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Abstract: An increasing number of individuals participate in running races worldwide; however,
running in the presence of air pollution poses health risks to runners. Therefore, developing a valid
and reliable instrument is imperative to assess runners’ beliefs and perceptions regarding risks and
health behaviors. This study developed a comprehensive questionnaire based on the health behavior
model and relevant literature. The questionnaire was tested with 310 responses from individuals
with running race experiences in Taiwan. Tests of the measurement model were conducted using
reliability and confirmatory factor analysis. The results reveal that the questionnaire consists of
eight constructs: perceived susceptibility, perceived severity, perceived benefits, perceived barriers,
perceived self-efficacy, cues to action, health behavior intention, and awareness of air quality. The
31 items jointly accounted for 72.71% of the observed variance. All eight factors have good internal
consistency, convergent, and discriminant validity with acceptable model fit indexes. Additionally,
a valid translated English version of the questionnaire is provided for future research, sports agencies,
or governments to explore factors that affect, or interact with, risk while running under air pollution
conditions to develop management strategies.

Keywords: risk perception; perceived susceptibility; perceived severity; perceived benefits; perceived
barriers; cues to actions; self-efficacy; awareness of air quality

1. Introduction

Physical inactivity has been considered one of the leading causes of noncommunicable
diseases and has been linked with many chronic diseases and cancer [1,2]. Several initiatives
and campaigns have called for programs and events to promote an active lifestyle. Road
running is one such event. The growing popularity of running events worldwide has
attracted a significant number of participants. Running race participants have risen from
5 million to 9.1 million in the past decade leading up to the COVID-19 pandemic [3].

In addition, the risks associated with running have also increased. There is a widespread
belief that air pollution, which results from a mix of gases or particles emitted from primary
sources and forming in the atmosphere, is an invisible killer that has adverse effects on
health. It has been estimated that 99% of the world’s population is exposed to unhealthy
levels of air pollution that exceed WHO guidelines. Air pollution is, thus, one of the greatest
environmental threats to human health [4].

Running in air pollution presents particular hazards because of a number of factors.
First, humans tend to switch from nasal to oral breathing, which weakens the nose’s
ability to filter out pollutants. Second, during exercise, the body inhales more air than
when sedentary, thus increasing the possibility of inhaling extra pollutants. Finally, when
exercising vigorously, the body increases its ventilation rate, which means that people
breathe more deeply and frequently, leading to increased deposits of pollutants in the
lungs [5-8]. These factors might lead to severe cardiovascular incidents such as myocardial
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infarction, coronary revascularization, stroke, death from either coronary heart disease or
cerebrovascular disease [9], or lung functions or cancers [10]. There is a serious negative
impact. Accordingly, several studies have pointed out the necessity of further investigating
the effect of air pollution on sports-related life-threatening events, particularly amongst
professional and high-level amateur athletes [11].

However, air pollution is often considered to be an invisible killer, proven to have
adverse health effects. To date, few studies have investigated the relationship between air
pollution and running events, especially from various stakeholders such as the runners
themselves, sport organizing bodies, and host cities. However, no risk management
strategies are in place to prevent adverse health effects attributed to air pollution. This kind
of oversight is dangerous, as many studies have identified that the risk of air pollution
could have adverse health effects for individuals, such as airway inflammation, lung
function alteration, elevated blood pressure, myocardial infarction, stroke, or all-cause
mortality [9,12-16]. These effects not only occur as a result of long-term training (Miller
et al., 2007) but could also take place during short-term (or one-time) racing [17].

Therefore, the overall aim of this study is to investigate the risk perceptions of air
pollution and running events from three main perspectives: running event participants,
host agencies or sports organizations, and governmental authorities/other stakeholders.
This would help develop comprehensive risk management strategies. Considering the
importance of achieving this goal, the first step is to obtain information from runners
regarding their perceptions, risk awareness, and the potential health behaviors they might
adopt during running races. Accordingly, this paper aims to develop a reliable and vali-
dated questionnaire to assess runners’ beliefs and perceptions of risk and health behaviors
based on a grounded health behavior model.

2. Materials and Methods
2.1. Theoretical Framework

The health belief model (HBM) is a comprehensive model commonly used to explain
and predict preventative health behavior or change and maintain health behavioral patterns.
It consists of seven main constructs; (1) perceived susceptibility (PSU): an individual’s
perception of vulnerability to a condition and the degree to which the individual believes
he or she is likely to acquire it; (2) perceived severity (PSE): the belief that the affected
person might suffer serious social and medical consequences as a result of the condition;
(3) perceived benefits (PBE): the belief that intervention will have a positive outcome;
(4) perceived barriers (PBA): an individual believes he or she must overcome certain barriers
before he or she can conduct some kind of intervention effectively; (5) perceived self-efficacy
(SE): an individual evaluates how easy or difficult it is to perform a specific action or how
much control he or she has over that action; and (6) cues to action (CTA): the triggers
that cause an individual to act, which may be internal (symptoms of a health problem),
or external (media communications, interpersonal communications, or information from
healthcare providers) [18,19]. The outcome or predictive constructs in HBM are health
behavior intentions (HBI) or actions that are being investigated by the research, for example,
smoking behavior [20], cancer prevention [21], medication adherence [22], and exercise
participation [23].

2.2. Literature Related to Running and Air Pollution Risk Perception

In addition to these seven key constructs, other variables, such as sociodemographic
variables or structural variables, may also influence behavior outcomes [19]. Education, for
example, has been shown to have an indirect effect on health behavior by influencing an
individual’s perception of susceptibility, severity, benefits, and barriers. Individual char-
acteristics and experiences may influence individuals’ perceptions and health behaviors
in reaction to air pollution. In previous studies, variables such as gender, age, education,
marital status, or respiratory symptoms have been associated with risk perceptions of air
pollution. They found, for instance, that it is possible that young adults may be more aware
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of the health risks associated with air pollution and are, therefore, more likely to modify
their exercise behaviors according to their environment [24]. Another study, however,
indicates that older and more educated individuals are more aware of air pollution [25].
Researchers have found significant differences in subjective air quality assessments and
perceptions of air pollution-related risks between urban and rural residents [20,21]. Addi-
tionally, studies indicate that individuals with respiratory disease or cardiovascular disease
are more likely to perceive air pollution as a risk and modify their outdoor activities as a
result of poor air quality [26].

Several studies have identified distinct differences in the motivations and behaviors of
individuals when they pursue casual leisure or serious leisure [27]. While some participants
in running races do so for recreational purposes, others practice running seriously and set
goals for running races. Runners’ different levels of involvement might also affect their risk
perceptions and behaviors, as adventure programs have demonstrated that people may be
motivated just by the pleasure of doing something with little regard for the potential risks
involved [28].

2.3. Questionnaire Development

To assess runners’ risk perception toward air pollution during the race, based on the
HBM model described and literature review discussed above, along with an earlier focus
group study with runners, several statements were generated first and then viewed by the
research team as well as by several runners to confirm the clarity and logic of the ques-
tionnaire. The questionnaire consisted of (a) demographic and socioeconomic information
about the participants, including age, education, residence, and income; (b) medical histo-
ries, e.g., Is there any heart/lung disease you/your family member has been diagnosed
with by a physician? (c) participants’ involvement in running and participating in events
related to running, such as the number of running races participated in, distances run
during running races, and average monthly running training distances; (d) participants’
awareness of air quality (AAQ), inquiring if he/she experiences symptoms such as red
eyes, sneeze, cough, dry throat, etc. while running under air pollution conditions; and
(e) participants’ response to statements on perception in the context of running events
during air pollution using the seven HBM constructs (PSU, PSE, PBE, PBA, CTA, SE, HBI).
All other questions, excluding demographic, medical history, and running involvement
variables, as well as five open-ended follow-up questions, were formatted on a five-point
Likert scale ranging from 1 = strongly disagree to 5 = strongly agree. Several reverse
questions were developed to be incorporated into the questionnaire/construct to examine
respondents’ consistency in answering the questions. These questions were reverse coded
for further statistical analysis.

Several experts and scholars in health behavior, public health, and education were
invited to review and validate the questionnaire. They are all familiar with the Health Belief
Model and air pollution issues. They were asked to evaluate the items of the questionnaire
in terms of simplicity, clarity, relevance, and necessity in reflecting each construct in HBM
and other variables related to the purpose of this study. The necessary changes and
corrections were applied to the questionnaire’s text based on their opinions to determine
the content validity. The overall questionnaire items and responses categories are presented
in Appendix A.

2.4. Data Collection and Ethical Approval

To administer the questionnaire efficiently without geographic limitations, the ques-
tionnaire was transformed into an online format using the Google Forms application.
Online questionnaires were distributed through running-related social media groups, such
as Facebook and Line, and distributed to potential runners through personal networks.
Participants were allowed to win NTD200 (about $7 dollars) as an incentive. Data were
collected between April and June 2021 in Taiwan.
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On the first page of the questionnaire, the researcher described the purpose of the study
and contact information for the research team. Participants were assured of anonymity
and confidentiality for their responses. By clicking on the ‘agree’ button with their consent
to participate in this study, the respondents were directed to the main section of the
questionnaire. All materials and study procedures were approved by National Chen Kung
University Research Ethics Committee (REC) (108-507), where the study was conducted.

As the first filter question, respondents were asked if they had previously participated
in running races. If the participant replied that they had never participated in any road
running race before, the page was automatically redirected to a message of appreciation
for participation. For respondents who completed the entire questionnaire, the average
time was approximately 20-25 min. The minimum sample size was 385, assuming a
95% confidence level, a margin of error (confidence interval) of 5%, and a 0.5 standard
deviation. According to Kline [29], a good rule of thumb is to have at least 200 samples or
5-10 times as many subjects as the number of variables.

2.5. Data Analysis

The responses from the online questionnaire from the Google form were first ex-
ported into a csv file. Next, responses with no prior experience with running events and
inconsistent responses were deleted. The data were then imported into SPSS and Amos
(IBM SPSS Statistics for Windows, Version 27.0. IBM Corp, Armonk, NY, USA) for further
data analysis.

To begin with, reliability analysis examines the intercorrelations between the items
within each construct, i.e., the extent to which the items measure the same underlying
concept. To assess the instrument’s reliability, 100 participants participated in a pilot study.
The internal consistency of each construct was determined using Cronbach’s alpha.

The questionnaire was developed based on a widely used HBM model, so we did
not perform exploratory factor analysis. Instead, the confirmatory factor analysis (CFA)
was used to verify the suitability of each item to measure the intended construct, both
individually and collectively, for the final sample. To describe the characteristics of the
sample and the variables in the study, a descriptive analysis was performed. A composite
score was calculated for each construct based on the means of the responses to the items
that comprised each construct. Therefore, we were able to compare scores across constructs.
High scores indicated stronger feelings regarding that particular construct. As a result,
higher scores indicate greater perceived susceptibility, severity, etc. In addition, Pearson’s
correlation coefficient was conducted to examine the intercorrelation among constructs.

Structure equation modeling (SEM) was used to estimate and test the proposed mea-
surement model. As suggested by Kline [29], multiple fit indices should be assessed in
combination to assess goodness of fit to provide a holistic view in terms of sample size,
model complexity and other relevant issues. The model’s fit was examined by using the
maximum likelihood chi-square values/degrees of freedom ratio (CMIN/DF), the good-
ness of fit index (GFI), the comparative fit index (CFI), the Tucker-Lewis index (TLI), and
the root mean square error of approximation (RMSEA). The conventional thresholds for
model fit are: CMIN/DF < 3 good (<5 acceptable), GFI value > 0.9 good (>0.8 sometimes
permissible), CFI value > 0.9, TLI value > 0.9, and RMSEA value < 0.05 good (0.05~0.10 is
moderate) [30].

2.6. Questionnaire Translation

The questionnaire was first developed in Chines as it was administered in Taiwan. In
order for this questionnaire to be used worldwide or for future cross-cultural research, the
forward-backward-forward translation method was used to translate the questionnaire
from Chinese to English and then from English to Chinese again. Two translators fluent in
both English and Chinese undertook the translation process [31]. They were all experienced
researchers. We also distributed the translated questionnaire to our research team and three
external experts from other countries to get feedback on each question’s difficulty, clarity,
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and appropriateness. Apart from some demographic variables whose answers should be
adjusted based on the country’s standard or cultural sensitivity, all other questions are
clearly defined.

3. Results
3.1. Descriptive Statistics of the Sample and Investigated Constructs

A total of 448 online responses were received; after removing those who did not
participate in a running race and those whose responses were inconsistent; 310 responses
were retained for further analysis. Among these respondents, 189 are male (59%) and 127
are female (41%). Most of the respondents are in the age group of 3140 years old (33.9%).
Almost half (44.8%) of them have educational levels below university/college, while the
other half hold a university or college degree or above. The respondents’ income is fairly
distributed among the four response categories. Most of them reside in southern Taiwan
(51.6%). In terms of their running experience, 78.4% have only participated in races less
than five times. Most of the respondents reported that they participated in races of less than
5 km (70.3%) and that their monthly running practice was less than 25 km (76.8%). Among
the respondents, 17 (5.5%) reported having a heart condition and four (1.3%) reported a
lung condition. A total of 47 (15.2%) and 19 (6.1%) respondents report that a family member
has been diagnosed with heart or lung disease, respectively (Table 1).

Table 1. Sociodemographic variables and medical history from the participants.

Variable Category No. Percentage
Gender (1) Male 183 59
(2) Female 127 41
Age (1) Under 30 66 21.3
(2)31to40 105 339
(3) 41 to 50 72 23.2
(4) Over 51 67 21.6
Educational level (1) Under senior high school 139 44.8
(2) University /College 143 46.1
(3) Graduate school 28 9
District of residence (1) North Taiwan 33 10.6
(2) Middle Taiwan 116 374
(3) South Taiwan 160 51.6
(4) East Taiwan 1 0.3
Personal annual income (1) Under NTD 300 K 63 20.3
(2) NTD 310 K to 600 K 95 30.6
(3) NTD 610 K to 900 K 80 25.8
(4) Over NTD 910 K 72 23.2
Number of road race (1) Under 5 times 243 78.4
participated
(2) 6 to 10 times 39 12.6
(3) Over 11 times 28 9
Competitionriicsetance of road (1) Under 5 km 218 703
(2) 6 to 10 km 39 12.6
(3) Over half marathon 51 16.5
(4) Other 2 0.6
Amount of practice for each (1) Less than 1 km 156 50.3
(2) 1to 10 km 121 39

(3) Over 11 km 33 10.6
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Table 1. Cont.

Variable Category No. Percentage
Average running distance in
the last mouth (1) Under 25 km 238 76.8
(2) 26 to 50 km 35 11.3
(3) Over 51 km 37 11.9
Having heart disease (1) Yes 17 55
(2) No 293 94.5
Family };llissteo;sye of heart (1) Yes 47 15.2
(2) No 263 84.8
Having lung disease (1) Yes 4 1.3
(2) No 306 98.7
Family history of lun
y diseasi 8 (1) Yes 19 6.1
(2) No 291 93.9

The responses to all statements in the HBM constructs and AAQ are presented as mean
and standard deviation for each question and a composite score for each construct (Table 2).
In this study, respondents indicated the highest level of agreement on the PSE construct
(mean: 4.307), in which they felt that participating in a running race during high levels of
air pollution will result in significant negative health consequences. As the second-highest
agreed to construct, CTA (mean: 4.26) indicates respondents agree that stimulation through
family, friends, or media channels regarding air pollution information may serve as a cue
to take appropriate action. The lowest agreement construct is SE (mean: 2.960). Runners
believed that they had little control over the action that they would like to take.

Table 2. Mean, standard deviation, Cronbach’s « values, factor loading, composite reliability (CR),
the average variance extracted (AVE) of questionnaire items and constructs from the pilot test sample
and the final sample.

Pilot Test Sample (N = 100) Final Sample (N = 310)
Cronbach’s  Decision
. Construct Factor ‘s Item Item Construct Construct
Construct It f It V: Keep; X: AT . D CR AVE
onstruc em ch)lel etzgl (R e mf)srl()e d) Reliability Loading ecision Mean  Std. Mean Std.
PSU1 0.59 \% 0.58 \% 3.05 0.66
PSU2 0.71 \Y 0.6 \Y 2.52 091
PSU 0.73 0.63 0.36 3.13 0.52
PSU3 0.70 \% 0.63 A% 3.35 0.82
PSU4R 0.68 \% X 3.61 0.82
PSE1 0.88 \% 0.91 A% 4.6 0.79
PSE2 0.87 \% 0.88 \% 4.55 0.81
PSE3 0.88 \% X 3.46 0.80
PSE 0.90 093 0.77 431 0.56
PSE4 0.90 \% X 4.07 0.59
PSE5 0.88 \% 0.86 A% 4.65 0.68
PSE6R 0.88 \% 0.86 A% 4.51 0.89
PBE1 0.59 \% 0.63 \% 3.14 0.73
PBE2 0.61 \% 0.67 \% 3.11 0.77
PBE PBE3 0.50 \% 0.70 0.79 \% 0.74 0.49 3.14 0.69 3.13 0.59
PBE4 0.58 X D
PBE5 0.65 X D
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Table 2. Cont.

Pilot Test Sample (N = 100) Final Sample (N = 310)
Cronbach’s  Decision
Construct Item aifIltem  (V: Keep; X: Ige(illl;]grl'ﬁit th:)aaiitioxf Decision CR AVE 1\1/}22; Istteén Clsltzt;uct Cogiaruct
Deleted Removed) y 8 ) )
PBA1 0.59 \4 X 3.75 0.88
PBA2 0.56 \4 X 1.73 1.08
mao BEM Y e Y w38 s o
PBA5 0.57 \4 0.79 \% 422 1.10
PBA6R 0.64 X D
CTA1 0.71 \4 0.86 \4 4.45 0.89
CTA2 0.74 \4 0.79 \% 4.42 091
CTA S?ﬁi 8;% ¥ 0.77 82% ¥ 0.89 0.62 igg 828 426 0.76
CTA5R 0.71 A% 0.87 v 426 111
PSE1 0.17 \4 0.58 \4 3.07 071
PSE2 0.14 \% 0.76 \4 2.92 0.70
SE PSE4 0.12 \4 0.71 0.65 \4 0.7 045 2.89 0.74 2.96 0.57
PSE6R 0.48 X D
PSE7 0.48 X D
HBI1 0.68 \4 X 3.94 0.70
HBI2 0.77 \% X 3.78 0.86
HBI4 0.72 \4 N/A \4 2.67 1.06
HBI HBI5 0.80 \4 0.76 X N/AN/A  3.93 1.38 3.48 0.51
HBI7R 0.71 \% X 3.71 0.86
HBI8 0.70 \4 X 3.75 0.87
HBI9 0.69 \% N/A \% 2.6 1.02
AAQ1 0.89 \4 X 3.95 0.61
AAQ2 0.90 \4 0.8 \4 1.72 1.09
AAQ4 0.89 \% 0.8 \4 2.68 1.03
AAQ5 0.90 \ X 3.98 0.77
AAQ6 0.89 \4 0.77 \4 244 0.88
AAQ7 0.88 \4 X 2.64 1.06
AAQ AAQS8 0.89 \4 0.90 0.82 \4 0.92 0.61 2.54 1.03 3.40 0.70
AAQ9 0.88 \% 0.86 \% 2.63 1.01
AAQI10 0.88 \4 0.85 \ 2.95 0.88
AAQ11 0.89 \4 0.82 \4 3.01 0.87
AAQ12 0.89 \4 0.84 \4 2.79 0.88
AAQ13 0.89 \4 X 3.7 0.78
AAQ14 0.88 \% X 42 1.01

3.2. Reliability and Validity of the Study Constructs

Overall, 71 questions were developed and both the Chinese and English questions
can be found in Appendix A. Fifty-one items were generated using a 5-point Likert scale
measuring all constructs. Then, we examined the measurement model based on indicator
reliability from the 100 pilot test samples. Five items were removed due to their low
item reliability contributing to their respective construct. The pilot test results in 46 items
loaded on seven HBM constructs and an AAQ construct with the following acceptable
Cronbach alpha values: PSU = 0.73, PSE = 0.90, PBE = 0.70, PBA = 0.64, CTA = 0.77,
SE = 0.71, HBI = 0.76, AAQ = 0.90. At the next stage, 310 samples were tested using
the CFA measurement model. Factor loadings are used to determine the strength of the
relationship between the item and the construct it falls within. According to Hair et al. [32],
a factor loading less than 0.55 is deemed unsuitable. As such, 15 items were removed.
In addition, the standard criteria of construct composite reliability (CR) > 0.6 and the
average variance extracted (AVE) > 0.036 were also examined [33] and are presented in
Table 2. The results ensure that the overall measurement model demonstrates adequate
discriminant validity; each construct is distinctive from the others. We further examine the
construct multicollinearity by correlation matrix, tolerance and variance inflation factor
(VIF) values based on the acceptable rule of thumb criteria (Pearson < 0.8, tolerance close
to 1, VIF < 2.5) (see Table 3 for Pearson correlation matrix, tolerance and VIF). The final
items for each construct are perceived susceptibility (PSU: 3 items), perceived severity
(PSE: 4 items), perceived benefits (PBE: 3 items), perceived barriers (PBA: 3 items), cues to
action (CTA: 5 items), self-efficacy (SE: 3 items), health behavior intentions (HBI: 2 items),
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and awareness of air quality (AAQ: 8 items), all of which result in a total of 31 items. The

variance explained by these constructs is 72.71%.

Table 3. Pearson correlation, tolerance and VIF among investigated constructs.

PSU PSE PBE PBA CTA SE HBI AAQ
PSU 1 154 ** .096 —.098 .000 -.112* .086 382 **
PSE 1 .048 237 ** 586 ** —.046 336 ** 195 **
PBE 1 —.185 ** .028 .290 ** .305 ** 314 **
PBA 1 .508 ** .031 —0.024 —.407 **
CTA 1 159 ** 343 ** —.023
SE 1 .288 ** —.072
HBI 1 .289 **
AAQ 1
Tolerance 0.836 0.592 0.799 0.574 0.479 0.836 0.608
VIF 1.196 1.690 1.252 1.741 2.089 1.196 1.644

Note: * p < 0.05, ** p < 0.01.

3.3. Measurement Model of HBM

CFA from AMOS software was tested on the 23 final items of the seven constructs in
the HBM model to determine its model fit for measurement. Some model fit indices were
initially not good. We attempted to improve the model by indicate covariances between
errors (e5 & e6) and remove a problematic variable (PSU 1). By doing so, the model fit
indeed improved a little bit. The model indicated an acceptable good fit to the data in the
following indices (CMIN/DF = 2.47; GFI = 0.864, RMSEA = 0.069). but not on CFI = 0.599
and TLI = 0.505. The standardized parameter estimates were presented in Figure 1.
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Figure 1. CFA of HBM measurement model.

4. Discussion

This study aims to develop a comprehensive questionnaire to assess factors influencing
runners’ health beliefs, risk perception, and adaptive behaviors while participating in air
polluted running races. The study was developed from the HBM model and includes im-
portant factors and characteristics affecting the runners” health beliefs and risk perceptions
while facing air pollution during races.

Several items were removed during the process of reliability and validity examination.
For example, for the outcome HBI construct, five items were omitted from the original seven
questions, which resulted in an inability to generate a reliable construct. This might be
attributable to the fact that there are various degrees of intentions when runners decide to
face polluted air races. The initial items include using proactive measures, such as wearing
masks or taking some nutrients, which might not be the same as withdrawing from the
race. Further research could treat each outcome variable as an individual dependent
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variable instead of a single construct. This will allow a clear picture of the different
runners’ characteristics and health belief factors in predicting their various health behavior
intentions. Additionally, only two items remained in the PSU construct. In the original
questionnaire, four questions were asked about the likelihood that runners would encounter
air pollution during a running race (e.g., PSU1: I often encountered air pollution when I
participated in a road running race in the past.). No health-related questions were asked
of the subjects in the four questions. It is recommended that this construct should, in the
future, incorporate items related to individuals” perceptions of polluted air’s impact on
their health. For example, my health will likely get worse because of participating in an
air-polluted race event.

The Pearson correlation among constructs and the CFA model reveals that several
constructs are inter-correlate. The strongest positive relationships are between perceived
severity (PSE) to cues to action (CTA) (r = 0.586, p < 0.01) and perceived barriers to cues to
action (r = 0.508, p < 0.01). This indicates that the triggers or cues that prompt runners’ to
take a health behavior intention are highly related to their belief that the serious negative
impact of air pollution on races is significant and imposes perceived barriers. It might also
imply that, contrary to the traditional HBM model, CTA directly influences health behavior.
Because media information is so fast and easy, CTA may be an important antecedent or
determinant of a runner’s perceived susceptibility or any perceived barriers. A significant
positive relationship also exists among PSExPSU, PBAxPSE, PBAXPBE, PBEXSE, CTAXSE,
PSExHBI, PBExHBI, CTAXHBI, SExHBI, PSUXAAQ, PSEXAAQ, PBEXAAQ, HBXAAQ. The
significant negative relationship lies between PSUXSE and PBAXAAQ.

Although the questionnaire was developed from a theoretical HBM model with rigor-
ous psychometric testing, results of the CFA model produced only an acceptable model fit.
This might be attributable to the fact that this study did not test the items from exploratory
factor analysis (EFA) due to the established HBM model. Therefore, it is recommended that
future research incorporating the HBM model should start with EFA in order to assess the
factor structure within the study context. Likewise, the AAQ construct is an additional con-
struct that was developed based on the study context of this study. Whether this construct
should be incorporated into the original HBM model to form a second order measurement
model or treated as an independent antecedent, moderate, or mediate construct in predict-
ing health behaviors. This study established the validity and reliability of the instruments
using Taiwanese data, but future research should examine how this tool might be applied
across cultures to conduct cross culture comparisons.

Other health behavior models or theories might also be considered in future re-
search, such as the theory of planned behavior (TPB) [34] or the self-determination theory
(SDT) [35]. According to TPB, runners’ behavior may be heavily influenced by their beliefs
(whether participating in an air pollution race is harmful to their health), subjective nor-
mative (how important referents agree/disagree with participating in air pollution races),
and control beliefs (runners’ perceptions of their ability to control air pollution’s impact on
their race participation). The SDT emphasizes the psychological needs and motivations of
human behavior, particularly autonomy. Given that many runners have demonstrated the
characteristics of being motivational, serious, autonomous, and resilient to their pursuit of
this activity [36,37]. SDT could be applied to determine whether running race participants
are motivated intrinsically or extrinsically. When confronted with air pollution, their behav-
ior is also influenced by three fundamental psychological needs: autonomy, competence,
and relatedness. Examining which model could best explain runners’” behavior might
be helpful.

5. Conclusions

This paper aimed to develop a questionnaire to assess runners’ risk perception and
adaptive behaviors when participating in race events associated with air pollution. The
questionnaire was framed from the HBM model and related literature with a holistic assess-
ment of an individual’s personal demographic and medical histories, running involvement,
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and the level of his/her awareness of air pollution symptoms and health behaviors. Results
indicate that questionnaires are acceptable tools with acceptable validity and reliability
for some measures. Also, we provided a detailed discussion on how to modify the ques-
tionnaire in the future or how to use other health behavior models. It is nevertheless clear
from our results that this instrument might provide useful insights. The findings from our
single empirical setting in Taiwan provide the foundation for this research agenda. In the
future, work in different settings could enable us to develop an instrument that is more
generalizable and can be used in a variety of settings.

This questionnaire is valuable for future research, while sports agencies and govern-
ments may use it to explore the factors that affect or interact with risk while running under
air pollution conditions. For example, sports agencies can use these tools to better under-
stand risk management boundaries and develop health risk management strategies tailored
for runners with different backgrounds. Future researchers will assist local governments in
identifying high-risk populations, improving health awareness, and getting runners to take
protective measures to reduce pollution effects.
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Construct

Questions in Chinese

Question in English

Response Options

Consent question

R DN R B HZ AR
CiM 18RI T iR AR5 H
HOSIE A 2 B

By clicking “I agree” below
you are indicating that you are
at least 18 years old, have read
and understood this consent
form and agree to participate
in this research study:.

1. I agree to the terms and conditions/
2. I disagree

Filter question

AT A S ER M

R

Have you participated in any
road running races?

1. Yes/2. No-End of participation

Sociodemographic

PR AR
RS 2

A o] A A v R R

HA b D) EC Py
A7 ) e (AR T L2

AR A EWA?

Your gender?
In what year were you born?

What is your highest
education level?

Which country do you live in?
Which city /town do you
live in?

What is your annual personal
income (gross)?

1. Male/2. Female/3. Other

Type year born

1. Elementary school/2. Junior high
school/3. High school/4.
University/College/5. Graduate school/
6. Doctoral Program

Short answer (text)

Short answer (text)

1. Under 1000 USD/2. 1001~2000 USD/
3.2001~3000 USD/4. 3001~4000 USD/
5.4001~5000 USD/6. Over 5000 USD

Running experience

AR 2 L B R KA
AR B

AR 2 R
SR IEHEE R B2

A7 [ 15— B R AR A
HUE (A H)?

How many times have you
participated in road races?
When you participated in a
running race, what is the
distance that you ran most of
the time?

Generally, what is your
average running distance (km)
in the last months?

Type number.

1. Under 5 K/2. 5K/3. 10 K/4. Half
Marathon/5. Ultra-Half Marathon

(22~41 K)/6. Marathon/7. Ultra-Marathon
(Over 43 K)/8. Others

1. less then 25 K/2. 26-50 K/3.51-100 K/
4.101-200 K/5. over 201 K

Medical history

ERGRBIZEH BT
AT LB R 2

ERFRNZ BRI B
A RO MAE RNE?

ERGERIZ B AE
TR ?

BRIR N T AL R B
AR R?

Do you have any heart
diseases diagnosed by a
physician? (mark all

that apply)

Does any of your family
members have heart diseases
diagnosed by a physician?
(mark all that apply)

Do you have any lung
diseases diagnosed by a
physician? (mark all

that apply)

Does any of your family
members have any lung
diseases diagnosed by a
physician? (mark all

that apply)

1. None/2. Coronary artery syndrome/

3. Stroke /4. Hypertensive heart disease/
5. Rheumatic heart disease/6. Aneurysm/
7. Cardiomyopathy/ 8. Atrial fibrillation/
9. Congenital heart disease/10.
Endocarditis/11. Peripheral arterial
obstructive disease/12. Other heart
diseases/13. other_ (specify)

1. None/2. Emphysema/3. Asthma/

4. Tuberculosis/5. Chronic obstructive
pulmonary disease/6. Lung cancer/

7. Chronic bronchitis /8. Other lung
disease/9.other (specify)
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Construct Questions in Chinese Question in English Response Options
PSUL #ifh e sy | Often encountered air .
& Gt B pollution when I participated  Likert scale
HEH > AHEEAZERIT d runmi L th v di I
YL« in a road running race in the (1. strongly disagree to 5 strongly agree)
past.
PSU2. Hik A IAE 4 #  1anticipate that air pollution
R > AT LITES  could be a problem when I
Perceived B RIT TR E L - sign up for a running race.
susceptibility I think I have a high chance of

PSU3. il AR RESR
E I M R R R

LR 2 RIS -

PSU4R. iR 7E 2 B
FHERE > NEBHERITH
HIARIL ©

encountering air pollution
when participating in road
running races in the future.
From my experience, it was
very unlikely that air
pollution is high when
participating in road races.

Perceived severity

PSEl. A AESRITE
HIRIL N 2 B B e &y
FEB| LA -

PSE2. B A ES BT
HRIL N 2 B B s
AT AEI R o

PSE3. il AR R4
HUARIL T 2 B B
ERAOEE AT -

PSE4. b A e RITHR
ARIL T 2 BB T R
HEE R EF R

v
= °

PSE5. A A RPAEZR
AR T 2 B R R
FEHYLMThEERE &
[iip3Z0

PSE6R. $i A £ 25 R T
AR DL T 2 Bl iR B =
HAEHBRENTE -

I think participating in road
running races under air
pollution conditions will affect
my health.

I think participating in road
running races under air
pollution conditions will
influence my athletic
performance negatively.

I think participating in road
running races under air
pollution conditions will
distress my mood.

I think participating in road
running races under air
pollution conditions will
disturb my race experience.
I think that the long-term
engagement in road running
races under air pollution
could lead to adverse
cardiovascular functions.

I don’t think participating in
road races in air pollution
conditions will seriously
impact my health.

Likert scale
(1. strongly disagree to 5 strongly agree)
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Construct

Questions in Chinese

Question in English

Response Options

Perceived benefits

PBE1. [RZ5 GT 4L 8
SHMEESE  EREE
Z R REARE LRI &
HWEA -

PBE2. K25 T 4L i 5
S HRE IS - B
B TEE A AT
B ORI o

PBE3. [z 1T Gy i 7
SR MBS - EIREEN
SR SR TR AR B 1 B TR
EATHE ©

PBE4. R 25 3T YL 8k
SRS > R
IR S EIT R AR
BRENHE o

PBE5. [RIZS 3T Gy
SHRREE > BAMNE
BRAEFEREF N

If I withdraw from running
races because of the air
pollution, I could have more
time to accompany my friends
or family.

If I withdraw from running
races because of the air
pollution, I could have more
time to engage in other
activities or travel locally.

If I withdraw from running
races because of the air
pollution, I could have the
flexibility to adjust my
schedule.

If I withdraw from running
races because of the air
pollution, I could avoid the
physical discomfort caused by
air pollution.

If I withdraw from running
races because of the air
pollution, it would be
beneficial to my health in the
long run.

Likert scale
(1. strongly disagree to 5 strongly agree)

Perceived barriers

PBA1. B AR AT RIT
YT o SRR REAH
Mg E -

PBA2. Fib A R A2 SRiT
G - SRR ATHY
BEEEA A -

PBA3. B AR AZTRIT
YU e - BRI S
MG RH R -

PBA4. Hil ks F A RIT
iR - eFTELREEE
HITEREFTRE ©

PBAS. Fil AR A RIT
PR - SRR OE
CEhks gl k=NiapZ2
PBA6R. FoA & K A= RIT
R BMIFHLE TR E

o

If I withdraw from running
races because of air pollution,
I will lose my registration fee.
If I withdraw from running
races because of the air
pollution, my previous efforts
for practicing running will be
in vain (useless).

I think it is against (contrary
to) sportsmanship if I
withdraw from running races
because of the air pollution.
My original plan will be
disrupted if I withdraw from
running races because of the
air pollution.

I feel bad (terrible) if
withdraw from running races
because of the air pollution.

I won't struggle taking part in
running race because of air
pollution.

Likert scale
(1. strongly disagree to 5 strongly agree)
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Construct

Questions in Chinese

Question in English

Response Options

Cues to action

CTAL. T &iE iR e
oy HAth & E (WNAPP) BUiS
ZRME A -
CTA2. IR AN A E
BEREEFIERWYE
BRI ©

CTA3. Akt iEey @
EEEA BN E R g GR
IR PN R
HIARIL ©

CTA4. REFHEIRIE
ERITUIREE Nl feerid
HEBEENZES -
CTASR. T R A& pIE
RHESRLEAR
HIEHE o

I obtain information about air
quality through websites,
apps or other media.

My family or friends remind
me of the outdoor air quality.

My social media community
comments about the outdoor
air quality.

I'have heard of someone
getting ill after long-term
exposure to air pollution

I rarely pay attention to air
quality.

Likert scale
(1. strongly disagree to 5 strongly agree)

Perceived
self-efficacy

SE1. FEESA 350 i S 7E
ZERIT TR T 2 B
HEE -

SE2. FAEBEHIFEF 29
BESA RO HE 1 7T R A TH
175 Tt Ao O 2 ST e T
RE AR -

SE3. /& L7 » E AR
THPG TR - A6 s 7
B et » e (A

RIRIR) -

SE4. FTE 2 BLES BB E
THEZSRITYRE R
H o REHE RS HTH
PifEERRE R -

SE5. 7k R » AR
TERGTEE - 358 AR RO TE
BEFE T - sTaet (I

B 1H) ©

SE6R. 7£ 25 I ZLiaikii
TRHEEHEE > ik
DB E LR -

SE7. EB s HES
Bf o IR RIS Y LB
HISBEARK » FE AL
AIZEE -

I can avoid participating in
road races under air pollution.

I can prepare protective
measures to avoid possible
harm caused by air pollution
before participating in the
road race.

Follow-up, if any protective
measures have been taken,
please describe them briefly,
thank you. (No need to fill if
none)

When I am participating in
road races, if air pollution
affects the races excessively, I
can effectively protect myself
by taking preventive
measures.

Follow-up, if any protective
measures have been taken,
please describe them briefly,
thank you. (No need to fill if
none)

Participating in road races
under the condition of air
pollution will make it difficult
for me to decide whether to
participate in the race

If air pollution significantly
impacts my performance
during a road race, then I'll
give up immediately.

Likert scale
(1. strongly disagree to 5 strongly agree)

Open-ended question

Open-ended question
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Construct Questions in Chinese Question in English Response Options
HBIL. 2 575 2 8 51540 I will avoid the road race
P ==} Z S .
ST ORI ;“(f}fﬁ(}ﬁjgjﬁi‘;j;r Likert scale
EEHAQULEES) T4 s 1. strongly disagree to 5 strongly agree
& E%%E;% X ) quality index (AQI)) before ( &Y & gly agree)
the road race.
When I realize that I am
HBI2. EHAESEETX affected by air pollution
BN RIT U IR during the race, I will take
B TEBTTE (N8 1 & ~ {f  preventive measures such as
R MR O 845 o wearing masks or using
towers to cover nose/mouth)
HBI3. & | » EE 1T Follow-up, if any protective
Eﬁﬁ@%ﬁfﬁ | %%' & ¢y~ measures have been taken,
ﬁ[éﬂﬁﬁ@ . 3 ]‘25 . - please describe them briefly, Open-ended question
E/IJ 4 ig) . thank you. (No need to fill if
A none)
. = When I realize that I am
A SRS
524% ;:53&1;;?5%; ;Z;T;& affected by air pollution
Health Behavior WL o f:lurmg .the race, [ will leave
I . immediately.
ntention When I am affected by air

HBI5. ERAESEE T2
B RIT G2 BRI
TR

A

HBI6. & L » HFREH
[LPUIANo W= & = P
A AR )

HBI7R. &R ESEE X
B RIT Y2 » Wth5E
g o

HBIS. ERFELER—K
KR EERSEEERT
e S (AQIAL B 25
BRERUHSE -

HBI9. & #7E LB E KUK
B 725 FT YR R (R AR e
B (AQIAL B4 »
B RLEE -

pollution during the road race,
I will take some nutrients after
the road race to keep my lung
health.

Follow-up, if any nutrients
have been taken, please
describe them briefly, thank
you. (No need to fill if none)
When I am affected by air
pollution during the road race,
I will still participate.

When I learn that there will be
an air pollution warning on
the day of the race before the
event, I will cancel my
registration.

When a warning of air
pollution exceeds the
minimum standard on the day
of the event (>AQI red color),
I will withdraw my
participation.

Open-ended question
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Construct

Questions in Chinese

Question in English

Response Options

Awareness of air

AARL WRZRMEN
T HEEED -

AAR2. TEHERMEH
TR EL R R R R A 3
N B9 58 (A5 ©

AARS3. % i - BRIEH
T St AN A7 58 (G 2 )
HIE) o

AAR4. TEZSFITRAIRIL
NEFSNY -
ERERASRIR -

AARS. TEZSRIT AR
THS - FIEBERER
IURESEGO

AARG6. TEZFITRAGRIL
T - BRI
ALPEFE

AAR7. FEZFRITRAIRI
TS HHRTEXE

I will notice the air quality if it
is bad.

I am sensitive to air pollution
because I have a personal
medical history.

Follow-up, if you are willing,
please give a brief summary
of your medical history. (No
need to fill if none)

While running under air
pollution conditions, I will
smell an unpleasant smell
outdoors.

While running under air
pollution conditions, I will
notice that the sky is cloudy.
While running under air
pollution conditions, I will
have “red” eyes.

While running under air
pollution conditions, I will

Likert scale
(1. strongly disagree to 5 strongly agree)

Open-ended question

quality AT L - suffer from nose irritation.
AARS. 7575 TR Wllllllilrunnmgltllnderlalr.ll
TR & - pollution conditions, I wi
sneeze.
AAR9. FEZEFITHABRPL  While running under air
THI - HAMGEMEERE  pollution conditions, I will
HrJ o have a dry throat.
AAR1 P A T VLB I While running under air
0. FEZSFIT Gk luti ditions. T will
R - G - pollution conditions, I wi
cough.
AAR11. TEZ RIT YRR While running under air
MRS > WERHWH  pollution conditions, T will
(R - have difficulty breathing.
AARID. 76250 T Lk Wlilllli.runnmdg;nderlmr. ot
T  Th e TE - pollution conditions, I will ge
a headache.
AARI13. 7E2 FIT SRR While running under air
WD » e KES pollution condition, I will
P HARE S - drink more water than usual.
AAR14. TEZFITHAIR While running under air
WS » ER GRS pollution condition, I will get
AN ARl T fatigued easily.
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