
  

Int. J. Environ. Res. Public Health 2017, 14, 581; doi:10.3390/ijerph14060581 www.mdpi.com/journal/ijerph 

Review 

Transtheoretical Model of Change during Travel 

Behavior Interventions: An Integrative Review 

Margareta Friman *, Jana Huck and Lars E. Olsson 

SAMOT/CTF Service Research Center, Department of Social and Psychological Studies, Karlstad University, 

Karlstad 651 88, Sweden ; jana.huck@kau.se (J.H.); lars.e.olsson@kau.se (L.E.O.) 

* Correspondence: margareta.friman@kau.se; Tel.: +46-54-700-1168 

Academic Editors: Norbert Mundorf and Colleen A. Redding 

Received: 25 April 2017; Accepted: 26 May 2017; Published: 30 May 2017 

Abstract: This study aims to identify the relevant empirical work, to synthesize its findings, and to 

thus attain a general understanding of the application of the Transtheoretical Model (TTM) in 

transport behavior research. An integrative literature review was used to determine whether or not 

the implemented interventions impact the stages and processes of travel behavior change. Data was 

collected from different databases. English language articles published between 2002 and 2017 were 

included. After sequentially narrowing the search and removing duplicates, 53 relevant papers 

remained, 13 of which fulfilled the stated criteria of constituting a transport intervention study using 

the TTM as a reference frame. The final 13 studies were classified and categorized according to 

stages and processes in the TTM. Findings showed that none of the interventions met the method 

requirements for a proper evaluation of design and outcome measurement. Reporting did not 

follow a standardized structure desirable when enabling comparative analyses. Allowing for these 

shortcomings, it is inferred that positive travel behavior changes have been obtained during some 

interventions. Importantly, although it was stated that the empirical studies were based on the TTM, 

the included interventions were implemented irrespective of the individual’s stage of change. For 

future research, it will be necessary to conduct evaluations of higher quality. 

Keywords: health; integrative review; transtheoretical model of change; TTM; travel behavior; 

travel interventions 

 

1. Introduction 

This review focuses on travel behavior change interventions and the Transtheoretical Model of 

Change (TTM) [1,2], a process theory of motivation as the foundation of behavioral change. The 

review will identify and evaluate the relevant empirical work that has applied the TTM, or parts of 

the theory, to travel behavior intervention programs. The overall aim is to understand whether, and 

to what extent, the implemented interventions impact the stages and processes of travel behavior 

change. The general concepts of the TTM will be explained first to provide a basic understanding of 

the theory, where it has its roots, and in what contexts it has previously been applied. Then follows 

an integrative review [3] of the TTM and travel behavior interventions, as well as the categorizations 

of these findings. Finally, applications of the TTM to travel behavior change interventions will be 

discussed, followed by challenges and avenues for future research. 

The Transtheoretical Model of Change 

Prochaska and DiClemente’s [1] Transtheoretical Model of Change is well established in health 

research [4,5], as well as being used in travel behavior research [6,7]. Compared to attitude/intention-

based behavioral models like the Theory of Planned Behavior [8], the TTM describes behavior change 
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as a sequence of the stages through which individuals progress toward a desired kind of behavior. 

The TTM consists of two main constructs: the stages of change and the processes of change. The 

popularity of the TTM is based on its possibility of tailoring interventions to individuals undergoing 

different stages of change. 

The TTM consists of five major stages, as previously described by transport researchers [9–11] 

and illustrated in Table 1. During the first stage—precontemplation—the individual has no intention 

of changing his/her behavior and is unaware of the negative consequences of his/her current behavior. 

Alternatively, he/she believes that these consequences are insignificant. During the next stage—

contemplation—the individual is starting to think about changing his/her behavior within the next 

six months. However, while contemplating, the cost of change is overestimated and the person 

remains undecided regarding the benefits. During the ensuing preparation stage, the individual is 

planning to make a change within a month, and has begun taking small steps towards changing. 

When people reach the action stage, they have recently changed their behavior and are actively trying 

to modify their (problem) behavior, and to acquire new behaviors. Finally, individuals transition to 

the maintenance stage once they have been able to maintain a change for more than six months, and 

are actively trying to prevent a relapse. Relapsing means regressing by one or more stages, which 

may occur at any stage [6]. 

Table 1. Overview of the stages and processes of change (Adapted from “Planning Health Promotion 

Programs: An intervention mapping approach.” by Bartholomew et al. [12]).  

Processes 
Stages 

Precontemplation Contemplation Preparation Action Maintenance 

Consciousness Raising x     

Dramatic Relief x     

Environmental Reevaluation x     

Risk Assessment x     

Positive Framing x     

Reevaluation of Outcomes x     

Perception of Benefits x     

Self-Reevaluation  x    

Self-Efficacy and Social Support  x    

Decision-Making Perspective  x    

Tailoring Time Horizons  x    

Focus on Important Factors  x    

Trying New Behavior  x    

Persuasion of Positive Outcomes  x    

Modeling (Overcoming Barriers)  x    

Self-Liberation   x   

Skill Improvement   x   

Coping with Barriers   x   

Goal Setting   x   

Modeling (Social Reinforcement)   x   

Helping Relationships    x  

Counterconditioning    x  

Contingency Management    x  

Stimulus Control    x  

Skill Enhancement    x  

Dealing with Barriers    x  

Self-Rewards for Success    x  

Coping Skills     x 

Behavior is a consequence of a set of processes operating on a number of determinants that can 

be described as cognitive, affective, and/or behavioral, and assumed to facilitate (or trigger) a 

transition from one specific stage to the next (see Table 1) [12,13]. Interventions, on the other hand, 

are distinctive measures targeting a specific process. As an example, consciousness raising is a 

process while interventions for consciousness raising can consist of posters and/or other printed 

materials. The processes described in Table 1 represent an extended version of the original ten 

processes identified by Prochaska and DiClemente [1,13]. The processes listed in Table 1, e.g., goal 
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setting, trying new behaviors, and consciousness raising, have all been implemented and tested in 

health-related research areas, e.g., smoking cessation and condom use [2,13–17]. Depending on the 

individual stage of change, matching processes are proposed for supporting the individual’s 

transition to the next stage. For instance, the process of consciousness raising can trigger people into 

moving from the precontemplation stage to the contemplation stage and, during the process of 

dealing with different barriers, individuals can move from the preparation stage to action. Below, 

there is a description, based on the identification of Bartholomew et al. [12], of linkages between the 

stages and processes of change (see Table 1), including examples of interventions targeting a specific 

process and triggering a transition. 

The process of change, i.e., moving from the precontemplation stage to the contemplation stage, 

involves consciousness raising; that is, finding and learning about new facts, ideas, and ways of 

encouraging behavior change. The aim is to make individuals aware of the need to alter their current 

behavior. Dramatic relief can be used to produce enhanced (negative) emotional experiences, followed 

by reduced affect for the undesired behavior. Interventions used to stimulate dramatic relief include 

role-plays, personal testimonies, and media campaigns. Environmental reevaluation includes an 

evaluation of the impact of an undesired behavior on the social environment. Interventions initiating 

such an evaluation include empathy training, family interventions, and documentaries on the social 

environment. Both qualitative and quantitative risks are associated with behavior change. Risk 

assessment involves increased knowledge of: (1) risk comparison (e.g., comparing current negative 

behavior with future positive behavior) and (2) risk assessment (transactional/short-term 

probabilities versus cumulative/long-term probabilities of success). Positively-framed interventions 

encourage a focus on successful behavioral change rather than on failure, likelihood information, 

personalized messages, and/or facts about the effects of a specific behavior on other people’s aims to 

alter their risk perception. The process of altering an individual’s perception of the benefits of changed 

behavior includes interventions focusing on the advantages of the desired behavior and the 

disadvantages of the (current) risk behavior. 

The transition from the contemplation stage to the preparation stage, or even to action, is 

dominated by cognitive and affective experiential process types. The process of self-reevaluation 

includes interventions emphasizing that behavioral change is an important part of the individual’s 

identity, which is basically an assessment of one’s own self-image (e.g., what one wants to be). 

Interventions like value clarification, healthy role models, and imagery can trigger an individual’s 

self-reevaluation. Another process during this transition is social support and self-efficacy (interventions 

allowing skill training), helping individuals cope with the emotional disadvantages perceived to be 

the result of change. Decision-making focuses on supporting the individual’s process of deciding to 

change. The tailoring of time horizons includes interventions adjusting the period of time during which 

the change is to be carried out by the individual. Focusing on important factors emphasizes that aspects 

of the greatest importance, e.g., important beliefs or consequences, are to be considered. The 

processes of trying out new behaviors (interventions that can facilitate experiences), persuasion of positive 

outcomes (interventions altering expectations), and modeling (interventions highlighting role-models 

who have previously overcome difficult barriers) are aimed at increasing the likelihood of actually 

making the change. 

The transition from preparation to action and from action to maintenance requires behavioral 

processes in order to facilitate change. For example, self-liberation involves making a firm commitment 

to change (e.g., a New Year’s resolution or signing a pledge). Skill improvement refers to changing the 

existing environment in order to reinforce important, obvious, and socially-supported clues. In order 

not to relapse, it is important to be able to cope with barriers. During this process, barriers are identified 

and solutions as to how these can be circumvented are developed. Goal setting is an effective process 

for imposing short- and long-term behavioral change since the individual sets specific and 

incremental goals. Also highlighting role models creates social reinforcement of the changed 

behavior (modeling) to the transition to the action stage. 

When reaching the action stage, helping relationships can be used to maintain a behavior. Counter 

conditioning is an intervention that focuses on changing responses to a stimulus. This could mean 
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helping people to react more negatively to something they used to react favorably to (e.g., cigarettes). 

Contingency management involves rewarding (or punishing) a behavioral change. Stimulus control is a 

term used to describe situations in which a behavior is triggered by the presence or absence of a 

stimulus (e.g., if one always eats while watching TV, the eating behavior will be controlled by the 

stimulus of watching TV). Skill enhancement is aimed at reminding people that setbacks occur and at 

providing tools for overcoming such situations. Self-rewards are interventions whereby a feeling of 

success is promoted in order to remind the individual of the positive consequences. When the 

individual has reached the maintenance phase, the process of coping skills can be used to prevent a 

future relapse by identifying high-risk situations, developing solutions, practicing these solutions, 

and coping with setbacks in such a way that the new behavior is maintained. 

Over the years, the TTM has become one of the dominant stage models. However, the TTM has 

also been criticized [6,18–20] for its lack of empirical applicability, for not being clear and consistent 

regarding which factors influence the transition to the next stage, and for its lack of clarity when it 

comes to explaining how and why people change. Further, it is argued that the TTM has not been 

validated when it comes to stage-matched interventions versus mismatched interventions [20]. One 

of the main arguments for TTM is its ability to design tailored and individualized interventions. 

Sutton [20] emphasizes that this supposedly differentiating factor not only applies to stage models 

but also to continuum models like the theory of reasoned action [21]. Even though the TTM has been 

criticized, it is, nonetheless, popular when it comes to explaining behavioral change in various 

contexts, e.g., health-related behavior [22,23], environmental behavior [4], organizational change [24], 

and consumer behavior [25,26]; however, relatively little is known of its applicability in relation to 

travel behavior change. In the present integrative review, our focus is on the use of the 

Transtheoretical Model of Change in transport, summarizing the findings and identifying the 

processes found to support and/or inhibit travel behavioral change. 

2. Materials and Methods 

2.1. Integrative Review 

Due to the varied mix of research designs and application of the TTM in the transport domain, 

an integrative review approach has been chosen [3]. Consistent with a systematic framework, the 

stages of the review were: (1) problem identification, as outlined in the introduction; (2) literature 

search; (3) data evaluation; (4) data analysis (including ordering, coding, categorization and 

summarizing), and (5) data interpretation and the presentation of findings [3]. 

2.2. Procedure and Inclusion Criteria 

Studies were identified by searching in the international research literature on the 

Transtheoretical Model of Change as used in travel behavior research from 2000 to 2017. We 

conducted an electronic database search that included Google Scholar, Web of Science, and 

PsychNET. The databases ScienceDirect and EBSCOhost were consulted when we were redirected 

there from the previous three databases. Searching in all database fields, we used a search string 

containing keywords and travel-related keywords (summarized in Table 2). This resulted in 18,300 

articles in Google Scholar, 5017 in Web of Science, and 1142 in PsychNET. The result was filtered 

using the category “transportation and behavioral science” for Web of Science (1392 articles) and the 

category “Human” for PsychNET (864 articles). These broad filters reduced the number of hits, while 

also minimizing the risk of missing important papers. Google Scholar could not be filtered and was 

only sorted by relevance. As the keywords are commonly used terms, the search results contained 

papers which merely mentioned the TTM or other stage models, or which referred to other contexts 

than travel. 
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Table 2. Keywords and travel-related keywords used in the review. 

Keyword Context (Travel-Related Keywords) 

TTM Travel 

Stage of change Transport 

Stages of change Transit 

Behavioral change Cycling 

Transtheoretical Model Walk 

Stage Model of Change Car 

 Physical activity 

 Active commuting 

Papers with relevant titles were included in the first selection (see the literature search process 

illustrated in Figure 1). Reference lists of the identified papers were consulted to identify additional 

research findings that had been published. 

 

Figure 1. Literature search process. 

After removing duplicates and screening for general relevance, 53 articles progressed to a second 

selection process. During the second selection process, we applied five inclusion criteria. The study 

had to use the TTM as (1) a theoretical frame, (2) a supporting theory, or (3) an analytical tool. 

Subsequently, studies using all or just a few of the constructs of the TTM were considered 

appropriate. A fourth criterion (4) stated that all modes of travel and motives for travel behavioral 

change were deemed relevant. A fifth criterion (5) dictated that the included studies should contain 

detailed information about the research methods. However, no restrictions were made regarding the 

type or quality of the study design. Literature reviews and theoretical papers were later separated 

from empirical studies. After a thorough and incremental selection process, 38 studies were selected 

and classified with regard to the type of study: literature review (n = 5), theoretical paper (n = 3), or 

empirical study (n = 30). Finally, 13 intervention-based studies were selected on the basis of their 

reporting of outcome measures in relation to the TTM (see Table 3). Studies with an empirical and 

non-intervention-based design were summarized, also serving as supportive material. 

Search Strings

Google Scholar (keyword+travel-related): 18,854

Web of Science (search string): 5017

PsychNET (search string): 1142

Filter

Web of Science: 1392

PsychNET: 864

Titles

Google Scholar: 424

Web of Science: 43

PsychNET: 48

Additional Resources

Reference lists

EBSCOHost

Science Direct

Duplicates and Abstracts

All databases: 53
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Table 3. Overview of the included intervention studies. 

Author(s) 
Transport 

mode 
Motive 

Target 

Group 
Methods n Time Country Current mode use 

Target 

behavior 
Use of the TTM Findings 

Cooper (2007) 

[27] 

Car 

Public 

Transport 

Environment 

Health 

Local 

community 

Quasi-

experimental 

Quantitative 

Intervention 

1031 
10 

weeks 
USA Habitual car user 

Reduced 

car use 
Classification/stages 

Stage of 

change 

transition 

Diniz et al. 

(2015) [9] 
Bike 

Health 

Physical 

activity 

Workplace 

Production 

industry 

Quasi-

experimental 

Quantitative 

Controlled 

Intervention 

932 
6 

months 
Brazil Non-bikers 

Increased 

biking 
Tailored intervention 

Change of 

commuting 

behavior 

Gatersleben & 

Appleton 

(2007) [28] 

Bike Sustainability University 

Quasi-

experimental 

Quantitative 

Intervention 

(Study 1) 

Survey  

(Study 2) 

89 

(Study 1) 

22 

(Study 2) 

2 

weeks 
UK 

Car and public 

transport users, 

walkers 

Increased 

biking 

Theoretical framework 

Categorization/strategies 

Stage of 

change 

transition 

Motivators 

and barriers 

Hemmingsson 

et al. (2009) 

[29] 

Bike 

Walk 

Health 

Physical 

activity 

Workplace 

Health care 

Quasi-

experimental, 

Quantitative 

Controlled 

Intervention 

120 
18 

months 
Sweden 

Car and public 

transport users 

Increased 

everyday 

activity 

levels 

Tailored intervention 

Stage of 

change 

transition 

McKee et al. 

(2006) [30]  

Car 

Walk 

Health 

Physical 

activity 

School (9-

10 years) 

Quasi-

experimental 

Mixed 

Controlled 

Intervention 

60 
10 

weeks 
UK Habitual car users 

Increased 

walking 
Tailored intervention 

Stage of 

change 

transition 

Increased 

walking 

Meloni et al. 

(2013) [31] 

Car 

Public 

Transport 

Environment 

Sustainability 

Local 

community 

Descriptive 

Quantitative 

Survey and 

Intervention 

146 1 week Italy Habitual car users 

Increased 

public 

transport 

use 

Theoretical framework 

Classification/stages 

Model for 

voluntary 

change 

Molina-Garcia 

et al. (2013) 

[32] 

Bike 

Health 

Physical 

activity 

University 

Cross-

sectional, 

Quantitative 

Survey and 

intervention 

173 
8 

weeks 
Spain 

Car/motorbike/public 

transport users. 

Walkers and cyclists 

Increased 

biking 

Analytical tool 

Classification/stages 

Increased 

bike-rentals 
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Mundorf et al. 

(2013) [10] 

Public 

Transport 

Bike 

Walk 

Environment 

Physical 

activity 

 

University 

Quasi-

experimental 

Descriptive 

Quantitative 

Survey and 

Intervention 

588 

(Study 1) 

1,196 

(Study 2) 

720 

(Study 3) 

393 

(Study 4) 

1 day USA Habitual car users 

Increased 

use of 

alternative 

transport 

Study design 

Analytical tool 

Stages of change 

Decisional balance 

Self-efficacy 

Processes of change 

Stage of 

change 

transition 

pre-action 

Mutrie et al. 

(2002) [7] 

Bike 

Walk 

Health 

Physical 

activity 

Workplace 

Public 

sector 

Quasi-

experimental 

Descriptive 

Survey 

Controlled 

intervention 

295 
12 

months 
UK Habitual car users 

Increased 

active 

commuting 

Study design 

Analytical tool 

Stages of change 

Decisional balance 

Self-efficacy 

Processes of change 

Stage of 

change 

transition 

Rissel et al. 

(2010) [33] 
Bike 

Environment 

Health 

Local 

community 

Quasi-

experimental 

Quantitative 

Controlled 

Intervention 

909 
24 

months 
Australia Biking 

Increased 

biking 
Tailored intervention 

Stage of 

change 

transition 

Increased 

biking 

Rose & Marfurt 

(2007) [34] 
Bike 

Environment 

Sustainability 

Local 

community 

Quasi-

experimental 

Quantitative 

Survey 

Intervention 

1952 

1 day + 

5-day 

follow-

up 

Australia 
Car, public transport, 

biking, walking 

Increased 

biking 

Predictive and analytical 

tool 

Stage of 

change 

transition 

Wen et al. 

(2016) [35] 

Public 

Transport 

Bike 

Walk 

Health 

Physical 

activity 

Work place 

Health care 

Quasi-

experimental 

Mixed 

Controlled 

Intervention 

68 
12 

months 
Australia 

Car, active transport 

(public transport, 

biking, walking) 

Increased 

physical 

activity 

levels 

Increased 

biking 

Increased 

walking 

Tailored intervention 

Increased 

use of active 

transport. 

Commuting 

and leisure 

activities 

Wilson et al. 

(2011) [36] 
Bike 

Physical 

activity 
University 

Descriptive 

Quantitative 

Observational 

intervention-

based study 

280 

followers 

12 

months 
USA Not measured 

Increased 

physical 

activity 

levels 

Tailored intervention 

Increased 

social media 

use 
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3. Findings 

During the first stage of analysis, the included papers are classified and categorized. We then 

present how the processes and stages have been applied and what interventions have been 

implemented in order to facilitate behavioral change. The third and final section presents and 

analyzes the different outcome measures. 

3.1. Classification and Categorization 

Table 3 summarizes the included studies by transport mode, motive, target group, method(s), 

number of participants, time frame, country, travel habits, target behavior, use of the TTM, and 

findings. The total number of participants involved in the interventions varied between 22 and 1,952 

(M = 559 participants; SD = 553). One study did not report the number of participants. The 

interventions lasted between 1 day and 24 months (M = 7.06 months; SD = 7.53). The compilation of 

studies showed that interventions had been conducted in different countries, although studies from 

the English-speaking countries dominated (USA, Australia, UK, and Canada). 

One third (n = 4) of the identified studies had been carried out in a university setting that 

included both staff and students. Three studies had focused on specific communities or 

neighborhoods, while three other studies had been conducted at workplaces, for instance in the 

metallurgy industry or in the public sector. Other settings were schools and special events.  

Each intervention study specified an overarching motive. Two dominant motives for 

implementing the interventions were increased health and physical activity (n = 6) and an improved 

environment (sustainability) (n = 2). Some interventions included different combinations of health, 

physical activity, and environmental motives (n = 5). In addition, the majority of the studies had been 

published in health-related journals (n = 8), a few in transport journals (n = 3) or in other journals (n = 2). 

The majority (n = 10) of the included studies had used a quantitative method, with three using a 

mix of qualitative and quantitative methods. Eleven of the intervention studies were quasi-

experimental while seven included a control group. Twelve studies included self-reported measures 

while one contained observational data.  

The target groups were employees (n = 4), students (n = 3), car drivers (n = 2), the citizens of a 

predefined neighborhood (n = 1), school children (n = 1), and obese women (n = 1). 

All the studies but one reported a travel behavior base-line in order to identify and select a target 

group for the relevant intervention. Car users (n = 5) or mixed mode users (n = 3; car, public transport, 

biking, walking) were targeted. Few studies targeted users who were not using a pre-specified mode 

at the time of the intervention (e.g., non-walkers or non-bicyclists). 

The target behavior describes the goal of the intervention, e.g., increased biking (n = 8), increased 

general activity levels (n = 5), increased walking (n = 3), increased public transport use (n = 1), 

improved attitudes toward active transport (public transport, biking, walking) (n = 1), and reduced 

car use (n = 1). 

3.2. Processes and Stages of Change 

Table 4 summarizes the processes that have been supported during transport interventions 

aimed at changing travel behavior. The interventions identified in the selected studies have been 

sorted in terms of which process the intervention intends to support and in terms of which stage the 

intervention are implemented. This is reported as frequencies in Table 4. Since an intervention 

usually supports several processes, the total frequency in Table 4 adds up to a higher frequency than 

the included 13 studies. To illustrate the coding process, an information campaign could be coded in 

support of consciousness raising and positive framing. The frequency also indicates during which 

stage the intervention was implemented. For instance, interventions supporting the consciousness-

raising process have been used twice during the precontemplation stage (see Table 4). Thus, the 

frequencies represent the number of times an intervention has supported a specific process, and 

during what stage. 
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Table 4. Frequency of interventions supporting specific processes and stages of change. 

Stages of the TTM Processes (Total 28) 
Stages of the TTM 

Undefined Stage Process Not Supported 
Precontemplation Contemplation Preparation Action Maintenance 

Precontemplation 

Consciousness raising 2 11 25 3 3 15  

Dramatic relief  3 7   5  

Environmental reevaluation  1 6   5  

Risk Assessment  2 3   1  

Positive framing  3 3   1  

Reevaluation of outcomes  2 2     

Perception of benefits  1 1   1  

Contemplation 

Self-Reevaluation   3   2  

Self-Efficacy and Social Support  3 12   7  

Decision-Making Perspective       x 

Tailoring Time Horizons  1      

Focus on Important Factors  1    1  

Trying New Behavior  1 6   4  

Persuasion of Positive Outcomes  2 7   3  

Modeling to Overcome Barriers       x 

Preparation 

Self-Liberation  1 5   2  

Skill Improvement  7 16   8  

Coping with Barriers  1      

Goal Setting  1 1   1  

Modeling Perception/Social Reinforcement       x 

Action 

Helping Relationships   1 1 1 1  

Counterconditioning  2 2 1 1   

Contingency Management    2 2   

Stimulus Control       x 

Skill Enhancement       x 

Dealing with Barriers       x 

Self-Rewards for Success  1      

Maintenance Coping Skills       x 

Summary 2 44 100 7 7 57 7 
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Table 4 shows that 21 out of a possible 28 processes have been supported by different 

interventions in the transport domain. Seven processes were not supported by any of the 

implemented interventions (e.g., dealing with barriers and skill enhancement). 

Looking more closely at each stage, we find that interventions supporting the consciousness-

raising process were implemented during all stages, although the theory recommends that such 

interventions should be implemented during the precontemplation stage. However, few studies have 

implemented any interventions supporting processes during the precontemplation stage. 

Participants during the precontemplation stage, which includes individuals not intending to take 

action in the near future, may not have been the main target group during transport interventions. 

During the contemplation stage, interventions supporting 5 out of a possible 8 processes were 

implemented (e.g., self-efficacy and social support and persuasion of positive outcomes). However, 

interventions during this stage were intertwined and thus also supported processes targeting other 

stages. Contemplators, individuals who intend to take action within the next six months, were 

supported in their process of trying out new behavior; however, at the same time, they were also 

supported in their skill improvement even though such support should be provided during the 

preparation stage, according to the TTM. It is concluded that several interventions during the selected 

studies were implemented in order to support processes during a non-matching stage. Furthermore, 

a combination of interventions supporting a number of processes, irrespective of stage, were 

commonly implemented during transport behavior change interventions. The same pattern was 

observed during the preparation stage, where individuals are ready, and expected, to take action 

within the next month. 

Much fewer interventions were implemented in support of processes during the action and 

maintenance stages (e.g., helping relationships or counterconditioning). Surprisingly, interventions 

supporting the consciousness-raising process were implemented in the case of participants who had 

already made a change. In the selected studies, no interventions were implemented in support of 

coping skills during the maintenance stage. 

Interventions supporting a specific process without defining a specific stage were classified as 

an undefined stage in Table 4. For example, interventions supporting an environmental reevaluation 

process were implemented during the so-called pre-action stage in several studies. This pre-action 

stage is described as a combination of the precontemplation, contemplation, and preparation stages 

and is thus coded as an undefined stage since it does not match any of the original stages in the TTM. 

To summarize, Table 4 shows that transport interventions for behavioral change greatly support 

processes such as consciousness raising, self-efficacy, social support, and skill improvement. 

Furthermore, the identified inventions had most frequently been implemented during the 

contemplation stage, followed by the preparation stage. However, several interventions could not be 

related to any specific stage of change, and were thus classified as an undefined stage. We were 

surprised that so few interventions had supported processes relating to the participants’ stages of 

change. This was surprising, since the TTM was part of the theoretical framework, but had not been 

used in the design of the intervention. Thus, transport interventions do not follow the general 

guidelines stated in the theoretical framework, where specific interventions are recommended in 

support of certain processes in order to facilitate a change of stage. When interventions are bundled 

into one offer, e.g., a self-help package in combination with group activities, this results in a mix of 

interventions supporting different processes in a state of mismatch with the corresponding stage of 

change. 

3.3. Outcome Measures 

3.3.1. Travel Behavioral Change 

A consistent finding is the lack of comparable outcome measures related to the stage of change. 

Three studies report data relevant to the stage of change, but no conclusions could be drawn due to 

reporting being too abstract [27], no post-intervention reporting [34], or no differentiation between 

transport modes [10]. Rose and Marfurt [34] reported an overall stage progression (85% of the 

participants progressed to a higher stage), but did not relate this progression to specific stages. Yet 
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another study, by Mundorf et al. [10], reported that 21% of the participants undergoing the 

precontemplation stage moved to either the contemplation stage (16%) or the preparation stage (4%) 

after a computer-based intervention. A number of studies [28,30,33] presented changes without 

relating these to a specific stage in the TTM, instead using a merged category which included several 

stages (pre-contemplation, contemplation and preparation) and defining it as a pre-action stage. 

Although it does not relate the travel behavioral change to a specific stage, Table 5 summarizes the 

general outcome measures (willingness to use a target mode, trips per mode, main mode use, travel 

duration, and travel distance) reported in the included papers. Whenever possible, calculations were 

based on the reported raw data, e.g., number of trips, number of meters, and steps. As the number of 

steps was only reported in one study, this data was converted into travel distance using an average 

step length of 0.69 m [37]. 

Table 5. A summary of the general outcome measures post-intervention in the included papers. 

 Car Public Transport Bicycle Walk Car pool Active transport 

% change in willingness to use a specific mode (n = 4) 

n a 0 0 2 1 0 1 

M   48% 72%  19% 

SD   20% na  na 

Min/Max   29/68 na  na 

% change in number of trips (n = 4) 

n a 3 2 2 1 1 0 

M −16.73 29.15 50.45 41 44  

SD 7.56 19.15 30.55 na na  

Min/Max −27.3/−10 10/48.3 19.9/81 na na  

% change in main transport mode use (yes/no) (n = 5) 

n a 3 2 4 2 0 1 

M −6.97 -14.80 10.93 8.30  7.8 

SD 0.05 0.1 0.12 0.09  na 

Min/Max −13.1/0 −25/−4.6 −0.6/29.4 −0.5/17.1  na 

% change in time travelled per transport mode (minutes/day/person) (n = 2) 

n a 0 0 2 1 0 0 

M   11.75 52   

SD   0.12 na   

Min/Max   0/23.5 na   

% change in distance traveled per transport mode (meters/day/person) (n = 2) 

n a 1 0 1 2 0 0 

M −54  38 153.21   

SD na  na 1.37   

Min/Max na  na 16.53/289.9   
a Number of studies reporting the outcome measure. 

As can be seen in Table 5, four studies reported an increased willingness to use a specific mode 

post-intervention [28,30,33,34], two with respect to bike use, one with respect to walking, and one 

with respect to a combination of these modes (active transport). Four studies reported a change in 

the number of trips per transport mode [28,31,33,35] of which three reported a decrease in car trips, 

two reported an increase in public transport trips and/or trips by bike, and there was one each for 

increased walking or carpooling. Changes in the main transport mode were reported in five of the 

studies [9,31,34–36], showing an increase in bicycle use, walking, and the use of active transport 

modes in combination. Car use and public transport use were reported as decreasing due to the 

intervention. Two studies reported changes in travel time per transport mode [7,33]. Both studies 

showed that the time travelled by bike and on foot increased. The percentage change in the distance 

traveled per transport mode was calculated in two of the studies [29,30], showing that bicycling and 

walking distances had increased while the distance traveled by car had decreased. 
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3.3.2. Other Outcome Measures 

Eight out of 13 intervention studies reported changes in attitudes toward travel. Gatersleben and 

Appleton [28] reported changes in attitudes toward travel modes during different stages. They found 

that, as people progressed into higher stages, they reported more positive attitudes toward cycling. 

In the other seven studies, attitudes were not reported with respect to stage changes but with respect 

to specific transport modes [30,33,35]. Three studies reported general changes in health and weight 

or BMI [7,29,32]. However, significant health improvements due to interventions were only reported 

with regard to a general change in health [7]. No changes were noted in weight or BMI. 

The outcome measures reported in the social-media-based intervention [36] differed from all the 

other studies. Outcome measures were reported in terms of average click rates, likes, and shares of 

the intervention material posted on Facebook and Twitter. While the findings showed that certain 

posts/activities generate higher levels of engagement on social media, no data was reported regarding 

the stages of change or the actual travel behavior. 

3.3.3. Summary Outcome Measures 

In summary, the included studies focused on different target groups, behaviors, and settings. 

Car users and the staff and students of universities were common target groups. The effect of the 

interventions could not be ruled out since these generally supported a combination of processes 

instead of a single process. The included studies were reported before and after the outcome 

measures in relation to a specific transport mode, or in relation to the share per transport mode. The 

number of trips, users per transport mode the distance travelled, and the travel duration were all 

reported. The units in which the outcomes were measured varied, thus making comparison difficult, 

especially when raw data was not provided. Surprisingly, only three studies focused on the 

progression to higher stages of change [9,27,31]. Four studies reported an improved willingness to 

use the target transport mode, reflecting a progression during the pre-action stages [28,30,33,34]. A 

few studies reported a more positive attitude toward the target behavior [30,34], or a slight 

improvement in health due to the intervention [7,29,32]. 

4. Discussion 

The purpose of the present study was to conduct an integrative review aimed at attaining a 

general understanding of the application of the Transtheoretical Model (TTM) of Behavioral Change 

in the transportation domain. The study thus included quantitative and qualitative empirical papers 

describing travel behavior interventions either based on or related to the TTM. The findings show 

that several interventions have been conducted in different countries aiming to transform a specific 

travel behavior by applying stages of change. It has been difficult, however, to find empirical studies 

that have included any outcome measures in relation to the processes and stages of change defined 

in the TTM. In addition, the mapping of the processes and the stage of change varied greatly, making 

evaluations and comparisons difficult. Of the 53 papers found, only 13 contained sufficient 

information to enable analysis. 

The majority of the implemented interventions support several processes for facilitating the 

stage of change. Examples include interventions supporting consciousness raising [9,28] which were 

implemented during all stages, as well as interventions supporting skill improvements [7,29], which 

were implemented during the precontemplation and contemplation stages. The common mismatch 

between processes and stages of change emphasizes the need for further research. Seven processes 

(i.e., decision-making perspective, modeling to overcome barriers, modeling perception/social 

reinforcement, stimulus control, skill enhancement, dealing with barriers and coping skills) were 

identified as not being supported by any interventions; a question arising here is whether they are 

unsuited to travel behavioral interventions or whether they have not been used due to a lack of 

knowledge of their potential efficiency in this area. 

The selected studies confirm that interventions supporting various processes defined in the TTM 

successfully trigger a change in travel behavior. The positive changes concern a reduction in car travel 
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(number of trips) and an increase in trips using active modes (e.g., public transport, bicycle trips, and 

walking). Also, carpooling increases in the number of trips made. Changes in willingness to use a 

specific mode, actual main mode use, and trip distance in meters per day all followed the same 

pattern. The most common motive for implementing interventions is related to health and travel, and 

examples include “Walk in to Work out” [7] and “Bicycle-sharing program” [32], where several 

people aimed to increase their general physical activities in daily life. Health was also observed as an 

outcome measure (e.g., expected health improvements, weight, or BMI), although no significant 

effects were observed. 

The included studies provide very limited knowledge of the way in which transport 

interventions support single processes related to specific stages of the TTM. Investigating this 

relationship, and how it can contribute to travel behavioral change, would not only strengthen the 

applicability of the TTM to travel research, it would also provide important insights into how 

individuals can be encouraged to change their travel behavior. Some studies [27,31–33,36] combined 

several processes (precontemplation, contemplation, and preparation) during a so called pre-action 

stage. As a consequence, it becomes even more difficult to draw conclusions about how interventions 

supporting single processes have affected the progression from stage to stage. Clearly, identifying 

interventions that lead to changes in travel behavior will necessitate more comprehensive evaluation 

studies that will examine both the process and the stage of change in order to determine which 

processes are the most important ones to support, and during which stage in order to achieve positive 

and effective outcomes. Such research will increase our ability to draw conclusions about how 

specific processes influence outcomes. 

The most common setting for TTM studies is universities and other public institutions, thus 

limiting comparability, since the majority of the participants are highly educated, while low 

education/income groups go underrepresented. The selected settings are generally equipped with 

high quality infrastructure and facilities that support alternative travel. For instance, there are lighted 

cycle lanes, shelters, and safe lanes that support both pedestrians and cyclists in campus areas. A 

question that arises is to what degree the reported findings are easily transferable to settings with 

poorer infrastructure (e.g., where cycling lanes are mixed with other types of traffic). 

The variability of the quality of the studies, including the study designs, the range of sample 

sizes, the measures used, and the duration of the interventions (i.e., a day, a couple of weeks, or even 

a couple of months), limits our ability to make comparisons. Furthermore, the lack of scientific 

knowledge makes it difficult to make specific recommendations about effective interventions 

promoting altered travel behavior based on the Transtheoretical Model of Behavioral Change. In 

future studies, one could consider the potential that technology-based interventions can have to 

support effective travel interventions [38,39]. We need to take the criticism leveled at the model 

seriously, and to investigate it further. Care must be taken for the intervention to be adequately 

implemented, documented, and properly evaluated. The health psychology domain provides 

intervention developers with guidelines that can be of use to the transport domain as well. An 

iterative protocol may help in gathering information so that a cumulative science of travel behavioral 

change, based on the Transtheoretical Model, can be developed [40,41]. 

5. Conclusion 

This study demonstrates how travel behavior changes can be obtained with different types of 

interventions. Interventions relating to processes and stages of change are presented. However, in 

order to conclude about their effectiveness in transport behavior research more effort is needed to 

include proper designs and outcome measures in relation to the processes and stages of change 

defined in the Transtheoretical Model (TTM). 

Acknowledgments: Financial support was obtained from the Swedish Energy Agency by means of grant 43210-1. 

Author Contributions: Margareta Friman, Jana Huck, and Lars E. Olsson conceived and designed the study; 

Jana Huck performed the data search; Margareta Friman, Jana Huck, and Lars E. Olsson analyzed the data and 

wrote the paper. 



Int. J. Environ. Res. Public Health 2017, 14, 581  14 of 15 

 

Conflicts of Interest: The authors declare that there are no conflicts of interest. The founding sponsors played 

no part in designing the study, in collecting, analyzing, and interpreting the data, in writing the manuscript, or 

in deciding to publish the findings. 

References 

1. Prochaska, J.; DiClemente, C. Self change processes, self efficacy and decisional balance across five stages 

of smoking cessation. Prog. Clin. Biol. Res. 1984, 156, 131–140. 

2. Marlatt, G.A.; Gordon, J.R. Relapse Prevention: Maintenance Strategies in the Treatment of Addictive Behaviors; 

Guilford Press: New York, NY, USA, 1985. 

3. Whittemore, R.; Knafl, K. The integrative review: Updated methodology. J. Adv. Nurs. 2005, 52, 546–553. 

4. Nisbet, E.K.L.; Gick, M.L. Can health psychology help the planet? Applying theory and models of health 

behaviour to environmental actions. Can. Psychol. 2008, 49, 296–303. 

5. Bird, E.L.; Baker, G.; Mutrie, N.; Ogilvie, D.; Shlqvist, S.; Powell, J. Behavior change techniques used to 

promote walking and cycling: A systematic review. Health Psychol. 2013, 32, 829–838. 

6. Bamberg, S. Is a stage model a useful approach to explain car drivers’ willingness to use public 

transportation? J. Appl. Soc. Psychol. 2007, 37, 1757–1783. 

7. Mutrie, N.; Carney, C.; Blamey, A.; Crawford, F.; Aitchison, T.; Whitelaw, A. “Walk in to work out”: A 

randomised controlled trial of a self help intervention to promote active commuting. J. Epidemiol. 

Community Health 2002, 56, 407–412. 

8. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. 

9. Diniz, I.; Duarte, M.; Peres, K.; de Oliveira, E.; Berndt, A. Active commuting by bicycle: Results of an 

educational intervention study. J. Phys. Act. Health 2015, 12, 801–807. 

10. Mundorf, N.; Redding, C.A.; Fu, T.; Paiva, A.; Brick, L.; Prochaska, J.O. Promoting sustainable 

transportation across campus communities using the transtheoretical model of change. Commun. Commons 

2013, 427–438. 

11. Crawford, F.; Mutrie, N.; Hanlon, P. Employee attitudes towards active commuting. Int. J. Health Promot. 

Edu. 2001, 39, 14–20. 

12. Bartholomew, L.K.K.; Parcel, G.S.S.; Kok, G.; Gottlieb, N.H.H. Planning Health Promotion Programs; Wiley: 

San Franscisco, CA, USA, 2010. 

13. Prochaska, J.O.; DiClemente, C.C.; Norcross, J.C. In search of how people change: Applications to addictive 

behaviors. Am. Psychol. 1992, 47, 1102–1114. 

14. Prochaska, J.O.; Velicer, W.F. The transtheoretical model of health behavior change. Am. J. Health Promot. 

1997, 12, 38–48. 

15. Holtgrave, D.R.; Tinsley, B.J.; Kay, L.S. Encouraging risk reduction: A decision-making approach to 

message design. In Designing Health Messages: Approaches from Communication Theory and Public Health 

Practice; Maibach, E.W., Parrot, R.L., Eds.; Sage: Thousand Oaks, CA, USA, 1995; pp. 24–40. 

16. Maibach, E.W.; Cotton, D. Moving people to behavior change: A staged social—Cognitive approach to 

message design. In Designing Health Messages: Approaches from Communication Theory and Public Health 

Practice; Maibach, E.W., Parrot, R.L., Eds.; Sage: Thousand Oaks, CA, USA, 1995; pp. 42–64. 

17. De Vries, H.; Backbier, E. Self-efficacy as an important determinant of quitting among pregnant women 

who smoke: The ø-pattern. Prev. Med. 1994, 23, 167–174. 

18. Armitage, C.J.; Conner, M. Social cognition models and health behaviour: A structured review. Psychol. 

Health 2000, 15, 173–189. 

19. Kraft, P.; Sutton, S.R.; Reynolds, H.M. The transtheoretical model of behaviour change: Are the stages 

qualitatively different? Psychol. Health 1999, 14, 433–450. 

20. Sutton, S. Transtheoretical model applied to smoking cessation. In Understanding and Changing Health 

Behaviour: From Health Beliefs to Self-Regulation; Abraham, C., Norman, P., Conner, M.E., Eds.; Harwood 

Academic Publishers: Amsterdam, The Netherlands, 2000; pp. 207–225. 

21. Fishbein, M.; Ajzen, I. Predicting and Changing Behavior: The Reasoned Action Approach; Taylor & Francis: New 

York, NY, USA, 2011. 

22. Fava, J.L.; Velicer, W.F.; Prochaska, J.O. Applying the transtheoretical model to a representative sample of 

smokers. Addict. Behav. 1995, 20, 189–203. 



Int. J. Environ. Res. Public Health 2017, 14, 581  15 of 15 

 

23. Johnson, S.S.; Paiva, A.L.; Cummins, C.O.; Johnson, J.L.; Dyment, S.J.; Wright, J.A.; Prochaska, J.O.; 

Prochaska, J.M.; Sherman, K. Transtheoretical model-based multiple behavior intervention for weight 

management: Effectiveness on a population basis. Prev. Med. 2008, 46, 238–246. 

24. Prochaska, J. A transtheoretical model for assessing organizational change: A study of family service 

agencies’ movement to time-limited therapy. Fam. Soc. J. Contemp. Soc. Serv. 2000, 81, 76–84. 

25. Shockey, S.S.; Seiling, S.B. Moving into action: Application of the transtheoretical model of behavior change 

to financial education. J. Financ. Couns. Plann. 2004, 15, 41–52. 

26. Xiao, J.J.; O’Neill, B.; Prochaska, J.M.; Kerbel, C.M.; Brennan, P.; Bristow, B.J. A consumer education 

programme based on the transtheoretical model of change. Int. J. Consum. Stud. 2004, 28, 55–65. 

27. Rose, G.; Marfurt, H. Travel behaviour change impacts of a major ride to work day event. Transp. Res. Part 

A: Policy Pract. 2007, 41, 351–364. 

28. Gatersleben, B.; Appleton, K.M. Contemplating cycling to work: Attitudes and perceptions in different 

stages of change. Transp. Res. Part A: Policy Pract. 2007, 41, 302–312. 

29. Cooper, C. Successfully changing individual travel behavior: Applying community-based social marketing 

to travel choice. Transp. Res. Rec.: J. Transp. Res. Board 2007, 2021, 89–99. 

30. Rissel, C.E.; New, C.; Wen, L.M.; Merom, D.; Bauman, A.E.; Garrard, J. The effectiveness of community-

based cycling promotion: Findings from the cycling connecting communities project in Sydney, Australia. 

Int. J. Behav. Nutr. Phys. Act. 2010, 7, 1–8. 

31. McKee, R.; Mutrie, N.; Crawford, F.; Green, B. Promoting walking to school: Results of a quasi-

experimental trial. J. Epidemiol. Community Health 2007, 61, 818–823. 

32. Sekiya, N.; Nagasaki, H.; Ito, H.; Furuna, T. Optimal walking in terms of variability in step length. J. Orthop. 

Sports Phys. Ther. 1997, 26, 266–272. 

33. Wen, L.M.; Orr, N.; Bindon, J.; Rissel, C. Promoting active transport in a workplace setting: Evaluation of a 

pilot study in Australia. Health Promot. Inter. 2005, 20, 123–133. 

34. Hemmingsson, E.; Udden, J.; Neovius, M.; Ekelund, U.; Rössner, S. Increased physical activity in 

abdominally obese women through support for changed commuting habits: A randomized clinical trial. 

Int. J. Obes. 2009, 33, 645–652. 

35. Molina-García, J.; Castillo, I.; Queralt, A.; Sallis, J.F. Bicycling to university: Evaluation of a bicycle-sharing 

program in spain. Health Promot. Inter. 2013, 30, 350–358. 

36. Wilson, D.; Bopp, M.; Colgan, J.; Sims, D.; Matthews, S.; Rovniak, L.; Poole, E. A social media campaign for 

promoting active travel to a university campus. J. Healthc. Commun. 2016, 1, 1–6. 

37. Meloni, I.; Sanjust, B.; Sottile, E.; Cherchi, E. Propensity for voluntary travel behavior changes: An 

experimental analysis. Procedia—Soc. Behav. Sci. 2013, 87, 31–43. 

38. Sanjust di Teulada, B.; Meloni, I. Individual Persuasive Eco-travel Technology, a mobile persuasive 

application for implementing voluntary travel behaviour change programmes. IET Intell. Transp. Syst. 2016, 

10, 237–243. 

39. Weiser, P.; Scheider, S.; Bucher, D.; Kiefer, P.; Raubal, M. Towards sustainable mobility behavior: Research 

challenges for location-aware information and communication technology. GeoInformatica 2016, 20, 213–

239. 

40. Kok, G.; Gottlieb, N.H.; Peters, G.J.Y.; Mullen, P.D.; Parcel, G.S.; Ruiter, R.A.; Fernández, M.E.; Markham, 

C.; Bartholomew, L.K. A taxonomy of behaviour change methods: An intervention mapping approach. 

Health Psychol. Rev. 2016, 10, 297–312. 

41. Peters, G.-J.Y.; de Bruin, M.; Crutzen, R. Everything should be as simple as possible, but no simpler: 

Towards a protocol for accumulating evidence regarding the active content of health behaviour change 

interventions. Health Psychol. Rev. 2013, 9, 1–14. 

©  2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

http://creativecommons.org/licenses/by/4.0/

