective
attitudes), discriminant validity (i.e., instrumental
attitudes, behavioral intention, exercise self-efficacy and
situated decisions to exercise), and criterion validity (self-
reported PA behaviors). Reliability assessment was also
conducted in the first survey and test-retest analysis was
additionally performed on participants (referring to a
portion of the sample size in study 1) who responded to
the same survey about three weeks later. In study 2,
another independent sample of college students was
recruited with the same procedure described above to
validate the conceptual model of the AFFEXX-C (see
Fig. 1). This protocol was approved by the ethics
committee of Shenzhen University (PN-202200026) and
all study procedures were in accordance with the latest
version of the Declaration of Helsinki. All individuals
who were interested in participating in this study provided
informed consent before any data collection.

AFFEXX Questionnaire and Scale
Translation

The AFFEXX questionnaire was originally developed by
Ekkekakis and colleagues [23] and consists of 36 items
and 10 factors assessing three structures (i.e., antecedent
appraisals, core affective exercise experiences, and
attraction-antipathy; more details can be found in
Supplementary data). Each response was made on a

7-point Likert scale ranging from 1 (“if the statement on
the left perfectly matches what you would say”) to 7 (“if
the statement on the right perfectly matches what you
would say”). A higher mean score of each factor (i.e., the
average scores of the entries items of each factor) indicates
a more positive level of antecedent appraisals, core
affective exercise experiences, or greater attraction
(vs. antipathy) towards physical exercise. Previous research
reported good validity and reliability in an English-
speaking US sample, with all Cronbach’s coefficients
being higher than 0.80 [23]. A Chinese-language version
of the AFFEXX questionnaire (AFFEXX-C) was
developed to capture the above three structures.

Researchers from the Body-Brain-Mind Laboratory
contacted the authors who developed the original
AFFEXX questionnaire and communicated with them for
the project about translating and validating this instrument
among the Chinese population. Two English-Chinese
bilingual researchers who specialized in psychology
translated the original questionnaire into Chinese.
Subsequently, the translated version was sent to four
Chinese exercise psychologists with good bilingual skills
(Chinese and English) who reviewed and provided
feedback on this version. Based on their feedback, this
newly translated version was revised and then sent to two
individuals fluent in English and Chinese and invited to
independently perform back-translation. Meanwhile, a
discussion meeting was scheduled with one of the original
authors of the AFFEXX questionnaire to confirm whether
the translations adequately captured the original three
structures. As a result, the 36-item AFFEXX-C was built.

Participants

We recruited Chinese-speaking college students for the
current study who met the following inclusion criteria: (i)
healthy, without any self-reported psychiatric or
neurological disorders, other chronic diseases, or
contraindications to PA, and (ii) aged between 17 and
29 years. In addition, we excluded participants who
responded with an unreasonable duration to complete the
questionnaires (i.e., less than 3 minutes, as determined as
minimum duration by the researcher team during a pilot
testing), participants with implausible responses (e.g., time
spent on exercise participation of >16 h), or those who
failed to pass the polygraph questions (i.e., Please select
“I’'m sure I can do it” for this question). In total,
722 eligible participants (excluding 86 participants) were
included for the final data analysis in study 1 (408 female,
314 male, age = 19.92 + 1.45 years, Body Mass Index =
21.13 + 4.54 kg/m?), with 197 who completed the
questionnaire a second time 3 weeks later for test-retest
reliability. In study 2, 1,300 college students (700 female,
600 male, age = 19.84 + 1.45 years, Body Mass Index =
20.55 + 2.82 kg/m?) were included according to the same
criteria mentioned above, after excluding 53 participants
with implausible responses.



Measures

To examine convergent and discriminant validity, three
constructs from the theory of planned behavior (TPB)
were assessed [27]. Specifically, instrumental attitudes
(including five items following the stem “For me,
exercising on at least 5 of the next 7 days for recreation,
leisure, exercise or sport would”, e.g., “be useless” or “be
useful”), affective attitudes (including six items following
the same stem, e.g., “feel satisfying” or “feel
unsatisfying”) and behavioral intention (including three
items, e.g., “I plan on exercising on at least 5 of the next
7 days for recreation, leisure, exercise, or sport”,
responded by “definitely no” or “definitely yes”) were
measured using a 7-point bipolar scale, ranging from 1
(“if the statement on the left perfectly matches what you
would say”) to 7 (“if the statement on the right perfectly
matches what you would say”), with higher scores
representing more positive attitudes and stronger
behavioral intention. In the present study, Cronbach’s
alpha of the three constructs of the TPB were 0.86, 0.94,
and 0.90, respectively. As in the original study [23],
affective attitudes were used to assess convergent validity,
and instrumental attitudes and behavioral intentions were
measured to determine discriminant validity.

The Exercise Self-Efficacy Questionnaire (ESE),
developed by Wu et al. [28], was used to measure
participants’ beliefs in their ability to perform physical
exercises. This single-dimension questionnaire contained 12
items in total and each item was scored on a 3-point rating
scale ranging from 1 (I can't do it) to 3 (I'm sure I can do
if), with a higher score representing a greater exercise self-
efficacy. In the present study, Cronbach’s alpha of this
construct was 0.91. The ESE served as another indicator
for testing the discriminant-validation criterion.

The Situated Decisions to Exercise Questionnaire
(SDEQ) was used to assess individual tendencies to
decide whether to exercise or not in situations in which
individuals are faced with behavioral alternatives [29].
This questionnaire includes eight items describing eight
prototypical situations (e.g., “You’re finishing your classes
and you are just about to go to the gym. Now you hear
that your classmates plan to go for a drink. They invite
you”). In each situation, participants were asked to
indicate whether they would likely exercise now or refrain
from it. Answers ranged from 1 (definitely yes) to 5
(absolutely no). The lower the mean score of the eight
items, the more likely individuals would decide to
exercise when faced with other choices. The English
version of this questionnaire has a good internal
consistency indicated by a Cronbach’s alpha of 0.79 [29],
which is supported by the present study, with a
Cronbach’s alpha of 0.81. The SDEQ served as another
indicator for testing the discriminant-validation criterion.

To evaluate predictive validity, the level of usual PA
was assessed by the International Physical Activity
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Questionnaire-Short Form (IPAQ-SF). Participants were
asked to reflect on how many days, and how many
minutes they engaged in PA in the last seven days,
namely vigorous PA (VPA), moderate PA (MPA), and
walking leisure (i.e., not used for transportation). The
level of regular PA was quantified by weighting each type
of activity following the energy requirements defined
in METs (referred to as metabolic equivalent) and
expressed as MET-min per week (MET level*minutes of
activity*events per week) [30]. The total level of PA
(expressed in MET-min/week) was the sum of the three
kinds of PA levels. Additionally, the level of moderate-to-
vigorous PA (MVPA, calculated by the sum of the VPA
and MPA) was also used as an indicator of the overall
level of PA. A study on the Chinese version of IPAQ-SF
reported good test-retest reliability with coefficients of
0.75 to 0.93 for the different levels of PA [31].

Statistical Analysis

Data analyses were carried out in IBM SPSS 24.0 (Armonk,
NY, USA) and Mplus 8 (Los Angeles, CA, USA). In study 1,
demographic information (e.g., age and sex) was first
visually inspected, and means (M) and standard deviations
(SD) for continuous variables and numbers and percentage
for categorical variables were calculated. Secondly, 722
college students were randomly divided into two samples
(sample 1 and sample 2). Based on sample 1 (n = 339), i)
Kaiser-Meyer-Olkin (KMO) and Bartlett’s test were
conducted as exploratory factor analysis (EFA). We used
the principal axis method of factor extraction followed by
oblimin rotations to account for the assumption of
intercorrelations between the factors of the AFFEXX-C.
According to the guidelines [32-34], items with factor
loadings > 0.50 and cross-loadings < 0.25 were included.
Based on sample 2 (r = 383), ii) internal consistency was
tested with Cronbach’s alpha, and iii) three confirmatory
factor analyses (CFAs) of antecedent appraisals, core
affective exercise experiences, and attraction-antipathy
were conducted. To measure the fit of these models, the
Tucker-Lewis Index (TLI) and other parameters were
considered, including the Comparative Fit Index (CFI),
Standardized Root Mean Square Residual (SRMR), and
Root Mean Square Error of Approximation (RMSEA),
with a 90% Confidence Interval (CI). According to Hu
and Bentler [35], the recommended acceptable values for
these indices were as followed: CFI and TLI > 0.95;
SRMR and RMSEA < 0.06. Finally, iv) to test convergent,
discriminant, and predictive validity, the relationships
between the factors of the AFFEXX-C and other variables
(e.g., level of regular PA and exercise self-efficacy) were
tested by partial correlation analyses in the total sample (N
= 722). The correlation coefficient was rated as follows:
<0.19; low correlation: 0.20 to 0.39; moderate correlation:
0.40 to 0.59; moderately high correlation: 0.60 to 0.79;
high correlation: >0.80 [36]. Additionally, a total of 197
participants volunteered to carry out the re-test three
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weeks later and their data was used to determine the test-
retest reliability. ICC values were rated by the following
criterion [37]: <0.40 as poor, from 0.40 to 0.59 as fair,
from 0.60 to 0.74 as good, and >0.75 as excellent. Finally,
to confirm the validity of the conceptual model of the
AFFEXX-C, structural modeling analyses were carried out
in study 2 (N = 1,300). A p-value of 0.05 was considered
statistically significant for all two-tailed tests.

Results

Descriptive Statistics in Study 1

Descriptive statistics for the total sample in study 1 (N =722)
are presented in Table 1. The means and standard deviations
of the AFFEXX-C are shown on all items in Table 2.

Exploratory Factor Analysis (EFA)

The EFA of the items developed to represent antecedent
appraisals, core affective exercise experiences, and
attraction vs. antipathy (KMO = 0.891 > 0.80, p < 0.001;

KMO = 0.930 > 0.90, p < 0.001; KMO = 0.854 > 0.80, p
< 0.001) were computed in sample 1 (n = 339).
According to the criterion [32—34], six items (11, 20, 23,
26, 31, 34) were removed in EFA. The modified model
with 30 items tapping into three different domains is
shown in Table 3 and was used for subsequent analyses.

Confirmatory Factor Analysis (CFA)

Fit statistics of the CFA from sample 2 are presented in
Table 4. Good model fit indices were indicated in the
analysis of antecedent appraisals (y?> = 218.36, df = 90,
TLI = 0.95, CFI = 0.96, RMSEA = 0.06 [0.05, 0.07],
SRMR = 0.04), core affective exercise experiences (y? =
42.69, df = 20, TLI = 0.98, CFI = 0.99, RMSEA = 0.05
[0.03, 0.08], SRMR = 0.02), and attraction-antipathy (y?> =
11.23, df = 5, TLI = 0.98, CFI = 0.99, RMSEA = 0.06
[0.01, 0.10], SRMR = 0.02). The test of all eight factors in
this 30-item framework also indicated a reasonable fit to
the data (y? = 687.25, df = 344, TLI = 0.95, CFI = 0.96,

Table 1: Participant demographic characteristics and targeted variables for the total sample

Variables All (N =1722) Male (n = 314) Female (n = 408)
M SD M SD M SD t P

Age 19.92 1.45 19.98 1.46 19.88 1.45 0.88  0.381
BMI (kg/m?) 21.13 4.54 22.08 4.76 20.40 4.23 495  <0.001
Interest vs. Boredom 4.86 1.23 5.16 1.19 4.63 1.21 5.77  <0.001
Pride/Honor vs. Shame/Guilt 4.55 1.36 4.88 1.33 4.30 1.33 5.88  <0.001
Empowerment vs. Damage 5.38 1.04 5.62 1.00 5.19 1.03 5.70  <0.001
Showing off vs. Shying away 3.01 1.28 333 1.32 2.77 1.20 594  <0.001
Liking vs. Disliking exercise in groups 4.44 1.33 4.54 1.30 436 1.35 1.83  0.067
Competence vs. Incompetence 5.11 0.94 5.25 0.91 5.00 0.94 3.67 <0.001
Pleasure vs. Displeasure 5.20 1.01 5.34 0.98 5.09 1.01 337  <0.001
Energy vs. Tiredness 4.51 1.31 4.65 1.25 4.40 1.35 2.55  0.011
Calmness vs. Tension 5.00 1.05 5.13 1.08 4.91 1.02 291  0.004
Attraction vs. Antipathy 431 1.16 4.67 1.06 4.04 1.17 7.43  <0.001
Instrumental attitudes 5.73 0.99 5.85 0.96 5.63 1.01 291  0.004
Affective attitudes 5.16 1.22 5.39 1.18 4.98 1.22 454  <0.001
Behavioral intention 4.15 1.50 4.42 1.52 3.94 1.45 432  <0.001
Exercise self-efficacy 21.21 5.83 22.62 5.96 20.13 5.50 5.80  <0.001
Situated decisions to exercise 3.02 0.72 2.90 0.76 3.11 0.68 -3.90 <0.001
Walking (MET-min/week) 1577.42 1068.42 1585.65 1051.40 1571.08 1082.58 0.18 0.856
MPA (MET-min/week) 656.94  649.42 779.34  721.88 562.74  570.89 437  <0.001
VPA (MET-min/week) 1261.31 1120.37 1483.75 1110.21 1090.12 1099.17 4.75  <0.001
MVPA (MET-min/week) 1918.24 1416.46 2263.08 1424.43 1652.85 1353.34 587 <0.001
Total PA (MET-min/week) 3495.66 1781.75 3848.73 1721.08 3223.94 1782.04 4.74  <0.001

Note: M = mean; SD = standard deviation; BMI = body mass index; MPA = moderate-intensity physical activity; MET = metabolic equivalent; VPA =
vigorous-intensity physical activity; MVPA = moderate-to-vigorous-intensity physical activity; PA = physical activity. 10 factors from Interest vs.
Boredom to Attraction vs. Antipathy belong to the original version of the AFFEXX questionnaire.
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Table 2: Descriptive analysis of all items of the AFFEXX-C (36 items)
Factor Item All (N =1722) Male (n = 314) Female (n = 408)
M SD M SD M SD
Interest vs. Boredom 1 4.76 1.46 5.16 1.41 4.44 1.43
4 4.72 1.46 5.03 1.49 4.49 1.40
23 5.11 1.25 5.28 1.23 4.97 1.25
Pride/Honor vs. Shame/Guilt 2 4.49 1.74 5.00 1.61 4.09 1.74
21 434 1.63 4.68 1.63 4.07 1.57
34 4.83 1.50 4.96 1.52 4.73 1.48
Empowerment vs. Damage 5.10 1.28 5.47 1.22 4.82 1.26
7 5.32 1.25 5.60 1.15 5.11 1.29
26 5.70 1.21 5.80 1.19 5.62 1.22
Showing off vs. Shying away 8 2.84 1.51 3.11 1.56 2.63 1.45
24 3.27 1.50 3.60 1.56 3.01 1.40
27 2.93 1.39 3.28 1.46 2.65 1.28
Liking vs. Disliking exercise in groups 9 4.38 1.58 4.48 1.53 4.30 1.61
10 4.27 1.57 4.39 1.57 4.17 1.57
33 4.67 1.53 4.76 1.51 4.61 1.55
Competence vs. Incompetence 15 5.26 1.08 5.39 1.08 5.16 1.07
16 5.25 1.22 5.41 1.19 5.13 1.23
28 5.01 1.12 5.17 1.16 4.89 1.06
36 491 1.16 5.04 1.17 4.81 1.14
Pleasure vs. Displeasure 11 5.24 1.30 5.45 1.30 5.08 1.29
30 5.06 1.12 5.21 1.09 4.94 1.13
32 5.28 1.07 5.39 1.03 5.18 1.10
35 5.26 1.15 5.42 1.14 5.14 1.14
Energy vs. Tiredness 12 4.71 1.52 4.93 1.46 4.53 1.55
13 4.30 1.50 437 1.47 425 1.53
18 4.52 1.40 4.65 1.40 442 1.40
20 4.78 1.33 5.00 1.29 4.61 1.34
Calmness vs. Tension 17 4.76 1.43 4.99 1.40 4.59 1.43
19 5.12 1.15 5.20 1.19 5.06 1.12
22 5.13 1.14 5.21 1.19 5.07 1.10
31 5.04 1.14 5.14 1.13 4.96 1.15
Attraction vs. Antipathy 3 4.76 1.50 5.19 1.36 443 1.52
6 4.94 1.38 5.27 1.25 4.69 1.43
14 3.83 1.48 4.25 1.47 3.51 1.41
25 4.18 1.23 4.47 1.14 3.95 1.24
29 3.85 1.45 4.15 1.43 3.63 1.43

Note: M = mean; SD = standard deviation.
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Table 3: Factor loadings of items for antecedent appraisals (four factors), core affective exercise experiences (three factors), and
attraction-antipathy items (one factor)

Factors
No. Items F1 F2 F3 F4
Antecedent appraisals (KMO = 0.89; Cumulative variance 58.0%)
Identification vs. disidentification
1. Exercise is stimulating—Exercise is boring 0.710
2. When my doctor asks if I exercise, I can answer with my head held high-When my doctor 0.794
asks if I exercise, | bow my head in shame
4. Exercise is very exciting—Exercise is very dull 0.572
I love that exercise makes me feel stronger—I hate that exercise may injure me 0.808
I feel good to be getting all the great benefits from exercise—I feel horrible because I feel 0.668
like I may get hurt from exercise
21.  Exercise is something everyone ought to be doing and I am happy to say that I do—Exercise 0.615
is something everyone ought to be doing but I am sorry to say that I do not
Competence vs. incompetence
15. After exercise, I feel encouraged—After exercise, I feel discouraged 0.778
16.  Exercise gives me a sense of accomplishment-Exercise gives me a sense of failure 0.757
28.  Exercise boosts my ego—Exercise deflates my ego 0.598
36.  Exercise makes me feel like I could do anything—Exercise makes me feel incompetent 0.773
Showing off vs. shying away
8. When I exercise, I love showing off-When I exercise, I’d rather be invisible 0.751
24.  When others look at me when I exercise, it makes me feel great—When others look at me 0.764
when I exercise, it makes me feel terrible
27.  1love when others watch me as | exercise—I hate it when others watch me as I exercise 0.802
Liking vs. disliking group exercise
9. I feel great exercising in a group-I feel intimidated exercising in a group 0.875
10.  Exercise is enjoyable in a group—Exercise is not enjoyable in a group 0.948
33. I love exercising with others—I hate exercising with others 0.513
Core affective experiences (KMO = 0.93; Cumulative variance 63.1%)
Energy vs. tiredness
12.  Exercise leaves me feeling energized—Exercise leaves me feeling exhausted 0.754
13. I feel revitalized after exercise—I feel drained after exercise 0.799
18.  Exercise is very invigorating—Exercise is very tiring 0.729
Pleasure vs. displeasure
30.  The feeling I get from exercise is fantastic—The feeling I get from exercise is awful 0.819
32.  Exercise improves my mood—Exercise worsens my mood 0.753
35.  Exercise feels wonderful-Exercise feels terrible 0.786
Calmness vs. tension
17.  For me, exercise is a relaxing activity—For me, exercise is a stressful activity 0.746
19.  Exercise gives me serenity—Exercise stresses me out 0.678
22.  Exercise soothes me—Exercise makes me feel tense 0.606

(Continued)



Table 3: (continued)
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No. Items

Factors

F1 F2 F3 F4

Attraction vs. antipathy (KMO = 0.85; Cumulative variance 60.7%)

Exercise is something I look forward to—Exercise is something I dread

6. Exercise is a tempting activity—Exercise is an uninviting activity

0.785
0.736

14. I would choose exercise over most other activities—I would choose most other activities over 0.721

exercise

25.  Exercise is near the top of the list of things I like—Exercise is near the bottom of things I like 0.789

29.  Exercise is high on my priority list-Exercise is low on my priority list 0.768
Note: F1 = Factor 1, F2 = Factor 2, F3 = Factor 3, F4 = Factor 4, KMO = Kaiser-Meyer-Olkin.
Table 4: Fit indices for each CFA model in sample 2 (n = 383)
Factors x° df TLI CFI SRMR RMSEA (90% CT)
Antecedent appraisals 4 218.36 90 0.952 0.964 0.042 0.061 (0.051, 0.071)
Core affective experiences 3 42.69 20 0.977 0.987 0.022 0.054 (0.032, 0.077)
Attraction-antipathy 1 11.23 5 0.976 0.988 0.021 0.057 (0.006, 0.102)
Structural model 8 687.25 344 0.947 0.958 0.042 0.051 (0.045, 0.057)

Note: y? = Chi-Square Test of Model Fit; df = Degrees of Freedom, TLI = Tucker-Lewis index, CFI = Comparative Fit Index, SRMR = Standardized
Root Mean Square Residual, RMSEA = Root Mean Square Error of Approximation, 90% CI = lower level and upper level of the bias-corrected 90%

bootstrap confidence interval.

RMSEA = 0.05 [0.05, 0.06], SRMR = 0.02). Thus, a 30-item
AFFEXX-C was established.

Internal Consistency and Inter-correlations
Among the Factors of the AFFEXX-C

As shown in Table 5, in sample 2 (n = 383), Cronbach’s
alpha coefficients ranged from 0.80 to 0.90, which
indicates a good internal consistency of the AFFEXX-C
among Chinese college students.

Convergent and Discriminant Validity

The relationships between the scales of the AFFEXX-C,
instrumental attitudes, affective attitudes, behavioral
intention, exercise self-efficacy, and situated decisions to
exercise are presented in Table 6 for the total sample (N =
722). All variables were significantly correlated with each
other (p < 0.05) in Pearson correlation analyses. For
further analyses, we used cocor R package documentation
to conduct statistical comparisons between these
correlations [38]. In terms of convergent validity, the
relationships between affective attitudes and core affective
exercise experiences were observed. Specifically, scores
on core affective exercise experiences (i.e., pleasure-
displeasure, energy-tiredness, and calmness-tension)
exhibited slightly and descriptively higher correlations
with affective attitudes (» = 0.61, 0.63, and 0.57,
respectively) than with instrumental attitudes (» = 0.37,

0.52 and 0.44, respectively), which was supported by the
comparison of these correlations (all p < 0.001, for more
details please see Appendix A). Attraction-antipathy was
moderately to strongly correlated with affective attitudes
(r = 0.67, p < 0.001), and mostly moderately with
behavioral intention (» = 0.57, p < 0.001), exercise self-
efficacy (» = 0.62, p < 0.001) and situated decisions to
exercise (r = —0.51, p < 0.001). Most of the variance
between attraction-antipathy and exercise self-efficacy and

Table 5: Coefficients of internal consistency from sample 2 (n
=383)

Items Cronbach’s alpha

Antecedent appraisals

Identification vs. 6 0.90
Disidentification

Competence vs. Incompetence 4 0.83
Showing off vs. Shying away 3 0.84
Liking vs. Disliking group 3 0.80
exercise

Core affective experiences

Energy vs. Tiredness 3 0.87
Pleasure vs. Displeasure 4 0.88
Calmness vs. Tension 3 0.81
Attraction vs. Antipathy 5 0.89
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Table 6: Analysis of bivariate correlations between the scales of the AFFEXX-C, attitudes, behavioral intention, exercise self-

efficacy, and situated decisions to exercise

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Identification vs.

Disidentification

2. Competence vs. Incompetence 0.68

3. Showing off vs. Shying away 0.44 0.29

4. Liking vs. Disliking group 036 032 042

exercise

5. Energy vs. Tiredness 0.68 0.67 031 0.30

6. Pleasure vs. Displeasure 0.70 0.82 0.28 0.34 0.66

7. Calmness vs. Tension 0.68 067 026 035 064 0.73

8. Attraction vs. Antipathy 0.88 0.68 049 036 0.70 0.70 0.69

9. Instrumental attitude 039 052 0.10 025 037 052 044 035

10. Affective attitude 0.66 0.62 030 029 061 063 0.57 067 0.60

11. Behavioral intention 0.58 043 025 020 044 042 042 057 039 0.64

12. Exercise self-efficacy 0.61 045 036 022 047 046 042 0.62 029 050 0.54

13. Situated decisions to exercise —0.52 —0.41 -0.24 -0.20 -0.42 —0.43 -0.39 -0.51 —0.30 —0.43 —-0.47 -0.63

Note: Except for the relationship between “showing off vs. shying away” and instrumental attitude (p = 0.016 < 0.05), all other correlations were

significant at the 0.001 level.

situated decisions to exercise was not shared (i.e., 64%—
77% unique variance).

Criterion Validity

To examine criterion validity, correlations between the three
structures of the AFFEXX-C and the self-reported habitual
level of PA were conducted. As shown in Table 7, our results
indicated that the correlations of all AFFEXX-C constructs
were non-significant and near-zero with walking. MPA was
weakly related to most variables (e.g., ¥ = 0.10 to 0.16 for
antecedent appraisal, » = 0.11 to 0.13 for core affective
experiences, » = 0.17 for attraction-antipathy). VPA and

MVPA were

significantly correlated with attraction-

antipathy, with correlations ranging between 0.47 and
0.45 (p < 0.001).

Test-Retest Reliability

Test-retest reliability of the AFFEXX-C was evaluated
using intraclass correlation coefficients (ICC). In the
current study, we observed ICC ranging from good (r =
0.69, p < 0.001) for the liking-disliking group exercise to
excellent (r = 0.87, p < 0.001) for identification-
disidentification (for more details please see Appendix A).

Table 7: Analysis of correlations between the scales of the AFFEXX-C, attitudes, behavioral intention, exercise self-efficacy, and
situated decisions to exercise with self-reported physical activity

Walking MPA VPA MVPA Total PA
Identification vs. disidentification —-0.03 0.16%** 0.48*** 0.45%%* 0.34%%*
Competence vs. incompetence —-0.05 0.10* 0.30%*** 0.28*** 0.20%**
Showing off vs. shying away 0.02 0.13%** 0.34%** 0.33%** 0.27%**
Liking vs. disliking group exercise —-0.01 0.12%* 0.24%** 0.25%%* 0.19%**
Energy vs. tiredness —-0.02 0.13%* 0.26%** 0.26%** 0.20%**
Pleasure vs. displeasure —-0.05 0.11%** 0.30%** 0.29%** 0.20%**
Calmness vs. tension —0.02 0.11%%* 0.30%** 0.20%%* 0.22%%*
Attraction vs. antipathy -0.01 0.17%%* 0.47%%* 0.45%%* 0.35%%*
Instrumental attitude —0.09%* 0.06 0.18%** 0.17%%* 0.08%*
Affective attitude —0.02 0.12% 0.33%** 0.32%** 0.24%**
Behavioral intention —0.05 0.12%** 0.40%** 0.38*** 0.27***
Exercise self-efficacy —0.04 0.20%** 0.45%** 0.45%** 0.33%%*
Situated decisions to exercise 0.05 —0.09* —0.33%%* —0.30%** —0.21%%*

Note: MPA = moderate-intensity physical activity, VPA = vigorous-intensity physical activity, MVPA = moderate-to-vigorous physical activity, PA =

physical activity, * p < 0.05, ** p <0.01, *** p <0.001.
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Table 8: Fit indices of three structural models of the AFFEXX-C

Factors P df TLI CFI SRMR RMSEA (90% CI)
Model 1 8 1822.40 380 0.927 0.936 0.041 0.054 (0.052, 0.057)
Model 2 8 1812.31 377 0.927 0.936 0.041 0.054 (0.052, 0.057)
Model 3 8 2035.24 381 0.916 0.927 0.042 0.058 (0.055, 0.060)

Note: y? = Chi-Square Test of Model Fit; df = Degrees of Freedom, TLI = Tucker-Lewis index, CFI = Comparative Fit Index, SRMR = Standardized
Root Mean Square Residual, RMSEA = Root Mean Square Error of Approximation, 90% CI = lower level and upper level of the bias-corrected 90%
bootstrap confidence interval. Model 1: 1) antecedent appraisals — core affective exercise experiences — attraction-antipathy (four factors within
“antecedent appraisals” are significantly correlated with each other), 2) antecedent appraisals — attraction-antipathy; Model 2: 1) antecedent
appraisals — core affective exercise experiences — attraction-antipathy (four factors within “antecedent appraisals” are significantly correlated
with each other while significant correlations between every two factors within “core affective exercise experiences” are observed), 2) antecedent
appraisal — attraction-antipathy; Model 3: 1) antecedent appraisal — core affective exercise experiences — attraction-antipathy (four factors
within “antecedent appraisals” are significantly correlated with each other while significant correlations between every two factors within “core

affective exercise experiences” are observed).
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Figure 2: Statistical diagram of the structural model of the AFFEXX-C (Model 3)
Note: Standardized path coefficients were presented in this model.

Validation of the Structural Model in
Study 2

In study 2 (N = 1,300), the internal consistency of the
AFFEXX-C was good, with Cronbach’s alpha coefficients
ranging from 0.85 to 0.91 (more details can be found in
Appendix A). Three different structural models were
tested based on the hypothesized conceptual model (see
Fig. 1). According to fit indices [35], results indicated
acceptable fits of the three different structural models
(shown in Table 8), of which model 3 had the best fit and
was the most theoretically relevant (Fig. 2). In this model,
both direct effect (antecedent appraisal - > attraction-
antipathy) and indirect effect (antecedent appraisal - >
core affective experiences - > attraction-antipathy) are
significant.  Furthermore, the four factors within
“antecedent appraisals” were correlated with each other
while correlations between every two factors within “core
affective exercise experiences” were also observed.

Discussion

Based on two independent studies conducted in a large
sample of Chinese college students, we developed and

validated a Chinese version of the AFFEXX questionnaire
(AFFEXX-C) to assess the key affective mechanisms
involved in the regulation of PA, namely antecedent
appraisals, core affective exercise experiences, and
exercise motivation. Our results showed that the
AFFEXX-C was valid for measuring the affective
experiences toward PA in Chinese college students.
Concerning the reliability of the instruments, analogous
factor structures were obtained with the Chinese version
of the scale relative to the original, English version of the
scale. Furthermore, Cronbach’s alpha of the AFFEXX-C
was good and almost identical to that in the original
version (0.81 to 0.92 in the English vs. 0.80 to 0.90 in the
Chinese version). Finally, the hypothesized model found
in the western sample (i.e., US adults), was also partially
observed in our eastern sample. Hence, in sum, our study
provides evidence of the reliability and (partial) cross-
cultural validity of the AFFEXX-C.

Different from the original scale of the AFFEXX
questionnaire, the Chinese version involves a 30-item
structure (vs. 36-item in the original version). Specifically,
six items (11, 20, 23, 26, 31, 34 of the original scale)
were removed due to insufficient factor loadings (<0.50)
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and high cross-loadings (>0.25) in the EFA. Based on these
results, the dimensions of antecedent appraisals decreased
from 6 to 3. Specifically, three domains (i.e., physical
empowerment vs. bodily damage, pride/honor vs. shame/
guilt, and interest vs. boredom) were removed. Cultural
differences may explain why it makes sense to remove
these three domains in a Chinese sample. For instance,
Chinese college students perceive physical exercise as a
part of a healthy lifestyle rather than something to be
proud of, and the idea of “exercise is glorious” is not very
popular among this population [39,40]. In addition,
whether physical exercise is interesting or boring and
physically healthy or harmful maybe not as important for
Chinese as for Western individuals. Instead, most of them
would not place physical exercise as a higher priority and
tend to choose other activities in time conflicts and are
likely to attribute it to lack of time for physical exercise [41].

The remaining items (1, 2, 4, 5, 7, 21 of the original
scale) of the above domains were gathered to create a new
dimension, named “identification vs. disidentification”.
For example, item 21 (i.e., “Exercise is something
everyone ought to be doing and I am happy to say that |
do” vs. “Exercise is something everyone ought to be
doing but I am sorry to say that I do not”) reflects
that physical exercise corresponds to something that
individuals are supposed to do, which may result from a
consensus among the society on the necessity of physical
exercise. In contrast to item 1 (i.e.,, “Exercise is
stimulating” vs. “Exercise is boring”) and 4 (i.e.,
“Exercise is very exciting” vs. “Exercise is very dull”),
this dimension relates to a conception about physical
exercise that is influenced by a popular belief in Chinese
culture, rather than to sheer personal attitudes. This new
dimension may thus reflect the impact of social
desirability or shared social-cultural attitudes on an
individual’s affective exercise experiences. In other words,
cultural differences may directly influence individuals’
antecedent appraisals to exercise to have an indirect
impact on affective exercise experiences.

Despite these cross-cultural differences, the AFFEXX-
C maintains a degree of consistency with the original
version [23]. To be specific, three dimensions of the core
affective experiences (i.e., pleasure-displeasure, energy-
tiredness, calmness-tension), and attraction-antipathy were
retained. Of them, this three-dimension structure (i.e., core
affective experiences) aligns with the conceptualization of
core affects suggested by Ekkekakis and colleagues
investigating core affective responses to physical exercise
from a dimensional perspective [42]. It is worth noting
that core affective responses emphasize a core affect
emanating directly from somatic sensations, whereas core
affective exercise experiences are impacted by an
antecedent cognitive appraisal. In other words, the
affective responses to physical exercise are expanded from
the core affective responses of somatic sensation (e.g.,
physical pain or excitement) to the complex emotions
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under the cultural framework (e.g., chasing or pursuit of
physical exercise) [23], which implied that the affective
mechanisms towards PA should not be discussed in
isolation from cultural influences. Despite cultural
differences between the original version and the
AFFEXX-C, the similarity of core affective exercise
experiences may be rooted in the general understanding of
this structure. These findings might be explained by the
fact that affective associations of feeling energized,
pleasant, and calm might be more culturally universal
than affective associations that are influenced to a greater
extent by specific cognitive appraisals (i.e., antecedent
appraisals) [43]. Uncertainly, whether cultural differences
change the structure of the core affective exercise
experiences is still up for discussion. The lack of the score
of the three dimensions of this structure in the original
version may impede the cross-cultural comparison. In
general, as affective exercise experiences have so far been
measured in only two versions, whether there is cross-
cultural consistency needs to be further verified in other
cultures. Future studies should provide more empirical
evidence to further explore them in cross-cultural studies.

In addition, attraction-antipathy is also retained and
highly related to factors of the other two structures, which
is similar to the original version (0.43 to 0.82 in the
English version vs. 0.36 to 0.88 in the Chinese version)
[23]. This indicates that pleasant exercise experiences or
positive cognitive appraisals may not alone determine an
individual’s tendency to feel the attraction of exercise and
trigger the desire to exercise. Consistently, researchers
also assumed that combining either hedonic or reflective
motivation to reflect individuals’ motivation towards
physical exercise is reasonable [17]. Indeed, individuals’
responses to ‘“‘attraction-antipathy” toward exercise may
reflect whether an individual wants to perform physical
exercise based on a combination of both reflective and
automatically activated processes [23].

With respect to validity, the significant correlations
that we observed between the AFFEXX-C and other
variables mirror previous findings [23]. Regarding
convergent validity, positive affective exercise experiences
were associated with positive affective attitudes. Similar
to affective attitude, a cognitive construct with the
affective label, affective exercise experiences are also
strongly associated with PA behavior but emphasize the
individuals’ history of association with exercise. This
supports the inter-individual differences in affective
exercise experiences. With respect to discriminant validity,
compared with affective attitudes (» = 0.57 to 0.61),
affective exercise experiences were less relevant to other
variables (e.g., instrumental attitudes and situated
decisions to exercise). Then, the results of the criterion
validity indicated that the associations between the core
affective experience of the AFFEXX-C and the level of
VPA and MVPA (r = 0.26 to 0.30) were almost as strong
as the relationships between the latter and affective
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attitudes (» = 0.32 to 0.33). Additionally, we observed that
the attraction-antipathy variable (as a proxy for exercise
motivation) was significantly related to MVPA and VPA
(r = 0.45 to 0.47), which exhibited descriptively higher
correlations than these of behavioral intention (» = 0.38 to
0.40) and situated decisions to exercise (» = 0.30 to 0.33).
Actually, these findings to some extent illustrate the vital
role of attraction-antipathy in this complex model of
decision-making to PA behavior. Overall, in line with the
original version, these findings supported the good
convergent, discriminant, and criterion validity of the
AFFEXX-C.

Finally, the current study tested and refined the
conceptual model proposed by previous research in a
large sample [23]. Specifically, our findings supported the
following model: antecedent appraisal — core affective
exercise experiences — attraction-antipathy. In this
mediating model, 4 factors of antecedent appraisals and 3
factors of core affective exercise experiences are intra-
correlated with each other. Given that the original version
of the AFFEXX-C only proposed a conceptual model
without validation, we verified this model in the context
of Chinese culture and reported the applicability of the
model, which has a reduction in factors of antecedent
appraisal and core affective exercise experiences
compared with the hypothesis model. Our findings
indicated that model 3 with an acceptable fit index was in
line with the hypothesized model, which emphasized core
affective exercise experiences as the central construct
within a  three-tiered system. Based on the
conceptualization combining the level of activation and
pleasure [42], this core structure forms three bipolar
dimensions, namely (a) pleasure vs. displeasure associated
with a moderate level of perceived activation, (b) high-
activation pleasure vs. low-activation displeasure (i.e.,
energy vs. tiredness), and (c) low-activation pleasure vs.
high-activation displeasure (i.e., calmness vs. tension).
Upstream, these core affective exercise experiences are
expected to be predicted by relevant cognitive appraisals
of exercise, including (i) evaluating oneself whether to
identify/recognize exercise, (ii) judging oneself as
competent or incompetent, (iii) perceiving for oneself
whether like exercising in groups, and (iv) noticing
oneself tends to show off or shy away. Ultimately,
affective exercise experiences shape the motivational
tendency to be attracted to or feel antipathy towards
physical exercise. Accordingly, this three-structure and
eight-factor hypothesis model was validated, for the first
time, within the Chinese cultural background.

Strengths and Limitations

In the current study, we adopted a multi-stage design to
develop and validate the AFFEXX-C in two independent
and large samples of Chinese students, which is, in its
final format, slightly different from the original version of
the questionnaire [23]. In addition, the hypothesis model
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proposed by Ekkekakis and colleagues was verified in the
present study, thereby confirming its cross-cultural
validity. Nevertheless, some limitations have to be
acknowledged. First, the sample selection is based on
convenience sampling which is less representative than
random sampling and therefore limits the generalization of
the current results to healthy college students. Thus,
further studies in other populations are necessary to test
the generalizability of our findings (e.g., non-college
student emerging adults [44,45] and in older adults).
Thirdly, self-reported measurement of PA was used in the
current research, which is subject to social desirability
bias (e.g., overestimation of PA levels). Therefore, future
research could incorporate device-based measures of PA
(e.g., accelerometer) to further strengthen the predictive
validity of the AFFEXX-C in the Chinese population.

Conclusion

The modified 30-item AFFEXX-C has sound psychometric
properties and thus is well-suited to assess affective exercise
experiences in samples of college students. By translating
and validating the AFFEXX-C, our study paves the way
for future research aiming to examine the role of affective
mechanisms in the regulation of PA behaviors in Chinese-
speaking samples.
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Appendix A

The Chinese version of the AFFEXX questionnaire
(AFFEXX-C)

SRR BB 2 56 10 5 AFFEXX-C-30

NI S T MR IR BREAFE —RAIRE. IXEERRAR DL X R BRI (B, B IR E MR
57 R “BOFRR BN FE ), LL7ZGRATVRY. MR AL A ERSE RS DL, WIEFET GERfTa). 2 (SR
53 (A RFFE). Rz, MRA ARG RO SR O, WEHET GEaffa). 6 (FLEATE) mis (s &), WREHMTs
DUAT T IX AR SL (R IR 22 [8], U526 P ) 4 (A E).

5 4&H VA %H

1 BRI 1234567 BTN

2 MEEA N R BRI, BT A 1234567 4B/ R BT THBOEI, TR ML
8 R HH A s ) 1

3 B R T M IS 1234567  HHZEBRIARENHE

4 Bl NI B AL g 1234567 L NEBIR> Ay

5 & B, TR A A P AR AR T et 1234567  FIWIRBE B e SR 20

6 Bl e AT 4R B S ) 1234567  BEHERSIARES)

7 B RE g 3R A5 IR 22 AL BIR D AR B 1234567  HETTRE SRR A0 LB IRAEES

8 A BB B = B3 1234567  FHBENERERAD

9 SRR L B AR T 1234567 MBI REFM

10 SRIREE—Fh 2 1234567  SEBHESE—FIEZ

11 BRI B 1 1234567  BRIEIRIED W RE S

12 RS BTG ) 1234567  BAEREEWKE TiE)

13 BRESEFEIHNAEKZ H AR 1234567  WAEPKZHOIIADIE B A L4805

14 RS TR EIH % 1234567  #BME, BBNAS T HIE

15 RIS T POk 1234567  HURE T BB

16 KRR BB S — PO 135 30 1234567  SFHEKULBIERZ MR G

17 BRI AR & 1234567  BEAS AR 7

18 MR ET 1234567 B REIIIEA

19 SRS NI AZM SN, ERRWMRIER 1234567  BIERSEMN AH RSO T, T HBRIN S
B MABIET

20 HRIAAE B 1234567 il BER kK
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26 WMHEES BN RASIRA R IR 1234567 MBI BRI RS I
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