CHAL

UNIVERSITY OF TECHNOLOGY

Applying an extended prototype willingness model to predict back seat
safety belt use in China

Downloaded from: https://research.chalmers.se, 2026-04-05 05:16 UTC

Citation for the original published paper (version of record):

Pei, M., Hu, Y., Zhong, L. (2023). Applying an extended prototype willingness model to predict back
seat safety belt use in China. Electronic Research Archive, 31(2): 961-984.
http://dx.doi.org/10.3934/era.2023048

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



E% ERA, 31(2): 961-984.
Y Electronic DOI: 10.3934/era.2023048

E? Research Archive Received: 11 October 2022
Revised: 17 November 2022

Accepted: 23 November 2022
Published: 07 December 2022

http://www.aimspress.com/journal/ERA

Research article

Applying an extended prototype willingness model to predict back seat

safety belt use in China

Mingyang Pei', Yi Hu' and Lingshu Zhong?*
1 School of Civil Engineering & Transportation, South China University of Technology, Guangzhou
510640, China

Department of Architecture and Civil Engineering, Chalmers University of Technology, Gothenburg
SE-412 96, Sweden

* Correspondence: Email: lingshu@chalmers.se.

Abstract: The risk of injury and death in traffic accidents for passengers in the back and front seats
can be reduced by utilizing safety belts. However, passengers use back seatbelts far less frequently
than those in the front. More investigation is therefore required into the psychological constructs that
affect individuals’ attitudes toward using back seat belts. In this study, four models were used to
analyze individual intentions and actual back seat belt use: the standard theory of planned behavior
(TPB); the standard prototype willingness model (PWM); a model that integrates the TPB and PWM
constructs; and a model that integrates the TPB construct, PWM constructs, descriptive norms and
perceived law enforcement. The results showed that the standard PWM has much more explanatory
power than the standard TPB in explaining the variance in behavioral intention and behavior.
Incorporating perceived behavioral control (PBC) into the standard PWM did not improve the model
fit considerably, while incorporating descriptive norms and perceived law enforcement moderately
improved the model fit. Attitude greatly impacted behavioral intention and the use of back seat belts,
followed by perceived law enforcement and descriptive norms, while subjective norms, prototype
favorability, prototype similarity and PBC had no significant effect.

Keywords: traffic safety behavior; seat belt; back seat; theory of planned behavior; prototype
willingness model; perceived law enforcement
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1. Introduction

Studies have shown that passengers in the back seat can minimize their risks in a motor vehicle
crash by wearing seat belts. According to Zhu et al. [1], the wearing of back seat belts is linked to a
decreased risk of death for back seat passengers, with adjusted relative risks of 0.42 and 0.25 for
outboard and center back seats, respectively. According to Haye [2], seat belt use decreases the
probability of fatal and nonfatal injuries for passengers in the back seat by 44%. Jermakian [3]
discovered that, while unrestrained passengers in the back seat account for approximately 12% of
injuries in crashes, they account for 58.8% of serious injuries and 55.4% of deaths. The World Health
Organization (WHO) [4] reported a 25% reduction in mortality and serious injury when back seat
passengers wear seat belts. Ogawa et al. [5] found that unrestrained back seat passengers have a 3.8
times greater risk of death. In a meta-analysis, unrestrained back seat passengers not only put their
own lives in danger, but also the lives of those in the front seat, because back seat passengers are forced
forward in frontal collisions and collide with the front passenger and/or driver. Nukenine and Daniel [6]
discovered that, if a passenger in the left, middle or right back seat is not belted, the likelihood of a
driver or front-seat passenger suffering more serious injuries increases. According to Bose et al. [7],
the odds of a belted driver suffering a fatal injury increased by 137% when the passenger behind the
driver was not using a seat belt, and it increased even more when there were additional unrestrained
back seat passengers. Parenteau and Viano [8] found that unrestrained passengers in the back seat put
drivers and front-seat passengers at 8 times and 1.68 times more risk than restrained passengers.

Since back seat belt use is significantly less common than front-seat belt use, many studies are
currently looking at the factors that affect the use of back seat belts [9]. According to relevant studies,
many factors may contribute to back seat passengers’ willingness to wear seat belts. The back seat
belt’s use may be linked to sociodemographic characteristics such as gender [5,10,11], age [9-12],
educational level and marital status [11]. However, there is also significant variation in the research on
the effects of these variables on back seat belt use, with some studies [13] finding no significant
difference by gender, and others [3] suggesting that female respondents have a higher rate of use than
males. In terms of age studies, some surveys discovered that 35-49-year-old and 25-44-year-old
respondents had the lowest rate of using back seat belts[9,13].

There are studies from the social psychological perspective that suggest that additional variables
that may affect the use of back seat belts include attitudes and beliefs about them. According to
Jermakian and Weast [14], the most common reason back seat passengers do not wear seat belts is that
passengers assume the back seat is more secure than the front and therefore see no incentive to wear
them. Ogawa et al. [5] found that wearing a back seat belt is linked to both knowledge of the benefits
and a sense of obligation. Beck et al. [15] argued that beliefs about the importance of using back seat
belts are strongly linked to the use of back seat belts. Taylor and Daily [9] discovered that back seat
belt use is significantly related to support and belief in state seat belt laws. Perceived behavioral control
(PBC) may affect passenger usage of back seat belts. Jiang et al. [16] discovered that university
students’ behavioral intentions to utilize back seat belts are significantly influenced by PBC, but that
their actual behaviors are not greatly affected by it. Okyere et al. [17] discovered that PBC has a major
impact on whether people choose use seat belts on buses.

The influence of factors such as attitudes, beliefs and perceptions on associated health behaviors,
such as the usage of seat belts, is well explained by social psychology models such as the theory of
planned behavior (TPB) and the health belief model [18]. For example, Jiang et al. [16] used the TPB
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to explain and predict the behavior of college students’ back seat belt use. Although the TPB is widely
used to explain seat belt use behavior, the prototype willingness model (PWM) has become a better
explanatory theory in some studies of risky behavior. The PWM seems more suitable for analyzing
seat belt behavior than the TPB since there is higher risk in not wearing a back seat belt. Although the
PWM has been used to conduct investigations into some pedestrian violations [19] and driving
speeding behavior [20], the usage behavior of seat belts, especially in the back seat, has not received
much research.

Subjective norms are a significant predictor in the TPB or PWM, and some research has shown
that they have a major impact on individual behavior [21]. However, in some studies, this impact is
not significant [19]. In addition to subjective norms, researchers have discovered that descriptive
norms may influence behavioral intention [21-23]. Both kinds of norms have a significant behavioral
impact. However, the norm with a more significant impact may vary according to the situation.
Therefore, descriptive norms are also considered in this paper.

Many jurisdictions have laws that make seat belt wearing mandatory in the back seat, like the
USA [13], Japan [5] and UAE [24]. Some studies have discovered that seat belt laws significantly
influence back seat belt use. Those who reside in states with primary and secondary regulations
enforcing the usage of back seat belts are more likely to use them than those who reside in states of
the USA that do not [3,13,25,26]. Jermakian and Weast [14] found that 37.5% of respondents admit to
not wearing back seat belts occasionally due to the lack of laws requiring them in the USA. Taylor and
Daily [9] discovered that 76% of respondents who assumed that their state had a seat belt law for back
seat passengers always wore back seat belts, while only 45% of respondents who did not think that
their state had such a law always wore back seat belts in the USA. Ogawa et al. [27] found that
believing that a back seat belt is compulsory is associated with using a back seat belt during pregnancy
in Japan. Although most studies have claimed that regulations encourage the use of back seat belts,
Nemire [28] found that neither primary nor secondary seat belt laws change the use of back seat belts
by passengers in an observational study of adult passengers in two cities (Las Vegas and San Francisco,
USA). However, the level of enforcement and the extent of passenger perception of enforcement were
not considered. Other than legal requirements, the strength of law enforcement and perceived law
enforcement are also important factors that influence passengers to wear the back seat belts. Najah et
al. [24] showed that the introduction of relevant laws in 2017 increased the number of people wearing
back seat belts in the UAE. However, due to the loose application of the law, the disregard again arose
in 2019. According to road safety laws in China, rear passengers are also required to wear seat belts.
However, the lack of law enforcement has not resulted in much effectiveness. Therefore, the indicator
of perceived law enforcement is proposed by the authors in this paper, which indicate the extent to
which passengers perceive law to be enforced.

Although safety belts can greatly reduce fatal and nonfatal injuries in a crash, back seat passengers
utilized them far less than front-seat passengers in all studies, although the statistics vary across
studies [1,3,5,9,11,13-15,29]. Moreover, most back seat belt studies have been conducted in
developed countries/regions, with only a few conducted in developing countries/regions [10,11].
Developing countries and regions have significantly higher crash and death rates than developed
countries and regions [4]. Therefore, additional research into the use of back seat belts in developing
countries and regions is needed. Research on the influencing factors related to the usage of back seat
belts is shown in Table 1.
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Based on the discussion above, we propose a comprehensive model to investigate and analyze passenger back seat belt use behaviors in China from
the perspective of social psychology, and it incorporates the constructs in the TPB and PWM, descriptive norms and perceived law enforcement. It is also
compared with the standard TPB and PWM models and their integrated models. Structural equation modeling (SEM) is suitable for examining the

influence of these psychological constructs on back seat belt use behavior and the causal connections between these constructs.

Table 1. Research on the factors influencing back seat belt use.

Reference

Factors considered/Method

Significant factors

Region

Descriptive

norm

Perceived law
enforcement

Taylor et al. [9]

Bhat et al. [13]

Beck et al. [15]

Ogawa et al. [5]

Najah et al. [24]

Jiang et al. [16]

This Work

Front-seat belt use, support and belief in seat
belt use laws, peer perceptions of seat belt
use, nighttime belt use and demographic
factors/multivariate logistic regression.
Demographic characteristics and type of rear
seat belt use enforcement/multivariable
regression.

Seat belt belief, type of state seat belt law and
demographic characteristics /multivariable
regression.

Perceived benefits of wearing a rear seat belt,
sense of obligation to use back seat belts and
demographic characteristics/logistic
regression analysis.

The back seat belt use law and demographic
characteristics/t test and ANOVA test.

TPB with perceived accident severity and
safety consciousness/SEM.

TPB, PWM, integrative model, descriptive
norm and perceived law enforcement/SEM.

Front-seat belt use, support and
belief in state seat belt laws,
nighttime seat belt use, age,
education.
Age, race,
metropolitan
enforcement.
Belief about importance of seat
belt use (belief by sex, belief by
region), seat belt laws.

Seat belt use as compulsory,
benefits of wearing a back seat
belt, gender, possession of a
driver’s license.

Gender, age, education, driving
experience.

All psychological factors, majors.

geographic region,
status, type of

Attitude, descriptive
perceived law enforcement.

norm,

USA

USA

USA

Japan

UAE

China

China

\/
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2. Materials and methods
2.1. Conceptual framework
2.1.1.  The theory of planned behavior

Generally, research studies utilize social-cognitive or socioecological models to analyze travel
behaviors. The TPB is a widely used social-cognitive model [30]. The TPB assumes that individuals
make reasonable judgments about what to do based on accessible information [30]. The TPB contends
that behavioral intention is the factor that directly determines behavior. Behavioral intention indicates
the level of effort an individual is willing to exert to perform a behavior, which is determined by
attitudes, subjective norms and PBC (Figure 1) [30]. Attitude is a general assessment of behavior.
Individuals’ perceptions of whether others deemed to be important believe they perform the behavior
is reflected in subjective norms. PBC influences behavior directly and indirectly through intentions
and indicates individual perceptions and sense of control over the performed behavior [19]. However,
whether these factors are effective in assessing and predicting behavior depends on the various
behaviors and populations [21].

Subjective norm
Perceived
hehavioral contro

Figure 1. Conceptual framework of the TPB.

Behavioral .
p . Behavior
mtention

2.1.2.  Prototype willingness model

The PWM was developed to increase the predictive and explanatory power of existing health
behavior theories, with a focus on health-risk behavior [31]. Different from the TPB, the PWM claims
that health decision-making incorporates two types of information processing (the reasoned pathway
and the social reaction pathway). The reasoned pathway is based on analytic reasoning, and it asserts
that some risky behaviors are the consequence of weighing the pros and cons of various possibilities
and projected outcomes. The social reaction path asserts that risky behaviors are more reactive than
reasoned behaviors [31]. In the reasoned path, similar to the TPB, attitudes and subjective norms
directly influence intentions, and intentions directly respond to behaviors. In contrast, the social
reaction path adds the perception of the prototype (i.e., individual perceptions of a typical image of the
behavior, including similarity and favorability to the prototype) and the willingness to perform the
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behavior. The difference between intention and willingness is that the former is what one plans to do,
and the latter is what one is willing to do [32]. All of these variables affect behavioral willingness,

which directly determines intentions and behaviors. The conceptual framework of the PWM is shown
in Figure 2.

Behavioral

Subjective norm )< intention
______________ Behavioral

k. willingness

Prototype
—> Reasoned pathway

Favorability
Prototype oA — » Social reaction pathway
Similarity

Figure 2. Conceptual framework of the PWM.

2.1.3. Integrating the TPB and the PWM

Behavioral
intention

Subjective norm

Perceived
behavioral control

Prototype
Favorability
Prototype
Similarity

Figure 3. Conceptual framework of the integrative model (the standard TPB and PWM).

Behavior

Behavioral
willingness

The TPB and PWM have been integrated in various studies [19,32] to investigate the explanatory
potential of the integrated model for behavior, and these studies have shown that the integrated model
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has a more vital explanatory variance for pedestrian violations than the TPB and PWM [19]. However,
the explanatory power of the model depends largely on behavior. Whether the integrated model
outperforms the standard model in terms of explaining back seat belt use remains to be investigated.
Therefore, this study integrates the TPB and PWM, as shown in Figure 3, where PBC not only predicts
intention and behavior, but it also may directly influence willingness.

2.1.4. Integrating the TPB, the PWM, descriptive norms and perceived law enforcement

Social norms can be divided into injunctive norms (subjective norms), which tell us “what we
should do”, and descriptive norms, which show “what other people are actually doing” [33]. In the
case of back seat belt use, subjective norms tell us that we should wear back seat belts, while the
descriptive norms emphasize the important people around us who perform the behavior. The ability to
explain different behaviors varies with norms. Some studies argue that descriptive norms have more
explanatory power, especially when the two norms are inconsistent [22,34].

While rear seat belt laws are in place in many countries, many studies have discovered that these
laws significantly affect back seat belt use. However, the intensity of enforcement also affects people’s
usage, and perceived law enforcement is proposed to indicate the extent to which passengers perceive
law to be enforced. Therefore, this study goes further to consider descriptive norms and perceived law
enforcement in an integrated model, as shown in Figure 4. In the new integrated model, we consider
perceived law enforcement to influence intention, willingness and behavior.

Subjective norm

Behavioral
intention

Perceived
behavioral control

Behavior

Perceived law
enforcement

Prototype
Favorability
Prototype
Similarity

Figure 4. Conceptual framework of the integrative model (the TPB, the PWM,
descriptive norms and perceived law enforcement).

Behavioral
willingness
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2.2. Participants

In this study, surveys were conducted via the Chinese online survey platform Wenjuanxing
(https://www.wjx.cn/), an online survey service provider whose platform has previously been applied
in several studies [35-37]. Surveys were conducted from February 20, 2022 to March 10, 2022, in
Henan Province. The survey was distributed randomly and accounted for the age distribution of the
respondents. The responses of a total of 515 individuals in the online survey were retained after
excluding suspicious responses, such as those with short response times or inconsistent logic.

120
100

80

60

40

d 111111711
0 L]

<20 (20,25] (25,30] (30,35] (35,40] (40,45] (45,50] (50,55] >S5

Frequency

Age
Figure 5. Age statistics of the respondents.

Table 2. Research on the influencing factors of back seat belt use.

Characteristics Weighted % Characteristics Weighted %
Age (years) Family income

Below 24 18.4% Very well 12.2%
25-34 31.7% Good 25.2%
35-49 41.9% Normal 58.1%
Over 50 8% Difficulty 4.5%
Gender Marriage

Male 56.3% Married 79.2%
Female 43.7% Unmarried 20.8%
Education attainment Vehicle ownership

College or higher 30.5% Yes 67%
Junior college 13.2% No 33%
High school degree 22.1% Occurrence of crash

Below high school degree 28.0% Yes 37.7%
Never attended school 6.2% No 62.3%

The respondents were aged from 18 to 67 (mean = 36.0, SD = 9.96). The age statistics of the
respondents are shown in Figure 5. The age distribution was normally distributed, similar to the age
distribution of the total Chinese population. Females made up 43.7% of the respondents. This indicates
that the participants in this study were nationally representative. A total of 79.2% of the respondents
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were married, and 67% of the respondents said that they owned a car. A total of 37.7% of the
respondents said that they had been in a traffic accident as a driver or passenger. A total of 53.4% of
the respondents reported that they often wear back seat belts. The demographic characteristics of the
respondents are shown in Table 2, and the data sampling distribution is very close to that reported in
the seventh population census (2021) in Henan Province.

2.3. Measures

Some of the items used to assess the variables were derived from previous studies and further
revised for this study, while others were proposed by the authors. In the structure of the model in this
paper, intention, willingness, attitude, subjective norms, prototype favorability and prototype similarity
were assessed using four items each. Descriptive norms, PBC and perceived law enforcement were
assessed using two items. The respondents’ back seat belt wearing behavior was measured by using
four items. The specific measurement items are included in Table A1, and a five-point Likert scale was
used to evaluate each measurement item. For example, respondents used “strongly agree”, “basically
agree”, “not sure”, “disagree” or “strongly disagree” to answer the questions.

e Attitude

The attitude toward back seat belt use was measured by using four items, such as “when seated
in the back seat, wearing a seat belt can help reduce injury risks”, and Cronbach’s a was 0.866,
which is acceptable.

*  Subjective norms

Subjective norms were measured by using four items, including items on family, friends and other
important people who urge respondents to wear their rear seat belt. The Cronbach’s a was 0.908, which
is acceptable.

*  Descriptive norms

Descriptive norms were measured by using three items, including items on family, friends and
other important people who always wear rear seat belts. The Cronbach’s a was 0.943, indicating
excellent reliability.

e Perceived behavioral control

To measure PBC, three items regarding the ease of back seat belt use were presented. The
Cronbach’s a of 0.909 shows that the reliability is satisfactory.

*  Prototype favorability

Prototype favorability was assessed by using four items to indicate favorability toward people
who wear a back seat belt. These include the following: “People who wear a back seat belt are
smart”, “People who wear a back seat belt are careful”, etc. The Cronbach’s alpha of 0.933 indicates
great reliability.

*  Prototype similarity

Prototype similarity was measured by using four items to measure the respondents’ similarity to
those who wear a back seat belt. These include “Do the characteristics of passengers who wear a back
seat belt also describe you?”, etc. The Cronbach’s alpha of 0.922 indicates favorable reliability.

e Perceived law enforcement

To measure the level of law enforcement perceived by the respondents, three items, such as
“traffic police strictly enforce the policy that people in the back seats of cars must wear seat belts”,
were used. The Cronbach’s a of 0.936 shows that the reliability is satisfactory.
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* Behavioral intention

The respondents were asked to respond to four items to test their intention to buckle up in the
back seat, such as “in the future, I’ll wear a seat belt when I sit in the back seat”, etc. The Cronbach’s
a was 0.944, indicating excellent reliability.
* Behavioral willingness

This study examines the willingness of respondents to use back seat belts in four scenarios, such
as how likely they are to buckle up when sitting in the back of a taxi or a friend’s car. The Cronbach’s
alpha of 0.934 indicates favorable reliability.
* Behavior

The respondents’ back seat belt wearing behaviors were measured by using four items. These
include “I buckle the seat belt voluntarily when seated in the back seat” and “I buckle my seat belt
after being prompted by others when seated in the back seat”. The reliability was good, as indicated
by the Cronbach’s alpha of 0.904.

3. Results
3.1. Reliability and validity of the measurement items

As a prelude to analyzing the causal/correlative relationships between the constructs, several tests
were conducted to determine the reliability and validity of the measurement items [38,39]. The results
are summarized in Tables 3 and 4.

Cronbach’s a [40] measures the internal consistency reliability of a construct, and it is considered
acceptable when it is larger than 0.7 [41]. Table 3 shows that each of the constructs had a Cronbach’s
a greater than 0.7. For each of the constructs, confirmatory factor analysis was performed. According
to Table 3, the standard factor loadings were significant and greater than 0.6, which is acceptable [41].
Composite reliability (CR), which assesses internal consistency in scale items similarly to Cronbach’s
a, is regarded as acceptable when it exceeds 0.7 [42—44]. The average variance extracted (AVE)
assesses how much variance in the measurement items can be explained by the construct, and AVE
values above 0.5 are considered acceptable [42,44]. Table 3 shows that the CR and AVE values meet
the required criteria. Therefore, the latent constructs’ convergent validity is acceptable.

Table 3. Convergent validity of the latent variables.

Constructs Standard factor loadings  Cronbach’s o CR AVE
Behavior 0.779-0.904 0.904 0.910 0.717
Behavioral intention 0.866-0.916 0.944 0.945 0.810
Behavioral willingness 0.867-0.909 0.934 0.935 0.783
Attitude 0.657-0.873 0.866 0.886 0.662
Subjective norm 0.733-0.957 0.908 0.917 0.736
Descriptive norm 0.909-0.937 0.943 0.944 0.848
Perceived behavioral control ~ 0.846-0.924 0.909 0.911 0.774
Prototype favorability 0.856-0.897 0.933 0.934 0.779
Prototype similarity 0.848-0.892 0.922 0.922 0.748
Perceived law enforcement 0.876-0.942 0.936 0.937 0.833
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Discriminant validity assesses how different one construct is from another. It is acceptable when
the square root of the AVE of each construct is greater than the correlation between two constructs [38].
In Table 4, the values off the diagonal are the correlations between the two constructs, whereas the
values on the diagonal represent the square root of the construct’s AVE. Table 4 shows that the diagonal
element’s value was higher than the values of the other elements in the same row and the values of the
other elements in the same column, which indicates that discriminant validity holds.

Table 4. Discriminatory validity of the latent variables.

1 2 3 4 5 6 7
1 Behavior 0.847
2 Behavioral intention 0.846 0.901
3 Attitude 0.602 0.710 0.835
4 Perceived behavioral control 0.597 0.643 0.814 0.880
5 Subjective norm 0.674 0.617  0.569  0.659 0.857
6 Descriptive norm 0.787 0.698 0.578 0.621 0.752 0.921

7 Perceived law enforcement  0.744 0.704 0.561 0.598 0.688 0.830 0913

Note: P values for off-diagonal elements are all less than 0.05.
3.2. Structural model

SEM was used to examine the connections between the latent constructs. Four models were
investigated in this research:

* In Model 1, the standard TPB was analyzed; that is, behavior, behavioral intention, attitude,
PBC and subjective norms were considered.

* In Model 2, the standard PWM was analyzed; that is, behavior, behavioral intention,
behavioral willingness, attitude, subjective norms, prototype favorability and prototype similarity
were considered.

* In Model 3, the integration of the constructs in the standard TPB and PWM was analyzed.

* In Model 4, the descriptive norm construct and perceived law enforcement construct were
added to Model 3.

Table 5. Results of Model 1.

Explained construct Explanatory construct Estimate S.E. P value

Behavioral intention Attitude 0.632 0.113 0.000
Subjective norms 0.313 0.058 0.000
Perceived behavioral control -0.044 0.118 0.711

Behavior Behavioral intention 0.949 0.070 0.000
Perceived behavioral control 0.133 0.077 0.083

The robust maximum likelihood method, which can handle nonnormality, was used to analyze
the data. The model fits were assessed by using the following indicators: the ratio between the chi-
square value and the degree of freedom (y2/df), comparative fit index (CFI), Tucker-Lewis index (TLI),
root mean square error of approximation (RMSEA) and standardized root mean square residual
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(SRMR). Tables 5 through 8 show the results for Models 1 through 4. A comparison of the four models

1s shown in Table 9.

Table 6. Results of Model 2.

Explained construct Explanatory construct Estimate S.E. P value
Behavioral intention Attitude 0.306 0.069 0.000
Subjective norms 0.086 0.049 0.078
Behavioral willingness 0.542 0.062 0.000
Behavioral willingness Attitude 0.622 0.095 0.000
Subjective norms 0.392 0.058 0.000
Prototype favorability -0.039 0.126 0.759
Prototype similarity -0.012 0.109 0.916
Behavior Behavioral intention 0.602 0.075 0.000
Behavioral willingness 0.501 0.074 0.000
Table 7. Results of Model 3.
Explained construct Explanatory construct Estimate S.E. P value
Behavioral intention Attitude 0.387 0.103 0.000
Subjective norms 0.108 0.048 0.026
Behavioral willingness 0.547 0.064 0.000
Perceived behavioral control -0.119 0.099 0.231
Behavioral willingness Attitude 0.534 0.127 0.000
Subjective norms 0.361 0.066 0.000
Prototype favorability -0.044 0.126 0.726
Prototype similarity -0.021 0.107 0.843
Perceived behavioral control 0.139 0.119 0.242
Behavior Behavioral intention 0.615 0.076 0.000
Behavioral willingness 0.535 0.083 0.000
Perceived behavioral control -0.071 0.070 0.314
Table 8. Results of Model 4.
Explained construct Explanatory construct Estimate S.E. P value
Behavioral intention Attitude 0.387 0.098 0.000
Subjective norms 0.008 0.054 0.876
Descriptive norms 0.070 0.085 0.411
Perceived law enforcement 0.176 0.074 0.018
Behavioral willingness 0.438 0.065 0.000
Perceived behavioral control -0.137 0.094 0.143
Behavioral willingness Attitude 0.492 0.134 0.000
Subjective norms 0.116 0.062 0.060
Descriptive norms 0.250 0.081 0.002
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Explained construct Explanatory construct Estimate S.E. P value

Behavioral willingness Perceived law enforcement 0.171 0.078 0.029
Prototype favorability -0.040 0.121 0.743
Prototype similarity -0.107 0.111 0.332
Perceived behavioral control 0.092 0.121 0.447

Behavior Behavioral intention 0.519 0.083 0.000
Behavioral willingness 0.462 0.081 0.000
Perceived law enforcement 0.239 0.056 0.000
Perceived behavioral control -0.126 0.072 0.079

Table 9. Comparison of the four models.

Explained construct Explanatory construct Estimate S.E. P value
Behavioral intention Attitude 0.387 0.098 0.000
Subjective norms 0.008 0.054 0.876
Descriptive norms 0.070 0.085 0.411
Perceived law enforcement 0.176 0.074 0.018
Behavioral willingness 0.438 0.065 0.000
Perceived behavioral control -0.137 0.094 0.143
Behavioral willingness Attitude 0.492 0.134 0.000
Subjective norms 0.116 0.062 0.060
Descriptive norms 0.250 0.081 0.002
Perceived law enforcement 0.171 0.078 0.029
Prototype favorability -0.040 0.121 0.743
Prototype similarity -0.107 0.111 0.332
Perceived behavioral control 0.092 0.121 0.447
Behavior Behavioral intention 0.519 0.083 0.000
Behavioral willingness 0.462 0.081 0.000
Perceived law enforcement 0.239 0.056 0.000
Perceived behavioral control -0.126 0.072 0.079

Model 1 (the TPB) had an acceptable fit to the data (y2/df = 3.86, CFI = 0.928, TLI = 0.915,
RMSEA = 0.075, SRMR = 0.083). Model 1 explains 57.6% of the variance in behavioral intention
and 72.9% of the variance in behavior. In the standard TPB, attitudes and subjective norms
significantly predicted intention, while PBC did not. Back seat belt wearing behavior was significantly
predicted by intention; however, PBC played a small role in this (Figure 6).

Model 2 (the PWM) had a good fit to the data (¥2/df = 2.60, CF1 = 0.936, TLI = 0.928, RMSEA
=0.056, SRMR = 0.070). Model 2 explains 61.9% of the variance in behavioral willingness, 69.6% of
that in behavioral intention and 78.1% of that in behavior. In the standard PWM, the significant
predictors of intention were attitude and willingness. The significant predictors of intention were
attitude and subjective norms. Both intention and willingness significantly predicted back seat belt
wearing behavior. Intention was a better predictor of back seat belt wearing behavior than willingness
in this study (Figure 7).

Model 3 (the PWM construct + the TPB construct) had a good fit to the data (¥2/df = 2.40, CFI
=0.938, TLI = 0.930, RMSEA = 0.052, SRMR = 0.065). Model 3 explains 62.5% of the variance in
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behavioral willingness, 69.9% of that in behavioral intention and 78.4% of that in behavior. In the
model combining TPB and PWM, we discovered that intentions could be predicted by attitudes,
subjective norms and willingness. Similar to Model 2, the significant predictors of intention were
attitude and subjective norms. Both intention and willingness significantly predicted back seat belt
wearing behavior (Figure 8).

Model 4 (the PWM construct + the TPB construct + descriptive norms + perceived law
enforcement) had a good fit to the data (y2/df = 2.55, CFI = 0.925, TLI = 0.915, RMSEA = 0.055,
SRMR = 0.070). Model 4 explains 69.8% of the variance in behavioral willingness, 72.4% of that in
behavioral intention and 80.6% of that in behavior. In an integrative model considering descriptive
norms and perceived enforcement, attitudes, perceived law enforcement and willingness predict
intentions. Attitudes, descriptive norms and perceived law enforcement significantly predict intentions.
Unlike in the other models, perceived law enforcement also significantly predicted back seat belt

wearing behavior (Figure 9).
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4. Discussion

In this study, we investigated the explanatory power of four models for back seat belt wearing
behavior and the associated influences. The data analysis revealed the model fitting results, and the
fitting effect and explanatory power of each model were compared. The fit indices indicate that
Models 2—4 fit the data well, but the fit of Model 1 may be deficient.

In terms of the explanatory ability of the model, we discovered that the standard PWM had much
more power than the TPB in terms of the ability to explain the variance in behavioral intentions and
behaviors. Models 2 and 3 had similar explanatory abilities. Model 3 differs from Model 2 in that it
considered the impact of PBC, whereas Model 2 does not. Therefore, the model’s fit did not improve
considerably when the PBC element was added. Model 4 had much more explanatory power than
Model 1 (the TPB), and moderately more explanatory power than Models 2 and 3. Model 4 is different
from Model 3 because it considered the impact of descriptive norms and perceived law enforcement.
This shows that descriptive specification and perceived law enforcement can effectively improve the
explanatory power of the model, and that these two variables can effectively influence back seat belt
wearing behavior.

In terms of each variable’s ability to predict behavior, all models indicated that intention and
willingness strongly predict behavior, with intention having higher predictive capacity than willingness.
The difference is that perceived law enforcement was a significant predictor of back seat belt wearing
behavior in Model 4. Moreover, we discovered that perceived law enforcement significantly affected
the prediction of intentions and willingness. Descriptive norms also significantly influenced behavioral
intentions. Therefore, descriptive norms and perceived law enforcement greatly influenced the
prediction of wearing a back seat belt. However, unlike related studies, PBC and prototype favorability
and similarity did not significantly impact back seat belt wearing behavior.

Table 10. Direct and indirect effects of the exogenous constructs in Model 4.

Exogenous construct Behavioral intention Behavior

Direct Indirect Total Direct Indirect Total
Attitude 0.387*** 0.216%** 0.603*** - 0.540%** 0.540%**
Subjective norms 0.008 0.051* 0.059 - 0.085 0.085
Descriptive norms 0.070 0.110%* 0.180%* - 0.209%** 0.209%**
Prototype favorability -0.017 -0.017 - -0.027 -0.027
Prototype similarity -0.047 -0.047 - -0.074 -0.074
Perceived law enforcement ~ 0.176** 0.075* 0.257%** 0.239%** 0.209%** 0.448%**
Perceived behavioral control  -0.137 0.040 -0.097 -0.126 -0.008 -0.134

Note: *** p <0.01; ** p <0.05; * p<0.10

Since Model 4 had the greatest explanatory power in terms of ability to explain the variance in
behavioral willingness, behavioral intention and behavior, we chose to analyze it further. In Model 4,
exogenous construct attitude has a direct effect on behavioral willingness, which in turn has a direct
impact on behavioral intention and behavior. Furthermore, behavioral intention has a direct impact on
behavior. Therefore, attitude may affect behavioral intention indirectly through behavioral willingness,
and attitude may affect behavior indirectly through two pathways (attitude > behavioral willingness >
behavior, attitude > behavioral willingness > behavioral intention > behavior). In addition to attitude,
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other exogenous constructs (subjective norms, descriptive norms, perceived law enforcement,
prototype favorability, prototype similarity and PBC) may also influence behavioral intention and
behavior indirectly. We then analyzed the direct and indirect effects of these exogenous constructs on
behavioral intention and behavior. The results are shown in Table 10.

Table 10 shows that behavioral intention is most significantly influenced by attitude (0.603),
followed by perceived law enforcement (0.251) and descriptive norms (0.180), while subjective norms,
prototype favorability, prototype similarity and PBC had no discernible effect on behavioral intention.
Similar to behavioral intention, attitude (0.540) had the largest total effect on actual behavior, followed
by perceived law enforcement (0.448) and descriptive norms (0.209), while subjective norms,
prototype favorability, prototype similarity and PBC had no discernible effect on behavior.

In addition to having a significant direct and indirect impact on behavioral intention, attitude
also had a significant indirect impact on behavior. Many studies indicate that attitudes significantly
influence individual (behavioral) intentions to obey rules, and the findings of this study support
these claims [16,19,45,46].

Subjective norms do not significantly influence behavior, but they do significantly influence
behavioral intention indirectly. Previous studies on the effects of subjective norms are inconsistent, as
some scholars have stated that subjective norms significantly influence behavioral intention or
behavior [16,46—48], while others have disagreed [19,21,45]. Behavioral intention and behavior are
significantly impacted by descriptive norms. Many studies have indicated that descriptive norms can
influence behavioral intention and behavior [21-23], and the results of this study are consistent with
these findings.

The literature is inconclusive as to whether prototypes have a significant effect on behavioral
willingness. Elliott et al. [20] and Yadav et al. [49] argued that prototype similarity significantly
impacts behavioral willingness, while prototype favorability does not. Demir et al. [19] argued that
both prototype similarity and prototype favorability significantly influence behavioral willingness.
Basse et al. [50] argued that neither prototype favorability nor similarity significantly impact
behavioral willingness. In this study, behavioral intention and behavior were not significantly
influenced by either prototype favorability or similarity.

Jiang et al. [16] found that PBC significantly influences behavioral intention but has no significant
effect on actual behavior. However, Okyere et al. [17] found that it can significantly impact actual
behavior. In this study, PBC had no significant impact on behavioral intention or actual behavior, which
means that PBC is an unimportant factor in the behavior of back seat belt use.

According to the results, perceived law enforcement significantly impacts behavioral intention
and actual behavior, which indicates that perceived law enforcement can sufficiently impact back seat
belt use behavior.

5. Conclusions

This study applied four models to investigate the behavior of individuals related to back seat belt
use: Model 1 (the TPB), Model 2 (the PWM), Model 3 (the PWM construct + the TPB construct)
and Model 4 (the PWM construct + the TPB construct + descriptive norm + perceived law
enforcement). The results of these four models were also compared and analyzed. According to the
discussion of this study, the standard PWM has much more explanatory power than the standard TPB
in terms of ability to explain the variance in behavioral intention and behavior. Incorporating PBC into
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the standard PWM did not improve the model fit considerably, while incorporating descriptive norms
and perceived law enforcement improved the model fit moderately. In the analysis of the influencing
variables of behavior, we discovered that attitude has the largest total impact on intention and actual
behavior, followed by perceived law enforcement and descriptive norms, while subjective norms,
prototype favorability, prototype similarity and PBC have no noticeable impact on intention or actual
behavior.

According to the results, we can propose corresponding improvement measures and applications
to increase the use of rear seat belts. Attitude has the largest impact on behavioral intention and actual
back seat belt use behavior. As a result, interventions aimed at raising public awareness of the function
of the back seat belt as a tool to decrease the severity of casualties and fatalities in vehicle crashes
might be beneficial in encouraging people to use the back seat belt. It is worth noting that safety
education and programs that are introduced to individuals at a young age may be more effective [51].
Perceived law enforcement has the second largest impact on behavioral intention and actual back seat
belt use behavior. According to road safety laws, rear passengers in China are also required to wear
seat belts. However, the lack of law enforcement has not yielded much effectiveness. It is not enough
to enact laws or regulations requiring back seat passengers to buckle up; it is also necessary to
vigorously enforce the legislation and punish back seat passengers who fail to abide by the law.
Descriptive norms significantly impact intention and actual back seat belt use behavior, while
subjective norms do not. Therefore, the actual behaviors of those around an individual, but not their
expectations, influence the individual’s behavior. Individual behaviors are more socially reactive than
rational, and social comparison has a great impact on their decision-making regarding back seat belt
use. Road safety and urban management may benefit from the use of social media to foster public
awareness of back seat belt use and form a strong social normative effect.

The limitations of this study are discussed below. The responses collected were not evenly
distributed across cities, and the sample size was inadequate. In addition, we did not ask in detail
whether or how often the participants sat in the back seat. In future studies, we will collect more sample
data from different regions and refine our questionnaire items. Moreover, this study analyzed the
impact of psychosocial factors on back seat belt use without considering the effect of demographic
variables. In future studies, we will also consider the relevant variables of demographic characteristics
in the integrated model to analyze the influence of gender, age, education and income on back seat belt
use behavior.
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Appendix

Table A1. The specific measurement items used in the study.

Construct

Items

Behavior [18,52]

Behavioral intention
[16—18,52-54]

Behavioral willingness
[19,20,50]

Attitude [16,17,52]

Subjective norm
[16-18,52,54]

Descriptive norm
[21-23]

Perceived behavioral
control

[17,52,54]

Perceived law enforcement

(Proposed by the authors)

Prototype favorability
[19,20,50]

I always remind people riding in the back seat to wear seat belts when I am driving or
riding in a car.

How often do you buckle up when you’re in the back of a car?

I buckle the seat belt voluntarily when seated in the back seat.

I buckle the seat belt after being prompted by others when seated in the back seat.

In the future, I’ll wear a seat belt when I sit in the back seat.

In the future, I will always remind myself to wear a seat belt when sitting in the back seat.
In the future, I will remind my family to buckle up when they sit in the back seat.

In the future, I will remind people to buckle up when they sit in the back seat.

If you are sitting in the back of a taxi, how likely are you to wear a seat belt?

If you’re in the back seat of a friend’s car, how likely are you to wear a seat belt?

If you are driving and your family is in the back seat, how likely are you to ask your family
to wear their seat belts?

If you are driving and your friend is in the back seat, how likely are you to ask your friend
to wear a seat belt?

Unless passengers in the back seat fasten seat belts, the driver should not drive.

The police should step up enforcement against people who do not wear seat belts in the
back seat.

People should be urged to wear seat belts in the back seat through stronger public relations
campaigns.

When seated in the back seat, wearing a seat belt can help reduce injury risks.

My family keeps urging me to wear a seat belt when I sit in the back seat.

If I am in the back seat of a taxi, the driver urges me to put on my seat belt.

I often see advertisements promoting the importance of wearing seat belts in the back seat.
My friends keep urging me to wear a seat belt when I sit in the back seat.

My family always wears their seat belts when they sit in the back seat.

My friends always wear their seat belts when they sit in the back seat.

Many people always wear their seat belts when they sit in the back seat.

Using a back seat belt is very easy for me.

Using a back seat belt isn’t troublesome.

It is easy to remember to wear a back seat belt.

Traffic police strictly enforce the policy that does not allow people to sit in the back seats
of cars without wearing seat belts.

A traffic police officer will pull you over if you do not wear a back seat belt in the car.
Traffic police ask people to wear back seat belts.

People who wear a back seat belt are smart.

People who wear a back seat belt are careful.

People who wear a back seat belt are responsible.

People who wear a back seat belt pay great attention to preventing risks.
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Construct Items
Prototype similarity Do you resemble the typical person your age who wears a belt in the back seat?
[19,20,50] How similar or different are you to the type of person your age who regularly wears a belt

in the back seat?
Do the characteristics of a passenger who wears a belt in the back seat also describe you?

To what extent are you like the typical person your age who regularly wears a back seat
belt?
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