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Abstract: This study aims at presenting an experimental evaluation of the different effects of
environmental and health information on encouraging car owners to travel on foot and by bicycle.
Health information consists of a high and a low target setting. One hundred and forty-six participants
in Hefei city reported their travel behaviors in terms of mode, time, and trip before and after the
experiment. Their cognitive and emotional processes with regard to the protection motivation theory
(PMT) that determine their potential travel behavior changes in response to information intervention
are also identified. Three experimental groups and one control group based on a between-group
design are adopted and the methodology of paired sample chi-squared tests and stepwise linear
regressions are used. The results show that environmental information alone fails to encourage car
owners’ non-motorized travel. When health information is added, information intervention can
effectively encourage a time increase in walking and cycling as well as a time and trip decrease in car
use in the short term. But the long-term effect is not significant after a year and a half. Moreover, there
are no significant differences between the high and the low target settings in health information for
encouraging non-motorized travel. In terms of PMT constructs, severity has a significant relationship
with the change of time or trip on foot and by bicycle. Vulnerability emerges as a non-effective
predictor. Reward, self-efficacy, response efficacy, and response cost are more remarkable in predicting
the change of time or trip by car. This study recommends that (1) health information with a target
setting is superior to environmental information, (2) reduction strategy is potentially superior to
transfer strategy to control car usage, (3) policymakers should design intervention strategies relevant
to the coping appraisal rather than to the threat appraisal.

Keywords: environment; health; information; intervention; protection motivation theory;
non-motorized travel

1. Introduction

Nowadays, many developed and developing countries have adopted the concept of travel
demand management (TDM) to mitigate the impact of car congestion, pollution, and disease. Instead of
providing more roads and services to cars, many countries have started to promote people’s sustainable
travel behavior. The goal is to reduce car use time and distance or to encourage a shift form car to
sustainable ways of travel, such as foot, bicycle, and public transport. Non-motorized means including
walking and cycling are important ways recommended for short-distance travels from the social,
environmental, and health perspectives. Besides strategies of taxes, tolls, charges, subsidies, regulations,
investments, and technological upgrades, information is one of the important persuasion strategies to
promote people’s sustainable travel behavior from the perspective of TDM. Many researchers from
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developed and developing countries have shown that people’s travel mode and behavior are highly
influenced by information, knowledge, awareness, and attitudes [1–7].

Among them, some studies proved that the information provided could reduce car use and
encourage a substitute of foot, bicycle, and public transport [3,5–7]. Their conclusions lacked full
interpretations of what kind of cognitive and emotional processes and specific factors resulted in the
travel behavioral change. Graham-Rowe et al. (2011) [8] conducted a systematic review analysis and
found that most experimental studies applied an indicator mode to evaluate travel behavior, and others
used a different indicator, such as a trip, distance, or hour. Few studies have tried to combine two
indicators, such as mode and time, mode and distance, and distance and trip. To the best of our
knowledge, only Rose and Ampt’s (2001) [9] experiment used three indicators: distance, trip, and hour.
However, their study only focused on reducing car use behavior and neglected the latent behavior
change from cars to car alternatives. In addition, there is a lack of experimental studies to distinguish
the impact of different information on encouraging sustainable travels. For example, Geng et al.
(2016) [6] pushed six messages by WeChat software to residents, which covered aspects of the economic,
safety, social, environmental, and health losses caused by car use. They have not described which type
of information played a dominant role in promoting green travel (walking, cycling, and using public
transport). Meanwhile, Geng et al. (2016) found in an experiment that the message reminding people
to take a 30 minutes’ walk or ride for health benefits might be an important predictor in encouraging
active commuting, because the participants kept walking and cycling for 30 min every day after the
experiment. But this time increase is “just on target” and could not climb to a higher level, such as
45 min. Therefore, Geng et al. (2016) discussed this phenomenon as a “goal-oriented prompt” and
supposed that a higher target, e.g., 45 min, set by the interventional information might result in a
higher level of behavior change. However, the authors did not verify this in their study.

Based on the above-mentioned facts, this study aims to explain the following questions that may
be vital in bridging the gaps in three directions:

i. Which type of information (pro-environment or health) plays a dominant role in promoting
non-motorized travel?

ii. What cognitive or emotional process determines whether or not car owners change their car use
behavior toward non-motorized travel in response to information intervention?

iii. Does a higher target set by health information bring about stronger encouragement of
non-motorized travel?

Therefore, this study introduces the protection motivation theory (PMT) framework and provides
a field and follow-up experiment to evaluate car owners’ cognitive and emotional approaches to
non-motorized travel when varying information about health and the environment is provided.
Moreover, considering the potential role of smartphone technology in transport behavior [10],
the WeChat software was used as the platform to conduct the information intervention experiments in
this study. This software was chosen because it is the most popular communication platform in China
with more than 1 billion active users in an average month [11]. The participants can also easily receive
a piece of information/message in a real-world environment and their data are easier to track. In the
experiment, a between-subjects design was introduced, and indicators of the mode, time, and trip were
used to describe the details of travel behavioral change before and after information interventions.
This study will provide insights into the theoretical and practical implications towards sustainable
transportation under the guidelines of TDM strategies.

2. Literature Review

2.1. Cognitive and Emotional Approaches to Travel Behavior Change

Hounsham (2006) [12] assumed that well-informed individuals make reasonable decisions, which
will influence the change of environmental behavior to some extent. Rational choice theory assumes that
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an individual will make a decision about an alternative behavior that gives them maximum satisfaction
where information becomes crucial for them to make the appropriate decision [13]. Normative theories,
such as Value-Belief-Norm (VBN) and the Norm Activation Model (NAM), hold a view that only when
individuals realize the consequences of their actions in polluting the environment and then activate their
values, norms, and sense of responsibilities, can they implement pro-environmental behavior [14–16].
Other researchers have insisted that attitude theories, such as Theory of Planned Behavior (TPB), have
a strong power in explaining one’s reasoned decision [17,18]. Overall, information plays a vital role in
forming the reasoned decision making of residents’ attitudes towards pro-environmental behavior.
Upon the acceptance of the new information, knowledge and cognition will be established, then
attitudes and willingness will be changed, which will ultimately lead to a desired pro-environmental
behavior [3,19–21].

Many researchers introduced an experimental study and showed that it is conducive to promoting
an individual’s sustainable travel behavior when information is introduced [4,5]. These studies
aimed at encouraging the respondents to buy cleaner cars, reduce car use, and travel on public
transport by providing information about the vehicle emissions, trip time variability, and economic
benefits. However, most of them applied the attitude theory and its extended or integrated model to
evaluate people’s cognition process toward sustainable transport, which neglected the emotion process
underlying the behavioral change.

Clark and Waddell (1983) [22] insisted that attitude includes cognition and emotion, and emotion
has a stronger power in influencing one’s decisions. Information might bring about the improvement
of individual cognition in solving a health and environmental problem, and at the same time
bring a sense of fear and guilt about an unhealthy behavior that is damaging the environment.
The researchers believed that people are more susceptible to this emotional appeal, especially fear,
and therefore emotional persuasion will be an effective strategy to use in advertising and providing
information [23–26]. Das et al. (2003) [27] indicated that an individual’s emotional appeal is the one
that encourages them to take a certain action, accept a certain policy, or buy a certain product. In short,
cognition and emotion greatly influence people’s attitude and behavior.

Non-motorized travel is not only an environmentally friendly behavior, but also a healthy behavior.
Health information, which can be relevant to the promotion of both cognitive and emotional processes
potentially, can motivate individuals to reconsider the benefits and costs of a behavior and then be
conducive to the implementation of a healthy and pro-environmental behavior. Some researchers
have tried to use health information to improve individuals’ sustainable transport [5,6]. For example,
Geng et al. (2016) [6] found that multiple pieces of information can significantly improve urban
residents’ cognitive and emotional attitudes towards green travel. As a result, people’s time of
walking, cycling, and taking a bus improved substantially. However, the focus of this study was on
the different responses of the goal-framing groups to information interventions, and there was no
quantitative explanation for the underlying causes of the behavioral changes and for the distinctiveness
of different pieces of information. In addition, most of the theories (VBN, NAM, TPB) applied in
experiments were good at explaining some features (e.g., importance, value, necessity) of a certain
behavior. Moreover, researchers tended to use the differences of these features to explain the changes
to a certain behavior. However, people’s perceptions and senses of the gains and losses in the process
of behavioral changes were not been directly and fully evaluated. Therefore, PMT could potentially be
useful for solving this problem.

2.2. Protection Motivation Theory

The assumption underlying the PMT is a cognitive evaluation process that is initiated by a sense
of fear that causes the protection motivation to ignite. With the PMT it is believed that the protection
motivation could motivate, maintain, and guide a recommended behavior to avoid the risk factors.
Thus, the comprehensive appraisal of the threat and coping process leads to cognitive and emotional
decision making [28].
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Threat appraisal involves people’s understanding of risk factors that increase or decrease the
likelihood of maladaptive behavior. It involves an understanding of three factors: severity, vulnerability,
and reward. Severity refers to the degree of harm from an unhealthy behavior. Vulnerability is an
individual’s subjective judgment of the possibility of harm. Reward refers to the positive aspects
of continuing an unhealthy behavior. The severity and vulnerability are the factors that reduce
adverse behavior, and the reward promotes it. Coping appraisal is the ability of an individual to cope
with and avoid threats, which comprises three factors: response efficacy, self-efficacy, and response
cost. Response efficacy refers to an individual’s perception of whether the recommended behavior is
effective or not in preventing possible harm. Self-efficacy is the belief that one can successfully enact the
recommended behavior. Response cost refer to the social and economic costs incurred by individuals
when they engage in the recommended behavior. Response efficacy and self-efficacy promote healthy
behavior, while response cost reduces the possibility of occurrence. The PMT can provide motivations
for individuals to reduce health threats in consideration of the benefit and cost of a recommended
behavior [29]. Therefore, the PMT can reveal the internal mechanism of the recommended behavior
change more deeply.

2.3. Applying Protection Motivation Theory to Travel Behavior Change

PMT has been vital where it has been traditionally applied in the personal health framework
covering physical exercise, diet, and healthy lifestyle [30]. This has been evidenced during the
past two decades in which PMT has been applied in a climate change adaptation context. It is a
framework to reduce the vulnerability of the ecological system to relative changes in global warming
and to offset its effects [31,32]. The significance and ease of application of the PMT has continued
to influence researchers to use this theory in different study areas, such as applications of the PMT
to study adaptation to water stress, flooding associated with rising sea levels, and tourism and
recreation [33–36].

Green travel including walking and cycling is an important measure to solve traffic jams, pollution,
climate change, and health issues. Previous studies have shown that individuals’ cognitive and
emotional perceptions of the health and pollution issues caused by car use will motivate them to reduce
the use of automobiles and to increase the use of green ways [6,21,37]. However, people’s cognitive and
emotional perceptions are potentially from different psychological paths and factors, and sometimes
are inconsistent [35]. For example, people may rationally observe the harm and benefit of a shift from
car to green travels. However, they could also suffer emotionally from the inconvenience and bad
experience of abandoning their cars. Therefore, the threat and coping processes of PMT relevant to
the cognitive and emotional approaches can provide an insight into the psychological factors behind
people’s potential travel behavioral changes. At the same time, Steg and Sievers (2000) [38] and
Tapsuwan and Rongrongmuang (2015) [39] insisted that respondents usually think their share of global
warming is negligible and their current behavior is correct. As a result, their motivations for behavioral
change might be inadequate due to their perceptions that climate change is a long-term global problem
beyond their control. This kind of thinking resulted in the formation of incorrect control beliefs and
abnormal expectations. Only when people realize they have the ability to reduce their use of cars and
bring about positive consequences of their own actions will they be more likely to choose sustainable
transport instead of driving cars [40]. Therefore, rebuilding the self-efficacy and response efficacy may
be an effective way to encourage non-motorized travel.

In conclusion, it is expected that the protection motivation theory and its processes (threat and
coping appraisals) and constructs (vulnerability, severity, reward, response efficacy, self-efficacy,
and response cost) will explain a significant proportion of the variance in the travel behavioral change
under an information intervention experiment, specifically:

H1a. As perceived vulnerability increases, the behavioral change toward walking or cycling increases.

H1b. As perceived vulnerability increases, the behavioral change toward using a car decreases.
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H2a. As perceived severity increases, the behavioral change toward walking or cycling increases.

H2b. As perceived severity increases, the behavioral change toward using a car decreases.

H3a. As perceived reward increases, the behavioral change toward walking or cycling decreases.

H3b. As perceived reward increases, the behavioral change toward using a car increases.

H4a. As response efficacy increases, the behavioral change toward walking or cycling increases.

H4b. As response efficacy increases, the behavioral change toward using a car decreases.

H5a. As self-efficacy increases, the behavioral change toward walking or cycling increases.

H5a. As self-efficacy increases, the behavioral change toward using a car decreases.

H6a. As perceived response cost increases, the behavioral change toward walking or cycling decreases.

H6b. As perceived response cost increases, the behavioral change toward using a car increases.

3. Experiment Design

We conducted an experiment in Hefei city in China. Hefei is the provincial capital of Anhui
province located in the middle of China. At the end of 2018, there were 2 million residents in the urban
area and more than 700,000 shared bikes available for the urban residents. So, the participants in the
experiment were able to easily find the bikes in the urban area when they decided to ride on daily
trips. This is important because some participants who have no private bikes can use public bikes as a
substitute. In order to reduce the pressure on participants that might be brought about by the norms
and expectations of the researchers, we introduced a field experiment in which the information was
delivered through the WeChat software.

One community in the urban area of Hefei city was randomly chosen. In order to find car owners,
we cooperated with the residential property management company and asked the property manager
to provide the house and telephone numbers of the residents who had already registered at least one
car. Then we connected the car owners through WeChat using their telephone numbers which are
an essential way to register WeChat identifications. Once approved, a self-introduction was sent to
explain the purpose of our efforts. The respondents were asked to fill in a questionnaire and would
receive ¥5 immediately after finishing the questionnaire truthfully. At the top of the questionnaire,
respondents had to fill in their house number. It was designed to test people’s honesty and the validity
of their answers. If there was an information mismatch between the respondents and the residential
property management company, the respondent’s questionnaire would be considered as invalid and
be removed. The honest respondents were invited to accept a simple task, in which they would be
added into a WeChat group and periodically review the messages received in the group. We promised
that each participant could take part in the game of “grabbing red packets” every other day in the
next two weeks through the WeChat group and receive a nice gift in the last day after two weeks.
“Grabbing red packets” is a very popular game in China whereby everyone in the group can click on
the red packet and get a random amount of money from it by luck. It has proven to be effective in
stimulating respondents’ willingness to follow through with experiments [6,11]. Finally, 146 car owners
finished the first-stage questionnaire (T1) by self-reporting truthfully and agreed to participate in the
experiment. Figure 1 illustrates the process of sample recruitment in this experiment. The questionnaire
was conducted using a professional free online survey platform namely Sojump (www.wjx.cn), which
has a good correlation with the WeChat software. Once a questionnaire was filled out, the participants’
answers appeared and were counted in the Sojump platform.

In the questionnaire T1, the first part measured the travel behavior before the experiment by using the
indicators of mode, time, and trip. Specifically, considering the studies from Fujii and Taniguchi (2005) [41],
Bamberg (2006) [42], and Geng et al. (2016) [6], the time item reads, “How much time on average per day
did you spend for your daily trips by foot/bicycle/car in the last week?”, and six options were given: 1

www.wjx.cn
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(0 min), 2 (1–14 min), 3 (15–29 min), 4 (30–44 min), 5 (45–59 min), and 6 (60 min and above). The trip item
reads, “How many times did you travel by foot/bicycle/car on two-way trips in the last week?”, and six
answers were given: 1 (0 times), 2 (1 times), 3 (2 times), 4 (3 times), 5 (4 times), and 6 (5 times and above).
The second part of T1 measured six PMT constructs on a five-point Likert scale: severity, vulnerability,
reward, self-efficacy, response efficacy, and response cost. Table 1 provides a complete description of the
PMT scales, which were adapted from Rompalo et al. (2017) [43], Nabizadeh et al. (2018) [44], and Menard
et al. (2018) [45] to fit the travel context. The last part of T1 dealt with the demographic variables of age,
gender, marital status, family population, children status, education background, and household monthly
income. It should be noticed that the WeChat identification and the house numbers were used to identify a
respondent in the control or experimental group.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 20 
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Table 1. Subscales for assessing PMT constructs.

Subscale Scoring Items within Subscale

Threat Appraisal

Severity
Range 1–5:

1 = Strong disagree
5 = Strong agree

If we heavily use cars to travel, the pollution will
cause tremendous harm to our health and

ecological system.

Vulnerability

Range 1–5:
1 = No

2 = Probably not
3 = Don’t know

4 = Maybe
5 = Yes

Because we are heavily using cars to travel,
our health and ecological system have already

begun deteriorating.

Reward
Range 1–5:

1 = Strong disagree
5 = Strong agree

Driving a car would enable me to get something
valuable or meaningful.
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Table 1. Cont.

Subscale Scoring Items within Subscale

Coping Appraisal

Self-efficacy
Range 1–5:

1 = Strong disagree
5 = Strong agree

I am very confident that I can cut back on using a
car and choose walking or cycling as alternatives.

Response efficacy
Range 1–5:

1 = Strong disagree
5 = Strong agree

Using walking or cycling is a very effective way of
solving car-related health and pollution problems.

Response cost
Range 1–5:

1 = Strong disagree
5 = Strong agree

Using walking or cycling instead of a car would
sacrifice my interests, e.g., time and convenience.

In order to eliminate undesired interference from the demographic characteristics, the stratified
sampling method was adopted to make the demographic distributions of the participants in the different
groups more balanced. Finally, 146 participants were distributed in four groups: one control group and
three experimental groups. Specifically, participants in the first experimental group (tagged IG1) only
received information from the environmental aspect. In the second experimental group (tagged IG2),
information combined with environment and health aspects was pushed, and a low health target was
set. The information in the third experimental group (tagged IG3) covered the environmental and health
aspects and a high health target. No information was sent in the control group (tagged CG).

Four WeChat groups were created, and the participants were pulled into different groups in
accordance with their WeChat identifications and demographics. Table 2 summarizes the demographic
statistics for the four groups in terms of age, gender, marital status, family population, children status,
education, and household monthly income. The one-way ANOVA test demonstrates a non-significant
difference (p > 0.05) between different groups. This provides evidence that the demographic variables
will not result in emerging differences between different groups after the experiment.

It can be clearly seen that all participants in this experiment are relatively young; those aged below
40 account for more than 85% of the total. These individuals might be open to experiences and have a
high degree of involvement with WeChat and the “grabbing red packets” game. In terms of gender,
the proportion of males is higher than that of females. About 70% of the participants are married,
and more than 60% of them have at least one child under the age of 16 at home. The participants, i.e.,
the car owners, in this research have a slightly higher income and educational background than the
average level of residents in Hefei city.

The experiment began on 20 August 2018. We sent the message by WeChat to the three experimental
groups four times; that is, once every other day for the first week. No information was sent in the
remaining one week to avoid the practice effect. The messages referenced Geng et al. (2016) [6] and
were designed from two aspects regarding the environment and health.

The message (M1) reads, “The carbon emissions from a fossil-fuel car with a speed of 50 km/h
are 198.7 g/km, and will rise to 306.7 g/km in heavy traffic when its speed is 20 km/h, which is about
25 times as much as a bus and 8 times as much as rail transit. Moreover, car exhausts contribute
20–35% of PM2.5 emissions in Chinese big cities. Especially in the period of strong haze, car exhaust
contributes to as much as 47% of the air pollution.”

The message (M2) reads, “According to reports from the World Health Organization, your health
risk (such as breast cancer, lung cancer, cardiovascular disease, dementia, depression, anorexia, obesity,
and cervical spondylosis) will be reduced by 22% and 28% when you insist on walking or riding a bike
for about 30 min every day, respectively.”
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The only difference between M3 and M2 was the two different time targets; that is, 45 min vs.
30 min, and M3 reads, “According to . . . , when you insist on walking and riding a bike for about
45 min every day, respectively.”

During the experiment, M1 was sent to IG1 in WeChat. Participants in IG2 received M1 and M2 in
combination. M1 and M3 were sent together in IG3. No message was pushed in CG. The experiment
lasted two weeks and finished on 2 September 2018. Then the second-stage questionnaire (T2) was
delivered to the participants online in WeChat using the Sojump platform. Finally, all participants
finished the questionnaire T2, and each one received a gift by post. In T2, the same items as the
questionnaire (T1) were used to measure the travel behavior (mode, time, and trip) after the experiment.
Figure 2 illustrates the framework of this experiment, including the process, timeline, interventions,
and some survey indicators.

Table 2. Demographic characteristics of respondents in the control and intervention groups.

Demographic Variables CG (n = 31) IG 1(n = 37) IG 2 (n = 39) IG 3 (n = 39)

Age (%)
18 to 29 6 (19.4%) 9 (24.3%) 11(28.2%) 10 (25.6%)
30 to 39 23 (74.2%) 22 (59.5%) 23 (59%) 25 (64.1%)
40 to 49 2 (6.5%) 4 (10.8%) 3 (7.7%) 3 (7.7%)
50 and above 0 (0%) 2 (5.4%) 2 (5.1%) 1 (2.6%)

Gender (%)
female 9 (29%) 13 (35.1%) 15(38.5%) 15 (38.5%)
male 22 (71%) 24 (64.9%) 24(61.5%) 24 (61.5%)

Marital status (%)
unmarried 8 (25.8%) 9 (24.3%) 12(30.8%) 11 (28.2%)
married 23 (74.2%) 28 (75.7%) 27(69.2%) 28 (71.8%)

Children under the age of 16 (%)
yes 19 (61.3%) 24 (64.9%) 24(61.5%) 23 (59%)
no 12 (38.7%) 13 (35.1%) 15(38.5%) 16 (41%)

Education (%)
primary or none 2 (6.5%) 4 (10.8%) 5 (12.8%) 5 (12.8%)
secondary or higher 8 (25.8%) 11 (29.7%) 11 (28.2%) 11 (28.2%)
university degree 18 (58.1%) 19 (51.4%) 20 (51.3%) 20 (51.3%)
master’s degree or higher 3 (9.7%) 3 (8.1%) 3 (7.7%) 3 (7.7%)

Household monthly income (%)
less than 2000 1 (3.2%) 4 (10.8%) 4 (10.3%) 3 (7.7%)
2000 to 4999 10 (32.3%) 13 (35.1%) 13 (33.3%) 12 (30.8%)
5000 to 9999 15 (48.4%) 12 (32.4%) 14 (35.9%) 15 (38.5%)
10,000 and above 5 (16.1%) 8 (21.6%) 8 (20.5%) 9 (23.1%)

Note: CG = control group; IG1 = intervention group 1; IG2 = intervention group 2; IG3 = intervention group 3.
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4. Results

4.1. Travel Behavior Change Before and After the Experiment

Table 3 shows the travel behavioral changes, i.e., the time and trip differences, before and after the
experiment, and the related Chi-squared tests.
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Table 3. Time and trip differences of three travel modes in four groups before and after the experiment. The significances were tested by the paired samples
Chi-squared test and independent samples Chi-squared test.

Variable

CG (2) – (1) IG 1 (5) – (4) IG 2 (8) – (7) IG 3 (11) – (10) (6) – (3) (9) – (3) (12) – (3) (9) – (6) (12) – (6) (12) – (9)

T1 T2 p-value
H:(2) = (1) T1 T2 p-value

H:(5) = (4) T1 T2 p-value
H:(8) = (7) T1 T2 p-value

H:(11) = (10)
p-value

H:(6) = (3)
p-value

H:(9) = (3)
p-value

H:(12) = (3)
p-value

H:(9) = (6)
p-value

H:(12) = (6)
p-value

H:(12) = (9)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18)

Timefoot 3.7 3.7 0
(1) 3.72 3.75 +0.03

(0.782) 3.71 4.1 +0.39 **
(0.015) 3.75 4.4 +0.65 ***

(0.000) +0.03 +0.39 *** +0.65 *** +0.36 ** +0.62 *** +0.26

Tripfoot 5.32 5.26 −0.06
(0.572) 5.35 5.14 −0.21

(0.153) 5.3 4.84 −0.46 **
(0.026) 5.38 4.67 −0.71 ***

(0.002) −0.15 −0.4 *** −0.65 *** −0.25 −0.5 *** −0.25

TTfoot −0.222 −0.627 0.181 0.373

Timebicycle 3.08 3.03 −0.05
(0.605) 3.11 3.14 +0.03

(0.715) 3.17 3.48 +0.31 **
(0.046) 3.15 3.47 +0.32 **

(0.039) +0.08 +0.34 ** +0.36 ** +0.26 +0.28 +0.02

Tripbicycle 2.95 2.95 0(1) 2.9 2.82 −0.08
(0.550) 2.96 2.77 −0.19

(0.250) 3.01 2.54 −0.47 **
(0.041) −0.08 −0.19 −0.47 *** −0.11 −0.39 *** −0.28

TTbicycle −0.148 −0.164 0.256 −0.668

Timecar 4.6 4.62 +0.02
(0.897) 4.62 4.56 −0.06

(0.803) 4.56 4.14 −0.42 **
(0.017) 4.59 4.13 −0.46 ***

(0.009) −0.08 −0.44 *** −0.48 *** −0.36 ** −0.4 *** −0.04

Tripcar 4.46 4.49 +0.03
(0.821) 4.42 4.4 −0.02

(0.921) 4.51 4.05 −0.46 ***
(0.007) 4.45 3.98 −0.47 **

(0.011) −0.05 −0.49 *** −0.5 *** −0.44 *** −0.45 *** −0.01

TTcar 0.228 −0.356 −3.799 −3.988
TTsum −0.142 −1.148 −3.361 −4.283

Note: Data in columns are mean values and p values. T1 and T2 represent the first-stage and the second-stage questionnaires, respectively. The number in bold indicates a significant
difference (*** p < 0.01, ** p < 0.05). CG = control group; IG1 = intervention group 1; IG2 = intervention group 2; IG3 = intervention group 3. TTmode = Timemode, after × Tripmode, after −

Timemode, before × Tripmode, before, mode ∈ (foot, bicycle, car). TTsum= TTfoot + TTbicycle + TTcar.
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In the CG (columns 1–3), there were no significant differences in the time (Timemode) and trip
(Tripmode) of walking, cycling, and driving, although there was a slight increase in Timecar and Tripcar

and a decrease in Timebicycle and Tripfoot. In the IG1 (columns 4–6), Timefoot and Timebicycle started to
increase while Timecar and Tripcar began to decrease, but the changes were not significant. The message
containing environmental information (M1) seems to be working but it failed to improve walking and
cycling effectively. In IG2 with a low target (columns 7–9), the message combined with environmental
and health information (M1 and M2) started to take effect in encouraging non-motorized travel and
reducing car uses, as Timefoot and Timebicycle increased significantly along with Timecar and Tripcar

decreasing remarkably. But there was a considerable and significant decline in Tripfoot and a larger
decrease in Tripbicycle. In IG3 with a high target (columns 10–12), M1 and M3 had a significantly
positive effect on the time and trip of walking, cycling, and driving, and a significant decline in
Tripbicycle appeared.

The abovementioned vertical analysis using the paired samples Chi-squared test was able to
show the differences in a certain group before and after the experiment. The independent samples
Chi-squared test was helpful to demonstrate the differences between groups. It can be seen in Table 3
(columns 13–15) that the role of environmental information alone was not significant compared with
the control group. The information regarding both the environment and health, regardless of the low
target or high target, was shown to significantly improve the time of walking and cycling as well as
reducing car use. It could be further demonstrated by the Chi-squared test results in columns 16 and
17 in Table 3 that the health information was effective in encouraging car owners to spend more time
on walking than on cycling. However, there was a simultaneous and significant decline in walking and
cycling trips in IG2 and IG3, especially in IG3, which underlined a potential side effect brought about
by the health information. An increase in the total time of walking (TTfoot) in IG2 and IG3 and that of
cycling (TTbicycle) in IG2 would provide more evidence in support of the positive influence from the
intervention information. Finally, according to the test result in column 18 in Table 3, the significant
differences in expectations between the low and the high targets never materialized.

We may be able to detect that the walking times in IG2 and IG3 meet the low target (30 min
valued as 4 in the survey) but failed to meet the high target (45 min valued as 5 in the survey) after the
experiment. In both IG2 and IG3, the cycling times were below the two targets. In addition, the total
time of car use (TTcar) decreased slightly in IG1 and substantially in IG2 and IG3, and the sum of the
total time (TTsum) in all groups decreased.

4.2. Stepwise Linear Regression of Protection Motivation Theory Constructs

In order to avoid the interference of multicollinearity, a stepwise linear regression model was
adopted. The PMT constructs and demographic variables were all involved in the regression model.
Table 4 lists the regression results by the indicators of the Durbin–Watson test, tolerance, VIF (variance
inflation factor), and coefficient, which showed the effectiveness of the regressions. The differences of
time (DTimemode) and trip (DTripmode) in the experimental groups before and after the experiment
can be explained significantly by the PMT constructs at the 95% confidence level. In terms of the
demographic variables, men were more inclined to increase the time and trips of car use as well as
decrease the trips by walking and cycling than women. Car owners who have children at home tended
to increase driving trips and reduce cycling trips. The elder or well-educated people were more likely
to increase the cycling time and walking trips, while the richer ones were more prone to decreasing the
walking time. Overall, female, elder, well-educated, childrenless, and lower-income people were more
inclined to conduct green and non-motorized travel after information interventions. In order to clearly
observe the positive and negative correlations of the PMT constructs, we summarized those data in
Table 5.
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Table 4. Stepwise linear regression results for PMT constructs and demographics.

Model (n = 115)

Unstandardized
Coefficient t Sig.

Collinearity
Statistics

Beta Std. Error Tolerance VIF

DTimefoot
(R2 = 0.308,

Durbin–Watson
= 1.763)

Constant 3.604 0.757 4.764 0.000
Severity 0.641 0.143 4.494 0.000 0.89 1.124
Reward −0.321 0.142 −2.132 0.035 0.89 1.124

Self-efficacy 0.695 0.248 2.741 0.008 0.900 1.112
Household monthly income −0.388 0.13 −2.973 0.004 0.89 1.124

DTripfoot
(R2 = 0.251,

Durbin–Watson
= 2.423)

Constant 3.194 0.911 3.508 0.001
Response Cost −0.494 0.14 −3.527 0.001 0.865 1.156

Gender 1 −1.222 0.357 −3.422 0.001 0.892 1.121
Education −0.583 0.253 −2.31 0.025 1.865 1.156

DTimebicycle

(R2 = 0.326,
Durbin–Watson

= 2.067)

Constant −2.537 0.906 −2.8 0.007
Self-efficacy 0.383 0.118 3.253 0.002 0.725 1.38

Severity 0.473 0.153 3.094 0.003 0.755 1.325
Age 0.67 0.246 2.728 0.009 0.946 1.058

DTripbicycle

(R2 = 0.369,
Durbin-Watson

= 2.616)

Constant 1.533 1.113 1.378 0.175
Severity 1.013 0.258 3.927 0.000 0.468 2.138
Gender −0.839 0.321 −2.616 0.012 0.98 1.02

Children under the age of 16 2 −0.784 0.317 −2.474 0.017 0.924 1.082

DTimecar
(R2 = 0.565,

Durbin–Watson
= 2.393)

Constant −2.076 0.828 −2.507 0.016
Self-efficacy −0.937 0.134 −7.006 0.000 0.576 1.735

Response Efficacy −0.772 0.16 −4.83 0.000 0.558 1.791
Reward 0.437 0.147 2.978 0.004 0.830 1.204

Gender 1 0.5 0.248 2.02 0.048 0.956 1.046

DTripcar
(R2 = 0.681,

Durbin–Watson
= 2.039)

Constant 1.466 0.694 2.111 0.000
Reward 0.521 0.103 5.062 0.000 0.792 1.263

Response cost 0.31 0.074 4.04 0.000 0.862 1.16
Self-efficacy −0.277 0.08 −3.456 0.001 0.751 1.332

Children under the age of 16 2 0.762 0.173 4.415 0.000 0.846 1.182
Gender 1 0.426 0.173 2.454 0.018 0.911 1.097

1 Reference category is “female”. 2 Reference category is “no children”.

Table 5. Correlations between PMT constructs and time/trip differences of three travel modes.

DTimefoot DTripfoot DTimebicycle DTripbicycle DTimecar DTripcar

Threat Appraisal

Vulnerability - - - - - -

Severity Positive ***
(H2a support) - Positive ***

(H2a support)
Positive ***

(H2a support) - -

Reward Negative **
(H3a support) - - - Positive ***

(H3b support)
Positive ***

(H3b support)

Coping Appraisal

Response
efficacy - - - - Negative ***

(H4b support) -

Self-efficacy Positive ***
(H5a support) - Positive ***

(H5a support) - Negative ***
(H5b support)

Negative **
(H5b support)

Response cost - Negative **
(H6a support) - - - Positive ***

(H6b support)

Note: “-” means no significant correlation at 95% confidence level and no support of hypothesis. *** p < 0.01,
** p < 0.05.

As for Threat Appraisal relevant to car use, severity had a significantly positive influence at
the 99% confidence level on time increases of walking and cycling and on trip increases of cycling.
This indicates that participants who believed that the pollution brought about by heavy car use would
cause tremendous harm to the health and ecological system were more inclined to increase their
walking and use of bicycle after an information intervention. Furthermore, the respondents who
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believed that driving a car enabled them to get something valuable or meaningful, referred to as
reward, were more likely to keep on increasing the time and frequency of their car usage (p < 0.01) as
well as decreasing their walking time (p < 0.05) after an information intervention. Finally, vulnerability
emerged as a non-effective predictor in this study.

As for Coping Appraisal relevant to the car alternatives, self-efficacy was the most important
predictor. It had a significant influence on the time increases of walking and cycling as well as a
significant influence on reducing the time and trip of car use. This demonstrated that self-efficacy had
a core role in the PMT. When individuals had stronger self-efficacy, they were more likely to reduce car
use and choose non-motorized travel. This is a critical factor that may block the pathways of positive
cognition towards a recommended healthy and pro-environmental behavior.

Response efficacy only had a significant effect on reducing the time of car use, which shows that
car owners who had trust in the effect of using car alternatives on coping with car-related health and
pollution problems were more inclined to reduce car use. Maybe these people believed walking and
cycling were not the panacea to settle the matters. Therefore, they were more willing to reduce driving
activities or choose public transport rather than a substitute of walking and cycling.

Due to the influence of the response cost, the trip measure of car use increased significantly
and that of walking decreased significantly. The response cost further proved car owners had more
concerns about the benefit of using a car as well as the cost of abandoning a car. This benefit (reward)
and cost (response cost) seemed to show that walking instead of driving would sacrifice more interests
for car owners. On the contrary, driving a car means getting more.

5. Discussion

Here some discussions are proposed to address the questions raised earlier.
Firstly, the experimental results showed that health information played a dominant role

in promoting non-motorized travel. Horng et al. (2014) [35] suggested that an individual’s
pro-environment behavior was more motivated by a sense of norm and responsibility, whereas
health protection behavior was activated by a feeling of fear. Therefore, the empathic information
provided about the pollution problems might not act as a strong predictor of a human’s carbon
reduction behaviors due to the responsibility diffusion of public goods. We insisted that responsibility
must not be neglected, because it was an essential cognitive process relevant to coping appraisal as we
discussed later in favor of pro-environmental behavior. Fear and responsibility must not be set apart
when considering the behaviors relevant to the properties of health and environmental protection
at the same time [24]. Moreover, car owners might distrust and disapprove of the information itself
and consider that this kind of information exaggerates the pollution harm caused by car use [46].
Accordingly, they may consider that this information gives them “a sense of depriving their rights to
pleasant driving” [6,47]. On the contrary, health information in this experiment reported on the things
that matter to oneself and gave an objective, specific, measurable, and attainable goal that would teach
people what/how they will do to cope with emotions of unrest, such as fear. Locke (1968) [48] claimed
that concrete information could be more likely to guide human behavior than vague information.

Secondly, PMT constructs indicated strong explanations in encouraging car owners’ non-motorized
travel in response to information intervention. The results of this study revealed that severity could
increase urban residents’ non-motorized travel to a certain extent, but failed to effectively affect their
car use behavior. People’s perceptions of vulnerability and severity would inspire feelings of fear or
anxiety and result in health protection behavior, while the cognitive procedure, such as the sense of
responsibility, was more conducive to environment protection behavior. This cognitive procedure was
likely to be initiated by the coping appraisal constructs rather than the threat appraisal constructs.
Once the self-efficacy and response efficacy is increased, car owners would be more inclined to reduce
car use and conduct non-motorized travel. In contrast, car owners tended to pay more attention to the
benefits of using a car (relevant to the reward) and the loss caused by abandoning a car (relevant to the
response cost), rather than the sense of responsibility. These kinds of gains or losses may not stem
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only from the economic aspect, but also from the aspects of time, effort, experience, identity, status,
and connection [16,20,49]. The regression results in Table 5 showed that reward and response cost
had no significant effect on the time and frequency of cycling after the experiment. Hence, car owners
might consider cycling instead of driving if it presented fewer sacrifices than walking. Morris and
Guerra (2014) [50] conducted a questionnaire study and found that cycling could provide more positive
affect, emotion, and experience than driving cars. Hence, cycling might be a potential substitute for
driving for short distance travel in future policy strategies.

Thirdly, high-target health information could encourage more increases in time of walking and
cycling than low-target health information, but the differences were very small and not significant.
Furthermore, these increased times remained below the high target set in the intervention message.
We have not found more references to prove these outcomes yet. Maybe the participants in this
study considered 30 min of walking and cycling every day as their high limit of non-motorized travel.
This time data was based on authoritative figures for keeping health, which was proved by Rabl
and De Nazelle (2012) [51] and the World Health Organization, so the expected target of 45 min
might lack the power to further motivate walking and cycling. The authentic and appropriate time
target was effective, but this target might have given people a misunderstanding such that once the
objective was accomplished, they were more likely to decrease their trips of walking and cycling.
This probably indicates that these decreased trips are mainly for leisure and not for commuting.
Therefore, the participants’ time improvements of active mobility were potentially relevant to their
leisure or sport travels rather than commuting. In this respect, the great effect of information
intervention in encouraging active commuting after the experiment might be reduced. Moreover, TTcar

and TTsum decreased substantially after the information intervention, which implied that car owners
might prefer to travel less rather than making the shift from car to walking or riding a bicycle to a
certain extent. It may be enlightening from a policy perspective that the “reduction” strategy (i.e.,
reducing travel times and distances [52]) will be superior to the “transfer” strategy (i.e., transferring to
on-foot, bicycle, or public transport [52]) to control car usage and emissions.

In addition, a third-stage questionnaire (T3) was delivered to the participants online in WeChat
on 3 May 2020 to further examine the long-term effect of information intervention. Finally, only
42 participants were connected and submitted the questionnaire. Table 6 shows the differences between
T3 and T1 by means of Fisher’s exact tests that are valid when sample sizes are smaller than 40. It can
be seen in Table 6 that the time and trip of walking and cycling decreased substantially in the CG and
IG1 groups. As a contrast, walking time in IG2 and IG3 increased slightly, but did not reach the 30 min
target. Hence, the long-term effect of health information on encouraging non-motorized travel was
small and not significant. There was a large increase in the time of using a car in all groups, and the
car-use trips saw a small decrease simultaneously. Furthermore, the sum of the total time (TTsum)
in all groups dropped dramatically. All these outcomes may demonstrate a great influence of the
COVID-19 epidemic [53]. Although production and operations activities resumed in Hefei city on
18 March 2020, car owners prefer to reduce the trips of all city travels and increase the hours of driving
every day. Regardless, a slight increase in the walking time in the IG2 and IG3 groups will still provide
some evidence for the positive incentive provided by the health information.



Sustainability 2020, 12, 6201 15 of 19

Table 6. Long-term effects of the information intervention. The significances between T1 and T3 were tested by Fisher’s exact tests.

Variable

CG IG 1 IG 2 IG 3

T1 T3
Exact P

(2-Sided)
H:(2) = (1)

T1 T3
Exact P

(2-Sided)
H:(4) = (3)

T1 T3
Exact P

(2-Sided)
H:(6) = (5)

T1 T3
Exact P

(2-Sided)
H:(8) = (7)

(1) (2) (2) − (1) (3) (4) (4) − (3) (5) (6) (6) − (5) (7) (8) (8) − (7)

Timefoot 3.7 3.4 −0.3 3.72 3.5 −0.22 3.71 3.89 0.14 3.75 3.92 0.17
Tripfoot 5.32 4.6 −0.72 * 5.35 4.7 −0.65 * 5.3 4.46 −0.84 ** 5.38 4.5 −0.88 **
TT′f oot −4.044 −3.452 −2.314 −2.535

Timebicycle 3.08 2.2 −0.88 ** 3.11 2 −1.11 *** 3.17 2.2 −0.97 *** 3.15 2.1 −1.05 ***
Tripbicycle 2.95 1.4 −1.55 *** 2.9 1.5 −1.4 *** 2.96 1.6 −1.36 *** 3.01 1.5 −1.51 ***
TT′bicycle −6.006 −6.019 −5.863 −6.332
Timecar 4.6 5.2 0.6 * 4.62 5.2 0.58 * 4.56 5.13 0.57 * 4.59 5.17 0.58 *
Tripcar 4.46 4.2 −0.26 4.42 4.1 −0.32 4.51 4.1 −0.41 * 4.45 4.08 −0.37
TT′car 1.324 0.899 0.467 0.668
TT′sum −8.726 −8.572 −7.71 −8.199

TT′mode represents the total time differences between T3 and T1, mode ∈(foot, bicycle, car). T3 represents the third-stage questionnaire. *** p < 0.01, ** p < 0.05, * p < 0.1.
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There are some limitations that are likely to have influenced the results in this study.
Firstly, car owners in this experiment were slightly biased towards ones of a younger age and
with more education. Golob and Hensher (1998) [54], Plaut (2005) [55], Clark et al. (2016) [56],
and Geng et al. (2017) [57] indicated that a younger and well-educated individual was more inclined
to travel in cleaner ways. However, these differences were not significant between the control and
experimental groups, which presents no interferences with the outcomes in this study. For older
populations of over 50 years old, bus and transit might be a wiser strategy for encouraging green travel.
Secondly, no specific and measurable targets were set in the environmental information, e.g., individual
mitigation target. Future studies can explore the different effects of the targets between environmental
and health information. Finally, current grouping could not reach the conclusion that the combination
of health and environmental information was the best strategy. This was partly because of the limited
sample size. Hence, the experimental group with health information alone would be better when a
larger sample size is available.

6. Conclusions and Suggestions

This study first introduced the protection motivation theory to sustainable travel issues and
presented an experimental evaluation of the effects of different information on encouraging car owners
to travel on foot and by bicycle. The results showed that environmental information alone had no
significant influence on encouraging car owners’ non-motorized travels. When health information
was added, the information intervention could effectively encourage a time increase in walking and
cycling as well as a time and trip decrease in car uses. Furthermore, this is mainly a short-term
effect rather than a long-term effect. The participants were inclined to decrease the trips on foot and
by bicycle once they had achieved the time target, causing the amount of their total travel trips to
decrease substantially. Furthermore, the results demonstrated that there were no significant differences
between the high and the low target settings in health information for encouraging non-motorized
travel. Finally, severity showed significant relationships with the change of time or trip on foot and by
bicycle. Vulnerability emerged as a non-effective predictor. Reward, self-efficacy, response efficacy,
and response cost emerged as the more significant variables in predicting the change of time or trips
by car.

These conclusions will give some contributions to the existing literature and provide practical
implications to government management, which may be vital in bridging the gaps in three directions.
Firstly, health information with set targets is superior to environmental information in reducing car
uses and in encouraging non-motorized travel. Furthermore, objective, authentic, specific, measurable,
and attainable target setting contained in the information would be highly recommended. Hefei city now
conducts plenty of travel awareness activities and advertising to promote urban residents’ sustainable
travel behavior. However, these efforts mainly focus on environmental protection, which neglects the
potentially stronger encouragement from health information. Moreover, the information and persuasion
have not given people a specific target on how to examine their efforts in changing travel behavior and
achieving the goal. As a result, it will bring about a loss of belief and efficacy and fail to build cumulative
knowledge about how to conduct sustainable travel. Secondly, the “reduction” strategy is superior to
the “transfer” strategy in controlling car usage to a certain extent. Persuading car-dependent individuals
to reduce trips might be a smarter and more effective method than shifting to a non-motorized mode.
Hence, some mandatory driving restrictions and an individual carbon trading scheme might be useful
for guiding this group. Finally, the policymakers of local government should design intervention
strategies relevant to the coping appraisal rather than the threat appraisal. The policies and measures
should focus on what interventions might improve the benefits and perceived efficacy of non-motorized
travel, relevant to positive experiences and perceptions of comfort, clean travel, convenience, and safety.
Based on this, we need to construct a good physical, psychological, and cultural environment toward
non-motorized modes of transport [58].
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