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Abstract 

 

Voluntary travel behavior change has been increasingly paid attention 

for promoting sustainable transportation. However, in the psychological 

process underlying the foundation of travel behavior change programs, the 

roles of post-intentional volitional phase and its constructs have not been fully 

disclosed; and therefore, this deficiency has prevented volitional strategies 

from further developing. The purpose of this thesis is to clarify how the 

volitional phase of behavior change influences behavioral enactment, and to 

confirm whether soft transport measures targeting volitional constructs could 

lead to travel behavior change. Initially, two mental simulations, “action 

planning” and “coping planning,” were introduced as possible volitional 

determinants of travel behavior. Three empirical studies were then conducted 

surrounding the roles of both planning constructs. The main results indicated 

that (1) the level of car use was influenced by the interaction effect between 

action planning and coping planning; (2) a combined action-plus-coping plan 

intervention increased behavioral intention, both planning constructs, and 

reduced car use, but an action plan alone intervention only increased action 

planning; (3) in the behavior change process, behavioral intention influenced 

implementation intention (characterized by action planning factors), which in 

turn influenced coping planning, which in turn influenced car use reduction 

and pro-environmental mode use increase. These findings will provide insight 

into the understanding of travel behavior change and the development of soft 

transport measures.  

 

Keywords: Mobility management; Personalized travel plans; Behavior change; 

Intention-behavior gap; Action planning; Coping planning; Car use reduction 
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Chapter 1 

 

 

 

 

 Introduction 
 

 

 

 

The greenhouse gas emissions will pose a world-wide threat to natural 

and built environment in the near future if the pursuit of current human 

economic activities and lift-style does not change. Particularly, the 

transportation sector has contributed nearly thirty percent of greenhouse gas 

emissions in economic activities and its share has gradually increased; and 

road transportation itself has accounted for ten percent of total emissions 

(IPCC, 2014). Among the emission sources, excessive private car use has 

become a major cause. Therefore, carbon emissions can be massively reduced 

by car use reduction. For example, yearly carbon dioxide could be reduced by 

588 kg through the reduction of personal car use for 10 minutes each day, 

which is approximately equal to 20 times the reduction through adjusting a 

thermostat by 1 degree over a year (Ohta & Fujii, 2007). Thus, decreasing the 

demand of car use is an effective approach for carbon emission reduction. 

The fact has led land use and transport policies to engage in greenhouse 

gas emission reduction by means of travel demand management, or called 

mobility management. In a regional scope, the planning concepts of compact 

city, mixed land use, transit-oriented development, etc., and economic 

measures such as environmental taxes, have been developed and applied 

(Gärling & Fujii, 2009). In local policy measures, various “push” means such 
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as road pricing, passage restriction, and road lane reduction, and in contrast, 

“pull” means such as public transport frequency increase and facility 

improvement, have also been included in mobility management evaluation 

and implementation (Fujii, 2017; Kim, Fujii, & Lee, 2013). 

However, these “hard measures” have often been impeded by financial 

infeasibility, public opposition, or political concerns (Cools et al., 2011; 

Gärling & Schuitema, 2007; Jones, 2003). Therefore, in addition to aiming at 

infrastructure and regulations, transportation research and practice have been 

increasingly devoted to “soft measures” for voluntarily reducing car use and 

increasing public transport use in recent years (Bamberg, Fujii, Friman, & 

Gärling, 2011). Soft measures do not involve construction of transport 

infrastructure and change in traffic regulations, but influence the psychology 

or guide the behavior of commuters. Therefore, the prerequisite for soft 

measures being effective is to answer, among others, the question: how to 

transform commuters from a daily habit of car use into more sustainable 

modes without resorting to reward and punishment? 

In contrast to the effectiveness of hard measures based on structural 

change in travel time and cost of travelers, soft measures function by changing 

a certain cognitive belief or psychological factor. Thus, an understanding of 

the psychological process of target behavior change is indispensable for 

transport planners dedicated to making soft measures to reduce car use or 

promote public transport use.  

To clarify a psychological process of travel behavior change, the theory 

of planned behavior (TPB) (Ajzen, 1991) can be applied to understand the 

formation of intention (or named behavioral intention) to perform a travel 

behavior. In addition, since the voluntary travel behavior change without 

promoting self-interest belongs to pro-social behavior, the norm activation 

model (NAM) (Schwartz, 1977) has often been used or integrated with the 

TPB to understand how moral obligation is formed and influences intention. 

Thus, these behavioral theories have been employed to identify the 
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motivational determinants of travel behavior, illustrate the psychological 

processes of behavior change, and shed light on the basis of soft measures 

intervening in the processes. 

However, if mapped on a brief classification of human behavior (Fig. 

1-1), which distinguishes between reflective and reactive processes and 

between motivation and volition (Armitage, 2015), the travel behavior studies 

based on the TPB or the NAM with motivational beliefs and reasoned 

mechanisms to date have been abundantly accumulated for the reflective and 

motivational quadrant. However, volitional determinants of travel behavior 

beyond the motivational factors in the mainstream theories are less known. 

This lack has prevented not only travel phenomena from being fully 

understood but also soft transport measures from developing and expanding.  

 

 

Fig. 1-1  A standard model for human behavior (Armitage, 2015) 

 

 

 

 

In light of the above understanding, the main purpose of this research 

was to clarify how the volitional mechanism of travel behavior change 

influences behavioral enactment to provide insight into soft transport 
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measures changing psychological factors in the volitional mechanism and in 

turn changing travel behavior. 

To achieve the purpose, the first step is to identify the possible volitional 

factors that have not been included in the behavioral theories that are currently 

applied in travel behavior research. This task means that a review across 

diverse subdisciplines of psychology is necessary. The fields of health 

psychology, behavioral medicine, education, etc., have developed or applied 

several behavioral enaction models involving volitional mechanisms 

(Armitage & Conner, 2000) to address intention-behavior relations, 

particularly for inclined abstainers who fail to act on their positive intention 

(Orbell & Sheeran, 1998; Sheeran, 2002). In those models or theories, such as 

implementation intention (Gollwitzer, 1999) and the health action process 

approach (HAPA) (Schwarzer, 2008a), the mental simulation of “planning” 

related to situational parameters during action toward target behavior has been 

emphasized as a fundamental volitional component that helps people translate 

intention into action. For reflective behavior of interest, planning has been 

further subdivided into “action planning” and “coping planning” for clarifying 

behavior change processes or developing behavior change interventions (e.g., 

Godinho, Alvarez, Lima, & Schwarzer, 2014; Sanetti, Collier-Meek, Long, 

Kim, & Kratochwill, 2014). 

Therefore, assuming that there is a volitional phase between intention 

formation and action in travel behavior change, and that the change involves 

a reflective process, this research considered action planning and coping 

planning to be possible volitional factors determining, in conjunction with 

intention, travel behavior. Based on the introduction of planning constructs, 

this research, with the main purpose of clarifying the volitional phase of travel 

behavior change and underpinning soft transport measures, had the following 

objectives: 
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(1) To develop the measurement of planning constructs, particularly coping 

planning first applied in the travel behavior field. 

(2) To investigate the influences of action planning and coping planning, and 

the effect of their interaction, on the level of travel mode use. 

(3) To design interventions capable of influencing action planning and 

coping planning to facilitate travel behavior change. 

(4) To propose a behavior change model incorporating planning constructs 

for the volitional phase of travel behavior change. 

(5) To elucidate how behavioral intention to change travel behavior is 

implemented through planning constructs. 

 

 

 

 

This research is organized into seven chapters as shown in Fig. 1-2. 

Following the present chapter, the aim of Chapter 2 is to review mobility 

management methodology, behavioral theories, and related empirical studies. 

Through the review, action planning and coping planning are identified as two 

possible volitional constructs in travel behavior change. Afterward, the 

aforementioned objectives are addressed primarily in Chapter 3 to Chapter 6.  

Chapter 3 develops the measures and scales of behavioral intention to 

reduce car use, action planning on using public transport, and coping planning 

on switching from car use to public transport, as well as the measures of travel 

behavior containing car use and pro-environmental mode use. These measures 

and scales were used in the analysis in Chapter 4 to Chapter 6. 

Chapter 4 initiates a preliminary investigation on the influence of 

planning constructs on the levels of car use and pro-environmental mode use, 

containing main effects of action planning and coping planning, interaction 

effect between the planning constructs, and simple main effects of them. 
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Chapter 5, after understanding that the planning constructs may 

influence travel mode use in Chapter 4, devises the interventions targeting 

action and coping planning enhancement, namely, personalized action plans 

and coping plans. Furthermore, this chapter conducts a randomized social 

experiment, with a pre-test-post-test control design for eliminating extraneous 

influences, to examine the effects of the planning-targeted interventions on 

changes in behavioral intention, action planning, coping planning, and car use. 

Chapter 6, based on the insights gained from previous literature on 

behavior change and from the experiment in Chapter 5 exhibiting that the 

intervention enhancing both planning constructs facilitates behavior change, 

reconsiders a behavior change model incorporating coping planning to extend 

the volitional mechanism. Also, to reflect the contents of, and further to 

account for in the model the effectiveness of, implementation intention, which 

has been applied in behavior change processes in previous literature, this 

chapter categorizes the action planning measures into four factors as the first-

order factors of implementation intention. Then, this chapter uses path 

analysis to estimate the relationships between behavioral intention, 

implementation intention, coping planning, intervention conditions, and 

current and past travel behavior. Thus, in this model, the mediation effects of 

volitional constructs between behavioral intention and behavior change are 

calculated and decomposed, and by what mechanism implementation 

intention influences behavior change is revealed; in addition, behavioral 

intention effect on behavior estimated by the model is compared to that 

reported by a previous model. 

Finally, Chapter 7 summarizes research findings and discusses 

implications for behavioral theory and soft transport policy measures; 

encapsulates the contributions of this research; and presents the limitations of 

this research and recommendations for future work. 
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Fig. 1-2  Thesis structure 
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Chapter 2  

 

 

 Mobility Management, Behavioral Theory 

and Applications 
 

 

 

 

 

 

To control travel demand, particularly for private car use which has 

tremendously increased over the last decades, mobility management has 

extend to diverse aspects including infrastructure promotion, economic and 

land use policies, technology, etc. In addition, psychological aspects have also 

been increasingly paid attention in research and tentative practice. 

Understanding the types and characteristics of mobility management is 

beneficial for identifying what is needed to clarify in the foundation 

underpinning the effectiveness of mobility management measures. Thus, 

mobility management is first discussed in the following review (Section 2.2). 

Furthermore, behavioral theory could underlie the development and 

design of soft measures in mobility management. Therefore, Section 2.3 

reviews influential behavior theories in previous travel behavior research, 

behavioral theories form which travel behavior research may be beneficial, 

and empirical studies applying those theories. 

Finally, Section 2.4 summarizes the review, and draws the guidance 

from it for moving travel behavior research forward and for investigation in 

the present research. 
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Derived from the pursuit of desired lifestyle in modern industrialized 

societies, excessive and freewheeling motor car use has become a threat to 

ecosystems and human environment. In response to this issue, diverse 

mobility management schemes for controlling and reducing the demand of car 

use, or mitigating the carbon emissions of motor car have been developed.  

Mobility management traditionally aims to reduce car use by road 

pricing, traffic restriction, and reduced public transport fares. Nevertheless, 

only appealing to these “hard measures” (or called structural strategies), which 

change regulations or facilities, may not be effective in reducing car use. It 

has been indicated that hard measures are often impeded by financial 

infeasibility, public opposition, or political consideration (Cools et al., 2011; 

Gärling & Schuitema, 2007; Jones, 2003). In addition, some of hard measures 

may probably have several side effects, for example, caused by undermined 

intrinsic motivation (Fujii, 2017). Therefore, in recent years, interest from 

transportation field has much increased in “soft measures” (or called 

psychological and behavioral strategies), which include information provision 

and persuasive communication belonging to intrinsic, non-coercive methods 

to make people voluntarily change their behavior (Fujii & Taniguchi, 2006). 

In the past decade, soft transport measures in general have been proved 

effective in voluntary travel behavior change in Japan, Australia, Germany, 

the UK, and several other European countries (Cairns et al., 2008; Friman, 

Larhult, & Gärling, 2013; Fujii & Taniguchi, 2006; Meloni, Sanjust di 

Teulada, & Spissu, 2016; Moser & Bamberg, 2008).  

In practice and research, the frequently implemented and discussed 

mobility management measures in urban areas are organized in Table 2-1 

(Fujii, 2017; Gärling & Fujii, 2009). 
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Table 2-1  Mobility management measures (adapted from Fujii, 2017; 

Gärling & Fujii, 2009) 
Mobility management measure Examples 

Hard measure 

(Structural 

strategy) 

Physical change 

measures 

Land use planning to encourage shorter travel time 

Technical change to make cars more energy-efficient 

Improving public transport 

Improving infrastructure for walking and cycling 

Park and ride schemes 

Legal policies Prohibiting car traffic in city centers 

Parking control 

Decreasing speed limits 

Economic 

policies 

Taxation of cars and fuel 

Road or congestion pricing 

Kilometer charging 

Decreasing costs for public transport 

Soft measure 

(Psychological 

and behavioral 

strategy) 

Objective 

information 

method 

Public transport information provision 

Travel time cognition correction 

Experience 

facilitation 

method 

Temporary transport system change in fare or 

frequency 

Communication 

method 

Request for pro-environmental travel behavior (PTB) 

Advice on PTB 

Feedback on positive consequences of PTB 

Feedback on negative consequences of car use behavior 

Travel goal setting feedback 

Personalized travel plans 

 

However, it is worth noting that soft measures may not be useful if 

commuters are objectively captive to car use resulting from the lack of public 

transport systems, for example, in a low-density urban structure (Acharya & 

Morichi, 2007). Meanwhile, hard measures may not operate if the information 

of public transport systems cannot be accessed and correctly recognized, or 

the pro-environmental awareness behind a policy cannot be realized by 

commuters; these tasks could be achieved by, e.g., information provision or 

verbal communication in soft measures (Fujii, 2017). Therefore, it is a 

fundamental basis, for mobility management that facilitates people’s 

cooperation for solving a social dilemma like excessive car use, to understand 

that hard measures changing environmental factors and soft measures 

influencing psychological factors complement each other (Fig. 2-1) (Fujii, 

2017). 
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Fig. 2-1  Structural and psychological strategies jointly triggering 

cooperative behavior (adapted from Fujii, 2017) 

(Note: the two terms of hard measure and structural strategy; and the two terms of soft 

measure and psychological strategy, are at times interchangeably used) 

 

As displayed in Fig. 2-1, hard measures operate through changing 

external environmental factors. Thus, after perceiving the changed factors, the 

utility of alternatives in decision-making frame of travelers based on travel 

time or/and cost then changes. Travel behavior may in turn change. In this 

process, hard measures could manipulate travel time or cost to predict 

modified behavior or to achieve desirable outcome. In contrast, for evaluating 

and implementing soft measures, it is necessary to identify what psychological 

factors should be targeted, and to clarify the psychological process of behavior 

change to understand the effect of changing targeted psychological factors on 

behavior. Therefore, the important behavioral theories that may relate to travel 

behavior change and may shed light on travel behavior research, and relevant 

applications are discussed in the following sections. 

 

 

 

 

 

The theory of planned behavior (TPB) (Ajzen, 1991) aims to explain 

how intention to act (or named behavioral intention), regarded as the 

immediate antecedent of behavior, is formed. This theory is an extension of 
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the theory of reasoned action (TRA) (Fishbein & Ajzen, 1975), based on 

attitudinal and normative constructs, incorporating perceived behavioral 

control as an additional determinant of intention (Fig. 2-2). Under the 

circumstances in which people realized that they are capable of performing 

target behavior, the construct of perceived behavioral control is irrelevant and 

thus the TPB can reduce to the TRA. In contrast, when people have no 

sufficient control over a behavior, high perceived behavioral control is 

conducive to intention. 

 

 

Fig. 2-2  Theory of planned behavior of Ajzen (1991) 

 

In the TPB, intention is hypothesized to fully mediate the effects of 

attitude and subjective norm, and fully or partially mediate the effect of 

perceived behavioral control on behavior. Moreover, all background 

influences, such as individual, social, and information factors, are assumed to 

be included in the three beliefs respectively forming attitude toward the 

behavior, subjective norm, and perceived behavioral control. Consequently, 

intention is the only proximal determinant of behavior in some cases (when 

perceived behavioral control does not moderate between intention and 

behavior). As a general theory with these assertions for all behaviors, 

including travel behavior, in recent years the TPB has given rise to dispute and 

disagreement over its predictive validity and practical utility for behavior 

change (see Head & Noar, 2014; Ogden, 2015; Rhodes, 2015; Sniehotta, 
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Presseau, & Araujo-Soares, 2014; Sniehotta, Presseau, & Araújo-Soares, 

2015; Trafimow, 2015). The TPB has also been open to extension (Fishbein 

& Ajzen, 2010), on the basis of it, for a specific target behavior, e.g., in need 

of volitional rather than motivational facilitation, or for behavior under 

specific circumstances such as a split-second decision based on a reactive 

process rather than a reflective one (Armitage, 2015; Conner, 2015; 

Gollwitzer & Oettingen, 2015). 

In earlier travel behavior research, the TRA/TPB has impacted the 

formation of travel behavior theories. For example, Koppelman and Lyon 

(1981) introduced attitude and divided it into perceptions of and feelings 

toward travel modes as the factors influencing mode choice. However, it has 

also been suggested that the TPB is not sufficient for travel behavior and the  

mechanisms and processes beyond the measured constructs in the TPB ought 

to be additionally considered (e.g., Gärling, Gillholm, & Gärling, 1998). 

 

 

When it comes to pro-social or pro-environmental behavior, such as 

voluntary car use reduction, the TPB cannot fully elucidate, for example, the 

process in which people still is likely to perform pro-social behavior without 

strong social pressure represented by subjective norm in the TPB. 

In contrast, the norm activation model (NAM) (Schwartz, 1977; 

Schwartz & Howard, 1981) can be applied to explain how moral obligation is 

activated and determines intention to perform pro-social behavior and its 

performance. This model contains the three constructs of consequence 

(problem) awareness, perceived responsibility, and personal norm which is 

moral obligation to perform or refrain from specific actions. Among these 

constructs, perceived responsibility for a behavior causing harm to society or 

other people may trigger the formation of personal norm, in turn triggering 

pro-social intention and behavior. In addition, the fact that the harm will be 

caused is informed by awareness of consequences. Thus, the formation of 
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problem awareness has been viewed as a prerequisite to triggering operative 

behaviors (Fujii, 2017). The above interpretation of these constructs is to use 

the NAM as a mediator model (Fig. 2-3). Another interpretation, called a 

moderator model, is to regard problem awareness and perceived responsibility 

as two moderators between the relationship between personal norm and the 

formation of pro-social intention and behavior (Fig. 2-3). The mediator model 

has been found to be more fit for explaining morality and pro-social behavior 

(De Groot & Steg, 2009). 

 

 

Fig. 2-3  Norm activation model of Schwartz (1977; Schwartz & Howard, 

1981) and two interpretations 

 

Applying the NAM was considered to be better than the TPB in 

explaining car use reduction in some literature (e.g., Bamberg et al., 2011). 

Such a perspective may consider that while car use behavior largely relies on 

pros and cons of car usage, it is also probably strongly determined by pro-

social motives (Nordlund & Garvill, 2003). Therefore, there have been 

numerous empirical travel studies based on the norm-activation model, for 

example, Zhang et al. (2016) predicting public transport usage, Cools et al. 

(2011) exploring multiple travel adaptations, Haustein et al. (2009) 

additionally incorporating socialization constructs to predict car use, and Kim 

et al. (2013) positioning problem awareness to precede the attitude-intention-

behavior relation to predict car use reduction. Nevertheless, these and other 
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relevant research treated behavioral intention as the most proximal predictor 

or one of the most proximal predictors of behavior. That is, no mediator was 

introduced between behavioral intention and behavior. Thus, the intention-

behavior gap, which involves that people fail to act on their intentions, was 

not addressed. In Section 2.3.4, there is further discussion on the issue of the 

intention-behavior gap. 

 

 

Following the perspective that the NAM better explains the pro-

environmental behavior, the NAM constructs have been integrated into the 

TPB to form a joint theory (Bamberg & Möser, 2007). It could be applied to 

the behavior also influenced by moral obligation, such as public transport use 

(Bamberg, Hunecke, & Blobaum, 2007). In this theory, the formation of 

personal norm, in addition to being influenced by the other NAM constructs, 

is in part influenced by social norm, which informs people of whether a 

behavior is normal (namely, performed by a majority of others) to help them 

make decision in uncertainty. Thus, social norm here as an informational 

social influence is not equal to the TPB’s subjective norm as a normative 

social influence caused by perceived expectations of significant others. Then, 

personal norm in turn determines behavioral intention together with attitude 

and perceived behavioral control (Fig. 2-4). 
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Fig. 2-4  A joint theory combing TPB and NAM constructs with meta-

analytical pooled correlations (Bamberg et al., 2011; Bamberg & Möser, 2007) 

 

 

With the TPB or/and the NAM, the volitional phase of behavior change, 

in contrast to the motivational phase to which such theories have paid much 

attention, cannot be addressed. However, it has often been found in many 

cases that high proportion of people with a particular intention failed to act on 

their intention (ranging between 26% and 57%: Gallois et al., 1992; Orbell & 

Sheeran, 1998; Sheeran & Orbell, 2000a; Sheeran & Orbell, 2000b; Stanton 

et al., 1996; Sutton, Bickler, Sanchoaldridge, & Saidi, 1994), and that 

intention explained a low variance in behavior (Bamberg & Möser, 2007; 

Sheeran, 2002) or no variance (Cools et al., 2011). 

These situations could be labeled as the “intention-behavior gap,” 

consisting of two types: “inclined abstainer” and “disinclined actor,” in 

contrast to “inclined actor” and “disinclined abstainer” with intention-

behavior consistency (Orbell & Sheeran, 1998; Sheeran, 2002). The intention-

behavior relationship could be briefly illustrated as in Fig. 2-5. The disinclined 

actor, in spite of being a desirable outcome, cannot be captured by the models 

based on behavioral intention as the proximal predictor of behavior, such as 

the TPB or the integration of the TPB and the NAM. Moreover, the other type 
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with the intention-behavior gap, inclined abstainer, not only cannot be 

explained by the models, but also lead to an undesirable consequence. Thus, 

if the volitional phase of behavior change is not clarified to underlie volitional 

intervention facilitating intention-behavior consistency, the gap may prevent 

motivational intervention alone from changing behavior. In particular, it is a 

pressing issue for behavior change theory and practice to explain and address 

the problem of inclined abstainer. 

 

 

Fig. 2-5  Decomposition of intention-behavior relationship  

 

 

Aiming at the deficiency of volitional mechanisms in dominant 

behavioral theories, self-regulation theories (Karoly, 1993) have been applied 

to increase intention-behavior consistency. One important self-regulatory 

construct is implementation intention, which translates a goal into action by a 

mental link between specified situational cues and goal-directed responses in 

the form of “if—then.” Namely, if a situation specified in advance arises, then 

a subject will make a response linked to the situation (Gollwitzer, 1999). 

The transportation field has introduced the construct of implementation 

intention, and supported it as a more proximal determinant of behavior than 

behavioral intention in the psychological processes of travel behavior, for 
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example, the processes of the formation of public transport use (Bamberg, 

2013b), car use reduction (Taniguchi & Fujii, 2007), and bicycle parking 

behavior modification (Fujii, 2005). Among these studies, in particular, 

Bamberg (2013b) integrated implementation intention with goal intention and 

other goal-related cognitions to form a goal-directed behavior process, and 

meanwhile incorporated them into the joint theory based on the TPB and the 

NAM (Bamberg & Möser, 2007); an applied case of travel mode use 

(Bamberg, 2013b) is shown in Fig. 2-6. This integrated model attempts to 

elucidate a self-regulated behavioral change through four sequential stages: 

pre-decision terminated by forming goal intention, pre-action by forming 

behavioral intention, action by forming implementation intention, and post-

action by initiating behavior (Bamberg, 2013b). This model may represent that 

the understanding of motivational mechanisms in behavior change processes 

has advanced from the knowledge gained from the TRA/TPB. 

However, even though such a refined model based on previous theories 

has been applied to travel behavior, how volitional phase and its factors 

influence travel behavior has not been sufficiently revealed. The inadequacy 

of applying the self-regulated model is that implementation intention as the 

sole volitional construct was considered responsible for the whole volitional 

mechanism. 
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Fig. 2-6  Self-regulated behavior change model with estimated coefficients 

for travel mode use (Bamberg, 2013b) 

 

 

Aside from implementation intention, another possible volitional factor 

influencing behavior is planning. The formation of planning, as a mental 

simulation of behavioral enactment, could reduce the uncertainty of 

implementing an intention. Thus, planning might explain how behavioral 

intentions are put into practice (Gärling & Fujii, 2002). The construct of 

planning has also been used to address the intention-behavior relation, for 

example, by treating it as the mediator in the relation and thereby increasing 

the explained variance in behavior (Sniehotta, Scholz, & Schwarzer, 2005). 

In a similar vein but more extended, the health action process approach 

(HAPA) (Schwarzer, 2008a) has provided a theoretical framework (Fig. 2-7) 

that accommodates motivational and volitional phases of behavior change, in 

which the volitional phase incorporates not only self-efficacies (Bandura, 

1997) as explanatory variables, but planning as the mediator between intention 

to act and action initiative, maintenance, and recovery. The planning factor 

could be subdivided into two separate constructs involving mental simulation: 

action planning and coping planning. This distinction between both planning 

cognitions has been psychometrically identified (Sniehotta, Schwarzer, 
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Scholz, & Schuz, 2005). The definitions and functions of, and further possible 

relation between action planning and coping planning are discussed below. 

 

Fig. 2-7  Theoretical framework of the HAPA (Schwarzer, 2008a)  

 

(1) Action planning 

Action planning as one mental simulation is similar to implementation 

intention, but has been applied in facilitating a more deliberate behavior, 

distinguished from implementation intention in a more automatic one (Hagger 

& Luszczynska, 2014). Specifically, action planning refers to situational 

parameters (“when” and “where”) and a sequence of actions toward target 

behavior (“how”). When these elements are explicitly specified by a person 

who has not yet formed a behavioral habit, the intention of actions is not easily 

ignored or dismissed, and thereby the likelihood and speed of behavioral 

enactment may be increased (Gollwitzer & Sheeran, 2006; Schwarzer, 2008a). 

 

(2) Coping planning 

Even if action planning could help people in implementing their 

intentions, the execution of the mental simulation of action planning is still 

probably impeded by diverse barriers resulting from habitual responses, 

competing intentions, and actual demands (Sniehotta, Schwarzer, et al., 2005). 
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Thus, in addition to action planning as a task-facilitating mechanism, 

behavioral enactment may also rely on other volitional mechanisms, such as 

coping planning which is a barrier-focused mental simulation. Coping 

planning involves a cognitive link between “anticipation of barriers” and 

“strategy for overcoming barriers.” The former anticipation is to foresee the 

scenarios that obstacle actions toward target behavior. The latter strategy is in 

turn to develop ideas for overcoming the scenarios (Schwarzer, 2008a; 

Schwarzer, Lippke, & Luszczynska, 2011). People who have strong coping 

planning may foresee potential barriers to behavior change, and thereby have 

the opportunity to prevent the barriers from emerging or to develop the ideas 

for overcoming the barriers in advance of their emergence (Schwarzer, 2008a). 

Thus, coping planning could protect intention from potential barriers to 

initiating action or breaking an undesirable habit (Sniehotta, Schwarzer, et al., 

2005). 

 

(3) Conjunction of action planning and coping planning 

Imagining potential barriers and then generating coping ideas may 

proceed only after contemplating situational parameters of actions and how to 

act (Schwarzer, 2008a). This sequence suggests that coping planning may 

make action planning adjustable and flexible, or otherwise increase its 

feasibility, and thereby more probably lead to behavior change. In addition, 

the two planning cognitions may function differently in behavior change: 

action planning plays an important role in action initiative, whereas in the 

maintenance of behavior requiring a sequence of actions, coping planning may 

be more influential (Sniehotta, Scholz, & Schwarzer, 2006; Ziegelmann, 

Lippke, & Schwarzer, 2006). Empirical studies in diverse fields, such as health 

promotion (Guillaumie, Godin, Manderscheid, Spitz, & Muller, 2012), 

behavioral medicine (Ghisi, Grace, Thomas, & Oh, 2015), and education 

(Sanetti et al., 2014), have provided evidence that the intervention targeting 

action and coping planning could facilitate behavior change. 



22 

 

Even though action and coping planning have been paid much attention 

in behavior change research in diverse sub-disciplines of psychology, to date 

there is little systematic discussion and application of action and coping 

planning for travel behavior change. Particularly, the role of coping planning 

and its associations with other psychological factors in travel behavior have 

not been disclosed. This deficiency may prevent soft measures aimed at 

enhancing volitional factors from further development and extension. 

 

(4) Association of planning with motivation 

Although the HAPA exhibits the feature of a stage model, the potential 

looped relationship between motivational and volitional phases have also been 

implied by empirical studies. For example, the extent to which people think 

about a desired future and contrast it with the present reality (which could be 

regarded as the components of and the prerequisites for planning) influences 

whether perceived behavioral control is effective in strengthening their 

behavioral intentions (Gollwitzer & Oettingen, 2015). In addition, either 

action planning or coping planning had an interaction effect with perceived 

behavioral control on health behavior (Pakpour & Sniehotta, 2012). 

Therefore, planning might play, aside from the mediator between behavioral 

intention and behavior for a volitional phase, the moderator between perceived 

behavioral control and behavioral intention (which in turn influences 

behavior) for a motivational phase. 

Since in the transportation field planning constructs, particularly for 

coping planning, are less discussed, the present research focused on the 

volitional phase of travel behavior change. However, it is still worth noting 

the association of planning with motivation when a study attempts to build a 

behavior change model with a complete psychological process. 
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Mobility management schemes have been widely used to reduce car use 

by road pricing, traffic restriction, and reduced public transport fares. 

Nevertheless, only appealing to these “hard measures,” which change 

regulations or facilities, may not be effective in reducing car use. Hard 

measures are often impeded by public opposition, political consideration, or 

financial infeasibility. Therefore, in recent years, interest from transportation 

field has much increased in “soft measures,” which include information 

provision and persuasive communication belonging to intrinsic, non-coercive 

methods to make people voluntarily change their behavior. 

 

 

In soft measures for behavior change, there are two types of strategies 

with different natures based on distinct psychological processes: initial 

motivational stage and subsequent volitional stage. Thus, soft measures could 

be divided into “motivational strategy” and “volitional strategy” (Kuhl & 

Fuhrmann, 1998; Schmitz & Wiese, 2006). In the transportation field, while 

motivational strategies (e.g. travel awareness campaign) are applied earlier 

and wider than volitional strategies (e.g. workplace travel plan formulation), 

the volitional ones have been gradually increasing in recent years (Cairns et 

al., 2008; Fujii & Taniguchi, 2006). 

Motivational strategies are applied to activating individual consequence 

awareness, responsibility, morality, etc. (the NAM constructs), or in 

conjunction with changing individual attitude toward behavior, perceived 

social pressure, etc. (the TPB constructs). The positive facilitation of these 

motivational factors could strengthen the intention of reducing car use 

(Bamberg, 2013b; Bamberg & Möser, 2007; Cools et al., 2011; Haustein et 

al., 2009).  
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In contrast, the volitional factors that impact on travel behavior change, 

and the mechanism how the factors trigger the change, have been paid little 

attention in soft measure development and effectiveness evaluation. In the 

process of travel behavior change, only implementation intention is identified 

as the foundation of volitional strategies. Compared to motivational strategies, 

the development of volitional ones for travel behavior change relatively lacks 

a sound theoretical basis. 

However, in addition to motivational strategies, volitional strategies 

appear indispensable for travel behavior change. The importance of volitional 

strategies and their underlying mechanisms is because the intention-behavior 

gap has often been found. The gap may be caused by, for example, lacking an 

action specification, unforeseen barriers emerging during action toward target 

behavior, or falling into temptation or habitual behavior, despite a formed 

intention to achieve a desired state (Schwarzer, 2008a). Thus, to stride over 

these hindrances in the post-intentional volitional phase, more proximal 

determinants of behavior, than intention, should be identified. Based on the 

identified volitional factors, volitional strategies for improving those factors 

may help people translate their intentions into behavior, that is, bridge the 

intention-behavior gap. Therefore, it is time to reconsider soft transport policy 

measures to supplement the insufficiency of volitional mechanisms and 

strategies. 

 

 

Among the psychological factors in the volitional phase of behavior 

change, the mental simulations of action planning and coping planning may 

be two key factors that bridge the intention-behavior gap. 

Action planning involves the specific situational parameters (“when” 

and “where”) and a sequence of actions toward target behavior (“how”). 

Action planning could increase the performance likelihood and speed of 

required actions toward target behavior because the actions would be more 
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automatically elicited and a formed intention would not be easily ignored or 

dismissed if people know or can inform themselves of when, where and how 

to act. Action planning techniques have applied to reducing car use (Bamberg, 

2013a; Fujii & Taniguchi, 2005), and have displayed a greater effectiveness 

than motivational strategy in some cases (e.g. Fujii & Taniguchi (2005)). 

Coping planning is another post-intentional mental simulation which 

involves both “anticipation of barriers” and “strategy for overcoming 

barriers.” The former is imagining scenarios that obstacle actions toward 

target behavior, and the latter is developing plans for overcoming the scenarios 

in advance. For example: “If the shop I like to go is too far from a metro 

station, I will find another similar shop near the station instead.” In general, 

coping planning is formed after contemplating situational parameters and 

action methods. Thus, the formation of coping planning not merely 

accompanies action planning, but makes it practicable or modifiable. For this 

reason, a strategy based on coping planning in conjunction with action 

planning has been recently increasingly used to promote behavior change in 

some fields including health psychology (Evans, Kawabata, & Thomas, 2015; 

Gaston & Prapavessis, 2014; Guillaumie et al., 2012; Guillaumie, Godin, 

Manderscheid, Spitz, & Muller, 2013; Koring et al., 2012; Kreausukon, 

Gellert, Lippke, & Schwarzer, 2012; Lhakhang, Godinho, Knoll, & 

Schwarzer, 2014; Wiedemann, Lippke, Reuter, Ziegelmann, & Schwarzer, 

2011; Y. Zhang & Cooke, 2012), behavioral medicine (Ghisi et al., 2015; 

Lourenco, Rodrigues, Spana, Gallani, & Cornelio, 2012), hygiene (Bearth, 

Cousin, & Siegrist, 2014; Mosler, 2012; Zhou, Jiang, Knoll, & Schwarzer, 

2015), and education (Sanetti et al., 2014). 

In the transportation field, however, so far there is little discussion and 

application of coping planning for travel behavior change. Hence, the role of 

coping planning in travel behavior change, namely, its relationships with other 

psychological factors (e.g., action planning) and target behavior, as well as the 
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effectiveness of soft measures based on coping planning, have not been 

sufficiently explored. 

 

 

Therefore, the present research included the two possible volitional 

determinants, action planning and coping planning, into travel behavior, in 

order to improve the understanding of the volitional phase of travel behavior 

change and the development of soft transport measures for reducing car use. 

Therefore, the measures and scales of the factors in the volitional phase, 

including action planning and coping planning for travel behavior change, are 

proposed in the next chapter. Then, a range of studies surrounding the 

influence of action and coping planning, the design and effect of planning-

targeted interventions, and behavior change processes incorporating planning, 

are presented in Chapter 4 to Chapter 6. 
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Chapter 3  

 

 

 Measures and Scales of Constructs 
 

 

 

 

 

 

To adapt action planning and coping planning to travel behavior, the 

domain-specific measures of planning were developed. Particularly for coping 

planning, because of first introducing coping planning into the travel behavior 

domain, this chapter inspects previous measurement methods and proposes a 

new method for the measures of coping planning. 

In addition to planning constructs, the adoption of the measures and 

scales of behavioral intention, and the measures of travel behavior, is 

described below. Although behavioral intention reflected the motivation for 

performing behavior, its formation has been regarded as representing the 

transition from a motivational phase to a volitional phase (Schuz, Sniehotta, 

Mallach, Wiedemann, & Schwarzer, 2009; Schwarzer, 2008a). Therefore, an 

investigation on a volitional phase of behavior change should include 

behavioral intention to address its associations with volitional factors and 

behavior, namely, to address the intention-behavior relation. 

These measures and scales are used to assess the analyzed variables of 

the following studies in Chapter 4 to Chapter 6. Moreover, in Chapter 6, the 

measures of action planning are further employed in a confirmatory factor 

model measuring implementation intention. 
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Behavioral intention (or called intention) is the subjective probability 

that a person will engage in a given behavior, or the indication of a person’s 

readiness to perform it, represented in the form of “I intent to [behavior]” 

(Ajzen, 1991). Thus, the measures of intention to reduce car use adopted a 7-

point scale ranging from 1 (strongly disagree) to 7 (strongly agree) by the 

following four statements: “I intend to reduce car use frequency,” “I intend to 

reduce car use time,” “I think over how to reduce car use as far as possible,” 

and “I intend to make an effort to reduce car use.” 

 

 

 

 

To measure action planning on where, when, and how to commute by 

public transport replacing car trips, the measures were primarily intended to 

indicate to what extent people inform themselves of required travel 

information for travel behavior change (Bamberg, 2013b). Therefore, the 

statements of change scenarios and their own following questions, pertaining 

to each of using train, metro, bus, and walking, were shown to participants. 

Specifically, participants initially received one of the scenario statements 

“Assuming that you are planning to use M (train/metro/bus/walking) in some 

trips instead of your car, do you know…” Each statement was afterward 

followed by a configuration of the following questions: (a) “how to search 

schedule,” (b) “how to check required travel time,” (c) “how to check station 

locations,” and (d) “how to transfer to other lines.” These questions were rated 

from 1 (no, not at all) to 7 (yes, exactly). The configuration of questions for 

each mode was not identical, allowing for different features and conditions of 

modes in the research area. Hence, the M (train) contained the questions (a) to 
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(c), the M (metro/bus) all the questions, and the M (walking) only question 

(b). 

 

 

 

 

The majority of coping planning measurement in previous studies have 

often followed Sniehotta et al. (2005) and Schwarzer, Lippke, and 

Luszczynska (2011), in which an important common basis for its measurement 

was developed. However, when the measurement method was directly 

followed without a case-tailored transformation, the generalized items in the 

method would be applied to measure coping planning on particular barriers. 

Such an item assessing to what extent it is true for a subject to have made a 

detailed plan regarding, for example, “what to do in difficult situations in order 

to act according to my intentions,” or “how to cope with possible setbacks,” 

has been adopted to measure coping planning on the barriers in a particular 

target behavior (e.g. Gaston & Prapavessis, 2014; Pakpour & Sniehotta, 

2012). 

Thus, there are two issues that may arise when measuring coping 

planning in the above way. (1) For one thing, a generalized item without 

specifying a specific barrier situation may lead subjects not to think of their 

barrier in action and corresponding coping plans. Some studies have 

considered this issue to make the measure of coping planning case-tailored 

(e.g. Zhou et al., 2015). (2) For another thing, only rating “having made a 

detailed plan” (coping plan) may neglect that coping planning on dealing with 

barriers in practice also depends on to what degree a situation constitutes a 

barrier for a subject. Because a situation may cause different degrees of barrier 

for different subjects, coping planning could not be accurately reflected by 

only measuring the extent of coping plans from different baselines of 



30 

constituted barriers. For example, one for whom a situation hardly constitutes 

a barrier may not need to develop coping plans in response to the situation; 

and similarly for the opposite case in which highly detailed plans may be 

derived from facing a large barrier. However, to date there appears to be no 

study addressing this issue when measuring coping planning. 

Considering both the issues of coping planning measurement, therefore, 

in addition to specifying specific barrier situations for the first issue, this 

research proposed a new combined measurement in the ratio form of 

“perceived easiness in overcoming potential barrier” to “perceived level of 

potential barrier” for the second issue. The denominator term was to reflect to 

what degree a situation (potential barrier) constituted an influential barrier for 

an individual, and based on the barrier degree, the numerator term was to 

reflect the extent of coping plans that have been made on the barrier. Thus, 

coping planning on a given potential barrier 𝑝𝑏, labeled as 𝐶𝑃𝑝𝑏, could be 

represented as: 

 

𝐶𝑃𝑝𝑏 =
(perceived easiness in overcoming 𝑝𝑏)

(perceived level of 𝑝𝑏)
              (3-1) 

 

Specifically, in this research, six potential barriers to switching from car 

use to public transport were given. The potential barriers contained 

“inflexibility of departure time,” “longer commuting time,” “difficulty of 

reaching the places not near a station,” “weather interference,” “un-freedom 

of doing other errands on the way,” and “inconvenience of carrying things” 

(Thomas, 2014; Y. Zhang, Stopher, & Halling, 2013). Regarding coping 

planning on each potential barrier, initially one question “When you use public 

transport, (the detailed statement of the potential barrier). Could (the potential 

barrier) be a barrier if you switch from car use to public transport?” was rated 

from 1 (no, not at all) to 7 (yes, largely) for the term “perceived level of pb.” 

Following this question, the other one “Is it easy for you to overcome (the 
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potential barrier)?” was rated from 1 (very difficult) to 7 (very easy) for the 

term “perceived easiness in overcoming pb.” 

 

 

 

 

 

Concerning car use, car use frequency and car use duration were 

separately self-reported for each day of the previous week. However, because 

the investigated travel behavior was not bound to a designated trip from a 

fixed origin district to a fixed destination, there were necessarily different total 

trip frequency and duration over a certain time period between commuters, 

and even between time periods for the same commuter. To eliminate the 

influence of total trips on the evaluation of car use dependence and its 

reduction (i.e., for the same degree of car use dependence, however, the more 

total trips, the more car use), therefore, the car use frequency and the car use 

duration were respectively divided by the total trip frequency and the total trip 

duration for each participant. The two indicators, car use frequency share and 

car use duration share, were obtained. The indicators can further reflect 

proportional reduction in car use compared with all transport modes, but 

cannot be completely equated with car use reduction. In this research, 

however, compared to absolute frequency and duration with total trip 

influence, car use frequency share and duration share may be more 

comparable between commuters and between time periods, and thus were 

used to represent the concept of car use dependence, and further its reduction. 

 

 

Similar to the measurement of car use, pro-environmental mode use was 

measured by the aggregates of the use frequency share and the use duration 

share from train, metro, bus, public bicycle, private bicycle, and walking. 
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Chapter 4  

 

 

 Influence of Planning Constructs and Their 

Interaction on Travel Behavior 
 

 

 

 

 

 

After finding the two possible volitional constructs, action planning and 

coping planning, in behavior change processes through the review in Chapter 

2 across psychological subdisciplines, and developing their measures and 

scales in Chapter 3, this research initiated an investigation on the influence of 

action planning and coping planning on travel behavior. The investigated 

influence included the interaction effect between action planning and coping 

planning on travel behavior, because whether planning constructs interact with 

each other fundamentally determines how planning constructs should be used 

to predict and change travel behavior. Thus, in addition to main effects of 

action planning and coping planning, their interaction effect and simple main 

effects on car use and pro-environmental mode use are analyzed in this 

chapter. 

The analyzed data were collected from the citizens in the research area, 

Taipei City, Taiwan. Not merely in this chapter, but also in Chapter 5 and 

Chapter 6, Taipei City is treated as the research area. Therefore, its road traffic 

situation, public transport system, and the need for soft measures are discussed 

in the first following section. 

 



33 

 

 

 

For the purpose of investigating the influence of action planning and 

coping planning on car use and public transport use, Taipei City, Taiwan, in 

which there are both a complete network of public transport and a heavy road 

traffic congestion, was selected as the research area. Taipei City has a 

population of 2.6 million, and covers an area of 272 km2, with the highest 

population density in Taiwan. Its intra-city public transport service, which is 

the best complete one in Taiwan, consists of train, metro, bus, and public 

bicycle systems. The relevant information about the public transport systems 

is listed in Table 4-1. The service of public transport from short to middle-

short distance in Taipei City avoids a situation where commuters are captive 

to car use. If commuters were captive to car use caused by environmental 

factors such as, lacking public transport service for daily commuting, soft 

transport policy has little capacity to intervene to reduce car use. Therefore, 

the relatively complete public transport system is one reason why this city was 

selected as the research area. 

 

Table 4-1  Basic information of public transport system in Taipei City 

 
Number 

of lines 

Number of 

stations/ 

stops 

Service area 

per station on 

average (km2) 

Service population 

per station on average 

(thousand persons) 

Train 1 3 90.67 866.7 

Metro 6 86 3.16 30.2 

Bus 310 3257 0.08 0.8 

Public bicycle ─ 278 0.98 9.4 

Note: There have been around 12,000 public bicycles in total as of Nov. 2016, and they are 

continuously being increased. This figure, and the numbers about lines and stations in the table 

were calculated from the information published on the websites of Department of 

Transportation, Taipei City Government. 
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The other reason is that despite providing convenient public transport 

service, the road congestion in Taipei is still severe and worth improving. Its 

road congestion level, according to the extra travel time in overall in a non-

free flow situation compared to a free flow one (38%), is ranked 19th 

worldwide (TOMTOM, 2016). In addition, the extra travel time during peak 

hours compared to an hour during a free flow situation is 39 minutes per day 

on average. Thus, the government has recently implemented some of 

measures for improving the road congestion. In terms of hard measures, it 

mainly includes extending the lines of metro, enlarging the bus service area, 

adding the stations and numbers of public bicycles, and discounting the fare 

for transferring from bus to metro and vice versa. As to soft measures, 

however, the government has concerned it much less, only strengthening 

information provision such as introducing a mobile device application of 

public bicycle station location and remaining number. This implies that there 

is no sufficient soft transport policy to guide commuters to reduce car use or 

to shift to public transport. There is still 42% of residents relying on private 

modes as major means for their daily intra-city commuting (Ministry of 

Transportation and Communications of Taiwan, 2016). Considering both this 

reliance on car and the potency of public transport, it is suggested that the soft 

transport policy for motivation activation and volitional planning, the latter of 

which is the focus of this research, to reduce car use is obviously not enough 

in Taipei City. 

According to the above two reasons (1) that the potency of public 

transport in Taipei City indicates that its commuters have options other than 

private travel modes, and (2) that this city needs more soft transport policy for 

solving the road congestion, this research selected Taipei City as the research 

area to investigate the roles of action planning and coping planning on car use 

and public transport use. The result of this research could be applied to 

improving the mobility management of this city. 
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Two hundred and thirty-two citizens in Taipei City, Taiwan, were 

recruited as the internet questionnaire respondents through a filtering survey. 

The filtering survey was to select the respondents with the following 

conditions: living in Taipei City, owning a car driving license, having access 

to a car (including one owned by friends or family), and not working as a 

driver.  

The characteristics of respondents are shown in Table 4-2. In terms of 

demographic characteristics (age, gender, monthly income, and employment 

status), the diversity of respondents on the whole were displayed, and 

therefore, centering on a particular demographic group, such as student or 

specific age samples, seems to be avoided in sampling. Furthermore, the 

travel-related characteristics (most frequently used mode and main trip travel 

time) of respondents are also shown in Table 4-2. 

The most frequently used mode demonstrated that the respondents 

relied on a car more than any pro-environmental modes for their intra-city 

commuting trips. Thus, aside from public transport construction which has 

been largely concentrated (see Section 4.2), Taipei City is in urgent need of 

soft car-use reduction measures. 
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Table 4-2  Respondent characteristics 

Characteristic Percent of respondents (N = 232) 

Age  

Below 19 1.3% 

20-29 31.9% 

30-39 37.9% 

40-49 22.0% 

50-59 5.6% 

Above 60 1.3% 

Gender  

Male 56.0% 

Female 44.0% 

Monthly income (USD)  

Less than $300 6.5% 

$300-$749 14.2% 

$750-$1,499 44.0% 

$1,500-$2,299 23.7% 

$2,300-$2,999 8.2% 

Above $3,000 3.4% 

Employment status  

Employed at workplace 72.8% 

Employed at home 5.6% 

Self-employed at workplace 5.6% 

Self-employed at home 1.3% 

Student 10.8% 

Homemaker 2.6% 

Non-working & none of above 1.3% 

Most frequently used mode  

Car 31.9% 

Scooter 35.8% 

Train 0.9% 

Metro 18.5% 

Bus 6.0% 

Public bicycle 0.4% 

Private bicycle 1.3% 

Walking 5.2% 

Main trip travel time (one-way) 36 min 
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Before used as explanatory variables by taking the averages of construct 

measures, the two constructs of action planning and coping planning based on 

their own measures should be, respectively, examined on reliability among 

measures to confirm whether each of the constructs is fit to be a single variable 

or to be separated into different variables (see Chapter 3 regarding construct 

measures and scales). Thus, the means, the coefficients of variation, and the 

Cronbach's α for the reliability among measures of the constructs are 

presented in Table 4-3. The coefficients of variation were close to high-

variance between individuals in coping planning and behavior, probably 

because they were assessed in proportion form. In addition, the reliability of 

action planning and coping planning indicated that each planning construct 

could be regarded as a single variable owing to the good (0.9 > α ≥ 0.8) or the 

excellent (α ≥ 0.9) internal consistencies. It was especially important for the 

construct “coping planning,” for which a new combined measure of each 

observed item was adopted in this research, to display a good internal 

consistency among the measured items. In addition, the Pearson correlation 

between action planning and coping planning was 0.11 (p = 0.10). 

 

Table 4-3  Mean, coefficient of variation, and reliability of constructs 

Construct Mean (SD) 
Coefficient of 

variance 
Cronbach's α 

Action planning 5.69 (1.01) 0.18 0.91 

Coping planning 0.99 (0.82) 0.83 0.85 

Car use 0.35 (0.32) 0.91 0.96 

Pro-environmental mode use 0.41 (0.34) 0.83 0.96 

 

To display the data characteristics of coping planning, Fig. 4-1 plots the 

data taking averages of the items for six potential barriers by the two 

components of the ratio “perceived easiness in overcoming potential barrier” 
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to “perceived level of potential barrier.” The two components in general 

showed a negative correlation; that is, the less a situation (potential barrier) 

constituted a barrier to behavior change, the more easily overcoming the 

barrier was perceived. However, there were some respondents with both high 

“perceived level of potential barrier” and high “perceived easiness in 

overcoming potential barrier,” which may suggest the possibility that a great 

potential barrier could still be overcome by coping plans. 

 

 

Fig. 4-1  Data distribution of two components in proposed measurement 

 

Then, to compare the two data distribution forms of the extent of formed 

coping plans (reflected by perceived easiness in overcoming potential barrier) 

which has often been used previously and the proposed ratio measurement, 

Fig. 4-2 shows the cumulative percentages of them. The former was near 

normal distribution; in contrast, the latter amplified the advantage of high 

coping planning of the minority, namely, making a marked difference from the 

other respondents. 
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Fig. 4-2  Cumulative percentages of CP by two measurement methods 

(Note: CP = coping planning) 

 

 

To further investigate the relationship between action planning and 

coping planning, as well as the influence of their relationship on behavior, an 

interaction analysis was conducted. The previous reliability analysis on 

constructs (see Table 4-3) has indicated that action planning and coping 

planning of each respondent could be, respectively, represented by the 

averages of the observed items of action planning and coping planning. 

Therefore, the respondents with the action planning lower than the mean of all 

respondents were labeled as low action planning (low AP), and with that 

higher than the mean as high action planning (high AP). Meanwhile, they were 

also labeled as low coping planning (low CP) and high coping planning (high 

CP) by the same method. The division and their means of the two planning 

constructs are shown in Table 4-4. The chi-square test for the cross table of 

low/high AP and low/high CP indicated that the division of AP and the 

division of CP were independent of each other. Hence, a further interaction 

analysis based on the division could proceed. 
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Table 4-4  Division of action and coping planning for interaction analysis 

 Low AP & 

Low CP 

High AP & 

Low CP 

Low AP & 

High CP 

High AP &  

High CP 

Mean (SD) of 

action planning 
4.67 (0.62) 6.36 (0.41) 4.61 (0.68) 6.37 (0.39) 

Mean (SD) of 

coping planning 
0.65 (0.20) 0.62 (0.19) 1.21 (0.30) 1.70 (1.08) 

Number of 

respondents 
67 78 37 49 

Cross table χ2 test χ2 (1, n =231) = 0.22, p = 0.64 

Note: One respondent with extremely high coping planning was excluded from this table and 

the following interaction analysis. AP = action planning; CP = coping planning. 

 

Based on the division in Table 4-4, the interaction effects between 

action planning and coping planning on behavior were tested by two-way 

MANOVA, in which the four observed items of behavior were designated as 

dependent variables. The result is displayed in Table 4-5. There were 

significant interaction effects between action planning and coping planning on 

car use frequency share (F = 2.92*) and on car use duration share (F = 3.36*), 

but not on pro-environmental mode use behavior. This result indicated that 

action planning and coping planning could not be rejected as independently 

explaining pro-environmental mode use behavior. Furthermore, since the 

main effects of the two planning constructs on car use behavior did not 

represent a meaningful outcome with the presence of interaction effects, it was 

necessary to further investigate their simple main effects of AP in low/high 

CP respondents and of CP in low/high AP respondents on car use behavior. 
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Table 4-5  Main effects of and interaction effects between planning 

constructs on behavior 

Note: Statistical significance of main effect is not meaningful for a dependent variable when 

interaction effect is significant. The term “Pro-env.” is the abbreviation of “Pro-environmental.” 

*p<0.1, **p<0.05, ***p<0.01. 

 

Table 4-6 presents such a further analysis. For the low CP respondents, 

car use behavior between the low AP and the high AP respondents did not 

show significant difference; given the high CP respondents, however, 

significant differences were found (namely, CP moderating between AP and 

car use). Additionally, for the low AP respondents, car use behavior between 

the low CP and the high CP respondents did not show significant difference, 

but for the high AP respondents, it showed significant differences (namely, AP 

moderating between CP and car use). These results can be visualized in Fig. 

4-3 and Fig. 4-4, both display markedly different slopes between the low CP 

and the high CP respondents because of significant interaction effects between 

action planning and coping planning. In contrast, Fig. 4-5 and Fig. 4-6 reflect 

the absence of a significant interaction effect between action planning and 

coping planning on pro-environmental mode use behavior. 

 

  

Dependent variable 

Main effect of 

action planning 

(low AP/high AP) 

Main effect of 

coping planning 

(low CP/high CP) 

Interaction 

effect 

F-value F-value F-value 

(a) Car use 

frequency share 
3.52* 1.02 2.92* 

(b) Car use 

duration share 
2.65 3.94** 3.36* 

(c) Pro-env. mode use 

frequency share 
5.53** 4.71** 1.59 

(d) Pro-env. mode 

use duration share 
5.87** 10.03*** 2.36 
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Table 4-6  Simple main effects of AP in low/high CP respondents and of CP 

in low/high AP respondents on behavior 

**p<0.05, ***p<0.01. 

 

 

 
Fig. 4-3  Interaction effect between AP and CP 

on car use frequency share (F-value = 2.92, p < 0.1) 

 

Dependent variable 

Simple main effect  

of action planning 

Simple main effect  

of coping planning 

in low CP 

respondents 

in high CP 

respondents 

in low AP 

respondents 

in high AP 

respondents 

F-value F-value F-value F-value 

(a) Car use 

frequency share 
0.02 5.03** 0.20 4.61** 

(b) Car use  

duration share 
0.03 4.80** 0.01 8.98*** 
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Fig. 4-4  Interaction effect between AP and CP 

on car use duration share (F-value = 3.36, p < 0.1) 

 

 

Fig. 4-5  Interaction effect between AP and CP 

on pro-environmental mode use frequency share (F-value = 1.59, p > 0.1) 
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Fig. 4-6  Interaction effect between AP and CP 

on pro-environmental mode use duration share (F-value = 2.36, p > 0.1) 

 

The above MANOVA implied the potential planning predictors of travel 

behavior. Thus, based on continuous data of planning, Table 4-7 exhibits the 

regression model 1 using all planning predictors (including an interaction 

term) and model 2 using the selected ones according to the MANOVA results. 

The regression analysis suggested that action planning, coping planning, and 

their interaction term could not be used together to predict any of the 

indicators of travel behavior; instead, the interaction term was fit to predict 

car use, and action planning and coping planning were fit to separately predict 

pro-environmental mode use. 
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Table 4-7  Regression of travel behavior on planning 

Dependent variable Model 
Standardized regression coefficient 

F-value 
AP CP AP×CP 

(a) Car use 

frequency share 

1 (all) 0.05 0.67 -0.86 3.76** 

2 (selected) ─ ─ -0.19*** 8.09*** 

(b) Car use 

duration share 

1 (all) 0.06 0.59 -0.83 5.22*** 

2 (selected) ─ ─ -0.24*** 13.70*** 

(c) Pro-env. mode use 

frequency share 

1 (all) 0.05 -0.22 0.46 6.61*** 

2 (selected) 0.14** 0.23*** ─ 9.57*** 

(d) Pro-env. mode use 

duration share 

1 (all) 0.06 -0.08 0.39 9.60*** 

2 (selected) 0.13** 0.29*** ─ 14.16*** 

Note: AP = action planning; CP = coping planning. **p<0.05, ***p<0.01. 

 

 

 

 

This chapter initiated a preliminary investigation on the influence of 

action planning and coping planning on travel behavior. Because coping 

planning was first introduced in the travel behavior domain, the relationship 

between the two planning constructs also needs to be clarified before further 

investigations. The results indicated the interaction effect between action 

planning and coping planning on car use, in addition to their observed main 

effects. The suggested interaction effect corresponds with the perspective in 

health psychology literature that coping planning as a moderator may facilitate 

the influence of action planning on behavior (Schwarzer et al., 2011). In the 

case of this chapter, the negative influence of “action planning on using public 

transport” on car use behavior may function only if “coping planning on 

switching from car use to public transport” as a moderator is high. Thus, apart 

from paying attention to action planning (or labeled as implementation 

intention) of which intervention techniques have been applied to travel 

behavior change (e.g., Fujii & Taniguchi, 2005), coping planning should be 

regarded as a key volitional determinant of travel behavior. 
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In addition, according to the main effects of both planning constructs, 

transport planners could apply either action planning or coping planning 

techniques to encourage public transport use, but should consider both 

planning enhancements to reduce car use because action planning may not be 

influential if lacking coping planning. Commuters may encounter various 

barriers to reducing habitual car use that could be anticipated and overcome 

by coping planning formation. Therefore, for behavioral plan methods for 

travel behavior change (e.g., Fujii, 2005; Fujii & Taniguchi, 2005), the 

effectiveness may also rely on the strength of coping planning which might 

play two roles in the relationship between action planning and car use 

behavior. (1) Coping planning as a moderator: if coping planning is high 

enough, it would lead action planning to have impact on car use behavior. (2) 

Coping planning as a mediator: action planning has impact on coping 

planning, which in turn influence behavior. These roles of coping planning 

were implied by the study in this chapter, but particularly the mediation role 

needs to be further investigated, for example, by a path analysis. 

Despite the investigation in this chapter, the roles of action planning 

and coping planning in travel behavior need more empirical evidence to 

confirm. Therefore, further investigations are conducted in the following 

chapters. That is, with the finding that planning constructs may influence 

travel behavior, it could be assumed that if effective soft measures could be 

designed to improve action and coping planning, the measures may in turn 

change travel behavior; this is the core concern of Chapter 5. Moreover, with 

the finding of the interaction effect between action and coping planning, the 

two planning constructs should not be used to independently predict travel 

behavior. Instead, the relationships between both planning constructs, 

behavioral intention as a determinant of behavior, and travel behavior should 

be considered simultaneously; this is the core concern of Chapter 6. 
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Chapter 5  

 

 

 Planning Intervention Effects 

on Psychological and Behavioral Change 
 

 

 

 

 

 

In Chapter 4, planning constructs are suggested to be influential in 

travel behavior. Thus, assuming that this relation between planning and travel 

behavior is valid, if a volitional strategy, such as personalized travel plan 

formulation, can enhance planning constructs, it may in turn lead to travel 

behavior change (Fig. 5-1). Based on the assumption of the planning-behavior 

relation and the aim of changing travel behavior, this chapter examines the 

effectiveness of the volitional interventions of action planning and coping 

planning enhancement in citizen car-use reduction. 

In the soft measures for mitigating car dependence or promoting public 

transport use, personalized travel planning (PTP) provides commuters with, 

or assists them in formulating, the individual-tailored information on travel 

behavior change based on their own travel needs or characteristics (Meloni et 

al., 2016). Such a personalized communication applied to voluntary travel 

behavior change has been considered more effective than mass 

communications or other non-personalized ones of which information is 

frequently neglected (Bamberg, 2013a; Fujii & Gärling, 2007; Fujii & 

Taniguchi, 2006; Gärling & Fujii, 2009).  
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Therefore, in this study, two kinds of volitional interventions, 

“personalized action plans” and “personalized action-plus-coping plans” were 

developed. The action plan intervention mainly followed the previous 

behavioral plan method assisting individuals to form alternatives to habitual 

travel behavior (Fujii, 2005; Fujii & Taniguchi, 2005). In contrast, the action-

plus-coping plan intervention combined the action plan intervention with a 

barrier-focused strategy to reinforce the feasibility of the formulated action 

plans or make the plans adjustable. 

To actually reduce car use dependence, and to examine the effects of 

the developed planning interventions, a randomized social experiment in a 

pre-test-post-test control design in Taipei City, Taiwan, over a one-month 

period was conducted. The action plan intervention and the action-plus-coping 

plan intervention were administered, respectively, in two distinct experimental 

groups. The data collected in the experiment were used to analyze the effects 

of the interventions targeting action and coping planning enhancement on 

behavior change, from which the extraneous influence that revealed in the 

control group was eliminated. In addition to behavior change, the changes in 

behavioral intention (abbreviated in this chapter as intention), action planning, 

and coping planning were also analyzed to explore the influence of the 

interventions in the volitional phase. 

 

 

Fig. 5-1  Possible foundation of volitional strategy effectiveness 
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The participants of the social experiment were recruited in Taipei City, 

the capital of Taiwan. Because there is a high-quality public transport system 

in this city, it is feasible to persuade citizens to switch to public transport from 

car use that they are not captive to. The experiment was launched in March 

and ended in April of 2016 over a one-month period. The participant 

recruitment contained two stages: email invitation and web interview. Initially, 

invitation emails were sent to 8459 potential participants randomly from a list 

provided by a marketing research company in Taiwan; the list was 

representative of the population of Taipei City. Among these invitees, 888 

people agreed to participate by accessing the survey website. At the beginning 

of the website, an interview was conducted to filter the potential participants 

with all these conditions: (1) living in Taipei City from the previous week to 

the following month, (2) having a car driving license, (3) owning a car or 

having access to a car owned by others, and (4) not being a professional driver. 

Afterward, 163 participants were randomly allocated into the three groups 

(one control group and two experimental groups) described below in Section 

5.3. Each participant received shopping points worth 20 New Taiwan Dollars 

(65 cents) for completing each time phase of the survey. The overall 

experimental flow is shown in Fig. 5-2. 

Between two time phases, there was a high dropout rate (25.8%). The 

dropout was partly because the participants with formulating incomplete, 

impracticable plans at Time 1 were excluded before Time 2. In addition, the 

dropout may be caused by the length of time spent at Time 1, particularly for 

the action-plus-coping plan group. In this group, the participants completing 

the survey at Time 1 may expect a high time cost of the survey at Time 2 and 

thus dropped out, even though they have been notified of the exact required 

time for each time phase beforehand. Consequently, 121 participants were 

treated as the final sample of analysis. 
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The demographic and travel-related characteristics of participants who 

completed the entire experimental procedure are shown in Table 5-1. Most of 

the participants (77.7%) were employed at workplaces. In addition, car and 

scooter respectively accounted for 34.7% and 32.2% of the most frequently 

used mode higher than public transport. This tendency agrees with a recent 

large-scale survey on daily travel mode use including Taipei City (Ministry of 

Transportation and Communications of Taiwan, 2016), in which the two first 

high market shares in all travel modes were, in order, scooter and car 

(including taxi). Furthermore, the difference in the characteristics among the 

three groups was examined by chi-square or F test. Except for age and gender, 

other characteristics were not significantly different among groups. 
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Fig. 5-2  Experimental flow 
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Table 5-1  Characteristics of experimental participants for entirety and three 

groups 

Characteristic 

Control 

group  

(n = 42) 

Action 

plan 

group  

(n = 41) 

Action-

plus-coping 

plan group 

(n = 38) 

All 

participants 

(N = 121) 

 

Age     
χ2(8, N = 121)  

= 18.97, p = .02 

20-29 11.9% 14.6% 18.4% 14.9%  

30-39 35.7% 34.1% 57.9% 42.1%  

40-49 40.5% 43.9% 10.5% 32.2%  

50-59 11.9% 2.4% 13.2% 9.1%  

Above 60 0% 4.9% 0% 1.7%  

Gender     
χ2(2, N = 121)  

= 19.16, p < .01 

Male 31.0% 70.7% 73.7% 57.9%  

Female 69.0% 29.3% 26.3% 42.1%  

Monthly income (USD)     
χ2(10, N = 121)  

= 12.79, p = .24 

Less than $300 4.8% 4.9% 0% 3.3%  

$300-$749 7.1% 9.8% 5.3% 7.4%  

$750-$1,499 57.1% 29.3% 47.4% 44.6%  

$1,500-$2,299 14.3% 41.5% 34.2% 29.8%  

$2,300-$2,999 9.5% 7.3% 10.5% 9.1%  

Above $3,000 7.1% 7.3% 2.6% 5.8%  

Employment status     
χ2(12, N = 121)  

= 13.85, p = .31 

Employed at workplace 78.6% 75.6% 78.9% 77.7%  

Employed at home 4.8% 4.9% 7.9% 5.8%  

Self-employed at workplace 4.8% 9.8% 5.3% 6.6%  

Self-employed at home 0% 0% 5.3% 1.7%  

Student 2.4% 7.3% 2.6% 4.1%  

Homemaker 7.1% 0% 0% 2.5%  

Non-working & none of above 2.4% 2.4% 0% 1.7%  

Most frequently used mode     
χ2(12, N = 121)  

= 10.43, p = .58 

Car 38.1% 36.6% 28.9% 34.7%  

Scooter 23.8% 39.0% 34.2% 32.2%  

Train 2.4% 0% 2.6% 1.7%  

Metro 16.7% 19.5% 26.3% 20.7%  

Bus 7.1% 0% 5.3% 4.1%  

Bicycle 2.4% 2.4% 0% 1.7%  

Walking 9.5% 2.4% 2.6% 5.0%  

Main trip travel time (one-way) 40 mins 37 mins 39 mins 38 mins 
F(2, 118) 

= .08, p = .92 
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At Time 1, 53 participants in the control group were assessed on their 

intention, action planning, and coping planning by a questionnaire. They were 

also asked to report each travel mode use frequency and duration of intra-city 

trips day by day during the past week. Without any intervention, they were 

then informed of the date of the next questionnaire survey a month later. 

Except for the 11 participants dropping out, the same participants (n = 42) 

attended the survey at Time 2, in which they answered the same questionnaire 

on psychological factors and behavior as at Time 1. 

 

 

At Time 1, 53 participants in the action plan group also answered the 

questionnaire on intention, action planning, and coping planning, as well as 

travel mode behavior. Differently from the control group, these participants 

received the intervention of personalized action plans immediately following 

the questionnaire. This intervention aimed to trigger them to include specific 

situational parameters (when and where to act) and a sequence of actions (how 

to act) in the mental simulation for switching from some current car use to 

public transport. 

Therefore, in this intervention, initially they reviewed their current 

daily car trips, selected a type of trip based on which one was thought most 

likely to be replaced by public transport, and chose a date within one month 

to perform the switch. For its performance, then they filled in a form 

containing “main purpose of trip,” “performance date,” “planned departure 

time from home,” “departure time, arrival time, and stations or locations of 

selected public transport,” “expected arrival time to destination” in the 

outward travel, and the similar items in the return travel. In this procedure, the 

instructions of using Google Maps to assist in formulating the action plans 
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were provided for the participants (the steps performed in order shown in 

Table 5-2). 

After these steps, they were informed of the date of the next 

questionnaire survey a month later. There were 12 participants dropping out 

or formulating incomplete action plans. At Time 2, the remaining participants 

(n = 41) answered the same questionnaire on psychological factors and 

behavior as at Time 1. 

 

 

At Time 1, the experimental process for 57 participants in the action-

plus-coping plan group proceeded as the action plan group. However, these 

participants additionally received the intervention of personalized coping 

plans following the completion of personalized action plans. The coping plans 

aimed both (1) to trigger the participants to deliberate the potential barriers 

that would emerge when attempting the switch from car use to public transport 

drafted in the action plans, and (2) to develop their own strategies for 

overcoming those barriers. 

Hence, the intervention requested participants to read the statements of 

six potential barriers to switching from car use to public transport that 

involved (1) “inflexibility of departure time,” (2) “longer commuting time,” 

(3) “difficulty of reaching the places not near a station,” (4) “weather 

interference,” (5) “un-freedom of doing other errands on the way,” and (6) 

“inconvenience of carrying things” (Thomas, 2014; Zhang, Stopher, & 

Halling, 2013). Afterward, regarding the potential barriers, they read the 

suggestions that this research provided (e.g. incorporating commutes by 

walking and cycling into exercise plans; choosing shopping places by public 

transport accessibility). They then turned to a coping plan form to develop and 

write down their corresponding ideas (or to write down the ideas that have 

been used) for overcoming each potential barrier. In addition to the potential 

barriers described in the form, they were also invited to write down the 
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encountering barriers that were expected to emerge during attempts to reduce 

car use by themselves. Similarly, the corresponding ideas were developed and 

written down for each of the proposed barriers (the steps performed in order 

shown in Table 5-2). 

After completing the action plans and the coping plans, the participants 

were informed of the date of the next questionnaire a month later. There were 

19 participants counted as dropping out, including those whose action-plus-

coping plans were incomplete. At time 2, the same questionnaire on 

psychological factors and behavior, as at Time 1, was applied to the remaining 

participants (n = 38). 

Moreover, Table 5-3 organizes the coping plans made by participants, 

and what percentage of participants considered a particular idea as the 

contents of their plans for each potential barrier. Aimed at inflexibility of 

departure time and longer travel time by public transport, participants tended 

to depart earlier from their origin, respectively, to avoid missing public 

transport (50.0%) and to avoid peak hour (36.8%). For the potential barrier 

arising from a destination far from public transport stations, the highest 

percentage was treating walking as exercise to address it (54.3%). In addition, 

for weather interference, acquiring a habit of bringing rain gears outside was 

most mentioned (32.3%). For difficulty in running errands on the ways, 

arranging schedule to run errands together to overcome the inconvenience of 

public transport was highly considered (54.2%). Finally, for difficulty in 

carrying heavy luggage, participants tended to bring or buy less amount of 

stuff when using public transport (32.4%).  
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Table 5-2  Steps of action plan and coping plan interventions 

Action plan intervention requesting participants to… 

 1. Review current daily car trips and select one to be replaced by public 

transport 

 2. Choose a date for initially attempting alternative to car use in the 

selected car trip 

 3. See the instructions of using public transport apps to search public 

transport modes and arrange schedules for commuting 

 4. Search and choose public transport modes for the selected trip 

 5. Note the planned departure time from home for the selected trip in the 

action plan form 

 6. Note the departure time, arrival time, and stations or locations of the 

chosen public transport modes in the action plan form 

 7. Note the expected arrival time to destination in the action plan form 

 8. Note the items in the steps 5 to 7 from destination to home for the 

return travel in the action plan form 

 9. Download the webpage including the completed action plan form to a 

computer/mobile device 

Coping plan intervention requesting participants to… 

 1. Read a statement of the potential barrier about “inflexibility of 

departure time” 

 2. Read corresponding suggestions on the potential barrier 

 3. Develop one’s own ideas or the ideas based on the provided suggestions 

for overcoming the potential barrier in the coping plan form 

 4. Read a statement of the potential barrier about “longer commuting 

time,” and repeat the steps 2 to 3 

 5. Read a statement of the potential barrier about “difficulty of reaching 

the places not near a station,” and repeat the steps 2 to 3 

 6. Read a statement of the potential barrier about “weather interference,” 

and repeat the steps 2 to 3 

 7. Read a statement of the potential barrier about “un-freedom of doing 

other errands on the way,” and repeat the steps 2 to 3 

 8. Read a statement of the potential barrier about “inconvenience of 

carrying things,” and repeat the steps 2 to 3 

 9. Note one’s own encountering barriers to switching from car use to 

public transport, other than the potential barriers listed by this research, 

in the coping plan form 

10. Repeat the steps 2 to 3 for each of one’s own encountering barriers 

11. Download the webpage including the completed coping plan form to a 

computer/mobile device 
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Table 5-3  Summary of coping plans for potential barriers by participants 

Potential barrier Coping plans made by participants Percentage 

1. Inflexibility of 

departure time 

Depart earlier to avoid missing public transport 50.0% 

Use APPs to check schedule and buy tickets 15.0% 

Check multiple available alternatives 12.5% 

Take a taxi to a station if needed 7.5% 

Arrange the schedule of taking and transferring 

in advance 

5.0% 

Adapt the living schedule to departure time 5.0% 

Use public bicycle to a station 2.5% 

Change the mood to get used to it 2.5% 

Total 100% 

2. Longer travel 

time 

Depart earlier to avoid peak hour 36.8% 

Check the schedule of public transport in 

advance to avoid wasting time to wait 

26.3% 

Ride a scooter to a station to save time 7.9% 

Choose a destination near a station 7.9% 

Use a phone for entertainment on public 

transport 

5.3% 

Read a book on public transport 5.3% 

Select a rental house near stations next time 5.3% 

Rest on public transport 2.6% 

Deal with work on public transport 2.6% 

Total 100% 

3. Destination far 

from public 

transport stations 

Walk (and exercise) between a station and a 

destination 

54.3% 

Cycle a shared bicycle (and exercise) between 

a station and a destination 

14.3% 

Choose a destination near a station 14.3% 

Take a taxi to a destination if needed 8.6% 

Cycle a portable bicycle (and exercise) 

between a station and a destination 

5.7% 

Jog between a station and a destination 2.9% 

Total 100% 
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Potential barrier Coping plans made by participants Percentage 

4. Weather 

interference (rain, 

heat) 

Get used to always bringing rain gears outside 32.3% 

Bring replacement clothes according to 

weather conditions 

16.1% 

Wear suitable clothes according to weather 

conditions 

16.1% 

Bring rain gears according to forecast 12.9% 

Arrange daily activities according to weather 

conditions 

12.9% 

Take a taxi to avoid rain or heat 6.5% 

Take metro to avoid rain or heat 3.2% 

Total 100% 

5. Difficulty in 

running errands 

on the ways 

Arrange schedule to run errands together 54.2% 

Run errands in places near public stations  16.7% 

Choose services accessible by the internet 8.3% 

Take a taxi if needed 8.3% 

Assign the errands to family or friends and 

help with each other 

4.2% 

Go to an area where there are many services 

and stores 

4.2% 

Keep services and stores near stations in mind  4.2% 

Total 100% 

6. Difficulty in 

carrying heavy 

luggage 

Bring or buy less stuff once when using public 

transport 

32.4% 

Bring a luggage case when going to buy a 

great amount of stuff 

27.0% 

Choose a public transport mode like metro or 

taxi providing space for stuff 

16.2% 

Use the service of delivering stuff to home 8.1% 

Choose places near stations to shop 8.1% 

Shop on the internet 5.4% 

Decrease the frequency of driving a car but 

buy much stuff once when driving it 

2.7% 

Total 100% 
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The reliability of psychological factors were tested prior to analyses 

using summation of their own measures (see Chapter 3 regarding construct 

measures and scales). As reported in Table 5-4, for intention and action 

planning, the reliabilities at the two times displayed excellent internal 

consistencies among measures. In addition, the reliabilities of coping planning 

were satisfactory, suggesting to some extent that the measurement method 

proposed by this research appears to be applicable. Hence, based on the 

reliability analysis, the set of measures of each psychological factor was 

averaged to create a variable. The means of the variables for the participants 

in each group, at each time point, are shown in Table 5-4. 

 

 

The action-plus-coping plan group (labeled as AP&CP group) had a 

significant increase in coping planning. Although action planning of this 

group was almost unchanged, the other two groups significantly decreased 

their action planning, especially for the control group. Moreover, a significant 

increase in intention was also found in the AP&CP group. As for behavior, the 

AP&CP group significantly decreased their car use frequency share and car 

use duration share. 

In contrast to expectation, the action plan group (labeled as AP group) 

showed a significant decrease in action planning, but the degree was markedly 

less than the control group. In terms of other variables, no significant change 

emerged. 

The control group significantly decreased their intention and action 

planning. It was worth noting that this group also significantly decreased car 

use frequency share and car use duration share. These changes in the control 
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group implied the presence of uncontrolled extraneous influences on 

intention, action planning, and car use during the social experiment.  

One of the reasons for the car use reduction across time of the control 

group might be its high dropout rate (21%), which probably led to a higher 

proportion of the participants who have prepared for reducing car use 

compared to without dropout. Another possible reason is the mere-

measurement effect on self-reported behavior at Time 2, which may also 

influence the other groups. Hence, to properly evaluate the effectiveness of 

intervention by excluding those possible extraneous influences, it was needed 

to further examine interaction effects between group and time, multiple 

comparisons, and relative effects of interventions. 
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Table 5-4  Cronbach's α, means, and paired t-tests of variables by group before and after intervention 

Variable 
(Cronbach's α  

at T1; T2) 

Group 
Mean (SD) 

at T1 

Mean (SD) 

at T2 

Mean 

difference 

of T2-T1 

 t-value 

Cohen’s d 

or 

Cohen’s h 

Intention 

(α = 0.95; 0.98) 

Control group 5.13  (1.02)  4.64  (1.52)  -0.49   -1.91* -0.29  

AP group 4.54  (1.37)  4.60  (1.75)  0.06    0.30 0.05  

AP&CP group 4.88  (1.28)  5.37  (1.22)  0.49    2.62** 0.43  

Action 

planning 

(α = 0.91; 0.94) 

Control group 5.67  (1.06)  4.73  (1.00)  -0.94   -8.70*** -1.34  

AP group 5.60  (1.04)  5.30  (1.13)  -0.30   -2.01* -0.31  

AP&CP group 5.35  (1.08)  5.31  (1.41)  -0.04   -0.21 -0.03  

Coping 

planning 

(α = 0.75; 0.88) 

Control group 1.16  (0.85)  0.92  (0.63)  -0.23   -1.54 -0.24  

AP group 0.96  (0.63)  0.90  (0.42)  -0.06   -0.82 -0.13  

AP&CP group 0.93  (0.47)  1.61  (0.92)  0.69    5.15*** 0.84  

Car use 

frequency 

share 

Control group 0.57  (0.57)  0.39  (0.38)  -0.18   -2.02** -0.37  

AP group 0.26  (0.26)  0.29  (0.31)  0.03    0.70 0.07  

AP&CP group 0.37  (0.37)  0.16  (0.19)  -0.21   -3.60*** -0.49  

Car use 

duration share 

Control group 0.67  (0.57)  0.44  (0.39)  -0.23   -2.54** -0.47  

AP group 0.36  (0.31)  0.37  (0.35)  0.01    0.24 0.03  

AP&CP group 0.45  (0.37)  0.21  (0.24)  -0.24   -3.84*** -0.51  

Note: *p<0.1, **p<0.05, ***p<0.01. AP group = action plan group; AP&CP group = action-plus-coping plan group. Cohen’s h, measuring the effect 

size between two proportions, was calculated for car use frequency share and car use duration share. 
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A three (control, AP, and AP&CP groups) by two (Time 1 and Time 2) 

ANOVA for each variable with repeated measures, and following multiple 

comparisons by post hoc tests, were used to explore the effectiveness of the 

action plan and action-plus-coping plan interventions. The results are reported 

in Table 5-5, and the means of each variable for the three groups at the two 

times are illustrated in Fig. 5-3 to Fig. 5-7. 

 

(1) Intention 

For intention, a significant interaction between group and time 

emerged, F(2, 118) = 4.94, p < .01, η2 = .08. Hence, post hoc analyses by one-

way ANOVA with Scheffe procedure, which is more rigorous than other 

multiple comparison procedures, were further employed for Time 1 and Time 

2. No significant difference among groups was found at Time 1. However, a 

significant one was revealed at Time 2, F(2, 118) = 3.18, p = .046, in which 

multiple comparisons indicated a significant difference between the AP group 

and the AP&CP group (at α = 0.1) (AP&CP > AP, p = .086). In addition, the 

changes across time within groups in Section 5.4.2 (also marked and 

illustrated in Fig. 5-3 to Fig. 5-7) have showed that the control group 

significantly decreased their intention, but the AP&CP group significantly 

increased it. Thus, these results seem to suggest the effectiveness of the action-

plus-coping plan intervention in improving intention, as compared to no 

intervention and to the action plans alone. 

 

(2) Action planning 

For action planning, a significant interaction between group and time 

emerged, F(2, 118) = 8.94, p < .01, η2 = .11. Similarly, owing to the presence 

of interaction effect, the post hoc analyses were conducted. There was no 

significant difference among groups at Time 1, but there was a significant one 

at Time 2, F(2, 118) = 3.22, p = .044. Further for Time 2, two significant 
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differences of the two experimental groups from the control group were 

indicated (at α = 0.1) (AP > Control, p = .095; AP&CP > Control, p = .097). 

Although the changes within groups have displayed that all groups decreased 

their action planning, the two experimental groups switched action planning 

from lower than the control group at Time 1 to significantly higher than it at 

Time 2. Thus, the above results may support the effectiveness of both 

interventions, the action plans and the action-plus-coping plans, in 

maintaining action planning under the possible influence of extraneous 

factors. 

 

(3) Coping planning 

For coping planning, a significant difference between group and time 

emerged with a larger effect size (measured by η2) than for the other 

psychological factors, F(2, 118) = 15.20, p < .01, η2 = .20. According to the 

post hoc analyses, no significant difference among groups was shown at Time 

1, but a significant one was found at Time 2, F(2, 118) = 14.07 , p < .01. 

Multiple comparisons for Time 2 indicated that the AP&CP group was 

significantly higher than the control group and the AP group (p < .01 for both). 

Namely, the AP&CP group increased their coping planning from the lowest 

one among the three groups at Time 1 to the highest one with significant 

differences from the other groups at Time 2. Meanwhile, the other groups had 

no significant change in coping planning. Thus, the effectiveness of the action-

plus-coping plan intervention in enhancing coping planning may be 

supported. 

 

(4) Car use frequency share 

Regarding one indicator of behavior, car use frequency share, a 

significant interaction between group and time emerged, F(2, 118) = 3.77, p 

= .026, η2 = .06. The post hoc analyses indicated significant group differences 

at Time 1, F(2, 118) = 5.90 , p < .01, as well as Time 2, F(2, 118) = 5.30 , p 
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< .01. For Time 1, a significant difference between the control group and the 

AP group was found by multiple comparisons (Control > AP, p < .01), whereas 

there was no significant difference between the control group and the AP&CP 

group. For Time 2, the significant difference at Time 1 disappeared, but a 

significant difference emerged between the control group and the AP&CP 

group (Control > AP&CP, p < .01). Thus, the implication was twofold: (1) 

formulating action plans alone without coping plans might lead to an opposite 

effect on reducing car use frequency. (2) The action-plus-coping plan 

intervention appears to have an impact on reducing car use frequency. 

 

(5) Car use duration share 

Concerning the other indicator of behavior, car use duration share, a 

significant interaction between group and time also emerged, F(2, 118) = 3.95, 

p = .022, η2 = .06. The post hoc analyses exhibited significant group 

differences at Time 1, F(2, 118) = 5.80 , p < .01, and Time 2, F(2, 118) = 4.77, 

p = .010. Multiple comparisons for each time point displayed the differences 

between groups similar to the results for car use frequency share, except for a 

significant difference between the control group and the AP&CP group at 

Time 1 (at α = 0.1) (Control > AP&CP, p = 0.80). This significant difference 

at Time 1 was the reason that the significant difference between the two groups 

at Time 2 did not constitute evidence that the action-plus-coping plan 

intervention was effective. 
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Table 5-5  Three (group) by two (time) ANOVA with repeated measures 
 

Intention Action planning Coping planning 

F (dfs) p η2 F (dfs) p η2 F (dfs) p η2 

Group effect 2.13 (2, 118) 0.12 0.03  0.62 (2, 118) 0.54 0.01  4.02 (2, 118) 0.02 0.06  

Time effect 0.03 (1, 118) 0.88 0.00  22.76 (1, 118) <0.01 0.14  3.42 (1, 118) 0.07 0.02  

Group×Time 

effect 
4.94 (2, 118) <0.01 0.08  8.94 (2, 118) <0.01 0.11  15.20 (2, 118) <0.01 0.20  

 
Post hoc for each time Post hoc for each time Post hoc for each time 

Time 1 F = 0.10, ns F = 0.99, ns F = 1.40, ns 

Time 2 
F = 3.18** 

AP&CP > AP* 

F = 3.22** 

AP > Control* 

AP&CP > Control* 

F = 14.07*** 

AP&CP > Control*** 

AP&CP > AP*** 

  
Car use frequency share Car use duration share 

F (dfs) p η2 F (dfs) p η2 

Group effect 6.73 (2, 118) <0.01 0.10  6.22 (2, 118) <0.01 0.10  

Time effect 9.24 (1, 118) <0.01 0.07  13.27 (1, 118) <0.01 0.10  

Group×Time 

effect 
3.77 (2, 118) 0.03 0.06  3.95 (2, 118) 0.02 0.06  

 
Post hoc for each time Post hoc for each time 

Time 1 
F = 5.90*** 

Control > AP*** 

F = 5.80*** 

Control > AP*** 

Control > AP&CP* 

Time 2 
F = 5.30*** 

Control > AP&CP*** 

F = 4.77** 

Control > AP&CP** 

Note: *p<0.1, **p<0.05, ***p<0.01, ns: not significant. AP group = action plan group; AP&CP group = action-plus-coping plan group. 
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Fig. 5-3  Intention of three groups at two times 

(interaction effect: F = 4.92***, η2 = 0.08) 

(Note for Fig. 5-3 to Fig. 5-7: *p<0.1, **p<0.05, ***p<0.01, ns: not significant. AP group = 

action plan group; AP&CP group = action-plus-coping plan group) 

 

 

 

Fig. 5-4  Action planning of three groups at two times 

(interaction effect: F = 8.94***, η2 = 0.11) 
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Fig. 5-5  Coping planning of three groups at two times 

(interaction effect: F = 15.20***, η2 = 0.20) 

 

 

 

Fig. 5-6  Car use frequency share of three groups at two times 

(interaction effect: F = 3.77**, η2 = 0.06) 
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Fig. 5-7  Car use duration share of three groups at two times 

(interaction effect: F = 3.95**, η2 = 0.06) 

 

 

According to the above analyses, whether the effectiveness of the two 

interventions in influencing the variables was supported or refuted is 

organized in Table 5-6. Furthermore, the relative effects of the interventions 

were calculated for the supported relationships. Initially, an intervention effect 

(𝐸) on a variable can be estimated as follows: 

 

𝐸 = (𝑒𝑥𝑝𝑡𝑡2 − 𝑒𝑥𝑝𝑡𝑡1) − 𝑒𝑥𝑝𝑡𝑡1 ∙
(𝑐𝑜𝑛𝑡𝑡2−𝑐𝑜𝑛𝑡𝑡1)

𝑐𝑜𝑛𝑡𝑡1
             (5-1) 

 

where 𝑒𝑥𝑝𝑡𝑡1 and 𝑒𝑥𝑝𝑡𝑡2 are the means of a variable for an experimental 

group at Time 1 and Time 2; 𝑐𝑜𝑛𝑡𝑡1 and 𝑐𝑜𝑛𝑡𝑡2 are the same for a control 

group. The term (𝑐𝑜𝑛𝑡𝑡2 − 𝑐𝑜𝑛𝑡𝑡1) could be regarded as a change amount 

caused by uncontrolled extraneous factors, which divided by 𝑐𝑜𝑛𝑡𝑡1 is the 

change rate. Thus, in Eq. (5-1), the influence of extraneous factors, revealed 
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in the control group, on the experimental group is evaluated and eliminated. 

Then, a relative effect of intervention (𝑅𝐸) can be calculated as below: 

 

𝑅𝐸 = (𝐸/𝑒𝑥𝑝𝑡𝑡1)  ∙ 100%                               (5-2) 

 

Therefore, the relative effects attributed to the interventions were 

estimated by Eq. (5-2). The relative effect of the action plan intervention on 

increasing action planning was estimated to be 11.3%, but the increase in 

action planning did not trigger car use reduction. In addition, the action-plus-

coping plan intervention was estimated to increase intention by 19.8%, action 

planning by 15.8%, and coping planning by 94.0%. In terms of car use 

behavior, the action-plus-coping plan intervention was estimated to reduce car 

use frequency share by 24.6%; however, owing to the presence of the 

significant difference between the control and the AP&CP groups at baseline 

(Time 1), this research was unable to address the effectiveness of this 

intervention in reducing car use duration. 

 

Table 5-6  Relative intervention effect versus control treatment 

 Intention 
Action 

planning 

Coping 

planning 

Car use  

frequency share 

Car use  

duration share 

Action plan 

intervention 
Refuted 

Supported 

RE = 11.3% 
Refuted Refuted Refuted 

Action-plus-coping 

plan intervention 

Supported 

𝑅𝐸 = 19.8% 

Supported  

𝑅𝐸 = 15.8% 

Supported 

𝑅𝐸 = 94.0% 

Supported 

𝑅𝐸 = -24.6% 
─ 

 

 

 

 

This chapter explores the effectiveness of enhancing action planning 

and coping planning, both of which have been considered to mediate volitional 

intervention effects, in travel behavior change. The two volitional 
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interventions were developed, and the randomized social experiment was 

executed. The main results indicate that: (1) coping planning measured by the 

newly proposed method showed high reliability at both time points of the 

experiment; (2) the action plan intervention effectively enhanced action 

planning, but revealed the possibility of an opposite effect on car use reduction 

without formulating coping plans; and (3) the action-plus-coping plan 

intervention effectively enhanced intention, action planning, and coping 

planning, and decreased car use frequency share. 

As for the implications of the findings, coping planning appears to play 

an important role in travel behavior change. For persuading commuters to 

switch travel behavior based on personalized travel plans (PTPs), it is more 

likely to enable them to achieve this goal by additionally assisting them to 

identify potential barriers and develop coping ideas to overcome the barriers. 

Hence, aside from motivational strategies, soft transport policy measures 

should also consider volitional strategies of action and coping planning 

enhancement to reduce car use. Meanwhile, the construct “coping planning” 

should be paid more attention in travel behavior research, as in other fields in 

recent years such as health psychology (e.g. Gaston & Prapavessis, 2014; 

Lhakhang et al., 2014), hygiene (e.g. Zhou et al., 2015), and education (e.g. 

Sanetti et al., 2014). In these literatures, similar to this study, the importance 

of coping planning to behavior change has been emphasized. 

Regarding the measurement of coping planning, this research proposed 

a new measurement method (refer to Section 3.4) to attempt to more precisely 

reflect this construct (namely, for a higher content validity). Most previous 

measurements directly followed Sniehotta et al. (2005) and Schwarzer et al. 

(2011). However, as elaborated in Section 3.4, it should be addressed (1) to 

designate specific barrier situations that would probably emerge in attempting 

to change behavior, and (2) to distinguish between a barrier situation that 

would not necessarily constitute a barrier, and a barrier that would hinder 

behavior change. Based on the two principles, the reliability of coping 
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planning was satisfactory in the present study, whereas more investigation is 

needed to clarify the validity of coping planning. 

Concerning experimental methodology, there are two keys, which this 

study followed, to the evaluation of travel behavior change programs. For one 

thing, this study conducted a randomized social experiment incorporating a 

control group across time to collect the panel data for a higher internal validity. 

This pre-test-post-test control (PPC) design could avoid some of the noted 

issues, for example, the errors from repeated cross-sectional survey (Stopher, 

Clifford, Swann, & Zhang, 2009), and the threats to internal validity in a 

treatment group pre-post test only design (Fujii, Bamberg, Friman, & Gärling, 

2009). These issues are critical for social experiments that receive 

considerable extraneous influence. For another thing, this study recruited 

participants from ordinary citizens with an additional filtering survey to avoid 

the issue of non-representative samples in many previous PTP program 

evaluations (Bamberg et al., 2011). Thus, the experiment in this study may has 

a relatively high external validity, namely, the generalizability of results. 

This study, however, did not confirm by what specific psychological 

process the volitional intervention induced citizens to reduce car use. Hence, 

to clarify it, one of the solutions is to inspect the relationship between action 

planning and coping planning, and the mechanism how their relationship 

influences behavior change, which have raised some debate and discrepancy 

in literature (e.g. Schwarzer, 2008b; Schwarzer et al., 2011; Sutton, 2008). For 

this point, as indicated by the investigation in Chapter 4, the interaction 

relationship between action planning and coping planning should be taken into 

account in predicting and changing travel behavior. 

Another one is to establish a volitional behavior-change model 

incorporating volitional intervention variables. In such a model, the process 

of psychological change after intervention, by what mechanism behavior is in 

turn transformed by the psychological change, and the potential opposite 

effect of facilitating action planning without coping planning could be further 
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explored. These explorations are indispensable for improving volitional 

strategies in soft transport policy measures. Therefore, considering the issues 

remaining in Chapter 4 and Chapter 5, the next chapter aims to clarify the 

psychological process of the volitional phase, by building a behavior change 

model incorporating planning, to understand the mechanism how planning 

mediates the relationships of behavioral intention and volitional interventions 

with travel behavior change. 
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Chapter 6  

 

 

 Behavior Change Model 

Incorporating Coping Planning 
 

 

 

 

 

 

In the preceding investigations, it was found that the planning 

constructs and their interaction influenced the level of travel mode use 

(Chapter 4), and that the intervention enhancing both action planning and 

coping planning reduced car use (Chapter 5). Based on the findings on 

planning, this chapter further reconsiders the behavior change model of the 

volitional phase, incorporating “coping planning” as a psychological 

determinant of travel behavior in addition to behavioral intention and action 

planning. 

Initially, however, some issues needed to be clarified, including the 

definitions of action planning and implementation intention, and the necessity 

of additionally considering coping planning instead of action planning or 

implementation intention alone when it comes to deliberate behavior change, 

such as travel behavior modification. Thus, through a review of behavioral 

theories and empirical studies in diverse disciplines involving or implying a 

volitional mechanism, the hypotheses underlying the volitional phase model 

were proposed. 

Furthermore, the measures developed in Chapter 3 were treated as the 

observed variables of the latent variables in a path analysis, and the empirical 
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data were obtained from the experiment in Chapter 5. In addition to the 

hypothesized model, other possible competing volitional models were tested 

for model comparison. Among these models, the model with better fits was 

then compared to the actional and postactional stages of a previous model in 

literature (Bamberg, 2013b), which has been frequently discussed in recent 

behavior change research. By the above process, this chapter aims to shed 

light on the role of coping planning and its associations with other constructs 

in the volitional phase of travel behavior change. 

 

 

 

 

 

It can be identified that implementation intention and action planning 

share the characteristics of the environmental parameters of when, where, and 

occasionally how to act. In contrast, the difference between the two constructs 

can also be found. Implementation intention, by the original definition, is 

formed in the “if (environmental cue)— then (action/response)” structure 

embedded in a relatively immediate and automatic process to trigger a simple 

response. Not necessarily limited to a “if—then” form, action planning is used 

to focus on the parameters surrounding the action portion with an active 

manner, instead of on environmental cues and responses to cues with a 

conditioned manner, in a more deliberate and conscious process to facilitate 

target behavior (Hagger & Luszczynska, 2014; Pakpour et al., 2011). 

However, the difference between them is still compatible with the 

aforementioned view that planning, which aims at action/response portion, is 

an essential component of implementation intention. Meanwhile, concerning 

the function, action planning and implementation intention are consistent in 

reducing the uncertainty of implementing an intention, even if through 
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overlapping but different mechanisms. Thus, the two constructs have been 

used interchangeably in behavior research depending on the target behavior of 

interest, and used as the same factor to meta-analyze its effect across diverse 

behaviors (Adriaanse, Vinkers, De Ridder, Hox, & De Wit, 2011; Belanger-

Gravel, Godin, & Amireault, 2013). 

 

 

In travel behavior research, implementation intention is used to 

represent the concept of action planning, probably because they share the 

similar function, namely, reducing the uncertainty of implementing an 

intention. The travel behavior studies considering this function have addressed 

the intention-behavior relation, despite being fewer in number, by introducing 

implementation intention. The implementation intentions specifically were 

measured by the strength of effort to perform a change or the extent of 

informing oneself of information for a change (Bamberg, 2013b; Fujii, 2005; 

Taniguchi & Fujii, 2007). The empirical evidence has shown that 

implementation intention appears to mediate between behavioral intention and 

travel behavior. Following the vein of travel behavior studies, therefore, this 

chapter adopts the term “implementation intention” in the succeeding sections 

to represent the mental simulation of action planning that reduces the 

uncertainty of implementing a behavioral intention to change travel behavior 

by specifying the parameters of action (referring to time, places, and means of 

travel behavior) towards the change. 

 

 

Although implementation intention has been considered a volitional 

construct addressing the intention-behavior gap in travel behavior, there is still 

room for explaining the efficacy of implementation intention, and for the 

possibility of other proximal determinants of travel behavior. As a relatively 

deliberate decision-making process, travel behavior change (e.g., not using a 
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car in a current car trip) relates to other behavior in daily life (e.g., 

rearrangement of activity time and locations), and involves potential barriers 

to breaking a travel habit (e.g., activity schedules suddenly altered, or the need 

for doing errands on the way of travel) or the anticipation of known barriers 

but without coping ideas. Therefore, subjects who have formed behavioral 

intention and implementation intention, for example, to reduce car use, may 

still not act on their intention (Bamberg, 2013b). Based on this perspective, a 

strong construct of coping planning as a cognitive link between anticipated 

barriers and coping strategy seems to be indispensable for deliberate behavior 

change, such as dietary habit modification (Godinho et al., 2014) and teaching 

behavior change (Sanetti et al., 2014). Hence, facilitating travel behavior 

change should also consider and examine the role of coping planning in 

behavior change process and in its association with implementation intention. 

 

 

The present study assumed that travel behavior change comprises a 

volitional phase. On this view, implementation intention 1  and coping 

planning as volitional constructs may enable increasing the intention-behavior 

consistency in travel behavior. Therefore, in addition to “implementation 

intention” which has been previously introduced in travel behavior studies, 

the present study aimed to additionally incorporate “coping planning” into the 

volitional phase of travel behavior change model; and then to investigate the 

respective roles of the two constructs in behavior change, particularly for how 

they mediate the effect of behavioral intention on behavior change. 

Specifically, this study asserted that behavioral intention is a 

determinant of implementation intention and of coping planning. The reason 

for asserting this hypothesis is because behavioral intention has been regarded 

as the indicator of the transition from a motivational phase to a volitional 

                                                      
1 That is, in this study, an intention characterized by action planning factors (see Section 6.3). 
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phase (Schuz et al., 2009; Schwarzer, 2008a); in addition, it is also because 

behavioral intention has been supported to be a determinant of planning, 

despite the planning as a single construct without subdivision (Gärling & 

Fujii, 2002). 

Furthermore, the relationship between action planning (or 

implementation intention) and coping planning in the HAPA (health action 

process approach) remains open to debate without stipulating their 

relationship (Schwarzer, 2008a; Schwarzer et al., 2011). Correspondingly, 

empirical studies have demonstrated the discrepancy in this relationship (e.g., 

Ghisi et al., 2015; Presseau et al., 2014; Scholz, Schuz, Ziegelmann, Lippke, 

& Schwarzer, 2008; Ziegelmann & Lippke, 2007)2. Hence, the unclarified 

relationship may obscure the mechanism of how behavioral intentions are 

implemented in travel behavior. This study followed the perspective that 

potential barrier anticipation and coping ideas clearly emerge only when 

people contemplate the parameters of actions towards goal attainment 

(Schwarzer, 2008a; Sniehotta, Schwarzer, et al., 2005; Wiedemann, Lippke, 

Reuter, Ziegelmann, & Schuz, 2011), and thus hypothesized that subjects act 

on their intention to change travel behavior not only through implementation 

intention or coping planning alone, but also through implementation intention 

and coping planning in sequence. Specifically, it was hypothesized that coping 

planning partially mediates the effect of implementation intention on travel 

behavior change. 

Moreover, in VTBC programs, personalized travel plans (PTPs) have 

been shown to be effective (Fujii & Taniguchi, 2005; Meloni et al., 2016). 

However, the psychological process underlying the effectiveness of the 

                                                      
2 Action planning and coping planning were regarded as independently mediating between 

behavioral intention and behavior in Ghisi et al. (2015) and Presseau et al. (2014). The 

correlation between the two types of planning was assumed and supported in Scholz et al. 

(2008). Action planning completely mediated the effect of behavioral intention on coping 

planning, and coping planning partially mediated the effect of action planning on behavior in 

Ziegelmann and Lippke (2007). 
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intervention has not been clearly elucidated. Considering this issue in 

conjunction with the potential roles of planning constructs, this study 

hypothesized that implementation intention and coping planning can mediate 

the effect of requesting the PTPs containing action plans and coping plans on 

travel behavior change. 

This study aimed at changes in car use and pro-environmental mode use 

considered representative of travel behavior, and used empirical data collected 

from ordinary citizens, to examine the above hypotheses surrounding the 

functions of implementation intention and coping planning. The proposed 

hypotheses could be organized as follows: 

 

Hypothesis 1: Implementation intention mediates the effect of 

behavioral intention on travel behavior change. 

Hypothesis 2: Coping planning mediates the effect of behavioral 

intention on travel behavior change. 

Hypothesis 3: Coping planning partially mediates the effect of 

implementation intention on travel behavior change. 

Hypothesis 4: Implementation intention mediates the effect of 

formulating action plans on travel behavior change. 

Hypothesis 5: Coping planning mediates the effect of formulating 

coping plans on travel behavior change. 

 

 

 

 

The constructs (treated as latent variables) used in the behavior change 

model of the volitional phase were assessed by multiple indicators (treated as 

observed variables) developed in Chapter 3.  

However, for implementation intention, this study adopted the action 

planning measures and categorized them into four distinct latent variables that 
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commonly reflect implementation intention. Therefore, Implementation 

intention was assessed, as a second-order factor, on the extent of informing 

oneself about the information for specifying time, places, and means to adopt 

alternatives to car use. Moreover, its four first-order factors: action planning 

on three public transport modes and walking with divergent measured items 

were used according to the features of the public transport system in the 

research area; however, public bicycle was excluded from the first-order 

factors because not all participants can ride it. In contrast to the high-order 

factor model of action planning measurement, behavioral intention, coping 

planning, and travel behavior were measured using a first-order factor model. 

In addition, the three intervention conditions of the experiment in 

Chapter 5 were introduced as two dummy independent variables. The 

variables were determined by whether a participant formulated action plans or 

not, and formulated coping plans or not. The measures of the constructs and 

the specification of the dummy variables are listed in detail in Table 6-1. 

The measured items of psychological constructs employed the data at 

Time 2 of the experiment in Chapter 5. However, to reflect behavior change 

(namely, considering the influence of habitual behavior), travel behavior 

constructs at both Time 1 and Time 2 were introduced into modeling. 

Regarding the characteristics of the final sample, males accounted for 57.9%. 

The sample aged 20-29 accounted for 15%, aged 30-39 for 42%, aged 40-49 

for 32%, and aged above 50 for 11%. There were 84% of the sample employed 

or self-employed at workplace, 13% employed or self-employed at home, and 

3% accounted for by students. The average one-way travel time of the main 

trip of the sample was 38 minutes (SD = 25 minutes). 
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Table 6-1  Constructs/variables, measures, and scale 

Construct/variable Measured items Psychological scale 

Behavioral 

intention 

 

(4 items) 

1. “I intend to reduce car use frequency” 

2. “I intend to reduce car use time” 

3. “I think over how to reduce car use as far as possible” 

4. “I intend to make an effort to reduce car use” 

 

1 (strongly disagree) 

to 7 (strongly agree) 

Implementation 

intention 

(second-order 

factor) 

 

(12 items) 

Action planning on train use (first-order factor): 

“Assuming that you are planning to use train in some trips 

instead of your car, do you know . . .” 

1. “. . . how to search train schedules?” 

2. “. . . how to check required travel time by train?” 

3. “. . . how to check train station locations?” 

1 (no, not at all)  

to 7 (yes, exactly) 

Action planning on metro use (first-order factor): 

“Assuming that you are planning to use metro in some trips 

instead of your car, do you know . . .” 

4. “. . . how to search metro schedules?” 

5. “. . . how to check required travel time by metro?” 

6. “. . . how to check metro station locations?” 

7. “. . . how to check whether to transfer to other metro lines?” 

Action planning on bus use (first-order factor): 

“Assuming that you are planning to use bus in some trips instead 

of your car, do you know . . .” 

8. “. . . how to search bus schedules?” 

9. “. . . how to check required travel time by bus?” 

10. “. . . how to check bus stop or station locations?” 

11. “. . . how to check whether to transfer to other bus lines?” 

Action planning on walking (first-order factor): 

“Assuming that you are planning to use walking in some trips 

instead of your car, do you know . . .” 

12. “. . . how to check required travel time by walking?” 

 

Coping planning 

 

(12 items) 

(a) “When you use public transport, (the detailed statement of the 

potential barrier). Could (the potential barrier) be a barrier if 

you switch from car use to public transport?” 

(b) “Is it easy for you to overcome (the potential barrier)?” 

1. (b) divided by (a), for the potential barrier “inflexibility of 

departure time” 

2. (b) divided by (a), for the potential barrier “longer 

commuting time” 

3. (b) divided by (a), for the potential barrier “difficulty of 

reaching the places not near a station”  

4. (b) divided by (a), for the potential barrier “weather 

interference” 

5. (b) divided by (a), for the potential barrier “un-freedom of 

doing other errands on the way” 

6. (b) divided by (a), for the potential barrier “inconvenience 

of carrying things” 

(a): 1 (no, not at all) 

to 7 (yes, largely) 

 

(b): 1 (very difficult) 

to 7 (very easy) 
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Construct/variable Measured items Psychological scale 

Past car use  

(in Time 1) 

 

(2 items) 

1. Car use frequency share over the previous seven days reported 

before intervention 

2. Car use duration share over the previous seven days reported 

before intervention 

 

— 

Current car use 

(in Time 2) 

 

(2 items) 

1. Car use frequency share over the previous seven days reported 

one month after intervention 

2. Car use duration share over the previous seven days reported one 

month after intervention 

 

— 

Past pro-

environmental 

mode use  

(in Time 1) 

 

(2 items) 

1. Pro-environmental mode use frequency share over the previous 

seven days reported before intervention 

2. Pro-environmental mode use duration share over the previous 

seven days reported before intervention 

 

— 

Current pro-

environmental 

mode use 

(in Time 2) 

 

(2 items) 

1. Pro-environmental mode use frequency share over the previous 

seven days reported one month after intervention 

2. Pro-environmental mode use duration share over the previous 

seven days reported one month after intervention 

 

— 

Formulating 

action plans 

Dummy variable (1 = formulating action plans; 0 = not) 
— 

Formulating 

coping plans 

Dummy variable (1 = formulating coping plans; 0 = not) 
— 

Note: Behavioral intention, implementation intention, and coping planning were assessed at the 

time point one month after intervention. 

 

 

 

 

 

The means, standard deviations, Cronbach’s alphas, and factor analyses 

for each construct are presented in Table 6-2. For reliability by alpha, each 

construct met the criteria for a satisfactory internal consistency among 

measures. Concerning travel behavior change in means (which are available 

given the satisfactory alphas) before and after intervention, the mean of car 

use decreased after intervention, and the mean of pro-environmental mode use 

increased. The two preliminary tendencies agreed with the expectation of 
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performing interventions. To further examine the heterogeneous scales of 

constructs, confirmatory factor analysis (CFA) was employed for each 

psychological construct. The result showed that all the factor loadings were 

significant for the constructs with multiple indicators. In addition, composite 

reliability and average variance extracted of the constructs were higher than 

the criteria ( >0.6 and >0.5, respectively). Thus, the indicators within a 

construct could reflect a common concept, and the variances in the indicators 

were explained by their own construct more than measurement errors. Thus, 

these indicators were used for their respective constructs in the following 

correlation analysis and path analysis. 
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Table 6-2  Descriptive statistics and confirmatory factor analysis 

Variable M SD Alpha 

Factor loadings of CFA 

Indi. 1a Indi. 2 Indi. 3 Indi. 4 Indi. 5 Indi. 6 
Composite 

reliability 

Average 

variance 

extracted 

Psychological construct 

BI 4.86 1.54 0.98 0.96 0.97† 0.95† 0.95†   0.98 0.92 

II 5.11 1.21 0.94 0.77 0.84† 0.79† 0.75†   0.87 0.62 

AP_train 5.24 1.44 0.88 0.88 0.87† 0.80†    0.89 0.72 

AP_metro 5.45 1.40 0.94 0.91 0.97† 0.82† 0.86†   0.94 0.80 

AP_bus 4.78 1.36 0.93 0.92 0.95† 0.77† 0.85†   0.93 0.77 

AP_walk 4.62 1.68 — 1.00      — — 

CP 1.13 0.75 0.88 0.81 0.72† 0.92† 0.60† 0.82† 0.68† 0.89 0.59 

Behavioral constructb 

P_Car use 0.44 0.44 0.98 — —       

C_Car use 0.31 0.33 0.97 — —       

P_PEM use 0.38 0.40 0.97 — —       

C_PEM use 0.42 0.35 0.96 — —       

Note: BI = behavioral intention; II = implementation intention; AP_train = action planning on train use; AP_metro = action planning on metro use; 

AP_bus = action planning on bus use; AP_walk = action planning on walking; CP = coping planning; P_Car use = past car use; C_Car use = current 

past car use; P_PEM use = past pro-environmental mode use; C_PEM use = current pro-environmental mode use. 

a The unstandardized factor loading of the first indicator was constrained to 1 as a reference item, and thereby, other factor loadings of remaining 

indicators within a construct can then be estimated given the constraint.  

b The behavioral constructs cannot be individually analyzed by CFA owing to under-identification given only two indicators.  

†p<0.01.
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The correlation analysis of constructs and intervention dummies, which 

were then introduced into the path analysis, is displayed in Table 6-3. The 

preliminary findings of this correlation analysis were used to judge whether 

other paths between factors need to be explored in addition to the proposed 

hypotheses in the path analysis. 

 

(1) Psychological constructs and behavior 

Behavioral intention, implementation intention, and coping planning as 

the three potential psychological determinants of travel behavior showed 

significant correlations with current car use and pro-environmental mode use. 

While this result implied that these determinants may impact on current travel 

behavior, their roles in behavior change needed to be further confirmed with 

simultaneously considering their relations with one another, as discussed in 

the path analysis below. 

 

(2) Current behavior and past behavior 

In addition, current car use and pro-environmental mode use were, 

respectively, significantly correlated with their past one. The two correlations 

might reflect the stability of travel behavior over one month even though the 

interventions had been performed.  

 

(3) Interventions and target constructs 

Moreover, there were two significant correlations between intervention 

conditions and corresponding target planning constructs, namely, between 

formulating action plans and implementation intention, and between coping 

plans and coping planning.  
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(4) Interventions and non-target constructs 

In addition, in the relations of the intervention conditions with the 

remaining determinants of behavior, there was a significant correlation 

between formulating action plans and coping planning. This effect might 

result from the relationship that implementation intention, which enhanced by 

formulating action plans, influences coping planning; this relationship was 

contained in Hypothesis 3 proposed above. Notably, there was a significant 

correlation between formulating coping plans and behavioral intention. Thus, 

in the further path analysis, the effect of formulating coping plans on 

behavioral intention was additionally explored based on the proposed 

hypotheses. 
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Table 6-3  Correlations of constructs and intervention dummies 

 BI II CP P_Car use C_Car use P_PEM use C_PEM use F_APs F_CPs 

BI 1.00         

II 0.45*** 1.00        

CP 0.59*** 0.42*** 1.00       

P_Car use -0.14 -0.18* -0.10 1.00      

C_Car use -0.32*** -0.28*** -0.26** 0.31*** 1.00     

P_PEM use 0.16* 0.15 0.18* -0.46*** -0.16* 1.00    

C_PEM use 0.23** 0.33*** 0.31*** -0.11 -0.50*** 0.19** 1.00   

F_APs 0.11 0.24** 0.20** -0.28*** -0.19** -0.18** 0.02 1.00  

F_CPs 0.23** 0.15 0.44*** -0.07 -0.25*** 0.06 0.16* 0.49*** 1.00 

Note: BI = behavioral intention; II = implementation intention; CP = coping planning; P_Car use = past car use; C_Car use = current car use; P_PEM 

use = past pro-environmental mode use; C_PEM use = current pro-environmental mode use; F_APs = formulating action plans (dummy); F_CPs = 

formulating coping plans (dummy). 

*p < 0.1; **p < 0.05; ***p < 0.01.
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Structural equation modeling was used to simultaneously estimate the 

path coefficients among the constructs and the intervention conditions. The 

paths were specified as in Fig. 6-1 according to the proposed hypotheses. In 

addition to the hypothesized model, three competing models based on the 

associations between behavioral intention and behavior in past research were 

also estimated to perform model comparisons. Specifically, competing model 

1 (Fig. 6-2) considered that behavioral intention proximally predicts behavior 

change without the mediations of implementation intention and coping 

planning (Bamberg et al., 2007; Cools et al., 2011; Haustein et al., 2009; Kim 

et al., 2013; D. Zhang et al., 2016). Competing model 2 (Fig. 6-3) additionally 

considered that implementation intention mediates the effect of behavioral 

intention on behavior change (Bamberg, 2013b); this mediation was set to be 

partial to observe the change in the association between behavioral intention 

and behavior change. Moreover, competing model 3 (Fig. 6-4) additionally 

allowed for coping planning to be another partial mediator between behavioral 

intention and behavior change, but remained behavioral intention proximally 

predicting behavior change. Namely, from competing model 1 to competing 

model 3, there ranged from a more constrained model to a less constrained 

one by freeing the paths that were constrained to 0 in the preceding competing 

model. Furthermore, a modified model (Fig. 6-5) was also estimated to 

incorporate the potential influence of formulating coping plans on behavioral 

intention into the hypothesized model. 

To represent the concept of behavior change, the two constructs car use 

change and pro-environmental mode use change were created as the 

dependent constructs in all the models; instead of using the difference in the 

means of behavior between two time points that may cause errors arising from 

different numbers of trips among participants. Both the constructs were set to 

receive the influence of respective past travel behavior, and to completely 

reflect respective current travel behavior (namely, fixing the parameters at 1). 
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To evaluate the overall fits of the models, multiple fit indices were 

adopted aside from χ2 test which is sensitive to sample size and the degree of 

freedom (Rigdon, 1995). The adopted indices included χ2/df (which should 

fall in the range from 1 to 2); GFI, the goodness-of-fit index; CFI, the 

comparative fit index; TLI, the Tucker-Lewis index (the criteria of the three 

indices: ≥ 0.9); and RMSEA, the root mean square error of approximation 

(which should be lower than 0.8). Moreover, to compare the fits between the 

models, the Akaike information criterion (AIC) of which the lower value 

indicates a better and more parsimonious fit was used, and chi-square 

difference tests were conducted. 

 

(a) Hypothesized model: implementation intention and coping planning 

as complete mediators between behavioral intention and behavior change 

In the hypothesized model, implementation intention and coping 

planning were treated as the two complete, sequential mediators between 

behavioral intention and behavior change (Fig. 6-1). Namely, all the effect of 

behavioral intention on behavior change was hypothesized to be mediated by 

implementation intention, coping planning, and the two constructs in 

sequence. This model exhibited an acceptable fit with χ2 / df = 1.26, CFI = 

0.97, TLI = 0.97, and RMSEA = 0.047, except GFI = 0.80 did not meet the 

criterion (Table 6-4). 

According to the estimation results (Table 6-4), behavioral intention 

had strong direct influences on both volitional constructs. Implementation 

intention impacted directly on pro-environmental mode use change, and 

indirectly on car use change through the mediation of coping planning. In 

contrast, coping planning directly impacted on both behavior changes. In 

addition, formulating action plans and formulating coping plans respectively 

influenced implementation intention and coping planning, which in turn 

influenced behavior changes. Based on these results, Hypothesis 2, 3, and 5 

were supported, whereas Hypothesis 1 was not fully supported because the 
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mediation of implementation intention between behavioral intention and car 

use change was dependent on coping planning. Similarly for Hypothesis 4, the 

effect of formulating action plans on car use change relied on the “sequential 

mediation of implementation intention and coping planning.” In general, the 

hypothesized model could elucidate how behavioral intention to change 

behavior is implemented by implementation intention and coping planning, 

and account for implementation intention effects on behavior change. 

 

(b) Competing model 1: behavioral intention as the only proximal 

determinant of behavior change 

The competing model 1 treated behavioral intention as the only 

proximal determinant of behavior change (Fig. 6-2). The paths from volitional 

constructs to behavior change were constrained to 0. The overall model fit was 

as follows: χ2 / df = 1.28, GFI = 0.80, CFI = 0.97, TLI = 0.97, and RMSEA = 

0.048. In this model, behavioral intention had significant effects on car use 

change and pro-environmental mode use change. However, this model showed 

a markedly lower explained variance in pro-environmental mode use change 

(11%) compared to the hypothesized model (18%). 

 

(c) Competing model 2: implementation intention as a partial mediator 

between behavioral intention and behavior change 

In the competing model 2 (Fig. 6-3), implementation intention as a 

partial mediator between behavioral intention and behavior change was 

considered following the competing model 1. The overall model fit was as 

follows: χ2 / df = 1.27, GFI = 0.80, CFI = 0.97, TLI = 0.97, and RMSEA = 

0.047. The direct effect of behavioral intention on pro-environmental mode 

use change, which was significant in the competing model 1, turned to be 

insignificant with a marked decrease in the coefficient (from β = 0.19, p = 

0.03; to β = 0.06, p = 0.50). Moreover, the direct effect of behavioral intention 

on car use change decreased compared to the competing model 1 but still 
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remained significant. The results implied that implementation intention may 

function mainly in mediating between behavioral intention and pro-

environmental mode use change, and that implementation intention alone may 

not sufficiently bridge the intention-behavior gap in travel behavior. 

 

(d) Competing model 3: implementation intention and coping planning as 

partial mediators between behavioral intention and behavior change 

In addition to implementation intention, coping planning was treated as 

another mediator in competing model 3 (Fig. 6-4), of which the overall model 

fit was as follows: χ2 / df = 1.26, GFI = 0.80, CFI = 0.97, TLI = 0.97, and 

RMSEA = 0.047. With the additional mediation of coping planning, all the 

path coefficients from behavioral intention and from implementation intention 

to behavior change, decreased when compared to the competing model 2. 

Notably, behavioral intention no longer significantly directly predicted 

behavior change. However, with specifying behavioral intention as a proximal 

determinant of behavior change, the influence of behavioral intention on car 

use change could not be mediated in this model. By contrast, the hypothesized 

model treating behavioral intention as a distal determinant explained that 

behavioral intention to reduce car use is put into action by planning constructs. 

 

(e) Modified model: behavioral intention enhanced by formulating coping 

plans 

A model modified based on the hypothesized model was estimated to 

test the effect of formulating coping plans on behavioral intention (Fig. 6-5). 

This modified model showed the overall model fit with χ2 / df = 1.25, GFI = 

0.81, CFI = 0.98, TLI = 0.97, and RMSEA = 0.046. Moreover, the variance in 

coping planning was explained for 44% higher than the other models. The 

estimation result exhibited a significant influence of formulating coping plans 

on behavioral intention. Thus, coping plan intervention effects were mediated 

by behavioral intention not only on coping planning, but also on 
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implementation intention. The intervention effect on behavioral intention and 

its successive impacts may partly explain the reason why coping plan 

interventions are often more effective than action plan ones in health 

psychology research (Schwarzer, 2008a). 
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Fig. 6-1  Hypothesized model: implementation intention and coping planning as complete mediators 

between behavioral intention and behavior change 

(BI = behavioral intention; II = implementation intention; CP = coping planning. Solid line denotes a positive effect; dotted line denotes a negative 

one; gray line shows an insignificant influence. *p < 0.1; **p < 0.05; ***p < 0.01. These notes are also for Fig. 6-2 to Fig. 6-5) 
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Fig. 6-2  Competing model 1: behavioral intention as the only proximal determinant of behavior change 
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Fig. 6-3  Competing model 2: implementation intention as a partial mediator between 

behavioral intention and behavior change 
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Fig. 6-4  Competing model 3: implementation intention and coping planning as partial mediators 

between behavioral intention and behavior change 
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Fig. 6-5  Modified model: behavioral intention enhanced by formulating coping plans 
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Table 6-4  Estimation results of path analysis 

Path 

Hypothesized 

model 

Competing 

model 1 

Competing 

model 2 

Competing 

model 3 

Modified 

model 

Standardized coefficients 

BI ⇒ II  0.41***  0.41***  0.41***  0.41***  0.41*** 

BI ⇒ CP  0.41***  0.41***  0.40***  0.41***  0.39*** 

BI ⇒ Car use_BC ─ -0.25** -0.19** -0.12 ─ 

BI ⇒ PEM use_BC ─  0.19**  0.06  0.03 ─ 

II ⇒ CP  0.23**  0.23**  0.24**  0.23**  0.22** 

II ⇒ Car use_BC -0.13 ─ -0.14 -0.10 -0.13 

II ⇒ PEM use_BC  0.23** ─  0.30***  0.24***  0.23** 

CP ⇒ Car use_BC -0.19** ─ ─ -0.14 -0.20** 

CP ⇒ PEM use_BC  0.19** ─ ─  0.20**  0.20** 

F_APs ⇒ II  0.17*  0.16*  0.17*  0.17*  0.16* 

F_CPs ⇒ CP  0.31***  0.31***  0.31***  0.31***  0.30*** 

F_CPs ⇒ BI ─ ─ ─ ─  0.22** 

P_Car use ⇒ Car use_BC  0.31***  0.32***  0.31***  0.31***  0.31*** 

P_PEM use ⇒ PEM use_BC  0.23***  0.27***  0.24***  0.23***  0.23*** 

N 121 121 121 121 121 
χ2 (df) 525.78 (417) 535.42 (419) 527.85 (417) 523.59 (415) 519.71 (416) 

χ2 test p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 

χ2 / df 1.26 1.28 1.27 1.26 1.25 

GFI 0.80 0.80 0.80 0.80 0.81 

CFI 0.97 0.97 0.97 0.97 0.98 

TLI (NNFI) 0.97 0.97 0.97 0.97 0.97 

RMSEA 0.047 0.048 0.047 0.047 0.046 

AIC 747.78 753.42 749.85 749.59 743.71 

Note: BI = behavioral intention; II = implementation intention; CP = coping planning; Car use_BC = car use change; PEM use_BC = pro-environmental 

mode use change; F_APs = formulating action plans; F_CPs = formulating coping plans; P_Car use = past car use; P_PEM use = past pro-environmental 

mode use. *p < 0.1; **p < 0.05; ***p < 0.01. 
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The above estimated models were compared by goodness of fit and chi-

square difference analysis to determine a better model of the volitional phase 

of travel behavior change. In Table 6-4, these models exhibited a close fit in 

both absolute fit measures (GFI, RMSEA) and incremental fit measures (CFI, 

TLI). In AIC as a parsimonious fit measure, the modified model, followed by 

the hypothesized one, showed a lower value which denotes that a reduced chi-

square value by increasing estimated parameters is acceptable in parsimony. 

To further contrast these models, the chi-square difference analysis was 

conducted (Table 6-5). The hypothesized model was better than the competing 

model 1 and 2, but did not significantly differ from the competing model 3. In 

contrast, the modified model was determined a better model than the other 

models in terms of this analysis. 
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Table 6-5  Goodness of fit comparison between models by chi-square difference analysis 

 
Hypothesized model 

χ2 (df)=525.78 (417) 

Competing model 1 

χ2 (df)=535.42 (419) 

Competing model 2 

χ2 (df)=527.85 (417) 

Competing model 3 

χ2 (df)=523.59 (415) 

Modified model 

χ2 (df)=519.71 (416) 

Hypothesized model 

χ2 (df)=525.78 (417) 
─ 

    

Competing model 1 

χ2 (df)=535.42 (419) 

Δχ2 (2) = 9.64*** 

HM better than CM1 
─ 

   

Competing model 2 

χ2 (df)=527.85 (417) 

 

HM better than CM2 

Δχ2 (2) = 7.57** 

CM2 better than CM1 
─ 

  

Competing model 3 

χ2 (df)=523.59 (415) 

Δχ2 (2) = 2.19, ns Δχ2 (4) = 11.83** 

CM3 better than CM1 

Δχ2 (2) = 4.26, ns 
─ 

 

Modified model 

χ2 (df)=519.71 (416) 

Δχ2 (1) = 6.07** 

MM better than HM 

Δχ2 (3) = 15.71*** 

MM better than CM1 

Δχ2 (1) = 8.14*** 

MM better than CM2 

 

MM better than CM3 
─ 

Note: HM = hypothesized model; CM1 = competing model 1; CM2 = competing model 2; CM3 = competing model 3; MM = modified model. **p < 

0.05; ***p < 0.01; ns: not significant. 
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The main interest of a previous work, Bamberg (2013b) (also see Fig. 

2-6), concerned with stage transitions from the initial predecision to the final 

postaction of travel behavior change process, differs from the present study in 

this chapter, whereas the two cases share several features. That work modeling 

the behavior change process for car and public transport use also incorporated 

implementation intention, predicted by behavioral intention, as a proximal 

determinant of behavior. Although that work and the present study differ in 

the measures of implementation intention, both represent the similar concept 

of implementation intention that involves informing oneself about necessary 

details for action. Meanwhile, the two cases share the similar target behavior, 

for which, despite a slight difference from public transport use, the present 

study adopted pro-environmental mode use considering the widespread 

bicycle use in Taipei City. Based on the similarities, the actional and 

postactional stages in that work could be analogous to the volitional phase in 

the present study. Thus, the comparison in the volitional phase could be 

conducted, to reveal, by another approach aside from the preceding analysis, 

the function of coping planning as an additional proximal determinant of 

behavior. 

Concerning similar results, the present study corresponds with 

Bamberg’s work in the path from implementation intention to car use, 

indicating the insignificant effect (see Table 6-6). In addition, both cases 

reported a significant influence of action planning on pro-environmental mode 

use (or public transport use). For dissimilar results, there was no significant 

effect of behavioral intention on car use in Bamberg’s work, whereas in the 

present study the effect of behavioral intention on car use could be found 

through the mediations of “coping planning” (-0.078) and of “action planning 

and coping planning in sequence” (-0.018). Furthermore, the present study 

indicated a larger total effect of behavioral intention on pro-environmental 

mode use (0.190) with the additional mediation of coping planning, compared 
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to that work with the single mediation of implementation intention (0.077). 

The differences in the effects on behavior may imply the importance of coping 

planning mediating the effects not only of behavioral intention but also of 

implementation intention on behavior. Finally, the model of the present study 

exhibited the higher explained variances in car use and pro-environmental 

mode use. This result might relate to the mediations of the two volitional 

constructs, and the longitudinal data including past behavior as the predictors 

of current behavior in the present study. 

 



 

 

1
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Table 6-6  Comparison to Bamberg (2013b) 

 Bamberg (2013b) The present study# 

Implementation intention ⇒ 

Car use 

Standardized coefficient: -0.05, 

p > 0.05 

Standardized coefficient: -0.13, 

p > 0.05 

Implementation intention ⇒ 

Pro-environmental mode use 

(or public transport use) 

Standardized coefficient: 0.15**, 

p < 0.05 

Standardized coefficient: 0.23**, 

p < 0.05 

Effect of behavioral intention 

on car use † 

Total effect: 0 Total effect: -0.096 

Indirect effect through 

Implementation intention: 0 

Coping planning: -0.078 

Implementation intention and coping planning 

in sequence: -0.018 

Effect of behavioral intention 

on pro-environmental mode 

use (or public transport use) † 

Total effect: 0.077 

Indirect effect through 

Implementation intention: 0.077 

Total effect: 0.190 

Indirect effect through 

Implementation intention: 0.094 

Coping planning: 0.078 

Implementation intention and coping planning 

in sequence: 0.018 

Explained variance in car use R2 = 0.12 R2 = 0.18 

Explained variance in pro-

environmental mode use (or 

public transport use) 

R2 = 0.08 R2 = 0.18 

Note: # The values of coefficients and explained variances adopt the estimation of the modified model in the present study. † The effect counts the paths 

with p-values less than 0.05, and is shown in a standardized form.   
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It was known that implementation intention (or action planning) is 

mediating the effect of behavioral intention on travel behavior, such as public 

transport use (Bamberg, 2013b), car use reduction (Taniguchi & Fujii, 2007), 

and bicycle parking behavior modification (Fujii, 2005). However, the present 

study found that coping planning is further mediating the effect of 

implementation intention on travel behavior change. Specifically, it was 

empirically indicated that behavioral intention influences implementation 

intention, which in turn influences coping planning, which in turn influences 

behavior changes in car use reduction and pro-environmental mode use 

increase. Apart from these influences, this study also found significant direct 

paths from behavioral intention to coping planning for both behavior changes, 

and from implementation intention to pro-environmental mode use increase. 

These findings indicated that behavioral intention had a direct effect on coping 

planning in addition to an indirect effect mediated by implementation 

intention; and implementation intention had a direct effect on behavior change 

in addition to an indirect effect mediated by coping planning. However, further 

empirical and theoretical research is needed for understanding these additional 

statistical results. 

These findings also shed light on soft transport strategies intervening in 

behavior change process. The volitional strategy, such as personalized action 

and coping plans applied in this and previous chapters, aiming at volitional 

factors could be further examined and extended, in addition to the 

motivational strategy more frequently applied in previous voluntary travel 

behavior change (VTBC) programs (Fujii & Taniguchi, 2006). Moreover, this 

study suggested that formulating coping plans on identifying and overcoming 

barriers may enhance behavioral intention. The finding probably explains why 

coping plan intervention is often regarded as more effective than action plan 

intervention (Schwarzer, 2008a). 
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Through this study, the divergent functions of implementation intention 

and coping planning in travel behavior change could be implied. Specifically, 

implementation intention had direct impact on increasing pro-environmental 

mode use, namely, triggering attempts at infrequently used modes in daily 

commuting. Thus, enhancing implementation intention may be conducive to 

“action initiative” in travel behavior. However, enhancing it may reduce car 

use as habitual behavior only through the facilitation of coping planning, 

whereas facilitating coping planning itself could lead to reducing car use and 

increasing pro-environmental mode use. Thus, facilitating coping planning 

appears to be conceive to both “action initiative” and “habit breaking” in travel 

behavior. This perspective corresponds to the studies that treat implementation 

intention (or action planning) as conducive to short-term behavioral adoption, 

and coping planning as beneficial for long-term behavioral maintenance 

(Sniehotta et al., 2006; Ziegelmann et al., 2006); and that view implementation 

intention and coping planning as different but complementary roles in goal 

pursuit (Carraro & Gaudreau, 2015). However, this perspective in the travel 

behavior domain needs more empirical evidence. 

In general, for behavior change theories, this study with the 

incorporation of coping planning into the behavior change model elucidated 

how implementation intention, previously applied in diverse areas for 

facilitating automatic and deliberate behavior, functions in behavior change, 

and meanwhile clarified its association with coping planning. In addition, for 

VTBC program practice, the elucidation of the effects of personalized action 

and coping plans on the volitional phase expanded the psychological 

foundation for personalized travel plan intervention. 
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Chapter 7  

 

 

 Conclusions 
 

 

 

 

 

 

The starting point of this research was concerned with excessive car 

use, and the effectiveness of volitional strategies, pertaining to the category of 

soft measures in mobility management, in car use reduction.  

To respond to this issue and underpin volitional strategies, initially, 

Chapter 2 reviews mobility management methodology and behavior change 

theories that could constitute the theoretical foundation of soft car-use 

reduction measures; and indicates the current deficiency in the volitional 

phase of behavior change processes. Following this indication, the two mental 

simulations, “action planning” and “coping planning,” are further identified 

as the possible volitional constructs bridging the intention-behavior gap. 

Then, Chapter 3 develops the measures and the scales of the used 

constructs in the volitional phase. Particularly for coping planning, which is 

first applied in travel behavior research, its previous measures and 

measurement method are reviewed. Consequently, this chapter proposes a new 

measurement method for coping planning. The proposed method substitutes 

the domain-specific barrier situations for the previous generalized measures 

widely used, and substitutes the form of a ratio, which is the ratio of the extent 

of coping plans to the perceived degree of barriers, for previously only 

assessing the extent of coping plans. 
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Chapter 4 presents the preliminary investigation on the influence of 

action planning and coping planning on travel behavior. For pro-

environmental travel mode use, both planning constructs exhibited significant 

main effects. In contrast, for car use, interaction effect between both planning 

constructs emerged. Specifically, action planning was influential in car use 

only to the commuters with high coping planning; and coping planning 

functioned in car use solely for the commuters with high action planning. 

Therefore, action planning and coping planning may not independently 

determine car use behavior. 

Chapter 5 conducts a social experiment across a one-month period, 

following the finding that planning may impact on travel behavior (in Chapter 

4), to examine the effect of requesting personalized action plans and coping 

plans, as the interventions respectively targeting action planning and coping 

planning enhancement, on car use reduction. The interventions were expected 

to change the planning constructs, and in turn, change car use behavior. Based 

on a pre-test-post-test control design enabling eliminating extraneous 

influence, the results indicate that the action plan intervention solely had effect 

on action planning; however, the action-plus-coping plan intervention had 

impact on intention, action planning, and coping planning. In addition, the 

results support the effectiveness of the combined action-plus-coping plan 

intervention in reducing car use, but not of the action plan alone intervention. 

Chapter 6, with the experimental evidence that car use reduction 

occurred with action and coping planning enhancement (in Chapter 5), 

proposes a behavior change model incorporating coping planning. In this 

model, coping planning and implementation intention are treated as the post-

intentional volitional constructs of behavior change. The estimation results 

suggest that implementation intention mediated the effect of behavioral 

intention on car use change only through the mediation of coping planning; 

that coping planning itself mediated between behavioral intention and car use 

change; and that both volitional constructs mediated the effect of behavior 
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intention on pro-environmental mode use change. In addition, the 

effectiveness of personalized travel plans in behavior change could be 

attributed to the mediations of the volitional constructs. Based on the findings, 

the behavior change model incorporating coping planning could account for 

the effectiveness of implementation intention in travel behavior change; and 

reveal the divergent roles of implementation intention for action initiative and 

of coping planning for habitual behavior breaking. 

 

 

 

According to the findings of this research, it is worth first noting that 

coping planning may play a key volitional factor translating behavioral 

intention to reduce car use into action. In addition, action planning has often 

been postulated to have a similar function, but its mediating role between 

behavioral intention and car use was not supported in this research (Chapter 

6). Concerning this issue, when it comes to a target behavior relying on a more 

reflective decision-making process rather than a reactive one, the behavior 

change may be associated with a more broad range of behaviors in daily life, 

and thus involve more potential barriers to performing the target behavior. 

Travel behavior change seems reflective: when researchers or intervention 

practitioners persuade commuters to change car use to public transport, if 

interventions do not position commuters to address the rearrangement of 

involved activities and to overcome or prevent potential barriers, the 

persuasive communication may not be effective or only be effective in the 

short term until potential barriers arise. 

Therefore, this perspective implies that fostering a strong cognitive link 

between anticipated barriers and coping strategy is capable of addressing the 

above-mentioned issue of action planning failing to mediate behavioral 

intention effect on car use change. This argument could be underpinned by the 
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relation of action planning (implementation intention) to coping planning and 

to car use behavior, empirically found in this research (Chapter 6), because 

when coping planning is strong enough, action planning is still influential in 

car use reduction despite no direct influence on it. This relationship of coping 

planning with action planning may result from their interaction on car use 

behavior reported (Chapter 4). These findings imply that action planning and 

coping planning should not be used independently to predict travel behavior, 

or should not be solely considered to design behavior change interventions. 

Instead, the interaction term between both planning constructs should be 

included in the predictors of travel behavior. Also, potential barrier 

anticipation and coping need to be included in behavioral plan method for 

changing travel behavior. That is, action plan or implementation intention 

techniques alone may not be fit for travel behavior change as a deliberate 

process. This is why action plan intervention in isolation did not reduce car 

use, despite effectively influencing action planning; however, the add-on 

coping plans resolved the failure of action plans: reducing car use frequency 

share by 24.6% (Chapter 5). 

This effectiveness of the add-on coping plans may be partly because of 

the enhanced behavioral intention to reduce car use (Chapter 5). In a stage 

model perspective, the formation of behavioral intention is indicative of a 

readiness to transit from a motivational to a volitional stage (Schuz et al., 

2009; Schwarzer, 2008a; Schwarzer et al., 2011). Thus, a powerful volitional 

strategy, such as the action-plus-coping plan intervention, may not limit its 

influence to volitional factors, but also strengthen motivation when potential 

barriers have been anticipated and then excluded, or when alternative actions 

responding to potential barriers have been drawn. This implication might link 

“volitional strategy” to previous behavioral theories that provide the basis for 

motivational transformation, for example, the theory of planned behavior 

(TPB) (Ajzen, 1991). As the discussion of the TPB-based or other 

motivational theory-based interventions, it has been indicated that requisite 
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resources and removing potential barriers to behavioral performance are two 

critical reasons for motivational transformation leading to appreciable 

behavioral change (Ajzen, 2015). 

The above implications, together with previous related research 

findings, suggest a need for refining the volitional phase of behavior change 

process to explain and address the intention-behavior gap, as well as to 

account for the effectiveness of action planning or implementation intention 

techniques. In the case of this research (Chapter 6), the volitional phase 

constituted by behavioral intention, implementation intention, coping 

planning, and behavior change are established. Based on the estimations of 

hypothesized and competing models, coping planning accounted for whether 

implementation intention can mediate behavioral intention effect on car use 

change. Moreover, behavioral intention, or even after incorporating 

implementation intention, could not explain car use change, unless coping 

planning was incorporated into the model to mediate behavioral intention 

effect. Thus, such a volitional phase modeling accounts for implementation 

intention, and addresses the intention-behavior gap because the prerequisite 

for the intention-behavior consistency is revealed to some extent. 

This research also implies the possible direction of theoretical 

development for voluntary travel behavior change. Connecting to previous 

theories applied to travel behavior in recent years, such as a joint theory 

(Bamberg et al., 2007) combing the TPB and the NAM constructs, or a self-

regulated model (Bamberg, 2013b) with goal setting and implementation 

intention processes (Gollwitzer, 1999; Gollwitzer & Sheeran, 2006), this 

research could be positioned to complement the volitional phase in a possible 

boarder theoretical framework (Fig. 7-1). Importantly, this research clarifies 

the roles of action and coping planning which were not separately specified in 

the health approach process approach (Schwarzer, 2008a; Schwarzer et al., 

2011), and how they function in the volitional phase; in addition, the relation 

of coping planning with behavioral intention was preliminarily suggested. 
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These relationships are worth further examining for more evidence to underlie 

the basis for moving behavior change theory forward. 

 

 

Fig. 7-1  A theoretical framework of travel behavior change  

incorporating coping planning 

 

 

 

 

The first main contribution of this research is to introduce the construct 

“coping planning” into the travel behavior field. As the first research to do so, 

this research proposes the measurement method combining perceived barrier 

degree and the extent of coping plans, instead of only assessing the latter; and 

designs domain-specific measures for travel behavior rather than directly uses 

the generalized measures as in most previous studies introducing coping 

planning. Thus, coping planning could be further investigated to reveal its 

domain-specific character in travel behavior. 
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The second contribution is to develop the intervention targeting coping 

planning enhancement (personalized coping plan method) in conjunction with 

a conventional behavioral plan method for travel behavior change, and to 

verify its effectiveness in car use reduction compared to the conventional 

method alone. This is a fundamental contribution to improving current 

behavioral plan techniques and expanding mobility management 

methodology. 

The third contribution is to reveal the behavioral mechanism 

surrounding coping planning in travel behavior change, and the association of 

coping planning with other determinants of behavior. This clarification may 

not merely underpin intervention design and evaluation, but also the 

knowledge of how behavioral intentions to change travel behavior are 

implemented. In addition, this mechanism could be applied to other behaviors 

of interest, and then be tested and modified for a better understanding of 

human behavior. 

 

 

 

The present research has limitations and remaining issues that need to 

be addressed by future research, including the validity of the findings, data 

collection techniques, more longitudinal effect of planning intervention, and 

the relations of the used constructs with other ones in behavioral theories. 

Initially, because coping planning in this research is first measured for 

travel behavior, there is necessarily room for measurement improvement. The 

concept of coping planning should also be further discussed, particularly for 

its more precise meaning in travel behavior, to grasp coping planning and 

apply coping plan interventions effectively. 

An obvious weakness of this research is that the findings in Chapter 5 

and Chapter 6 were based on a relatively small sample size. Future research 
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with the interest of action and coping planning-related intervention should 

broaden the sample size to further examine the effectiveness of planning 

intervention suggested in this research. Furthermore, even though the social 

experiment in Chapter 5 adopted the pre-test-post-test control (PPC) design, 

the validity of the results was still threatened by the potential self-selection 

bias, implied by the differences in age, gender, and pre-test behavior among 

control and experimental groups. A PPC design is allowed to statistically 

control the pre-test nonequivalence, but cannot completely eliminate the threat 

to internal validity caused by non-randomization or self-selection (Fujii et al., 

2009). The high dropout rate of the experiment may cause a self-selection bias. 

Thus, the planning intervention effects should be further confirmed with 

controlling the possibility of self-selection biases, for example, with a face-to-

face assistance in travel plan formulation, and additional persuasive 

communication techniques for follow-up participation facilitation. 

Moreover, the error of self-reported behavior data may exist in this 

research, despite using the day-by-day report. This problem can probably be 

addressed by a GPS panel survey (Stopher et al., 2009) with self-reporting. 

The former could more accurately assess car use and main public transport 

use, and the latter could aim at short-distance modes such as scooter, cycling, 

and walking. For future research, high quality data is necessary for more 

precisely evaluating travel behavior change programs. 

In addition, the travel behavior change was investigated across a one-

month period in this research. Hence, the effect of action planning and coping 

planning enhancement on a more longitudinal travel behavior change are 

worth tracking and comparing with other types of voluntary travel behavior 

change programs. 

Concerning the behavior change model, there is still room for 

improving the volitional phase model in this research. For one reason, not all 

representative model fit indices were satisfactory. For another more 

fundamental reason, there may be other constructs functioning in the 
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volitional phase, one set of which is probably self-efficacy (Bandura, 1997). 

This concept refers to the beliefs in one’s own capabilities, mainly derived 

from mastery experiences and social persuasion, to organize and execute the 

courses of action. It has been further divided into three constructs: task (for a 

preparation state), maintenance (for an initial action state), and recovery self-

efficacies (for a cycling between action and relapse). These self-efficacies 

seem to function in different sub-phases of volitional phase, demanding 

different practical exercise and attempts (Bandura, 1997; Schwarzer et al., 

2011). Hence, aside from planning constructs, the self-efficacies might be the 

other volitional determinants of travel behavior change; particularly to, for 

instance, the category of commuters whose daily trips have been deadlocked 

in a single pattern for a long term without believing that changing their own 

travel behavior is possible. Hence, future research should consider the 

possibility that other volitional constructs function in the volitional phase of 

travel behavior change. 

Finally, another weakness of the behavior change model, in terms of a 

complete behavior change process, is that a motivational phase was not 

included in analysis and modeling. A travel behavior change process in future 

research should additionally incorporate the important motivational constructs 

explicitly identified by previous research (Bamberg et al., 2007; Cools et al., 

2011; Haustein et al., 2009; Nordlund & Garvill, 2003; D. Zhang et al., 2016). 

This consideration is not only to illustrate a complete behavior change process, 

but to clarify the relationships between motivational and volitional constructs. 

To date there have been rare cases integrating motivational and volitional 

phases in travel behavior research. One such case is Bamberg (2013b) in 

which the motivational phase involving behavioral intention formation was 

clearly disclosed, whereas the volitional phase relatively needed more 

discussion. In this vein, the present research could be a complement to the 

previous uncovered portion. Hence, based on the present and previous 

research, future investigation should pay further attention to both motivational 
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and volitional constructs and their associations, to facilitate the understanding 

of travel behavior change mechanisms and to underlie the foundation of soft 

transport policy measures.  
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