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Global warming is one of the gravest concerns that the world is now dealing with. 

This phenomenon is caused by a variety of factors.  

Carbon dioxide emitted from transportation networks is a significant contributor 

to global warming. Transportation systems comprise both the urban mobility 

sector (including public transportation and private vehicles) and the road 

transportation system.  

In line with this issue, governments across the globe have been implementing new 

technologies and strategies to mitigate carbon dioxide emissions. Meanwhile, 

changing passengers’ mobility behaviors through the application of nudging 

techniques has recently been identified as a feasible option by them.  

This research seeks to improve the efficiency of nudging approaches used in the 

mobility sector by assisting local authorities in designing appropriate behavioral 

interventions. 

To do so, ten city representatives including sustainability experts, and city managers 

were chosen, and semi-structured interviews were carried out to thoroughly 

understand their needs and expectations in terms of selecting the most effective 

nudges for encouraging citizens to use more sustainable modes of transport. The 

collected data were analyzed applying the Thematic method. Finally, using the Value 

Proposition Design model, the design characteristics for the development of an 

‘Intervention Design Tool’ are determined. 

Our findings reveal that features such as simulating scenarios and interventions 

based on the behavior context and then providing users with situation-aware 

nudges are crucial for the creation of an ‘Intervention Design Tool’. Furthermore, 

this device must provide city representatives, as the main user of the tool, with a 

comprehensive view of the targeted city while alerting them to crucial situations 

and trends. 

As a consequence, the benefits that city representatives obtain from using this tool 

include reducing effort and saving time while increasing the reliability of their 

decisions. 
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Popular Scientific Summary 

Nudging is a method or a collection of methods that derived mainly from psychology, and it is 

basically a way to stir people’s behavior in a desired direction without restricting their freedom 

of choice. For example, one way to help people to eat healthier food is to put the healthy food 

on the upper shelves of a shop and putting the unhealthier ones on the lower shelves; 

Consequently, since most people tend to be lazy and do not like to bend down, they will choose 

the healthy food which are easier to grab. Over the last few years, nudging methods have been 

utilized in different sectors like energy, mobility, particularly health.  

The aim of this research is to improve the efficacy of nudging techniques applied to promote 

sustainable mobility. To do so, we investigated how nudging methods have been used in the 

transition to sustainable mobility over the last couple of years in order to gain a clear picture of 

the efforts that have been made in this field. We also examined the strategies which have been 

used, what the future plans of authorities are, and how appealing and successful these nudging 

methods have been. Furthermore, we explored the main requirements for the efficient 

implementation of behavioral interventions by identifying the barriers and drivers that city 

representatives encountered while implementing nudging methods in order to find an efficient 

way of use for them. We examined whether developing an assisting tool which is capable of 

designing interventions based on citizens’ situations can assist city representatives in making better 

and timely decisions by offering precise nudges. Finally, we worked on the characteristics which 

this tool should have, in order to satisfy the needs and expectations of city representatives. 

Our findings show that regardless of different insights among city representatives about 

effectiveness of nudging methods, these techniques have been utilized intentionally toward 

sustainable mobility. Moreover, our findings reemphasize the importance of quality enhancement 

of interventions, active participation of all engaged stakeholders and availability of green transport 

options as the means of effective implementation of behavioral interventions. Last but not least, 

we found minimization of efforts, maximization of city representatives’ decision reliability, time 

and cost saving as essential factors for development of an efficient assisting tool to be considered. 
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1. Introduction 

1.1.  Background 

Currently, there are some problems that transport systems are facing like overcrowding, greenhouse 

gas emission, domestic air pollution, and accidents (Anagnostopoulou et al., 2020). Roughly 25% 

of Europeans’ greenhouse gas emissions are attributed to the mobility sector which is the chief 

cause of air pollution in cities (Transport emissions, 2021). Since transportation contributes to 

around one-fourth of global energy consumption, carbon dioxide emissions, and road transport, 

this system has a significant impact on the environment (Anagnostopoulou et al., 2020). In order 

to achieve the goal of effective climate change mitigation, decarbonization of the mobility sector 

is essential (Mattauch, Ridgway and Creutzig, 2016). To address these challenges and their impacts 

on the economy, society, and environment, sustainable transportation has been identified as of the 

best solutions (Anagnostopoulou et al., 2020). 

The thirteenth goal of United Nations Sustainable Development (SDGs) is climate action (THE 17 

GOALS, 2021) which practitioners, policymakers, and governments struggle to integrate this goal 

in their strategy schema. They also need to develop a comprehensive stakeholders’ structure since 

climate change and its influences have become a challenge that communities are facing and trying 

to address it  (Klieber et al., 2020). To do so, the European Union has targeted ‘net-zero greenhouse 

gas emission’ by 2050 (Tol, 2021) 

To tackle environmental issues and encourage people to use public transport frequently, some ‘hard 

measures’ like the development of ‘technological and physical infrastructure’, upgrading pollution 

norms, and pricing systems have been applied by the transport division (Franssens et al., 2021). 

Furthermore, the application of ‘soft measures’ (including providing information and motivating 

people) to alter individuals’ attitudes and behaviors toward more sustainable means of transport 

has been found as a feasible solution (ibid). Since consumption patterns of separate end-users have 

a direct impact on the amount of carbon dioxide emitted during a journey, behavioral features or 

peoples’ habits play a pivotal role in the mobility sector (Mattauch, Ridgway and Creutzig, 2016). 

In line with this issue and as a solution, governments across the globe have concentrated on sensor-

based, digital, and mobile applications to change people’s behaviors to alleviate local consumption 

and sustainable mobility via successful ‘choice architecture’ known as ‘Nudges’ (Klieber et al., 

2020). 
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1.2.  Problematization 

The implementation of sustainable mobility depends on behavior change (Mattauch, Ridgway and 

Creutzig, 2016). Meanwhile, an identified demand among city authorities (including city planners, 

and policymakers) for adequate mechanisms that ensure ethical nudging sustainable mobility 

(Klieber et al., 2020) has given rise to the idea of developing a tool with the aim of assisting the 

users (including policymakers, city planners, and so on) at various levels in designing and selecting 

appropriate interventions (Michie, van Stralen and West, 2011). 

Several attempts have been made in relation to this topic. For example, Butzhammer et al. (2021) 

conducted a study that evaluated various features of current tools that are developed and used in 

the area of promoting sustainable mobility with the goal of laying the groundwork for the 

development of an initiative called SaMBA tool.  

Throughout Butzhammer et al.'s (2021) research, existing tools were classified into three different 

categories based on their technical foundation, which included: Microsoft Excel, Web applications, 

and Stand-alone software applications, each of which provided opportunities and had limitations. 

For example, despite the user-friendly and easy-to-navigate interface provided by Excel-based 

tools (for example, the FLOW1 tool), the outputs are restricted to a few items (like charts); Web 

applications (for example, the IMPACT2 tool), on the other hand, while deemed demand-free, are 

not seen to be a viable platform for complex calculations; and finally, stand-alone software 

applications (for example, HIGH3 tool), that best fulfill users’ expectations due to their independent 

structure imposing additional access costs on users (Butzhammer et al., 2021). 

Butzhammer et al. (2021) were able to generate a technological basis as well as certain design 

parameters for the SaMBA tool as an outcome. The SaMBA tool is basically a static Excel tool 

(including best practice nudges) that, once the goal and targeted region are entered, provides users 

with best practice nudges while simulating the effects of applying them based on the subjects of 

interest that have been identified for that specific region. 

 
1 H2020-flow.eu. 2022. Overview. [online] Available at: http://h2020-flow.eu/about/overview/  [Accessed 23 

February 2022]. 
2 ait.ac.at. 2022. Impact Assessment for Transformative Mobility Systems - AIT Austrian Institute Of Technology. 

[online] Available at: https://www.ait.ac.at/en/solutions/impact-assessment-for-transformative-mobility-systems/  

[Accessed 23 February 2022]. 
3 High-tool.eu. 2022. HIGH-TOOL – Home. [online] Available at: https://www.high-tool.eu/index.php?id=home  

[Accessed 23 February 2022]. 

http://h2020-flow.eu/about/overview/
https://www.ait.ac.at/en/solutions/impact-assessment-for-transformative-mobility-systems/
https://www.high-tool.eu/index.php?id=home
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Given the aforementioned description and the scope of the SaMBA project, which was confined to 

the Alpine region (Butzhammer et al., 2021), the following shortcomings to the SaMBA tool have 

been identified: 

First and foremost, it is a static tool that uses data that has previously been entered (Butzhammer 

et al., 2021). Therefore, the nudges provided by this tool do not consider the situation in which the 

targeted habits for change exist. Furthermore, as previously stated, the nudges offered are based on 

a list of best practices that is specific to the Alpine region (ibid), so may not be applicable in other 

contexts (Michie et al., 2011).  

Discussed on the basis of the above-mentioned shortcomings to the existing tools, has raised the 

idea of the DyMoN (Dynamic Mobility Nudge) project to improve the efficiency of nudging 

techniques by supporting city authorities to intervene in time through the use of data-driven 

solutions (DyMoN project proposal, 2020).  

The development of such a tool requires the collection of data on usability derived from an in-depth 

understanding of the needs and expectations of users of sustainable mobility solutions including 

Smart City managers, policymakers, and sustainability experts as well as citizens of various 

backgrounds and genders (DyMoN project proposal, 2020). 

1.3.  Purpose and research question 

Our project will be an applied urban study that looks at improving the efficiency of nudging 

techniques applied in promoting sustainable mobility. 

Although there is quite a lot of research on the notion of nudging approaches and its application in 

the transportation sector, and while there has been several research taken on development on 

initiatives with the purpose of facilitating the use of nudging techniques in mobility sector, some 

of which were presented in Section 1.2 (problematization)  and some will be discussed in Section 

2 (literature review), there is not much research that directly address the necessity of improving the 

efficiency of behavioral interventions through the creation of an assisting tool from the users’ point 

of view in the mobility sector. Aligned with the identified gap and with a special focus on designing 

and selecting appropriate behavioral interventions, this study seeks to examine the demand for 

development of an “Intervention Design Tool” (Michie et al., 2011) to assist the city representatives 

(including Smart City managers, policymakers, and sustainability experts) in promoting sustainable 

mobility, and then investigate the design parameters based on their preferences. 

This study is guided by the following main question:    
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- How to improve the efficiency of nudging techniques applied in the transition to sustainable 

mobility? 

The findings of this study will provide answers to the following sub questions:  

1. How have nudging methods been applied in the transition to sustainable mobility? 

2. What are the main requirements in terms of efficient implementation of behavioral 

interventions?  

3. Which design characteristics for the development of an ‘Intervention Design Tool’ best 

fulfill demands or expectations of users (including city managers, policymakers, and 

sustainability experts)? 

1.4.  Delimitations 

First, although analyzing the needs of citizens alongside the needs of Smart City managers 

(including politicians, sustainability specialists, and city planners) is regarded as one of the most 

important steps in the development of an Intervention Design Tool, data about citizens necessitates 

different analysis methods that are outside the scope of our study and would be carried out 

independently in subsequent stages of the DyMoN project. 

Furthermore, since DyMoN is a European project, this research is intended to be done inside the 

European Union’s borders, therefore Asian, American, and African nations are excluded from the 

study. These countries could be examined in future research. 

2. Literature review  

 This study will begin with a review of literatures from various fields associated to sustainability 

and nudging techniques inside and outside the mobility sector to gain a thorough understanding of 

motivational factors and their significance in changing people’s behaviors and preferences toward 

sustainable mobility.  

Then this section is followed by an appraisal of the role of motivational techniques in the transition 

to sustainable mobility, as well as an investigation of several aspects for enhancing the 

effectiveness and applicability of nudging methods. 
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2.1.  Nudging methods  

2.1.1. Definition 

Nudges are defined as any decision-making feature that modifies people’s behavior in a predictable 

way without imposing any restrictions or altering their financial incentives (Ranchordás, 2020).  

Nudging methods explained by Michie et al. (2011) as “behavior change interventions” refers to 

sets of actions organized to change and/or stir people’s behavior in a desired direction (Michie et 

al., 2011) without enforcing any regulations or financial penalties (Ranchordás, 2020). So, nudges 

are not mandatory (Klieber et al., 2020) and people are always free to choose as they like (Fisher, 

2010). In other words, in the mobility sector, encouraging people to ride bikes instead of driving 

private automobiles by describing the positive effects their actions may have on the environment, 

positively influences people’s habits while they are willingly engaging in desired activities. 

While clarifying the previous definition, Klieber et al. (2020) introduced the term “mere nudge”, 

which has put lines for identifying a mere nudge; easy to refuse and not imposing additional costs 

on those who are unwilling to accept behavioral changes, are the primary basis that helps to detect 

nudges from other actions (Klieber et al., 2020). This difference is illustrated in attempts such as 

the impressive placement of healthy foods in grocery stores which consequently raises the chance 

of selecting these items, that are in opposition to actions like prohibiting junk food (ibid) where 

some restrictions and rules are imposed (Thaler and Sustein, 2008). 

2.1.2. Characteristics and Categories 

Nudges possess two unique features: the first, as Sunstein (2012) argues, is that they protect 

freedom by not imposing any constraints, and the second, as Thaler and Sunstein (2009) highlight, 

is that they reduce mistakes by supporting individuals in making better decisions (Jung and Mellers, 

2016). 

Based on the features of the techniques employed (Klieber et al., 2020) nudges are categorized as 

‘feature-based’, ‘goal-based’, and ‘cognitive mechanisms-based’ (Jung and Mellers, 2016). 

Goal-based nudges are classified into two categories: ‘pro-self’ nudges such as smoking cessation, 

and ‘pro-social’ nudges, such as recycling activities. Ultimately, pro-self nudges were favored by 

people (Jung and Mellers, 2016).  

In terms of feature-based nudges two categories were introduced: one by Felsen, Castelo, and 

Reiner in 2013 called ‘overt and conscious’ and ‘covert and subconscious’; the former is believed 
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to be more interesting since decisions are more genuine, and the other by Hansen and Jensen in 

2013 called ‘transparent’ and ‘nontransparent’ (Jung and Mellers, 2016; Klieber et al., 2020). 

Transparent nudges refer to people’s awareness of the desired behavioral change as well as the 

methods used to achieve this aim, whereas non-transparent nudges occur when people are unaware 

of the possibility of behavioral change and fail to rebuild the mechanisms that enable the change 

(Jung and Mellers, 2016).  

Cognitive mechanisms-based nudges are grouped into two types, namely ‘System 1’ and ‘System 

2’, introduced by Hansen and Jensen in 2013 (Jung and Mellers, 2016; Klieber et al., 2020). 

System1 nudges have a less direct impact on cognition but a greater direct impact on behavior; they 

are also more automatic (Jung and Mellers, 2016). For example, putting medium size beverages 

beside the meals as a default option in the menu of McDonald stores.  

System2’s procedure is more transparent. These nudges are intended to present people with 

information that will expand their knowledge and awareness, along with improving their decisions, 

like calorie labeling. System 2 does not consider all informational nudges (Jung and Mellers, 2016). 

System 1 applies automatic intellectual processing, whereas System 2 employs planned processing. 

Empirical evidence showed that System 2 is preferred by citizens due to transparency and 

informativeness (Jung and Mellers, 2016).      

 

Figure 1, Different forms of nudges (Jung and Mellers, 2016) 

Forms 
of

Nudges

Goal-based nudges
Pro-social
Pro-self

Feature-based nudges
Introduced by Falsen, Castelo and Reine

Overt & conscious
Covert & subconscious 

Introduced by Hansen and Jense
Transparent
Non-transparent

Cognitive mechanism based nudges
System 1
System 2
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2.1.3. Ten significant nudges 

In the previous section we reviewed nudges and explored their different characteristics through 

psychological research and articles. This showed us that nudges encompass a wide range of topics, 

and their quantity and diversity are continually expanding. Hereafter, we will address the ten 

significant nudges in terms of their application within different fields including health and mobility 

sectors for policy development purposes. Table 1 illustrates these nudges that have played critical 

roles in policy making (Sunstein, 2019).   
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Nudges Definition Example 

Default rules Apart from the inertia rule, default option is mostly 

preferred since people avoid the cost of switching 

and probable loss (Momsen and Stoerk, 2014). 

Encouraging people to use 

renewable energy by considering 

the contract of 50% renewable 

energy + 50% conventional energy 

as default on the website of the 

company. Default nudge is also 

applied in different areas like 

education, health, saving, and so 

on (Momsen and Stoerk, 2014). 

Simplification It is important to reduce complexity of programs to 

enhance participation and easy navigation 

(Sunstein, 2019) . The simpler the program, the 

more user friendly it would be. 

Unjustified complexity has reduced 

participation in health, education, 

and employment programs 

(Sunstein, 2019) 

Use of social 

norms 

According to surveys, people behave based on the 

beliefs of others (Momsen and Stoerk, 2014). 

Highlighting the action of the majority of individuals 

(Sunstein, 2019). 

Comparing household energy 

consumption through an 

application called ‘Watssup’ which 

allows users to compare their 

consumption to that of others 

(Foster et al., 2010).  

Increasing ease 

and 

convenience 

People frequently choose the easiest option 

(Sunstein, 2019). 

Placing fruit in front of the eye of 

people and candy on the lower 

shelves (Thaler and Sustein, 2008). 

Disclosure It means providing adequate and timely 

information for users. The more understandable 

and accessible information is, the more effective 

policies would be (Sunstein, 2019) 

Disclosing economic and 

environmental costs and impacts 

related to energy consumption 

(Sunstein, 2019) 

Warnings and 

Graphics 

Warnings have a prominent impact on grabbing 

attention in a way that they can resist innate 

human bias of unrealistic optimism while making it 

more likely of people's attention to the long-term 

(Sunstein, 2019). 

Some cognitive-based nudges 

were designed to improve alcohol-

based hand hygiene through the 

use of posters with illustrations and 

slogans (Caris et al., 2018).  

Table 1, Top ten nudges- part one (Thaler and Sustein, 2008; Foster et al., 2010; Momsen and 

Stoerk, 2014; Caris et al., 2018; Sunstein, 2019)  
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Nudges Definition Example 

Precommitment 

strategies 

When people are committed to a specific 

action in advance, they are highly 

motivated to do it accordingly without 

procrastinating (Sunstein, 2019).   

Losing weight programs. 

Reminders Sending text messages to people by 

reminding them (Milkman et al., 2021). as 

People's minds are normally occupied 

with a lot of things and forgetting to do 

some activities like get vaccinated or pay 

payments might be due to a variety of 

factors such as inertia, laziness, and 

conflicting responsibilities. As a result, a 

reminder can be useful in this situation 

(Sunstein, 2019). 

Text-based nudges have been 

used in order to stimulate people 

to get Influenza vaccine which was 

in the form of reminder (Milkman et 

al., 2021). 

Eliciting 

implementations 

intentions 

Individuals are more likely to participate in 

an activity when their ‘implementation 

intentions’ are aroused by someone else 

(Sunstein, 2019). 

Do you plan to use the bicycle for 

commuting in the future? By 

asking this question you will create 

something in people’s minds, and 

they will think about the issue and 

engage with it (Momsen and 

Stoerk, 2014). 

Notifying individuals on 

the nature and effects of 

their own previous 

decisions 

By increasing the awareness of people 

about their previous actions and 

outcomes, they would be able to modify 

their behavior and make better decisions  

(Gabrielli et al., 2014). 

Provide individuals with 

information on the quantity of 

energy they consume, as well as 

feedback on their environmental 

impacts, such as the volume of 

their carbon footprints (Gamberini 

et al., 2012) 

Table 2, Top ten nudges- part two (Gamberini et al., 2012; Gabrielli et al., 2014; Momsen and 

Stoerk, 2014; 2018; Sunstein, 2019; Milkman et al., 2021) 

Among all nudges mentioned above, social trends such as social comparison, competition, 

normative influence, and so on, have proven to be more efficient and effective assets to promote 

sustainable mobility system. Consequently, to change people’s mobility behavior, not only 
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personalized notification but also social and individual strategies are required which is addressed 

in Section 3.1 (Gabrielli et al., 2014).   

2.2.  Application of motivational techniques in transition to sustainable mobility 

Transition to sustainable mobility is attributed to consideration of both ‘supply side’ and ‘demand 

side’ (Anagnostopoulou et al., 2020).  

On the supply side, the focus is on improving infrastructure and monetary policies 

(Anagnostopoulou et al., 2020). On the demand side, behavioral interventions including 

‘persuasive interventions’, among other intervention functions that will be discussed in the 

following sections, have mainly been used (Gabrielli et al., 2014) to nudge people towards more 

sustainable forms of transportation (Anagnostopoulou et al., 2020; Michie et al., 2011).  

The purpose of persuasive interventions is to encourage sustainable behavior by improving 

people’s understanding of their choices (Gabrielli et al., 2014). These systems frequently measure 

the resource usage which is relevant to the activity of humans and inform people by providing 

information because of encouraging change (ibid). As an example, notifying recipients about the 

emission of carbon dioxide caused by shipping their parcels could be considered persuasion. 

Generally, two forms of nudging including ‘digital’ and ‘non-digital’ techniques, have been applied 

in the transport sector to influence citizen’s mobility behaviors. 

Digital nudging refers to method of steering people’s behavior in ‘digital choice environment’ and 

by the use of ‘user-interface design elements’ (Weinmann, Schneider and Brocke, 2016). In this 

case, most research that has been undertaken is in the field of design and implementation of 

persuasive interventions, while focusing on the use of ‘social media’ and ‘mobile applications’ to 

promote sustainable mobility (Gabrielli et al., 2014). The examples provided below are digital 

nudging research or initiatives that have been performed in the mobility industry thus far. 

One of these studies which was conducted in Vienna city has focused on the widespread use of 

cellphones among citizens to affect their behavior (Anagnostopoulou et al., 2020). In this method, 

they concentrated on ‘mobile sensing’ to find the mobility patterns of travelers and transport means 

utilization then embedding these data in a ‘route planning application’ to send persuasive messages 

to the users on account of urging them into following journeys that have been provided by more 

sustainable transport (ibid). The final results confirm that this project by leveraging the personality 



11 

 

profile and travel behavior of people has been able to encourage individuals to choose more 

sustainable modes of transport and change their mobility behavior. 

In another study, the theory of ‘social comparison’, which describes the general tendency of people 

to assess their own thoughts, capabilities, and consequently their behavior by comparing them to 

those of others, is investigated in SimpliCITY project, where Salzburg and Uppsala as targeted 

cities, were supposed to enhance local sustainability services as well as their accessibility through 

the application of a new combined service platform and related web-app (Klieber et al., 2020). In 

this project, incentives and stimulus mechanisms were designed based on social comparison theory 

to be applied for a new digital platform and mobile application (ibid). The key conclusion of this 

experiment is that using social comparison is merely one of the nudging methods that can be 

employed, so the former behavior of the users and identification of their location can be applied in 

nudge customization. Moreover, a single message delivered in the form of social comparison might 

only result in a temporary uptick in a behavior change while default options as another nudging 

method will have a strong impact due to continuity and steadiness. 

One further study conducted on the Switzerland cities of Cantons Ticino and Zurich, a mobile 

application called ‘GoEco’ has been designed and tested; this application integrated automatic 

transportation tracing, social comparison, environmental feedback, and ‘gamification features’ to 

change mobility behavior (Cellina et al., 2019). This survey concludes that the quality of public 

transportation and infrastructure, the geographic density of the city, and people’s general mobility 

style are essential aspects to consider when developing apps aimed at changing mobility behavior 

by means of nudging methods. They also suggest that in cities such as Zurich, where people 

frequently utilize public transport and car dependency is reduced, the adoption of soft transport 

modes such as biking, and walking would be more successful persuasive interventions. 

Along with digital nudging, various non-digital nudging techniques have also been applied. One 

notable example of applying these tactics may be found in Rotterdam, Netherlands, where 

passengers using public transport were offered a free-travel card that has been labeled as ‘green 

commuters’. This study illustrates how public transportation operators can enhance public 

transportation utilization by integrating motivating messages in their promotional activities, which 

can be accomplished through collaboration between public transportation operators and behavioral 

researchers. It also emphasizes the significance of interaction between conditions and time periods, 

particularly in the early period aftermath of interventions (Franssens et al., 2021). 
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All of the projects mentioned above are similar in technique and have been performed separately 

in certain cities. They have strived to alter people’s mobility behavior in a digital environment by 

using gamification concepts and nudging methods such as social comparison and sending 

persuasive messages.  

2.3. Summary of the section 

The majority of these projects studied the impact of systems that employed motivational tactics for 

a short period of time (Gabrielli et al., 2014) and pilot (Anagnostopoulou et al., 2020), indicating a 

lack of examining long-term effects. In order to change people’s mobility behavior over time, 

continuous tracking of travelers’ data (Cellina et al., 2019; Anagnostopoulou et al., 2020), regular 

sampling of their travel behavior (Anagnostopoulou et al., 2020) are required.  Moreover, based on 

the findings of the GoEco project, which was carried out in two cities with different geographical 

densities, it is clear that the size of the city and people’s mobility lifestyles are important when an 

effective nudge is going to be designed (Cellina et al., 2019). This point is reiterated by Klieber et 

al. (2020) who state that identifying citizens’ behaviors and the circumstances surrounding those 

behaviors is required to design personalized nudges rather than sending a single message that may 

not permanently change individuals’ mobility behavior; and thus confirm the importance of both 

continuity of interventions and the use of an effective system for tracking travelers’ mobility data 

(Klieber et al., 2020). 

3. Theoretical framework 

This part illustrates the theoretical framework which is utilized not only to develop an efficient 

road map for gathering and analyzing related information but also to evaluate and support our 

findings within a sound reliable scientific structure. 

3.1.  Requirements for effective behavioral intervention 

Certain criteria must be considered for successful application of behavioral interventions that 

enable the transition to sustainable mobility. These requirements include ‘quality enhancement of 

interventions’ (Gabrielli et al., 2014), ‘open and active participation of all parties’ (Banister, 2008; 

Gabrielli et al., 2014), ‘availability and accessibility of green transport alternatives’ 

(Anagnostopoulou et al., 2020).  
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3.1.1. Quality enhancement of interventions  

Data-driven selections, designing interventions based on the behavior context, and merging these 

two elements with ethical issues to ensure the nudges’ reliability might all improve the quality of 

the applied motivational techniques (Michie, van Stralen and West, 2011; Gabrielli et al., 2014; 

Ranchordás, 2020).  

Intervention design based on the behavior context 

The studies conducted in the mobility sector (discussed in Section 2.2) have mainly examined the 

best practice nudges and have come up with initiatives applying the gamification concept, whereas 

in the healthcare sector the literature has made attempts to develop theoretical frameworks for 

designing interventions which will be discussed in this section.  

According to Michie et al.’s (2011) research in the health sector, the benefits of using motivational 

strategies (for example, to encourage healthier lifestyles) have pushed stakeholders to embrace best 

practice nudging tactics. Meanwhile, evidence of ineffective interventions that were applied using 

the same approach has led Michie et al., to conclude that “there is a need to improve behavior 

change science and technology and make it available to those designing interventions and 

regulations” (Michie et al., 2011), and to actively support the use of a “theoretical framework” 

when designing interventions (ibid). 

To enhance intervention design, a thorough understanding of “the ‘Behavior context’, which 

specifies the nature of the behavior to be altered” (Michie et al., 2011), should be created as a first 

step and as a foundation (ibid). With this approach, the ‘COM-B’ system (standing for Capability, 

Opportunity, Motivation, and Behavior) has been identified as a framework for analyzing behavior 

(ibid). 

 

Figure 2, The COM-B system (Michie et al., 2011) 
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As illustrated in Figure 2, the COM-B system characterizes the behavior that is to be modified 

based on the interplay of three necessary components that have formed it: ‘Capability’, 

‘Motivation’, and ‘Opportunity’ (Michie et al., 2011). 

The term capability refers to both psychological and physical capabilities and is defined as “one’s 

psychological and physical ability to participate in the activity (including, the knowledge and skills 

needed)”(Michie et al., 2011), for instance, the ability to ride a bicycle is seen as a necessary skill 

that enables the use of bicycles; motivation considers both reflective and automatic mechanisms 

that enable or prevent a behavior and is defined as “all brain processes that energize and direct 

behavior (including, routines and emotional responding)”(ibid) for example, a healthier life style 

provokes cycling; and opportunity refers to both physical and social environment and is defined as 

“all the factors that lie outside the individual that make the behavior possible or prompt it”(ibid), 

bicycling is enabled, for example, by the availability, accessibility, and reliability of infrastructure 

(for example, bicycle pathways). 

In the next step, integrating this understanding (the behavior context) with categorized 

interventional functions would raise the chance of intervention efficacy (Michie et al., 2011). The 

Behavior Change Wheel (BCW) was developed in this area as a framework for classifying 

interventional functions so that they are comprehensive, coherent and in line with the COM-B 

system (ibid). Figure 3 depicts the intervention design process utilizing the BCW framework and 

by integrating the behavior context, intervention functions, and policy categories. 

When it comes to underlying theory of this system, the BCW approach is founded on a thorough 

causal analysis of behavior and focuses on the internal, social and physical conditions of individuals 

which are required for achieving specific behavioral target (Michie et al., 2011). Generally, the 

theory behind the link between intervention functions and behavioral components of the COM-B 

system is based on the “broad theory of motivation”, which captures not only reflective but also 

automatic aspects while concentrating on “the moment-to-moment control of behavior through the 

internal and external environment impacted by that behavior and the process leading up to it” (ibid). 
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Figure 3, The Behavior Change Wheel (Michie et al., 2011) 

Data-driven decision making 

The use of inferential facts derived from patterns extracted from collecting ‘real-time’ information 

(for example, on-demand data on traffic, crowd, and air pollution), known as ‘data-driven’ 

solutions, in decision-making procedures has been recognized as “a feasible and optimal way to 

select the most appropriate influence strategy for a given behavior context” (Gabrielli et al., 2014; 

Ranchordás, 2020). 

Leveraging user profile data (Gabrielli et al., 2014) integrating smart technologies and motivational 

techniques has reformed local authorities’ policies and has opened up the possibility of providing 

precise and ‘situation-aware’ nudges (Gabrielli et al., 2014; Ranchordás, 2020). 

The term situation-aware refers to the capability of analyzing situations using real-time data and 

then developing nudges based on the results of these evaluations. For illustration, by combining 

data on traffic, weather, and citizens’ mobility habits, a persuasive message proposing the best 

route for bicycling or walking could be given to citizens. 

Data-driven solutions have provided the opportunity for municipal authorities to have a more 

comprehensive and precise view of citizens’ lives as the outcomes of these systems are derived 

from hundreds of datasets with a broad range of factors (Ranchordás, 2020). Therefore, the 

expectations and needs of Smart City managers in terms of decision-making support could be met 

(ibid). For example, they (Smart City managers) could be alerted about polluted areas in the city 
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and assisted in taking appropriate action, such as constructing a new bike path in that location to 

minimize pollution. 

Considering ethical guidelines 

The term ‘behavioral insights’ (BI), as defined by OECD (2019) refers to “a set of concepts and 

empirical findings rooted in the behavioral sciences that explain what influences real-world human 

behavior in predictable ways, as well as the methodology for addressing the targeted behavior”.  

Despite the fact that integration of behavioral insights and smart technologies improve the quality 

of interventions and allows for the development of strategies that effectively contribute to the 

situation since it enables more systematic nudging and accurate forecasting using data lakes and 

data modeling (Ranchordás, 2020), it outlines different ethical problems (OECD, 2019), as utilizing 

individuals’ data possess multiple hazards and dilemmas (for example, identity theft and unwanted 

location monitoring) for both cities and residents (Torre-Bastida et al., 2018; Ranchordás, 2020); 

necessitating distinct ethical considerations and rules (OECD, 2019).  

In line with these concerns, OECD (2019) issued a set of guidelines for applying BI, as follows.  

First and foremost, it advises forming an ethical review board to get a democratic mandate to follow 

up on ethical concerns linked with a project (in other words, on occasions where ethical permission 

is necessary), and it also recommends utilizing the advice from a third-party consultant (for 

example, from academics) on specific topics (OECD, 2019).  

Since the use of BI is connected with a wide variety of data obtained from individuals, which 

impacts their personal privacy, the next step would be to assign an ethics supervisor to oversee the 

ethical consequences of data collection, usage, and storage (OECD, 2019). 

Last but not least, since BI projects are generally carried out in multi-functional teams, it is 

important to ensure that each team is well aware of the codes of conduct and existing ethical 

guidelines in respective sectors. Furthermore, to assure the formation of a holistic ethical approach 

throughout a BI project, it is vital to design processes for managing ethical problems in a manner 

that simultaneously covers both each party’s and the whole project’s ethical guidelines (OECD, 

2019). 

3.1.2. Open and active participation of all parties 

Transition to sustainable mobility requires actions on both supply and demand sides 

(Anagnostopoulou et al., 2020), which as explained by Banister (2008) includes “measures to 
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reduce the need to travel (fewer trips), encourage modal shift, reduce trip lengths and encourage 

greater efficiency in the transport system”; Consequently, “open and active participation of all 

parties including policymakers, specialists, researchers, and activists in the related areas (for 

example, transport, land use, urban affairs, environment, public health) would be more efficient” 

(Banister, 2008). Studies show that the acceptability of policy measures will be enhanced by 

applying effective methods for stakeholder engagement and planning tools for green transport 

alternatives (Bardal, Gjertsen and Reinar, 2020). 

Furthermore, a radical change in transportation system would undoubtedly be achieved through 

changing citizens’ behaviors and habits which will be materialized with the coalition between 

citizens and city authorities (Banister, 2008).  

3.1.3. Availability and accessibility of green transport alternatives 

Two actions, including ‘soft measures’ and ‘hard measures (Promoting Mobility Behaviour 

Change, 2019; Franssens et al., 2021) are required to achieve the goal of sustainable transportation 

and their implementation in urban areas. Soft measures that focus on providing information or 

persuading people to alter their views, and hence their behavior, must be accompanied by hard 

measures which seek to enhance physical and technological infrastructure, for instance “new 

footpaths or bike lanes, safer crossings, or investment in more comfortable public space” 

(Promoting Mobility Behaviour Change, 2019), as well as pricing systems (Franssens et al., 2021).  

3.2.  Summary of the section 

In literature review section, various publications relating to sustainability and motivational 

techniques including nudging methods were reviewed. The use of ten significant nudges and their 

impact in policymaking in several domains such as energy, health, and mobility were investigated 

through various articles. We discovered that significant initiatives have been carried out in the 

mobility sector by employing nudging approaches and gamification concepts. These initiatives 

particularly utilized best practice nudges, which might not be appropriate in all areas and 

conditions. Furthermore, while there are a few practical initiatives implemented to facilitate the use 

of nudging techniques in the mobility sector (refer to Section 1.2), the majority of these initiatives 

as discussed in this section (theoretical framework) are focused on one or a few specific criteria 

such as enabling sustainable alternatives, active participation of all stakeholders, and quality 

enhancement of interventions (including considering the situations of travelers and tracking the 
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mobility habit of passengers). In other words, each of these characteristics has been examined 

separately by different papers without applying an integrated approach that investigates other 

relevant factors in the efficacy of interventions. According to our findings, this gap has supplied a 

chance to develop our second research sub question. 

Moreover, despite the practical efforts that have been made to promote the efficacy of behavioral 

interventions by assisting authorities in selecting appropriate interventions, we did not find any 

academic research that directly focuses on intervention design and development of an assisting tool 

by gathering and analyzing users’ perspectives in the mobility sector; we identified this as a gap 

that will be addressed and covered by our third research sub question. 
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4. Methods 

This chapter proposes the methodology of this research. It begins with a description of the research 

design and setting. Then the method that data has been gathered and analyzed is presented in order 

to answer our research question. Furthermore, the research’s validity and reliability are reviewed 

and explained. This chapter ends with discussing the ethical issues that arose during the interviews 

and data collection process. The findings of interviews are discussed in the following chapter. 

4.1.  Research design and setting 

This research focuses on improving the efficiency of nudging methods applied in transition to 

sustainable mobility. In other words, the research’s main objective is to understand not only how 

the application of nudging methods is perceived to be constructed within transition toward 

sustainable mobility, but also how the expectations of sustainability solutions’ users (refer to the 

active parties in the mobility sector) is observed and fulfilled. This is a qualitative study since it is 

based on the collection of data derived from interviews and emphasizes more on the words and 

themes (Bell, Bryman and Harley, 2019, P355). 

Conducting qualitative interviews, known as the most extensive methodology in qualitative 

research (Bell, Bryman and Harley, 2019, P434), has been selected for this study to thoroughly 

understand the city representatives’ needs and expectations. Qualitative interviews are frequently 

more flexible, with a stronger interest in the interviewee’s standpoint. During a qualitative 

interview, extra questions that follow up on the interviewee’s response can be asked; consequently, 

the order of questions can be changed. The researchers seek rich and thorough replies in this type 

of interview (Bryman and Bell, 2011, P467). 

Two main types of interviewing in qualitative research include unstructured interviews and semi-

structured interviews (Bell, Bryman and Harley, 2019, P434). Unstructured interviews are more 

similar to a conversation in which the researcher addresses a certain range of topics. There may be 

only one question asked at a time. The interviewee is allowed to respond to the questions freely, 

and the interviewer may just follow up on significant topics requiring more details. On the other 

hand, a semi-structured interview is composed of several questions that cover certain topics and is 

known to be an interview guide. The order of the questions may not be followed based on the 

interview guidelines. Some questions that are not included in the interview guide may be asked 
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depending on the interviewee’s response which seems to be important from the interviewer’s 

perspective. In general, all questions will be asked, and they might even be identical for all 

interviewers (Bell, Bryman and Harley, 2019, P436). The semi-structured interview is applied for 

this research as it best suits the interview process devised for data collection. We had specific 

subjects to address based on our research questions which convinced us to develop an interview 

guide. On top of that, this structure enabled us to ask additional questions derived from the 

interviewee’s response which were not included in the interview questions but seemed to be 

important from our perspective.  

4.2.  Data collection 

This study as qualitative research follows a form of cross-sectional design since data are collected 

from various cases (Bell, Bryman and Harley, 2019, P61). We inquire about data such as expected 

features for developing an ‘Intervention Design Tool’. This research has made use of both 

secondary and primary data. Secondary data is gathered by studying literature, publications on 

nudge approaches, and types of motivational techniques, while primary data is collected firsthand 

by conducting interviews with city representatives (including Smart City managers, policymakers, 

and sustainability experts) of different cities in Europe that use sustainability solutions.  

According to Merriam and Tisdell (2016), two rudimentary categories of sampling are probability 

and nonprobability sampling. In order to conduct interviews on information-rich cases, the 

sampling technique that is applied here is non-probabilistic and would take the form of purposive 

or purposeful sampling. To identify information-rich cases, a criterion-based selecting technique 

has been applied. Therefore, in the initial step, a list of criteria has been developed to determine 

which instances to investigate (Merriam and Tisdell, 2016). 

The target population would be 10 city representatives including Smart City managers, 

policymakers and sustainability experts that are selected based on the following criteria: 

- Gender equality: this criterion was investigated in order to achieve aim number 5 of the 

Sustainable Development Goals (SDGs) and to gain viewpoints from both genders (THE 

17 GOALS, 2021).  

- Top-level executives (or at least a supervisory role) in city development programs with 

policymaking and/or municipal mobility strategic planning responsibilities: this criterion 

was investigated to interview information-rich cases. 
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- A track record of at least three years: this criterion was investigated to interview 

information-rich cases. 

To begin, some participants were identified based on their role and expertise in the field of 

transportation systems in Sweden, while others who were outside of Sweden were proposed by the 

DyMoN project partners. As a result, a list of 30 candidates was generated from various European 

nations, including Sweden, Germany, Spain, Denmark, the United Kingdom, Belgium, France, the 

Netherlands, Portugal, and Romania, and they were contacted via email, from which we were able 

to set up 10 interviews with city representatives from four Swedish regions, namely Stockholm, 

Uppsala, Gotland, and Skåne, as well as Munich in Germany and Cantabria in Spain. It should be 

noted that despite our interests and efforts to have all aforementioned categories of participants in 

the interviews, we were not able to include any policymakers on our list. 

The interview guide was devised by reviewing literature, and we also received comments from 

experts and scholars who are conducting research in this field which assisted us in strengthening 

our questions. Several tips were taken into account when developing questions for this interview, 

including avoiding the use of technical jargon and concepts, why questions as well as double-

barreled questions (Merriam and Tisdell, 2016). We mainly used open-ended questions, which 

were then followed by probes for clarification and elaboration (Stuckey, 2013). The interview guide 

was logically structured in such a way that the further it proceeded the more complex and sensitive 

questions were presented (Merriam and Tisdell, 2016).  

The interview guide comprises eight major sections like introduction, demographics, long-term 

transportation system objectives, target achievement monitoring, nudging methods, data collection 

and analysis, ‘Intervention Design Tool’ development, wrapping up, and acknowledgments.  

The introduction part includes interviewer’s introduction, the scope of the master thesis project and 

its objectives, the aim of the interview and a brief introduction to nudging methods (motivational 

techniques). Protocols such as confidentiality statements, consent of record and use as well as 

option of providing the result of interview to the interviewees are considered and fully respected 

(Rabionet, 2011). We sought to avoid starting with negative statements in the introduction section 

while discussing transportation systems and their detrimental influence on climate change because 

research has shown that it leads to a defensive reaction (Uhl et al., 2017).  
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The demographic section focuses on general information about the interviewee’s position and 

experience, as well as the name of their organization and fields of activity. 

Long-term transportation system objectives section Included are questions concerning 

transportation system improvement, especially sustainable mobility efforts within a certain period 

(for example, up to the year 2040) that seek strategic planning, project scope, and participating 

parties. 

The target achievement monitoring part have been covered by questions regarding past experiences 

and unfulfilled requirements in monitoring and assessing the data obtained, as well as in tracking 

the achievements in objectives attained via the executed initiatives.  

The nudging methods section included are questions concerning prior experience with applying 

techniques for persuading individuals to use sustainable transport that seek the drivers and barriers 

of using nudging techniques while cross-checking the interviewee’s grasp of nudging methods.  

The data collection and analysis section involve questions about the approaches and methods used 

to collect and analyzing data on city traffic (for example, air quality, environmental damage, 

accidents, number of passengers, popular destinations, mode of transportation, and so on), as well 

as the types of information required to facilitate decision-making procedures in the field of 

sustainable transportation. The responses of the interviewees in this section would be used to 

identify which characteristics or features should be taken into account when simulating future 

situations using the ‘Intervention Design Tool’. 

The ‘Intervention Design Tool’ development section concentrates on learning about the needs and 

expectations of city representatives for the development of a solution (an Intervention Design Tool) 

that aids in decision-making procedures to encourage citizens to use more sustainable modes of 

transportation (Michie et al., 2011; DyMoN project proposal, 2020). By analyzing the interviewees’ 

responses, we will find out to whom and how this tool is useful and applicable. 

The wrap up and acknowledgments section contains clarification and recognition of understandings 

on double-barreled responses, as well as asking final questions to ensure discussion of any 

remaining topics and missing arguments. 

Overall, the interview guide comprises fourteen questions, the majority of which are open-ended 

and followed by probes. All the questions are not asked of all participants, and they are addressed 

based on the interviewers’ professional responsibilities and expertise. During the interviews, a few 

extra questions were asked based on the interviewees’ replies that were deemed important from the 
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interviewer’s standpoint, while others were skipped depending on the interviewees’ responses and 

interests. Appendix A provides one version of the interview guide. 

Finally, the data was gathered through interviews with 10 city representatives including Smart City 

managers and sustainability experts from six European cities.  

Moreover, on account of pandemic threat and interviewees’ locations in different countries and 

their preferences, all the interviews were conducted via Zoom (a platform for video communication 

via Internet) and the interviews lasted between 20 minutes to 60 minutes. With the permission of 

the interviewees, all interviews were recorded via Zoom or audio recording. 

4.3.  Data analysis 

After data collection, the thematic method was applied for the analysis. This was carried out in six 

phases by using the thematic method, which was proposed by Braun and Clarke (2006). According 

to the first phase which is called “Immersing oneself in the data”, interviews’ transcriptions were 

read analytically and critically several times in order to be acquainted with the data content as well 

as identify the relevance of these transcripts to the research questions. Furthermore, when reading 

the transcripts, some preliminary notes were taken as well, which aided us in the analysis process 

(Braun and Clarke, 2013; Jason and Glenwick, 2016).  

In the second phase which is called “generating initial codes” (Braun and Clarke, 2013; Jason and 

Glenwick, 2016), the codes were identified and labeled. Based on Braun and Clarke (2006), various 

features of data were recognized by codes while hidden or semantic levels of meaning were applied 

to define codes. As explained by Braun and Clarke (2006), coding can be done either manually or 

even with computer software. In this research, coding was conducted manually by highlighting 

important parts of the interview transcripts, adding comments to them, then developing a table in 

Excel and transferring all the codes there. To avoid missing any context, all of the texts were coded 

as much as possible (Braun and Clarke, 2006). Following the creation of the initial codes, 

transcriptions were reviewed again to ensure the reliability and relevance of the codes to the 

research questions, therefore some codes were eliminated, modified, and new codes developed 

again. 

The third phase is “searching for themes”. Some prominent part of the data which is relevant to the 

research question is recognized by themes and demonstrates the patterned response or meaning 
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within the data collection (Braun and Clarke, 2006). During this step, several codes that overlapped 

with each other were merged, potential themes were developed, and various codes were classified 

into themes (Braun and Clarke, 2006). All these processes were performed within the table that 

was created in an Excel file which can be considered as a visual representation with the aim of 

facilitating the process of sorting different codes into each theme (ibid).  

Phase four is “reviewing themes” (Braun and Clarke, 2006; Jason and Glenwick, 2016). According 

to Braun and Clarke (2006), this procedure entails two stages including reviewing the extracted 

coded data and refining predefined themes. The former is to determine whether the coded data 

which has been allocated to each theme can shape a cohesive pattern, while the latter validates the 

relevance of themes with the whole data collection. While reviewing themes and going over the 

entire transcripts, we decided to assign a unique number to the previously extracted codes in order 

to facilitate the search process in the Word file. Throughout this process, a few new codes were 

added to the predefined themes. Following the processes outlined in this phase, we assured that the 

themes matched and that the whole data story could be presented (Braun and Clarke, 2006). 

The fifth phase is “defining and naming themes” (Braun and Clarke, 2006; Jason and Glenwick, 

2016). In this stage, we improved themes by identifying the important characteristics of each one. 

Then, for each theme, a name was assigned that clarified the key point of data that theme was 

conveying (Braun and Clarke, 2006; Jason and Glenwick, 2016). The final phase (sixth phase) is 

“producing the report” (Braun and Clarke, 2006; Jason and Glenwick, 2016), where we produced 

a full analysis for each theme and gave the entire story behind each subject.  

Following the completion of the report, since the third sub question of our research was about 

finding the design characteristics for the development of an Intervention Design Tool based on the 

city representatives’ needs and expectations (as the users), the ‘Value Proposition Design’ model, 

introduced by Osterwalder et al. (2014), was utilized to devise the features of this tool.  

4.4.  Research quality 

4.4.1. Reliability and Validity 

Validity and reliability are prominent factors to evaluate a business or management research. If the 

outcomes of the research are repeatable, we can say that the research is reliable (Bell, Bryman and 

Harley, 2019). As explained by LeCompte and Goetz (1982), external reliability in qualitative 

research is a problematic criterion due to the fact that the social setting and situations are not stable 
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and are subject to change (Bell, Bryman and Harley, 2019). In this research, the candidates were 

asked in a flexible way as the research was qualitative with employing semi-structured interviews. 

Therefore, the candidates’ answers differed as per their knowledge, experience, and positions. This 

obviously makes it hard to replicate the results unless all similar conditions and occasions are 

provided. However, we pertained to the internal reliability feature of our research by devising the 

proper interview questions through robust methods and well-defined interview guide which was 

enriched by experts’ revision and application of literature.  

Based on Bryman and Bell (2011), the main types of validity are measurement, internal validity, 

external validity, and ecological. Internal validity refers to a good match between the theoretical 

part and the results of the interviews and to what extent the research questions are addressed. On 

the other hand, external validity stands for generalizing the findings of research to the other research 

areas (Bell, Bryman and Harley, 2019). The internal validity of this study can be traced by a vivid 

connection between the literature framework and findings of the interviews, while it was enhanced 

by targeting the right proper interviewees from different cities in Europe. Regarding external 

validity, since this research is concentrated on authorities’ expectations and needs of the mobility 

sector therefore the generalization of findings to the other sectors/ industries should be done with 

caution. 

4.4.2. Ethical consideration 

Diener and Crandall (1978) highlighted four major realms for ethical principles in social and 

business research including avoiding endangering participants, obtaining permission from them, 

respecting their confidentiality and privacy, and preventing deceiving participants (Bryman, 2012; 

Bell, Bryman and Harley, 2019). Several ethical considerations in accordance with Bryman (2012) 

and Bell, Bryman and Harley (2019) were taken into account in this study. First and foremost, all 

interviewees were informed about the purpose of the project and the interview, as well as the areas 

of questions that were to be asked during the interview, via a brief presentation that was included 

in the initial email sent. Before beginning the interview, all participants were asked if they would 

consent to recording the interview session as well as using revealed data/information in the 

research. Furthermore, at the beginning of the interview, interviewees were notified that they had 

the option of refusing to answer any questions that made them feel uncomfortable. 
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5. Empirical findings and analysis 

In this chapter, data gathered through interviews is presented and analyzed. As previously stated, 

all data was gathered through a semi-structured interview with an interview guide. Five underlying 

topics in the interview guide which are addressing our research questions are analyzed here to 

discover how an Intervention Design Tool can be developed. Moreover, the data from the 

interviews are analyzed through theoretical structures derived from literature review and the 

requirements for improving behavioral interventions are identified. Ultimately, design parameters 

for developing this tool are proposed based on these findings. In the subsequent chapter, we discuss 

our findings from multiple viewpoints. 

5.1.  Interviews 

As described in Section 4.2, city representatives were classified into three groups depending on 

their level of involvement with nudging techniques, namely Smart City managers, policymakers, 

and sustainability experts. 

In order to conduct interviews with 10 city representatives from the aforementioned categories, a 

list of 30 candidates was generated from various European nations, including Sweden, Germany, 

Spain, Denmark, The United Kingdom, Belgium, France, The Netherlands, Portugal, and Romania, 

and they were contacted via email, from which we were able to set up 10 interviews with city 

representatives from four Swedish regions, namely Stockholm (1 sustainability expert), Uppsala (2 

Smart City managers and 3 sustainability experts), Gotland (1 sustainability expert), and Skåne (1 

sustainability expert), as well as Munich in Germany (1 sustainability expert) and Cantabria in 

Spain (1 Smart City manager). Based on the responsibilities indicated in the interviews, each 

participant has been classified into specified categories (including Smart City manager and 

sustainability specialist). 

 Although we failed to have any politicians as interviewees owing to time restrictions and a lack of 

a proper communication channel, we were able to achieve satisfactory gender equality by 

interviewing Smart City managers and sustainability experts. 

Tables 3 and 4, illustrate information about participants, including their track records and position, 

as well as the classification allotted to each one based on their role and core responsibilities. 
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Participant 

ID 
Country 

Region,  

City 

Track  

record  

(years) 

Organization 
Field of activity/ 

Department 
Position Responsibilities 

Interview  

mode 
Classification 

J Sweden 
Uppsala,  

Uppsala 
11 

Uppsala 

Municipal 

Management 

Office 

Business and 

Destination / 

Business 

Development 

Business 

Strategist 

He works with 

business and 

enterprise 

development 

Via Zoom 
Smart City 

manager 

O Sweden 
Uppsala,  

Uppsala 
7 Region Uppsala 

-/ Traffic and 

Society 

Product 

Owner 

He works with the 

development of 

digital information 

systems. 

Via Zoom 
Smart City 

manager 

M Sweden 
Uppsala,  

Uppsala 
4 

Uppsala 

Municipal 

Management 

Office 

Strategy and 

Planning, Quality 

and Planning / 

Business 

Development 

Innovation 

Manager 

She works with 

tailoring for 

innovative solutions 

within different 

departments 

Via Zoom 
Sustainability 

expert 

E Sweden 
Gotland,  

Visby 
4 Region Gotland 

Technical 

Services 
City Planner 

She works with 

mobility behavior and 

sustainability 

management 

Via Zoom 
Sustainability 

expert 

F Sweden 
Skåne,  

Tomelilla 
4 

Tomelilla 

Municipal 

Management 

Office 

Sustainable 

mobility/ - 

EU 

(European 

Union) 

Coordinator 

She works with 

projects within 

sustainable mobility 

Via Zoom 
Sustainability 

expert 

Table 3, List of participants and interview information- part one 
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Participant 

ID 
Country 

Region,  

City 

Track  

record  

(years) 

Organization 

Field of 

activity/ 

Department 

Position Responsibilities 
Interview  

mode 
Classification 

S Sweden 
Stockholm, 

Stockholm 
10 

Stockholm Municipal 

Management Office 

-/ Traffic 

Office 

Traffic 

Strategist 

She works with 

strategic planning 

within the 

transportation system 

Via Zoom 
Sustainability 

expert 

G Sweden 
Uppsala,  

Uppsala 
5 

City building 

administration 

(Street and social 

environment 

committee) 

-/ Traffic and 

Society 

Traffic 

Planner 

She works with 

behavioral mobility 

management 

Via Zoom 
Sustainability 

expert 

Sh Germany 
Munich,  

Bavaria 
4 

MVV, Münchner 

Verkehrs und 

Tarifverbund 

Set 

standards & 

tariffs for 

public 

transport/ - 

Researcher 

& 

Transport 

Modeler 

He works with 

research projects 

within transportation 

systems & Demand 

modeling 

Via Zoom 
Sustainability 

expert 

T Sweden 
Uppsala,  

Uppsala 
10 

City building 

administration 

(Street and social 

environment 

committee) 

-/ Traffic and 

Society 

Project 

Manager 

She works with 

sustainable solutions 

and considerations in 

city development 

projects 

Via Zoom 
Sustainability 

expert 

L Spain 
Cantabria, 

Santander 
12 Cantabria University 

Smart City 

innovation 

projects/ - 

Ecosystem 

leader & 

Professor 

He Leads innovative 

projects in smart cities 
Via Zoom 

Smart City 

manager 

Table 4, List of participants and interview information- part two
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5.2.  Application of nudging techniques in mobility sector 

5.2.1. Long-term strategies and targets to be achieved 

The growing population has led to an urgent need for city development and expansion, as well as 

infrastructure and underlying improvements, as described by Participant J:  

“[...] Uppsala is one of the fastest-growing cities in all the Europe and we are 

right now planning 33,000 new homes, it is a big city planning undertaking [...] 

we are constantly planning for that expansion [...] inner parts of the city are 

dimensioned for 50,000 or 56,000 people and it would be some pressure for the 

city, and it needs to be adjusted [...]” 

Meanwhile, participants’ replies emphasize sustainable development as a critical factor to consider 

when planning for city expansion; Participant J has highlighted this:   

“[...] there are things we need to consider when planning new city areas [...] 

We have very much concentration on sustainability and environmental issue [...] 

We are looking at sustainability in every possible vector [...]”.  

To do so, strategies and targets set by the European Commission known as 2030 targets and 2050 

targets, which describe the EU’s policy, strategy, and legislation for 2030 and 2050 in the areas of 

environment, energy, and climate (European Commission: 2050 targets, 2022; Eupropean 

Commission: 2030 targets, 2022), and Sustainable Development Goals (SDGs) (THE 17 GOALS, 

2021), are followed as core strategies by municipalities. As Participant J explains “[...] all the 

SDGs are mapped to our main steering document for the city [...]”. Participant L has also 

mentioned it: 

“[...] there are plenty of agreements that Europeans at a worldwide level 

agreed, for 2030, 2050, etc. These agreements imply that the city and the city 

managers must lead a strategy to cope with the new requirements [...]”  

In accordance with the aforementioned strategies and targets, cities have considered certain goals 

that have been specified inside their borders as Participant G explains:  

“[...] we have set goals for 5 years from now, we have set goals for 10 years 

from now, [...]the general plan has prognosis that where we should be in 2030 

or 2050[...]”.  
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Responses from participants revealed a special focus on decreasing detrimental impacts on the 

environment, including objectives to be met in the case of being Climate-Neutral, such as 

reductions in particular materials (PM10), heat island effect, noise pollution, and so on. 

Participant S: 

“We have the overall goal of climate neutrality; I think it is 2040 [...]” 

Participant L: 

“[...] reduction of particle materials, reduction in the heat island effect [...] 

reduction of noise[...]”  

Participant Sh:  

“[...] the focus has dramatically shifted towards sustainability and reducing [...] 

PM10 emissions [...]” 

The objectives set within the transportation sector have mainly been framed around the theme of 

being Carbon-Neutral and mitigating carbon dioxide emissions. The frequency with which the 

concern is mentioned (by seven participants) in interviews emphasizes the topic’s significance and 

generality: 

Participant G: 

“We have […] ‘vision’ to reduce carbon emissions […] we also have a goal to 

be emission-free until 2030 within the transportation sector.” 

Participant Sh:  

“I think since the past couple of years, the focus has dramatically shifted 

towards sustainability and reducing carbon dioxide emissions”  

Participant L:  

“One [goal] is the reduction of carbon dioxide emissions […]” 

Reduction in carbon footprints is followed by targets aligned with the concept of transitioning to 

sustainable mobility as explained by Participant T “[…] by 2030, 75% of all the trips should be 

sustainable, and then by 2050, 100% of all the trips should be sustainable”.  

Except for Participant E and Participant F, city representatives from small cities with populations 

of around 24000 and 6000 inhabitants respectively and mainly work project-based and therefore 

have no pre-defined targets, as explained by Participant F “[...] now we are just working project-
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based, so we have targets for these projects[...]”, being a bike-friendly city and having a green 

public transportation system are considered as the most popular targets among respondents.  

Participant J:  

“We have big ambitions like to be bike-friendly city […] bike mobility is the most 

important thing for the municipality” 

Participant Sh:  

“[...]we have an optimistic goal in terms of how much bicycle traffic we would 

like to have in the city” 

Meanwhile, initiatives regarding infrastructural improvements and reforms as well as behavioral 

change interventions have been identified as the most appealing means of achieving targets: 

Participant O:  

“[...] we are trying to get emission-free buses, that is one of the goals for us, we 

are running gas buses and we are looking at full-electrical buses [...]” 

Participant Sh:  

“[…] We are also expanding heavily on our suburb and train infrastructure [...] 

there has been a sharp increase in the number of express bus lines that have 

been planned” 

5.2.2. Decision making procedure 

Deciding which initiatives and actions are most appropriate for achieving the goals has resulted in 

the establishment of a procedure through which the city representatives aim to optimize the 

efficiency of their actions and budget allocations, as Participant Sh explains about the importance 

of evaluating different alternatives before making any decisions: 

“We have the typical ‘feasibility’ analysis as one of the most factors that every 

project should go through it to be implemented [...]” 

This is also evident in the comments we have received from other participants, such as Participant. 

G, who highlighted analyzing the efficacy of potential actions in her response: 

“[…] we could develop new projects, evaluate, and do the things that we think 

would have the best effect [...]”  

Decision making procedure generally consists of two major steps, which are as follows: 

Step one: identifying target groups and surrounding conditions 

The initial step in project selection has been stated as identifying groups and developing a thorough 

understanding of the underlying conditions in terms of both infrastructure and mobility behavior. 
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Participant. G’s response demonstrates the significance of adjusting initiatives to the appropriate 

target group: 

“[…] We (me and my closest colleague) develop our project towards different 

target groups, it could be very broad (employees, students, youth, ...) […]” 

In addition, Participant. L emphasizes identifying the situation saying: 

“[…] I could not make any decision without having a solid knowledge of the 

legacy situation from which we will start making decisions for the coming years 

[…]” 

 Participant. G explains how working with different target groups, in this case, school-aged 

children, necessitates gaining a comprehensive understanding of the situation around them: 

“[…] we have started to get a better vision of how means of transportation are 

divided when traveling to and from school and so on. First, we need to 

understand how we are doing [...]” 

Assessing the current situation is done through analyzing data gathered by conducting surveys 

and questionnaires, establishing communications with citizens, and implementing and running 

sensors and applications on digital devices.  

Surveys and questionnaires are primarily used to collect statistics and information about modes 

of transportation, reasons for travel, and the context of mobility behavior. Surveys are conducted 

on paper, in person (at organized events), and digitally via apps, with illustrations provided below. 

Participant G:  

“[…] we have just recently sent surveys to all the parents of children (age 6 to 

12) […] and we also ask the children at school (once a year) about how they 

have traveled to school that day […] this parent survey was not only about how 

did they travel, but it was also about why they travel and how they can change 

their behavior.” 

Participant E:  

“[…] I can mention the project sustainable transportation between 2018 and 

2021 […] I did a travel survey on people who commute to work […].” 

Surveys and questionnaires are also used to collect information on travelers’ experiences and 

satisfaction with various kinds of transportation. Existing public transportation and infrastructure, 

as well as pilot initiatives, might be considered. 
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Participant Sh: 

“[...] We also have more qualitative measures […] it is called as ‘customer 

barometer’ which is a satisfaction survey of customers of all different public 

transport modes […] Satisfaction is measured using several factors; everything 

from quality, how easy it is to understand, delays, and so on […]” 

Participant T: 

“[…] we asked people about places where they thought there was uncomfortable 

traffic (an uncomfortable situation in traffic), and we also asked about places 

where people needed to be reminded of the rules […]” 

Participant F:  

“We started an electrical cargo bike for five days [as a pilot] to see how it works 

by doing a survey and asking people if they are going to buy a cargo bike later 

or not [...] we mostly have planned on our test persons who have tried something 

[early adopters] and the user perspective on what they have tried and to 

describe it in the next steps of the process and to see and plan what type of 

project we should work in the future and what type of changes we should make 

[...]” 

Additionally, surveys are utilized on occasions to compare alternatives to private cars and come 

up with practical solutions for minimizing carbon footprints.  

Participant E: 

“We did a survey; it was called ‘Zero climate environment’. The survey gave us 

some data on how region Gotland can reduce air pollution and emissions due 

to travel” 

Participant F:  

“For instance, when it comes to the test cycler when they lend the bicycle, we 

ask questions on when they use the cargo bike, electrical bike, did that ride every 

place that a car rides, and we also ask them how far they bike, the different 

routes, and how long, and in that way, we can see, we can calculate how much 

carbon dioxide is reduced in comparison if they had the same travel with the 

car. It is an estimation obviously […] we have built that in the survey and in the 

evaluation system and the same goes for another like scooter project.” 

Communication is built through both organized meetings with focus groups and unstructured 

contacts that occur during events; both are viewed as means of gathering residents’ insights and 

input.  

Participant T:  

“We have […] direct communications […] every year we have an event, there 

we have a huge map […] showing all the changes and improvements that are 
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going to be made about cycling, and then we ask people to come in, ask 

questions, and give suggestions, for example, if they want to change something 

else” 

Participant G: 

“[…] when we meet, we get a lot of questions and input from these children (kids 

are around 3 to 6 years) […] during the ‘European mobility week’, for example, 

when we meet the citizens […] we take all these questions and input. We gather 

them (inputs) […] we see it as a part of our job to meet the citizens and it is 

crucial to meet and talk to each other […]” 

Sensors and digital device-based applications, such as automated counters (used to measure the 

number of cycles, autos, and so on), GPS (global positioning system), and air measuring devices, 

are used to collect data and information on traffic and the environment. 

Participant L:  

“[…] city is monitoring the environmental conditions [...] all the data related to 

environmental […] and all the data related to traffic mobility […] there is a set 

of applications and a set of tools which allow us to monitor how the traffic is 

running around the city […]”  

Participant Sh: 

“[…] we have these signposts on a couple of busy bike tracks and on that, we 

can see how many trips have been done using the bikes this year […] so they 

count them […] that is one way I think that the city has tried to quantify it.” 

Participant T: 

“[…] we measure every year (or two or three times a year) how many private 

cars are driving on the roads, how many bicycles and how many buses […]” 

Data and information acquired via the aforementioned methods are then evaluated.  

Mapping has been identified as the most appealing method for assessing statistical data, where 

experts need to generate a holistic view of the situation by taking into account different aspects. 

Participant L: 

“[we see] in specific periods, like for example, in Summer or even now when we 

are close to the Christmas period, etc. [… in] downtown areas […] there is a 

higher demand [for public transport] in this period. [...] In general, I tend to 

say that we do not have to see just data silos but to have a comprehensive 

approach to the data […]”  

Participant O: 

“[…] we need to take into consideration all the things, […] where are people, 

[...]how are the routes for our vehicles [public transport], and how many people 
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can we expect to travel on that route [...] where we are very weak and have a 

bad schedule for buses[...]” 

Likewise, data collected through surveys and questionnaires are examined by analysts who 

sometimes employ programs such as ‘Webropol’. Since the surveys are carried out on a regular 

basis, the experts can compare findings and track trends over time.  

Participant G:  

“[…] within our unit, we have one person who is responsible for analyzing data 

[…] we also have within the municipality on higher level that might help us, they 

have tools that we have to use (is recommended to use), it is called ‘Webropol’ 

[…]” 

Participant Sh: 

“[…] we measure it [travelers’ satisfaction via surveys] and it is a continues 

process […] we are always measuring this yearlong, and at the end of the year 

we see if things have gotten better or worse […] for example, we might see in 

the survey that this year people were happy with the buses, but not with the trains 

because there were a lot of delays due to infrastructure problems […] that is 

like a basis that we must further improve certain factors […]” 

Step two: prioritizing and selecting proper actions:  

As the situation becomes evident and crucial zones, in terms of geographical and mobility patterns, 

are identified, it is time to make decisions about what actions to take, as demonstrated by 

Participant J’s response:  

“[...]main road of Uppsala Kungsgatan is one of the most crowded places […] 

we need to find a way to address this issue […]” 

Participant L has generalized it as a global challenge: 

“The main reason is […] to overcome all these well-known problems, not just 

in Santander, but in most of the cities worldwide […] alleviating downtown 

areas from […] noise emissions, carbon dioxide emissions […] and [anything 

that] makes the traffic really complex […]”.  

Prioritizing the areas requiring action is a common approach taken by interview participants. 

Furthermore, it is apparent that the solutions are being valued based on the impact they may have 

on enabling green transportation. 
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Participant S:  

“[...] we will put them [the crucial zones] in ques, and we also have priority 

over different modes of transport which gives us priority for investments in 

different parts of the transport system, for example, we invest quite a lot in 

bicycle infrastructure which we have done for a few years [...]” 

Participant Sh: 

“[…] it is also reflected in the fundings that are available from the public 

authorities […] new public transport projects are being financed; a lot of 

research has also been financed during the last years […] they still have a lot 

more money that has been planned exactly for this reason as to see where we 

can reduce emissions. [...] we also have a lot of fundings available for research 

projects topics like what you are doing (like soft measures) […]” 

5.2.3. Application of nudging techniques 

Among the answers given by most city authorities attended in interviews, it is clear that the 

purposeful use of nudging techniques to promote sustainable means of transportation can be 

tracked during the last few years. 

Participant S:  

“Yes, I would say that our environmental office in Stockholm has worked quite 

a lot with that [nudging techniques] but it’s not so specific, it is more like 

following general trends [...]” 

Participant M: 

“[...] Yes, it was a [nudging] project together with Austria and it was about 

trying to make it easier for inhabitants to see where I can rent a bike, where can 

I go to make easy repairments for my bicycle and so on […]”  

Popular intervention functions 

Applying the concept of ‘The Behavior Change Wheel (BCW)’ and definitions presented by 

Michie et al. (2011), we were able to identify the most prevalent intervention functions that are in 

use within the mobility sector as presented in Figure 4. 
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Figure 4, The numbers of times the function has been detected in interviews (In percent) 

Enablement as defined by Michie et al. (2011), refers to actions that “improve means or eliminate 

barriers to boost the capabilities and/or opportunities”, has been recognized as the most common 

intervention function performed by municipalities. 

Enabling has mostly been done by efforts connected with infrastructural enhancements in the areas 

of bicycle, public transportation, information technology, and sustainable automotive usage. 

In the area of biking, infrastructural improvements such as safe and reliable bicycle lanes, parking 

areas with bicycle stands that allow users to safely lock their bikes, bicycle wash facilities, as well 

as launching initiatives such as bicycle sharing systems that allow citizens to rent electric and cargo 

bikes at affordable prices, have been highlighted in the answers: 

Participant L:  

“[…] another action is […] to make bikes and electric bikes available to the 

citizens […]” 

Participant T:  

“[…] for the ‘Winter cyclist project’ that we are encouraging people to use a 

bicycle in the winter [...] before we started the […] campaign, we made sure 

that we really had the good infrastructure for cycling, and we had good 

maintenance for the winter […]” 

Participant M:  

“[…] new bicycle washing machines that have been installed […] making it 

easier to clean your bike […] those kinds of initiatives are also to encourage 

people to bike more [...]” 

Training, 2%
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Coersion, 
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In terms of public transportation, responses revealed specific actions such as connecting cities with 

railroads, extending public transportation networks to cover suburban areas, designing and 

implementing express trains or bus lines, as well as improvements in existing facilities aimed at 

increasing quality and safety:  

Participant J: 

“[…] we are […] planning for expansion [for example] new railroad trips to 

Stockholm […] to make it easier for commuters to travel back and forth to 

Stockholm [...] 

Participant Sh:  

“[...] now the focus is to get these people out of their private cars, and for this, 

there has been a sharp increase in the number of express bus lines that have 

been planned [...] We are also expanding heavily on our suburb and train 

infrastructure, [...] and the plan is that we want to double its capacity [...] will 

have express trains that even increase the overall capacity, the quality of the 

service will rise. For example, we already have the frequency of every 40 

minutes, in the future, we will have 20 minutes (double frequency) [...] It is 

common in Germany to hear that “yes, we have a car, but we only use it for 

leisure activities and on vacations”, so this is one key point that we are trying 

to tackle with, and that is improving the public transport options for leisure 

activities […]” 

Participant M:  

“[…] safety [is] one of our issues that is one of the main priorities […] there is 

a lot of innovation carried out within the public transport sector [… to make] 

the passengers feeling more secure when they’re taking public transport, for 

example in the bus previously there was a button which passengers had to stand 

up to press it, while now travelers have the button in between the seats, which 

can increase the security feeling for a certain group of people [...]” 

Advances in information technology (IT) have resulted in significant achievements in providing 

passengers with trustworthy information at the right time and location about the sustainable 

alternatives that they might take for the purpose of their journey. Development and implementation 

of integrated service centers and/or platforms that give access to sustainable options, the 

installation of infotainment systems, and the presentation of actual departure and arrival times to 

passengers, have been found in the answers by participants. 
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Participant J: 

“[…] in a project called SimpliCITY […] to enable sustainable choices, 

sustainability services have been combined in one platform, so every existing 

sustainability services are easily accessible on this platform […]” 

Participant O:  

“[…] If you want to ride [use] a public transport, you want information that is 

suited to you […] we have an app which travelers can use when they are 

traveling [...] we are doing information on billboards [...] we have some 

infotainment systems that are in the major traffic hubs centers […] for instance, 

we are planning for the latest version of the infotainment screen that can be put 

up at the hospital, at concert halls, at leisure centers […] and we do the 

infotainment on the buses [...] we launched a feature in our app last year where 

you could see the bus in real-time moving on the map […]” 

Sustainable usage of automobiles has primarily been suggested for low-population locations with 

tough geographic conditions that make riding impossible, as an alternative to bicycle and public 

transportation. However, in other places, such as Stockholm, this idea has been viewed as a means 

of restricting car ownership and auto use to emergency situations. Meanwhile, initiatives such as 

carpooling, and car-sharing have been brought to the public and installing charging stations has 

been stated in answers to facilitate traveling by Electric Vehicles (EVs). 

Participant E:  

“[...] we can provide service […] in the rural area [… to] share transportation 

in our app and make it easier if your neighbor is traveling to Visby […] for 

example, “I’m going to Visby does anyone want to go with me or can I do any 

service in Visby for you” […]”. 

Participant F:  

“[…] we started to lend cargo bikes [...] now we have started a pilot with our 

carpool in Sjobo [...] There is one carpool in Sjobo and one in Tomellila. It is 

done in collaboration with ‘Bil Bengtsson’ who has an app called ‘Rulla’ […] 

existing carpool solution that we are trying […]” 

Participant S:  

“[…] we have a goal of having sufficient charging stations for electrical 

vehicles on the streets […] we are supposed to have about 4,000 charging spaces 

by 2022 […]” 

Michie et al. (2011) describe education as actions that “raise awareness or understanding” of a 

topic.  
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According to the responses, education as an intervention function has largely been used in the 

mobility sector to increase knowledge about global warming and the role of transportation in 

carbon dioxide emissions, sustainable mobility and the introduction of green alternatives, concerns 

regarding public health, and sedentary lifestyles, the importance of enabling sustainable modes of 

transportation and presenting innovative solutions, as well as traffic safety particularly cycling 

safety. This education action usually takes place in the form of organized events, counseling 

services, and the publication of information on social media. 

Participant G:  

“[…] we have a project where we go to the places that we know there are a lot 

of pre-schools and kindergartens in the area and invite them to visit us […] we 

have road signs and traffic signals, we talk about traffic safety and about the 

importance of using bicycles instead of vehicles, and the importance of following 

the rules [...] we also talk about traffic safety (cycling traffic safety), we usually 

try to combine promoting cycling and talking traffic safety […] we meet students 

at least once a year, often at the start of semesters and we try to choose what we 

want to talk about and with students […] providing them with useful information 

and so on [...]” 

“[…] during the ‘European mobility week’, we […] place ourselves in the 

middle of the city and talk about the subjects […] about traffic safety and/or 

sustainable mobility in general or in some specific topic [...] we also have a lot 

of traffic planners there, meeting the citizens and talking about developments 

plans and importance of active traveling […]” 

Participant E:  

“[...] I produced advice for the workplaces on how to be more bike-friendly or 

public transport friendly, what the employers in the workplace can do for the 

employees [...]”. 

Participant F:  

“[...] instead of telling people not to use the car, we try to tell them to use the 

car in a smart way [… by] ideas like car sharing and ride sharing [...] we are 

sharing information through our Facebook page; we are working to show and 

normalize different choices that people can make [...] we also share some info 

on Instagram where people see the posts, put comments, and think about them 

[…]” 

Incentivization, as described by Michie et al. (2011), refers to acts that “establish an expectation 

of reward” and has mostly been used in promoting sustainable mobility applying the concept of 

gamification and inviting users of transportation systems to various challenges. Competitions are 
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typically awarded both monetary, such as credit on their accounts, and non-monetary benefits, 

such as providing maintenance services for cyclists, cycling driving certificates for children, and 

evaluating employers based on how bike-friendly their firms are. Other incentives indicated in 

responses might be noted, such as considering an economical price scheme for public 

transportation services and providing customers with free-travel cards: 

Participant G:  

“[…] we go to […] pre-schools and kindergartens […] they [children] can try 

(not only in theory but in practice) bikes and helmets […] and then they get their 

cycle driver’s license [...]” 

Participant L:  

“[...] now in the next three or four weeks, public transportation will be free for 

all the citizens wishing to move downtown areas [...]” 

Participant J:  

“[…] we have a private event organized as a ‘biking event’; which tries to create 

an incentive for the people to use the bike more often, it will be launched during 

the Spring, and we will use Uppsala. The application used at this event has been 

planned to be very family-friendly, there will be quizzes (on the app), asking the 

users to go to various places and explore destinations to collect points […] there 

are some built-in features, and it gives you incentives to use the bike [...] we are 

also discussing the implementation of something which is done in Salzburg; if 

citizens do something good for the environment (the climate), or if they use bikes 

more often, they will receive a certain currency or credit, like a cryptocurrency 

[…]” 

Participant M:  

“[…] in Gutenberg or in Stockholm you have had other kinds of projects, 

citizens have been giving money to park their car and then they have gotten a 

card for the public transport both on train, bus, and subway and so on […]”  

Participant E:  

“[…] at the project called ‘Reserådgivning’ (Travel counseling service), where 

the target groups were the employees in the workplaces, we have something 

called ‘Cykelvänlig arbetsplats’ to become a more ‘Bike-friendly workplace’ 

[…] it is a campaign […] we have defined five levels for employers, for example, 

‘One star’ is a bike nice employer and then the employer can improve its position 

to the highest level which is ‘Bike first class’. So, every workplace can improve 

and become more bike-friendly by for example, providing bike parking or 

offering bicycles to the employees, or by having a travel policy […]” 
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Persuasion is described by Michie et al. (2011) as acts that “employ communication to influence 

positive or negative sentiments”. The participants have been using persuasion as a nudging 

technique, in both direct and indirect communication via apps and social media to motivate citizens 

by providing facts and trends concerning global issues such as climate change and public health, 

as well as exposing citizens to the immediate and long-term impacts of their mobility habits on the 

environment: 

Participant M:  

“[...] So, it is going to be a lot about figures following up and being able to show 

for public transport users like benefits of using public transport both 

environmentally but also health indicators [...]” 

Participant E:  

“[...] in the application, travelers can see how, and which routes are used for 

their travel […] they can become aware of their travel habits [...] my answer (to 

citizens) is that they can plan better. For example, on Sundays, when planning 

which food they would have during the week, then they can plan how to use the 

car for the upcoming week […] if they have to take the car, for example, on 

Wednesday, can also do the grocery shopping, thus, on other days they can go 

around by bike [...]” 

Michie et al. (2011) define coercion as activities that “create an expectation of punishment or 

cost”. Coercion is often implemented by acts that limit parking spaces, impose additional expenses 

on private car users by considering taxes, toll zones, increasing parking bills, and banning private 

car traffic in city centers: 

Participant Sh:  

“[...] it is getting harder and harder for private car users to come to the city and 

move freely in the city [...]” 

Participant T:  

“[...] our strategy is to limit the parking spaces and to increase the cost of 

parking. Not nice methods but effective in a way that we are limiting and making 

it more difficult for them to do so (driving with cars in the city) because it is 

needed [...] when I work with how we build the city; ‘Bilinnehav’ in Swedish 

(car ownership), which means how many cars are in use in an area, combined 

with how many parking spots do we have. That is one indicator, for example, to 

see while we are building the city if we are reaching our goals when it comes to 

nudging people to not owning a car and using public transport and shared 

services like car-sharing or bicycle-sharing services [...]” 
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Participant L:  

“[...] parking areas are much more difficult to find at these places [downtown 

areas ...]” 

Modeling, according to Michie et al. (2011), is defined as activities that “offer an example to 

individuals to follow”. Municipalities apply modeling by staging large public events in which 

celebrities act as role models to promote green alternatives such as bicycles and to create an 

overarching demand in the public for transitioning to sustainable transportation: 

Participant Sh:  

“[...] we have every year […] something called ‘the night of biking’ if you 

translate it from German to English, or ‘the biking night’. It is a huge event 

where tens of thousands of people meet at the central locations in the heart of 

the city. There is usually an open-air concert, and the mayor is there, and a lot 

of important people are there, and everybody is there on their bikes […] it is like 

a combination of a party, demonstration and fun time and the message is to 

promote biking in the city […] it is also like a show [...] to show the political 

and other decision-makers that there is a lot of us, and we demand better biking 

infrastructure [...]”  

Participant G:  

“[...] we also have ‘European mobility week’ […] we were at schools […] and 

we had a cyclist show [...]” 

Training is defined by Michie et al. (2011) as activities that “build necessary skills”. This 

intervention function has mostly been utilized to develop the required abilities in the youth 

generation and enable them to cycle safely, which has been clearly explained by:   

Participant G: 

“[...] we have a project where we go to the places that we know there are a lot 

of pre-schools and kindergartens in the area and invite them to visit us […] we 

have road signs and traffic signals; we talk about traffic safety […] and the 

importance of following the rules […] they [children] can try (not only in theory 

but in practice) bikes and helmets and so on [...] then they get their cycle driver’s 

license […]”  

Evaluation of the efficacy and acceptability of intervention functions 

The topic of having a long-term impact on individuals’ mobility habits and behaviors has led to a 

comparison of results obtained via the use of various interventions. Most participants clearly 

evaluate the long-term effects of tougher measures, such as coercion and restriction (which is 

defined as acts that “use rules to reduce or increase the opportunity to engage in the target 
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behavior” by Michie et al. (2011); it can be seen in legislation in the process, including the proposal 

to prohibit the sale of new diesel and gasoline-powered vehicles beginning from 2030 in Sweden 

(Morfeldt et al., 2021)), alongside enablement (particularly infrastructure improvements) and 

incentivization, better than other measures, and hence see these interventions as the most efficient. 

However, other interventions including education, modeling, persuasion, and training are seen 

as an initial step that paves the way for further improvements.  

Participant S:  

“[...] I think that we need to speak with people that are already on the right track 

instead of the people that need to be pushed even more. What I mean, there are 

lots of campaigns that you can point to, for example, campaigns that talk to 

people and motivate them to put the garbage in the bins and these kinds of 

measures [actions] are quite easy [soft]. But I don’t think we [Traffic office] 

have worked with it [motivational techniques] as a tool [solution] for reaching 

our goals as a whole and they are people in our organizations that think that 

measures [actions] which really affect people are actions on a much higher level 

[actions that are tougher], for example, limiting parking areas affects people 

and makes them not expect to park easily, or having congestion charge, but these 

measures are on quite a high level and the effect can be some legislation that 

can push even further and it’s much better than small measures [softer actions 

...]” 

Participant G:  

“[…] a lot of people are cycling today in Uppsala, but I do not necessarily think 

that these occasions (these events) make a long-term habit change, but it might 

be a step on the way! You need someone to discuss these things; they [citizens] 

have their opinion and you might turn it around a little bit […] there are better 

ways to get that long-term behavior change. But to meet citizens and talk about 

these issues is important anyway, I think! [...] For example, if citizens can try 

out cargo bikes or electric bikes or get a bus ticket or a trial period when we 

have done these projects, we have done evaluations of course and see that a lot 

of people go on and use these sustainable modes of transport and continue doing 

so. We also have a project called ‘Winter cyclist’, and within that those test 

cyclists, we have seen remarkable results (long-term positive effects) […]”  

Driving forces of transitioning to sustainable mobility  

The transition to sustainable mobility is influenced by forces, which can be classified as drivers 

and barriers according to the answers. 
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Drivers of adoption to sustainable mobility 

Bearing in mind the criteria for successful application of motivational methods in transition to 

sustainable mobility, as presented in Section 3.1, we identified two categories of drivers explained 

by participants: active participation of all involved parties and accessibility and reliability of 

sustainable options. 

Active participation of all parties involved  

Stakeholders involved in altering mobility habits include the government (policymakers), people, 

specialists, researchers, and activists. 

In terms of policymakers, governmental support as explained by Participant Sh primarily 

highlights funds and priorities concerning budget allocations by the government that support 

initiatives and research activities in the field of sustainability. 

 “[…] since the past couple of years, the focus has dramatically shifted towards 

sustainability [...] it is also reflected in the funding that is available from the 

public authorities, right now […] new public transport projects being financed 

also a lot of research has been financed during the last years and they still have 

a lot more money that has been planned exactly for this reason as to see where 

we can reduce emissions [...] fundings are also available for research projects 

topics like what you are doing (soft measures) […]” 

Participant O confirms and adds the significant interest by local authorities that stresses the change 

“[...] we have noticed a lot of interests and demands from political government of the region where 

they want to improve [...]”. 

Additionally, government support at certain times, and by accelerating the procedures, such as 

during the COVID-19 pandemic, has been recognized as a positive factor for recent developments: 

Participant Sh:  

“[...] in the last couple of years due to several reasons, one of them the 

‘pandemic’, administrations were very flexible, which is usually not the case, 

but they are very flexible and fast in terms of implementing these measures in 

order to tackle things like overcrowded buses and overcrowded trains […] 

which was never happened before because there are always bureaucracy 

problems, and there is always a lot of push back [...]” 

As for citizens, social trends and raising awareness regarding global warming were mentioned by 

the participants as one of the most significant factors assisting in the replacement of the existing 

transportation system with green alternatives. Participant Sh discusses the importance of public 
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awareness of climate change in bringing attention to the issue of essential reforms in the 

transportation sector: 

“[…] if we look at the progress that has been done during the past couple of 

years, this is getting better because overall people are a lot more sensitive to the 

topic of climate, and they do not want to be seen as the ‘bad guy’ by preventing 

something good [… positive side] is the need or the current emergency that 

people feel about climate change and think that they must act now. There is a 

bottom-up pressure, from people towards the administration [...] now there is 

ever more growing the percentage of people who see things differently and it is 

one of the positive factors that is pushing towards more change […]”.  

The same view can be recognized from other responses: 

Participant T: 

“[…] we know that there is a big acceptance. There are people who want to 

participate and do their best […]” 

Participant F:  

“[...] I think it would change […] it’s all, the matter of time […] we are in a 

breaking point since young people who grow up today have other ideas, we have 

also a great number of people from the cities into our villages and they come 

with another perspective on these things, other expectations [...]” 

Furthermore, analysis of social trends has been suggested by Participant G as a technique of 

finding appropriate initiatives to push individuals into making better decisions: 

“[…] we are very aware that there are different triggers. We can talk about the 

health aspect, we can talk about climate aspect, we can talk about economy, we 

can talk about traffic safety, and happiness of active traveling! […] there are a 

lot you can choose from, and it can be successful if you can hit the right trigger 

for the right target group. So that is on the positive side [...] I think the social 

aspect (for example, no one want to be less active than the neighbors) could be 

a great motivator for many people [...]” 

In terms of the specialists, researchers, and activists who help to reform mobility habits by 

removing technical barriers, cutting costs, and providing inspiration; as described by participants, 

constructive actions have been taken through collaboration with other municipalities, 

sustainability organizations, start-ups, and academics. 
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Participant T:  

“[…] before starting the work, we also did a detailed communication plan with 

lots of different activities combined with physical activities, in other words, 

infrastructure changes were combined with communication, marketing, and 

nudging projects [...] we were fortunate enough that we have a good 

collaboration with about 40 companies in Uppsala, who have signed a climate 

protocol. So, we have a focus group, and we work within this climate protocol 

and this collaboration (with all these participants working with us trying to 

make their employees use bikes and fewer cars) […]” 

“[…] I can say why it worked so well is because we collaborated a lot with 

others and we did not do everything by ourselves […] we were more in the 

background, sometimes we just prepared the information and communication 

[...] at ‘the winter cyclist’ project, […] we asked the employers to join, and then 

they would pay for their employees, and they would monitor their employees 

[…] so, we did not need such a big budget and it was easier to reach each 

member because it was their employer who was the spokesperson […]” 

Participant J: 

“[…] we also need new technological solutions to measure air quality [...] I 

have been involved in a project with a private sector at Uppsala University and 

KTH, trying to find new complementary methods and solutions in measuring air 

quality for instance [...]”  

Participant F:  

“[...] there are many interests on people to bike more, but the infrastructure is 

not good enough and, in some cases, we might have the budget and the 

possibility on the authority to make changes and in other cases, we can leave it 

to right persons (the regional actors) [… some] parts were doing together with 

the other partners, in the interact project with some universities also [...]  we 

need to challenge it among also the politicians […] we have been in contact with 

different civil society, actors, and organizations [...]” 

Accessibility and reliability of sustainable options  

Identified as a prominent factor in moving toward sustainable mobility in the responses since it 

can directly stress the opportunities associated with mobility habits.  

Participant E explains it: 

“[...] I think in this field the service level is high, the bike lanes are not that bad, 

we have bike lanes, you can bike everywhere, there are few hills. So, in Visby 

[as the place that has a good biking infrastructure], I can see how we can do 

some, we can make people leave their cars, it is just [the action that is needed] 

a behavioral thing in Visby [...]”. It is also observed in the answer given by 
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Participant T “[...] what made it successful was that we combined the physical 

changes […] before we started the winter cycling campaign, we made sure that 

we really had the good infrastructure for cycling, and we had good maintenance 

for the winter. So, it is not only about communication, but also combined with 

other parts as well [...]” 

Barriers of adoption to sustainable mobility 

Considering the concepts of the COM-B System as well as the Behavior Change Wheel (BCW), 

presented by Michie et al. (2011), we recognized barriers to the adoption of sustainable mobility 

presented by the participants are mainly rooted in mobility behaviors and could be classified in 

three categories including Motivation-oriented, Capability-oriented, and Opportunity-oriented 

matters.  

Motivation-oriented matters 

Motivation defined by Michie et al. (2011) as a component involved in the context of behavior, 

refers to “not only objectives and conscious decision-making, but all brain processes that stimulate 

and guide behavior. It contains habitual processes, emotional responses, and analytical decision-

making”.  

Motivation-oriented matters according to our analysis are generally attributed to issues related to 

citizens’ resistance to change. 

Citizens’ resistance to change mostly originates from their lifestyles and values. People who are 

automobile-dependent and prioritize their current comfort above avoiding threatening the needs of 

next generations as noted by Participant Sh: 

 “[...] in Germany, as you know, people love their cars, [...] because the 

autobahn [...] There are also some groups that are not very keen on these 

changes to be made, and these usually include people with cars […] for example, 

removing the parking spaces, then there is immediately a push-back by these 

private car interest groups [...]”. 

Participant T confirms it and explains  

“[…] we have some groups that are very car oriented. We have identified them 

as ‘the difficult people to work with’ [...]” 

Challenges connected with sticking to routines, inefficient scheduling, laggards who are not 

willing to try new solutions, are viewed as factors that cause resistance to change, which not only 

influences individual’s personal mobility behavior but also that of their children; given that they 
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plan for young kids. Evidence of these might be seen in the various responses provided by 

participants. 

 Participant E: 

“[…] when you […] want to […] promote sustainable travel, everyone says I 

need my car. [...] By doing a few travel surveys, we can see that many take the 

cars for travels less than five kilometers which can be considered as a travel 

habit that we can change to walking or biking [...] It always ends up with life 

puzzles. When I met the people, everybody was just arguing that they need their 

cars since they should take their child, they should do grocery shopping […] so, 

the answer to your question is people’s lifestyle [...]”   

Participant G: 

“[...] For the ‘Youth’ and ‘Children’ at a younger age, parents are important. 

Children might want to change their habits and they are very eager to take a 

bike in the morning, but they are not in charge always and the barrier can be 

the parents! [...]” 

Participant O: 

“[…] there is quite a big part of casual travelers who use google maps to plan 

their trips […] if people use the google app, they will always be reminded that 

they will be faster by car […] while if they use our app to plan their trips, they 

would be more inclined to use public transport [...]” 

Unwillingness to change may also be the result of misunderstandings regarding local initiatives or 

policies. Evidence of this may be found in Participant G’s remark, where she discusses public 

conversations that are based on their bias and lack rationale behind it: 

“[...]There are citizens that think we hate cars and they do not want to change 

their behavior just because of that! There are some citizens commenting on that 

[...]”.  

Capability-oriented matters 

Capability defined by Michie et al. (2011) as a component involved in the context of behavior, 

refers to “individual’s psychological and physical ability to participate in the action at hand. It 

entails holding the essential knowledge and skills”.  

According to our assessment, capability-oriented matters are often linked to issues relating to 

personal capacities that hinder or make it difficult to change.  

Given Participant F’s response, which emphasizes the importance of addressing capabilities when 

pursuing a green transportation system, it is fairly obvious that, despite existing solutions for 
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enabling individuals with disabilities to access public transportation, such as equipping subways 

with elevators, ramps, escalators, or signs that assist visually impaired individuals in routing, there 

is still room for further improvements: 

“[...] The old are vulnerable because some of them do not have the ability to 

drive oneself for example, and they depend on other people and for them, it might 

be so difficult to travel independently with the public transports [...]”.  

Participant L confirms this issue as a barrier by stating: 

 “[…] the main barrier, I tend to say, should go for elderly people and for some 

people with limitations with mobility limitations, etc. […]” 

Opportunity-oriented matters 

Opportunity defined by Michie et al. (2011) as a component involved in the context of behavior, 

refers to “all of the conditions which exist outside of the individual that enable or encourage the 

behavior”.  

According to our assessment, opportunity-oriented matters are often linked to issues relating to 

inaccessibility and unreliability of sustainable solutions. 

One challenge to improving people’s mobility behavior is the inaccessibility and unreliability of 

sustainable solutions (Promoting Mobility Behaviour Change, 2019). Inadequate public 

transportation networks, poor quality and safety, and lack of appropriate solutions for specific 

situations or environmental conditions all contribute to the failure to change (ibid). At least seven 

distinct responses from participants could confirm this, some of which are included below. 

Participant M:  

“[...] using public transport, especially late at night, it is a lot about feeling 

secure for a large group of people and this has been an issue that has not been 

addressed earlier [...]”  

Participant E:  

“[...] in Visby it is not so common to use public transportation, they [public 

transport] are old. In the rural areas, you take the public transportations if you 

live nearby the lanes system; but the public transportation is mostly available 

where the schools [are], where college and high school are located, 

transportation has been built to transport young people to schools. To nudge 

people to use public transport when [it] is not something that works for 

everyone, I think that is hard [...]” 

Participant F:  



 

51 

 

“[...] for instance, one of our biggest villages apart from the main village just 

got their bus cut by halve […] since few people are using it [...] right now the 

main idea is that [citizens] must use a car, and the main reason for that is that 

it is dangerous to go with bike [...] it has been the case that if we could not 

provide the last mile solution, they [travelers] would use the car the whole way 

[...] it is difficult to work with sustainable transport now because there are few 

options [...] bicycling relates to a lot of discomfort for people much more than 

in the cities. For instance, if you take a bicycle road, it might be close to the map 

so it might look possible to take it but if you take a road, it is a very narrow road, 

it is no real bicycle lane and there is no light, for example […] at this time of the 

year, it is very dark, so it is extremely dangerous, it is not something you would 

do, if you had to do, you risk your life [...] when it comes to public transport, it 

might need to change buses three times, and it takes one and half hours if you 

want to take public transport but takes 20 minutes driving [...]” 

Participant O:  

“[…] obviously, people did not want to be on the buses [… there was a] big 

decrease in [number of] travelers on our buses or trains during the pandemic 

[…] we know that a lot of people who used public transport and [have now] 

switched to cars [...]”  

Meanwhile, challenges associated with political instability and rapid policy change, not adhering 

to a long-term plan, or set of goals over a meaningful period of time, as well as, time-consuming 

bureaucracies that lead to resource wasting, have been identified as major causes of low spending 

on infrastructure improvements, initiatives, and research projects that seek suitable solutions to 

overcome current shortcomings in the mobility sector. Based on at least five clear answers, some 

of which are presented below, this issue has been identified. 

Participant G:  

“[...] we have politics, also! We have different parties that think different things, 

and every four years it might change [...]”  

Participant Sh:  

“[...] that there is always a usual suspect in Germany which is bureaucracy, it 

usually takes a long time to start a new project including the financing of these 

projects [...]” 

Participant F:  

“[...] I have assignments to work with issue […] but we do not have any strict 

goals [...] rural areas are not prioritized, and it is the urban areas that are 

prioritized […] it would be helpful to have more long-term goals [...] right now 
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[…] the biggest challenge we have is […] lack of permanent resources […] we 

work too much ad hoc and it makes it difficult to continue [...]” 

5.3.  Intervention Design Tool 

In this section, and in the purpose of answering the third and part of second sub-questions of this 

research, by analyzing the interviewees’ responses to questions addressed in topics four and five 

of the interview guide (Appendix A) and taking into account the means of improving behavioral 

interventions (discussed in Section 3.1.1), we present the findings in two parts: Requirements for 

enhancing behavioral interventions, and Design parameters for developing the Intervention Design 

Tool. 

It should be noted that in order to understand to whom and how this tool would be useful, we 

studied the responses produced by participants in separate groups based on their level of 

responsibility or the size of the city to which they belong in some sections. 

5.3.1. Requirements for enhancing behavioral interventions 

Key factors that contribute to the appropriate design of interventions based on participant 

responses: a thorough understanding of the behavior context, detailed analysis of particular 

indicators utilizing real-time data, and ethical norms for data acquisition; will be discussed at 

this section. 

A thorough understanding of the behavior context 

Bearing in mind Michie et al. (2011)’s definition of “behavior context” as “the nature of the 

behavior to be altered”, the importance of investigating the context of mobility behaviors could be 

inferred from the answers by participants, although it was latent in their responses. 

Participant G:  

“[…] we evaluate our projects differently (regarding target groups, type of 

projects, and so on) [...] it was also about why they travel and how they can 

change their behavior [...] it is an important part of our work to […] deliver the 

right message to the right target group […] within that group [employers] being 

aware of well-being of your employees is important […] when it comes to 

children, we talk about their everyday movements, health, and the ability to 

increase their concentration at school, and to reduce the number of cars for a 

safe environment around the schools […] when it comes to students, it is traffic 

safety, because, within those age groups, they do not want to use a helmet, or 

[do not want to] have light reflectors on their bikes and so on […] so, it varies 

a lot [...] data is always the basis of our projects; to know where the problem 
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lies to develop a right project [...] It is important, to know how to form our 

project, to ask the one who knows, for example, if it is about children, we must 

get their perspective always to do the right thing […]” 

Participant M:  

“[…] there are so many kinds of projects already in this area and there are so 

many initiatives that have started […] how outcomes are and why every project 

is not successful? […] those issues are more important to address […] because 

it is a lot about behavior [...] there are a lot of nudging projects that are carried 

out around the world […] one [of] my favorite example is how they try to get 

people to throw more litter into the bins in Denmark and they can [be] super 

successful by painting steps in the direction of the bin […] and they tried the 

same here in Sweden and the result was zero […] think[ing] that just because it 

[has] worked somewhere you cannot use it somewhere else […] the 

circumstances and the context is really important in this kind of projects [...] 

like the weather and how it is affecting […]” 

Participant F:  

“[…] age and sex are important for us, and we could see what groups are 

interested and what groups are not interested in [...] for us, it would be 

interesting to know what motivates people […] and to find out how we could be 

active in that window of opportunity [...] The mobility behavior is so interesting 

to see for us [...] it is a huge difference between the rural areas and the urban 

areas [...] when it comes to the type of traffic problems mobility challenges, they 

are quite different and so the solution must look different also. We take solutions 

from the cities, and we try to tweak and adapt them to be used in rural areas 

[…]” 

Determining target groups by considering age, gender, the purpose of travel, means of travel, 

distinctive features of the city to which they belong (including, population, weather condition, 

and so on), as well as their preferences and mentality (as mentioned by respondents), leads to 

identifying ‘motivation’, ‘capability’ and ‘opportunity’, as associated factors to behavior context 

according to the COM-B Model (Figure 2), for a mobility habit. 

Detailed analysis of certain indicators leveraging real-time data and considering ethical 

guidelines for data acquisition  

To determine an appropriate intervention function, an in-depth analysis of multiple indicators is 

necessary. To do so and as described by participants, a combination of all or some of the following 

data is required: travelers’ profile and experiences, parameters involved in environmental quality, 
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number of trips made on different modes of transportation (including public transportation, private 

vehicle, riding bikes, and pedestrians), and traffic information on public transportation. 

Participant O:  

“[…] we have a data lake where we store a lot of information at the region, both 

of how people are traveling inside our system, not only hard statistics […] we 

have some information regarding ages but very few […] we collect quite a lot 

of information but […]it is not very exact […]” 

“[...] if we can get feedback then we will know, a continuous flow of information, 

how they are using the app, what is annoying and what is not, then we can 

provide a better traveler experience [...] we are looking for those who are 

annoyed, we need people who used our app once a month or even less, how do 

they feel about it because we do not get their information [...]”  

“[…] from a city manager’s perspective, I am concerned more about air 

pollution and emissions than traffic jams […]” 

“[...] I would like to have somehow cross-reference […] how our networks look 

like […] what is the capacity of buses per hour for that area […] what is the 

population per hour […] also cross-referencing on actual passenger counting 

[…] the number of people on buses […]” 

Participant Sh: 

“[…] how satisfied people are with the overall public transport network […] 

where people are not feeling good […] there could be several reasons for that, 

it could be personal safety, lack of enough lighting, dangerous construction 

work being done, it is just dirty, drugs or illegal activities are going on […]” 

“[…] the emissions data must be considered [...] and next thing, it is also 

emission-related but not carbon dioxide, but more noise emissions […]”  

“[...] ‘passenger counting’ is a quite simple thing, but it helps a lot, in terms of 

planning and we can see if there is room for improvements and so on […]” 

Participant L:  

“[…] I think that any decision from the managers or the municipality must take 

into consideration as much as possible the input comes from the citizen […] I 

mean if it collects the feeling and the perception of the citizens that could be 

even more useful […]” 

Meanwhile, the importance of applying real-time data analytics to provide situational nudges (in 

other words, situation-aware nudges as described in section 3.1.1), has been raised in several 
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answers when the participants have emphasized having access to up-to-date data or a constant flow 

of information. 

Participant Sh:  

“[...] I would like to see a dynamic, real-time representation of how many trips 

are being done using different modes [...] real-time information about all our 

buses, trains, and trams and show this to the passenger on the app or on the web 

[…]”  

 

Participant O:   

“[…] a continuous flow of information […] how they are using the app, what is 

annoying and what is not, then we can provide a better traveler experience [...]” 

“[…] we get a lot of questions why is the bus not on time, people stand too long 

in the bus stop, it is cold in Sweden so they do not want to stand there if they do 

not have to […] our predictions are not exact enough […] using real time data, 

we can steer people to look at the map [and] see exactly where the bus is […] 

then we have removed something, a part of daily disturbance for our travelers 

[…]” 

Participant L:  

“[…] if the tool collects in real-time […] the feeling and the perception of the 

citizens that could be even more useful […]” 

According to the findings, there are currently certain bottlenecks in obtaining and storing data in 

various domains; challenges include ethical concerns like the General Data Protection Regulation 

(GDPR), lack of measurement tools, and factors that restrict the use of available solutions in rural 

areas. 

Participant O:  

“[…] we are working on implementing a system in the app which enables us to 

gather data and push relevant information, but as you probably are aware of 

GDPR, we have some problems storing information outside of EU […]” 

Participant F:  

“[…] for most of the solutions we are trying, the data we receive depends a little 

bit on the owner, how willing they are to share data [… sometimes] they could 

not give us data concerning individuals and the age and the sex for example 

[…]” 
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“[…] traffic measuring with mobile data we tried this with Telia in Tomellila 

and the data we got from it was not useful because of how the mobile mass is 

put up in rural areas […]” 

Participant J: 

“[…] we also need new technological solutions to measure air quality [...] I 

have been involved in a project with a private sector at Uppsala university and 

KTH, trying to find new complementary methods and solutions in measuring air 

quality for instance [...]” 

Participant Sh:  

“[…] ‘passenger counting’ […] now we do not have it completely […] we used 

to do it manually, we count people (representative samples) using manual 

counting, but now we are equipping our buses with automatic counting systems, 

and it is just a working in progress, we have started it now, but not all the buses 

and not all the lines have the system […]” 

The evidence presented in this section corroborates the means of improving the quality of 

interventions introduced and discussed in Section 3.1.1 which were derived from reviewing 

relevant literature. Designing interventions based on the behavior context, enriching decision-

making procedures employing real-time data, and adhering to ethical guidelines should be 

considered as the main factors that contribute to supporting city representatives to effectively use 

nudging techniques and intervene timely.  

Based on our findings and the proposal of the DyMoN project, the initial concept of developing a 

‘Intervention Design Tool’ is graphically presented in Figure 5. 

 
Figure 5, Basic diagram of the Intervention Design Tool (DyMoN project proposal, 2020) 
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As illustrated in Figure 5, ‘if-then’ scenarios are used in the Nudging Repository to develop a 

collection of best practice nudges to assure compliance with the context of the targeted mobility 

behaviors. 

The Data Hub will process various scenarios by leveraging real-time data on user information, as 

well as environmental, traffic, and infrastructure data received as input. 

Finally, ‘situation-aware’ nudges expected to be generated following data processing will be made 

available to users (city representatives) through a Dashboard. 

5.3.2. Design parameters for developing the Intervention Design Tool 

This section seeks to determine unique design characteristics for the creation of the Intervention 

Design Tool to justify its use by adding value to its initial concept (shown in Figure 5) and fulfilling 

the expectations and demands of city representatives. 

To accomplish this, the ‘Value Proposition Design’ model described by Osterwalder et al. (2014) 

will be used, which begins by identifying ‘Customer Profile’ by categorizing insights gained 

through communicating with potential customers into users’ jobs (describing the tasks that users 

are trying to perform and complete), users’ pains (describing obstacles that arise when attempting 

to perform an activity), and users’ gains (describing the benefits that users seek by applying this 

tool). 

In the next steps, a ‘Value Map’ will be formed by rating the users’ jobs, pains, and gains according 

to their importance, severity, and relevance, respectively. This Value Map outlines the features to 

be developed in a product to perform jobs, relieve pains, and produce gains (Osterwalder et al., 

2014).  

Applying the above-mentioned approach, the outcome of assessing the user needs derived from 

the Customer Profile (presented in Appendix B, Figure 6) and the Value Map (presented in 

Appendix C, Figure 7), would be reported in two sections: User demands and expectations- 

Functions, and User demands and expectations- Features. 

Bearing in mind the above-mentioned explanations of users’ jobs, pains, and gains, it should be 

noted that in our analysis, users’ jobs refer to functional jobs, users’ pains refer to requirements 

that are currently out of reach thus preventing users from completing tasks properly, and users’ 

gains refer to gains that are demanded and valued by users (refer to Appendix B, Figure 6). 
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User demands and expectations- Functions 

Simulation of scenario and actions by considering the behavior context (motives, 

possibilities, and capabilities)   

Evaluating current and future scenarios in the context of a mobility habit and providing city 

representatives with actions by modeling how well these actions might alter the mobility behavior 

of a targeted group in a specific area, as described by the participants, can have internal and 

external applications which are presented as follows:  

Internally, as explained by Participant M, Participant F, and Participant E, they would use the 

simulation findings to compare alternatives and determine the best course of action. 

Participant M:  

“[...] how would it impact traffic circulation and this kind of thing, if it could 

simulate, that would be super important and extremely useful [...]” 

Participant F:  

“[...] for us, it would be interesting to know what motivates people [...] and to 

find out how we could be active in that window of opportunity [...]” 

Participant E:  

“[…] I want to know if we build a bike park or if we make some infrastructure 

improvements, how will these projects increase sustainable travel?” 

Externally, as explained by Participant O and Participant S, they might use it to persuade 

authorities and financiers of the importance of actions or budget allocations. 

Participant O:  

“[…] I have a very restricted budget […] then I really need to think about […] 

what can I do that makes the biggest impact [...] how can I measure that my 

spending is improving the quality and how the passengers were benefit from […] 

how I can see that one thing that I do is better than something else […]” 

Participant S:  

“[...] we need to find more solutions; we need to show that how it [nudging 

techniques] can help in the case of Stockholm [...] proving the effects of these 

measures that can also vary especially if it is combined with managers that 

believe in precise evaluations and do not allow to [go] forward without them 

[...]”  
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Calculation of (or conversion of) the environmental, social, and economic impacts of each 

action 

Urban planners are looking to establish a more sustainable transportation system but evaluating 

the impact of each measure is a challenge. Measuring the positive or negative impact of an activity 

is to translate the effects on society and the environment into cost savings or cost exposure in order 

to make it plain, easy to grasp, and convincing enough to persuade policymakers to take 

appropriate actions, as explained by Participant G:  

“[...] putting carbon dioxide emissions into money, sometimes you must put it 

and play around, this is a matter of cost because it is hard to grasp the climate, 

health, and happiness and so on. So, I think the municipality would gain from 

developing those aspects into cost calculations as an easy way to show where 

the problem lies and what you gain from changing things [...]”  

There is a great need to measure and illustrate other areas of effect to assist city representatives in 

understanding the consequences and making decisions that go beyond the economy. It is stated by 

Participant Sh:  

“[…] I think at this point we are at the stage that we have to re-design (not the 

entire process) and re-evaluate the importance of other factors in implementing 

the projects [...] for example, could be a social factor that is more important, 

could also be environmental factors that need to get a higher weight in terms of 

defining if a project is going to be approved or not [...] so it should be ok to 

approve an expensive project which according to the traditional standards does 

not fit the feasibility test but has the potential to have a lot of environmental 

benefits and at the same time could have positive impacts on the social life of 

people. So, these factors need to be rated higher than they are right now [...]” 

This issue is reiterated by Participant T, Participant S, Participant O, and Participant F.  

Providing an option to customize reports and export results 

Access to easy-to-communicate results through maps, diagrams, and so on based on the purpose 

users may have; has been identified as an essential functionality that enables the thorough usage 

of the tool. Statements by Participant E and Participant F clearly explain it. 

Participant E: 

“[…] after the survey [the travel survey], the result was shared with us, it was 

just a report in PDF […] I asked if they had any detail data […] they could 

provide us with the data which would have cost [...] it is always good to have 

data to make good arguments when meeting people [...] in the format of pdf and 
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PowerPoint so I can take the slides and put it in my presentation […] but not 

the report with much text […]” 

Participant F:  

“[…] In general, I think we need simple and beautiful charts that make it easier 

to catch people’s attention and make it easier for them to remember the results 

and remember what we are trying to say [...] when we are preparing documents 

for politicians […] they do not have time to read everything in detail and they 

might need one summary and one image which can catch their interest and make 

them remember it […] they have very few hours to read all these documents 

before making tough decisions that they are not experts in, especially in our 

rural municipalities, so it needs to be simple, it needs to be easy, it needs to be 

understandable for many people [...] If we could get relevant data without 

putting too much time into getting it, it of course would be helpful […]” 

As stated above (by the participants), since the usage of these reports varies widely, from 

presenting to the public to policymakers, which serve different purposes and have different 

requirements; it became evident to us that a deep understanding of the required characteristics for 

reporting by users, including reporting variables (indicators), format, and scale (time scale), is a 

vital step to develop a useful tool.  

Requirements regarding the reporting variables (indicators) 

In this section, we looked at how reports may be used by different users based on variables that a 

report might consider.  

It is evident from the responses that all environmental, social, and economic aspects should be 

considered in reporting as it has been mentioned by most participants that they cannot exclude any 

aspect in their decision making. 

Participant G:  

“[...] I think all (social, economic, and environmental) reports will be needed 

because we really consider various aspects of our work [...]”  

Participant L: 

“[...] this is a mix of all of them. No decision can be made on just one of them, 

but on a mix or on a weighted mix of them, otherwise, the decision will be biased 

[...]” 

However, it is evident from the responses that both sustainability experts and city managers might 

prioritize one or two aspects over others in specific situations following specific purpose.  
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Considering this, it could be concluded from responses that the environmental aspect gains the 

highest priority in cases where they want to make clear comparisons between the actual situation 

and the targets. 

Participant M:  

“[...] Let us look at our overall policy paper, environmental aspect (the whole 

climate issue) is one of our main priorities [...]” 

Participant F:  

“[...] getting the best environmental results is the biggest step forward for us as 

a society and for the region [...]” 

Emphasis on economic and social factors arises when participants aim to motivate or convince the 

local authorities about the implementation of a project. Evidence of these can be found in the 

examples provided below. 

Participant F: 

“[...] and the economic factors are not to be dismissed I think, it is not a question 

of importance, it is a question of having any capacity to work forward with 

something. If we do not have a business model for a certain solution then we 

cannot implement it, or we can only implement it if we get funding for it, but we 

cannot stay in, we cannot thoroughly implement it for example, so that is 

something I think needs to be discussed much more [...]” 

“[...] in the rural areas, since there are lower and fewer options, so we look a 

lot at social factors. That is to make it a bit more attractive to live in a village if 

they are certain solutions there for example, does it impact the connection 

between people [...] between neighbors, between different generations [...]” 

Participant S:  

“[...] in case of convincing the decision-makers or politicians, we always need 

to show the economy, and not only the economy but also the social aspect [...]”  

“[...] In case of convincing the decision-makers or politicians, we always need 

to show the economy, and not only the economy but also the social aspect [...]” 

Requirements regarding the reporting format 

When the participants were asked about the format of the reports, which included maps, charts, 

and tables, they gave a variety of explanations depending on their positions and responsibilities.  

In the first place, priority goes to having all sorts of formats depending on the purpose that reports 

would be utilized for. 
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Participant G:  

“[...] I think it is a matter of what you want to show, and to whom you want to 

show, for example, we sometimes (a lot) want to visualize the situation to 

politicians, or citizens. So, it depends on, for what purpose you want to use it 

[...]”  

Participant Sh: 

“[...] I would say all of them. Because depending on the data that must be 

displayed or discussed, one or the other way is better [...]” 

Charts were ranked second as a means of illustrating data by both groups of interviewees, city 

managers, and sustainability experts since they considered it the simplest way to track trends 

throughout a period of time.  

Participant O:  

“[...] I would also some kind of charts where I can see differences over time 

[...]”  

Participant S:  

“[...] but it [map] can be combined with some sort of chart rather than tables 

with statistics. Then we can say that you have a fact by showing the statistics 

that have been analyzed properly and there is quite a lot of knowledge of 

conditions [...]” 

When respondents sought to monitor the current situation of the city not just as a whole, but also 

by districts or even streets, dynamic maps were seen as an appealing format that allows them to 

filter relevant data to be displayed on the report.  

Participant Sh:  

“[...] on top of that what I would also like to see is how the city’s network is 

congested (the volumes), I would like to see the city sections that are really 

congested based on the streets. So, something like a map that we can see all the 

streets and see the traffic volumes, they do not have to be the exact numbers, but 

just the overall [...] In terms of emissions, as I mentioned that, I would like 

several types of emissions to be presented on the map where we could see these 

are the corridors that are highly polluted in terms of carbon dioxide and PM10, 

or which areas have a high amount of noise pollutions [...] I sometimes find it 

very visually interactive to understand things like traffic volumes, emissions, and 

so on, when I depict using maps [...] better yet if the maps are interactive, where 

we can select what you want to be displayed and then have this interactive map 

that has different layers, and you can turn them ON and OFF [...]” 

Participant S:  



 

63 

 

“[...] for Stockholm, since the city is not geographically concentrated, we really 

need the map [...]” 

Requirements regarding the reporting scale (time scale) 

In this section, we looked at how reports may be used by different users based on the time span 

that a report might cover.  

According to the responses, both short-term and long-term reports could be useful; while 

participants who work as city planners (sustainability experts) are primarily interested in short-

term reports, they would also like to follow trends and changes over time, just like city managers, 

who would use trends to make accurate predictions about future scenarios. 

Participant Sh:  

“[...] my wish would be that if it could also aggregate the data monthly or daily, 

this would be an ideal case [...]” 

“[...] getting update every day and then at the end of the year, we could see in 

this year there have been so and so many private car trips, so and so many 

bicycle trips, so and so many public transport trips, then we should be able to 

also see different modes [...]” 

Participant O:  

“I would also some kind of charts where I can see differences over time, looking 

at this week, how was last week, how it compares to six months ago, to see 

statistics, to see if something happens going up or going down [...] I would like 

to compare this November with the last November, we want to see the trend long 

term [...]” 

Providing access to the experiences of other cities 

Comparing experiences of applying nudging techniques by different municipalities has been 

considered as a helpful function from city representatives’ standpoints while each of them had 

multiple motives. As Participant G described:  

“[...] we all face the same barriers, and we have the same problems and the 

same possibilities in most municipalities, and you can learn a lot from the 

smaller ones as well as the large ones and so on. So that is always good to 

improve (increase) that cooperation [...]”. 

This function would serve as inspiration for local authorities to conduct similar initiatives in their 

own region by tailoring programs to their specific needs while supporting them in locating an 
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appealing partner for their project, which has been stated in the answers given by Participant M 

and Participant F as follows.  

Participant M:  

“[...] it could be helpful as an inspiration, of course […] to have examples where 

people are trying to push in certain direction, by using certain methods or tools 

or encouragements, it is always interesting because you see [...] others are also 

struggling with this project or this problem and trying to address it into this side, 

while the results might not always be part this important because the result can 

be quite different within different event like different parts of city [...]”  

Participant F:  

“[...] for me it would also be extremely useful if it would be the same dashboard 

for different geographic areas, that you can make comparisons that we could 

say that our situations are similar as that municipality, as that city, region that 

we could say that in the Swedish context we are far advanced or very behind or 

in the European context we are very advanced or very behind. It would make it 

easier for us also when we are looking for partners who work with, to find other 

people who are struggling with the same issues as we are, or to find other people 

who are similar as us in organization and in structure but have found 

exceptionally good solutions and to look at [...]”  

Notifying the users of critical situations and trends 

Another function that participants bore in mind, is the possibility of receiving timely notifications 

and projections about critical situations such as polluted areas, public transportation disruptions, 

or other shortfalls across the city, which could enable them to choose appropriate and timely 

interventions. 

Participant L:  

“[...]by identifying which are the critical areas, the critical points in various 

stages of the way [...] if the dashboard provides intuitive information, which 

immediately highlights which areas are more conflictive, that will help the 

mayors or the decision takers [...]” 

Participant O:  

“[…] we need to know in which region we have a big part of populations, which 

do not have public transport […] where we have a bad schedule for that bus, so 

a lot of people live there but the bus doesn’t really travel through that area in 

an effective way [...] it would be interesting to see disturbances for the specific 

area [...]” 

Participant Sh:  
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“[...] several types of emissions to be presented on the map where we could see 

these are the corridors that are highly polluted in terms of carbon dioxide and 

PM10, or which areas have high amount of noise pollutions [...]” 

User demands and expectations- Features 

The use of the Intervention Design Tool is entirely dependent on users finding it valuable to use; 

elements such as time savings and obtaining valuable results with minimal effort have been 

mentioned both direct and indirectly by participants as the key factors that could properly justify 

its application. 

As suggested by Participant F, Participant S, and Participant M, providing a user-friendly 

interface and being easy to integrate with exciting systems which reduce efforts and 

subsequently decrease the time and expenses, are essential factors to consider while designing the 

tool. 

Participant F:  

“[...] If it is easy to use, and it is not too costly, it would help us [...]” 

Participant S:  

“[...] In our case, we should first be able to use the tool. We need a few steps to 

motivate our management level that the tool can be effective [...]”  

Participant M:  

“[...] this Dashboard which is going to be a digital tool then it’s going to be 

some kind of system, it needs then to be integrated with our systems [...]” 

Furthermore, as indicated by Participant S and discussed above (in Section Providing an option to 

customize reports and export results), adjusted complexity based on users and locations was 

identified as a must-have feature while developing the tool. 

Participant S: 

“[...] If we want to have that kind of tool, we really need to be able to trust it. It 

should be adapted to our special needs in Stockholm [...]” 

5.4. Summary of the section 

The objective of transitioning to sustainable mobility is followed by several target sets, which are 

then followed by numerous research projects and activities in the mobility industry throughout 

Europe. 

Meanwhile, the use of nudging methods may be clearly spotted in many city initiatives. Although 

almost all the interventions’ functions presented in Michie et al.’s (2011) BCW model (see Figure 
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3) have been applied in this field, some of them such as coercion, restriction, incentivization, and 

enablement, have been found by interviewees to be more effective than others due to the longer-

term impacts that these functions can provide to mobility habits. However, functions such as 

education, training, and modeling are still implemented in programs since they are viewed as the 

first step that must be completed. 

The driving forces behind the application of nudging techniques in the transportation sector 

emphasized the importance of taking into account the requirements for effective behavioral 

intervention presented in Section 3.1, such as quality enhancement of interventions, active 

participation of all involved parties, and accessibility and reliability of sustainable solutions. 

Enhancement of behavioral interventions necessitates assisting municipal authorities in selecting 

appropriate interventions, which contributes to the development of the ‘Intervention Design Tool’. 

Along with the concept of providing situation-aware nudges to users of this tool (city 

representatives), the items shown in Table 5 present value-adding functions and features that are 

abstracted from user demands in order to justify utilization of the tool. 

User Needs 

Functions 

Simulation of Scenario and actions by considering the behavior context (motives, possibilities, 

and capabilities) 

Calculation of (or conversion of) the environmental, social, and economic impacts of each 

action 

Providing an option to customize reports and export results 

Providing access to the experiences of other cities 

Notifying the users of critical situations and trends 

Features 

User friendly interface 

Easy to integrate with existing systems 

Adjusted complexity according to users (including City managers, Sustainability experts, and 

Policymakers) and locations 

Table 5, User demands and expectations 

6. Discussion 

In this section, we will discuss our findings from various viewpoints, with challenges and diverse 

interpretations proposed. Meanwhile, our findings will be evaluated in terms of how they will 

support and complement the literature. The research questions will be thoroughly answered in the 

next part, and a future study will be recommended. 
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In accordance with theories and the results extracted from reviewing different literature, we 

realized that various factors including quality enhancement of behavioral interventions, open and 

active participation of all parties, availability, and accessibility of green transport alternatives, 

contribute to transition toward sustainable mobility by taking advantage of behavioral 

interventions (Banister, 2008; Gabrielli et al., 2014; Anagnostopoulou et al., 2020). To identify 

these factors, some drivers and barriers have been recognized through analyzing the interviews 

and they have then been summarized and classified as themes.  

Identified codes which were relevant to drivers were governmental support, collaboration with 

other municipalities, using a comprehensive approach to actively engage all involved parties in 

sustainable mobility, social trends and raising citizens’ awareness of global warming and the 

impact of their mobility choices on global warming, as well as accessibility and reliability of 

sustainable options. By analyzing these codes, we discovered that they are all connected to two 

significant aspects of transitioning to sustainable mobility, namely active engagement of all parties 

involved in sustainable mobility (refer to section 3.1.2) (Banister, 2008; Bardal, Gjertsen and 

Reinar, 2020) and availability and accessibility of green transport alternatives that was manifested 

in theories (refer to section 3.1.3) (Promoting Mobility Behaviour Change, 2019; Bardal, Gjertsen 

and Reinar, 2020; Franssens et al., 2021). Therefore, we can here claim that our findings support 

the proposed aspects in theories (Promoting Mobility Behaviour Change, 2019; Bardal, Gjertsen 

and Reinar, 2020; Franssens et al., 2021) mentioned in Sections 3.1.2 and 3.1.3. 

When it comes to barriers, which refer to the factors that prevent behavioral interventions from 

being implemented successfully and inhibit the change in mobility habit (Banister, 2008) (refer to 

Section 3.1.2), some codes were identified including citizens’ resistance to change (which is 

derived from people’s lifestyles and values, misunderstanding of policies or local initiatives), 

personal capacities that prevent them from participating and following the changes, unstable 

policies, bureaucracies (which exist in some organizational systems), plus the unreliability of 

sustainable solutions (refer to Section 5.2.3). In the next step, we applied COM-B system for 

analyzing data gathered about behavioral barriers which were hindering adaptation of sustainable 

mobility. This analysis helped us to find out that obstacles which were presented by participants 

in our interviews, can be attributed to the three components of behavior change, including 

capability-oriented, opportunity-oriented, and motivation-oriented matters. So, the applicability of 

Michie et al.’s (2011) COM-B system (see Figure 2) the behavioral context of targeted people as 
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an underlining influence factor for achieving the behavioral change is vivid in our research. 

Consequently, the importance of behavior context identification as one of the factors contributed 

to quality enhancement of interventions is confirmed by our findings and supports the relevant 

literatures (Michie et al., 2011) (refer to Section 3.1.1). 

Apart from identifying behavior context for designing accurate interventions (refer to Section 

3.1.1), there are other factors that need to be considered to improve the quality of interventions. 

These factors, as addressed in the literature, include the size and geographical condition of the city 

(Cellina et al., 2019), as well as access to real-time data on traffic, environment (Ranchordás, 

2020), and target groups (Gabrielli et al., 2014) to benefit from data-driven decision making. These 

aspects are also confirmed by our findings.  

When it comes to real-time data and target group, city representatives seek efficiency of their 

actions not only by tailoring the projects to the appropriate target group, but also by evaluating the 

current situation around target group through real data gathering and analysis to find the best 

actions; for instance in a sunny day it makes sense to send a motivative message for using bicycle 

for students but not necessarily for old people; or as said by one of our interviewees when school 

age children are considered as a target group it is vital to gain a comprehensive understanding of 

the situation around them (refer to section 5.2.2). 

Size and the geographical condition of the city are other factors that are worth to be considered. 

The significance of city size is well acknowledged in the GoEco project, which demonstrates how 

effective it is to encourage soft transportation (such as walking and bicycling) by providing 

accurate persuasive messages to individuals in cities with more popular public transportation 

(Cellina et al., 2019). This aspect is also supported by our findings, where in our interviews, city 

representatives from small cities or rural areas state that since their citizens are more car-

dependent, they are focusing more on other interventions like drive-sharing or carpooling with 

full-electric cars. The factors of drive-sharing or carpooling were not mentioned explicitly in 

previous literature as per our review, while they are obviously a good persuasive message for small 

cities with poor public transport or biking infrastructures.  

The applicability of the intervention functions’ classification provided by the Behavior Change 

Wheel (BCW) model by Michie et al. (2011) in the mobility sector, which was first established for 

use in the healthcare sector (presented in Section 3.1.1), was considered in our research. As 

presented in Section 5.2.3, we tested the relevance of the BCW model by using it in an analysis of 
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the popularity and acceptability of nudging techniques in the mobility sector, which confirmed that 

the mentioned framework had provided the user with overarching behavior change intervention 

functions, and thus by applying the BCW model, users (including intervention designers) would 

not miss any feasible options, as claimed by Michie et al. (2011). 

While the BCW model was applied to label behavioral interventions in the mobility sector in our 

study, articles which characterize the infrastructural measures as hard ones (Promoting Mobility 

Behaviour Change, 2019; Franssens et al., 2021) may give the reader the idea that these measures 

differ from behavioral interventions (known as soft measures). This issue is discussed through the 

following parts as per our findings.  

In some articles, behavioral interventions such as incentivization, education, and persuasion (refer 

to Section 5.2.3) are mainly referred to as soft measures to promote sustainable mobility, while 

infrastructure upgrades, legislation, and restrictions are considered as hard measures (Promoting 

Mobility Behaviour Change, 2019; Franssens et al., 2021). However, all these measures are 

introduced as intervention functions and as soft measures by the author of the BCW article (Michie 

et al., 2011) which was used in our data analysis. Regardless of categorization by different authors, 

at the end of the day, we think that it is essential to find an effective intervention function which 

can persuade individuals to move toward more sustainable mobility choices. Indeed, the 

infrastructural improvements that were introduced as hard measures can be considered as 

behavioral intervention since they enable and provide people with the opportunity to choose a 

more sustainable option. The opportunity feature is one of behavior context components in COM-

B model (refer to Figure 2) which has a direct contribution in changing mobility habit with a 

confirmed validity track record (Michie  et al., 2011; Trilar, Hlebec and Stojmenova Duh, 2019). 

Therefore, we found BCW practical in the mobility sector where it basically focuses on 

intervention functions. Furthermore, infrastructural improvements, which are categorized as 

enablement functions in our research, refer to the availability and accessibility of green transport 

alternatives, which have been identified in the literature (Promoting Mobility Behaviour Change, 

2019; Franssens et al., 2021) as one of the important aspects in moving toward sustainable mobility 

(refer to Section 3.1.3). Our findings reveal that the most applied intervention function by 

municipalities is enablement, which is in consistent with the literature. 

Among different interventions toward changing mobility behavior, incentivization (reward) and 

coercion (punishment) are those two which have opposite approaches (Michie et al., 2011). 
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According to our findings, although the incentivization function was applied more than coercion 

(refer to section 5.2.3) based on the responses of participants, they noted to the lengthier impact of 

coercion in comparison to incentivization, which includes implementing various restrictions and 

taxes for driving private cars. However, the longer impact of behavioral interventions has not been 

addressed in reviewed literature because the nudging projects that have been undertaken in the 

mobility sector were either short time (Gabrielli et al., 2014) or pilot based (Anagnostopoulou et 

al., 2020). The lengthier impact of coercion can be considered as an addition of our research into 

literature.  

Considering the motivation behind efforts made by the authors of the Behavior Change Wheel 

(BCW) article which is primarily concerned with “a need to improve behavior change science and 

technology and make it available to those designing interventions and regulations” and, integrating 

it with the DyMoN proposal (DyMoN project proposal, 2020) as well as our findings of how to 

improve the efficiency of nudging methods in mobility sector (refer to Section 4), an Intervention 

Design Tool with the design characteristics specified in Section 5.3.2, could be developed to 

facilitate the use of behavioral interventions for the city representatives. As a result, the Value Map 

generated and proposed for the development of this tool by our research can complement and add 

value to the literature and initiatives that have been conducted in the field of sustainable mobility 

through the use of nudging approaches. 

7. Conclusion 

In this section, which is the final section of our research, we will begin by stating the relevancy of 

our study. Initially, we will respond to our research questions followed by addressing the 

implications of our work and generalization limitation. Ultimately, this section will be completed 

by suggesting future research. 

Our research aims to improve the efficiency of nudging approaches used in the transition to 

sustainable mobility. In other words, we seek to improve the efficiency of motivational 

interventions by learning about the criteria that aid in the successful implementation of these 

techniques, which will eventually lead to the introduction of design characteristics for the 

development of a tool that assists city representatives in using nudging methods. 

Our findings from reviewing the literature and analyzing the data obtained from conducting 

interviews corroborate the relevance of nudging approaches in the transition to sustainable 
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transportation by taking into account both existing initiatives and potentials; allowing us to move 

forward with answering our research sub questions, which will be provided in the following 

sections, beginning with the first and closing with the third one. 

1. How have nudging methods been applied in the transition to sustainable mobility? 

Our findings from both literature review (discussed in Section 2.2) and empirical data analysis 

(discussed in Section 5.2.3) confirm that nudging methods have been intentionally applied in 

transitioning to sustainable mobility in transportation sector over the last few years; however, the 

unequal share of different intervention functions that have been or are being applied by 

municipalities (presented in Figure 4) demonstrates the existence of insights or approaches among 

involved parties which seriously influence the comprehensive use of nudging methods. 

First, as explained in Section 5.2.3, the lasting impacts of intervention functions are controversial. 

There is a strong belief from the participants in the interviews that calls into doubt the long-term 

effects of softer functions such as persuasion, modeling, and training in comparison to tougher 

ones such as coercion and restriction or actions that elicit a reaction based on incentives. 

Furthermore, a wide range of enablement interventions targeted at infrastructural improvements 

in municipal project pipelines highlights the gaps in the required capacity for successful 

implementation of sustainable mobility. While municipalities, particularly larger ones, recognize 

the significance of reforming their mobility systems, they have prioritized overcoming constraints 

that restrict people’s opportunities by investing in public transport network modifications as well 

as biking infrastructure. 

This issue, on the other hand, differs greatly for cities with small populations, where, in addition 

to the fact that a lack of proper and sustainable solutions has made people more reliant on their 

private cars, low population density has resulted in an underestimation of   environmental impacts 

because it is difficult to notice changes on such a small scale, resulting in lower efforts and funding 

sources. In such cases, instead of infrastructure spending, priority is given to providing alternatives 

to driving fossil fuel automobiles, particularly electric vehicles, as well as educating people about 

car-sharing or carpooling and persuading inhabitants to reduce their carbon footprint by modifying 

and rearranging their routines. 

2. What are the main requirements in terms of efficient implementation of behavioral 

interventions?  
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Our findings from literature (refer to Section 3.1) reveal the importance of specified criteria for 

effective implementation of behavioral interventions, including an active engagement of all 

stakeholders, reliability and accessibility of green transportation, and quality enhancement of 

interventions. 

To assess the applicability of the aforementioned criteria established from literature in practice, 

participants in the interviews were asked about the drivers and barriers they encountered while 

using nudging methods (questions covered in topic three of the interview guide) in order to better 

understand the forces driving the transition to sustainable mobility (see Appendix A).  

Our findings, as described in Section 5.2.3, confirm the theories, and it is obvious that if one of 

these aspects is lacking, challenges occur consequently. 

In terms of quality enhancement of interventions, the importance of using a comprehensive 

framework, which properly covers both steps including identifying the behavior context and 

selecting the appropriate intervention function, as well as leveraging real-time data in decision 

making, and considering ethical guidelines, has been revealed by analyzing data gathered through 

interviews (refer to Section 5.3.1) where participants emphasized the importance of delivering the 

right message to the right person by establishing a complete view of the targeted mobility habit. 

For example, in programs implemented to encourage pupils to ride bicycles on their way to school, 

while there is a strong desire among students to participate and act in the desired manner, parents 

have been identified as the major deterrent. Having a thorough picture of the facts around a habit 

would therefore assist authorities in taking the correct position and action. 

Concerning the active participation of all involved parties, including policymakers, citizens, 

specialists, researchers, and activists, each party’s role has been stated by analyzing responses 

(refer to Section 5.2.3) given by the participants to questions covered in topic three of the interview 

guide (see Appendix A), and it has become clear that governmental support, which is largely a 

reflection of public demand for a green and livable future, positively pushes research and 

development initiatives by providing adequate resources, and all this ultimately contributes 

positively to transforming mobility habits. 

One example that properly clarifies the importance of active engagement of all stakeholders was 

observed in an experience described by one interviewee about a project called ‘Bike-friendly 

Workplace’, in which the Uppsala municipality aimed at encouraging citizens to bike by educating 

residents about the benefits of active transportation as well as enabling them to participate in this 
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activity by providing adequate facilities such as cycle parking areas. Since the implementation of 

these nudging techniques necessitates significant investments in both human resources to manage 

communications with citizens and monetary resources to fund infrastructural improvements, the 

municipality’s investigations showed that this project would not be accomplished unless other 

parties were involved. As a result, and to benefit from the direct relationship that companies have 

with their employees and the decreased costs associated by assigning cycling facilities to 

employers, employers were added to the program. 

Finally, the importance of accessibility of green transportation choices has been explored (refer 

to Section 5.2.3) and might be considered as one of the basic components since it directly refers to 

the context of the targeted behavior and subsequently leads to individuals choosing a specific mode 

of transportation. For illustration, since this criterion contributes to the ‘Opportunity’ element of 

the behavior context presented in the COM-B model (see Figure 2), changes in mobility behaviors 

would be limited to the ones that might not lead to full sustainable mobility unless municipalities 

can provide green and reliable options to their residents. People can, for example, change their 

mobility habits by doing their grocery shopping once a week rather than three or more times per 

week in private cars, which, although considered a mobility habit modification, does not contribute 

to 100% green transportation. 

In practice, direct results of this criterion were elucidated in our research (refer to Section 5.2.3) 

through observing extensive planning on infrastructure upgrades at various levels based on city 

size, and so on. 

Furthermore, since these changes require specific investments and expertise, the importance of 

active engagement by all stakeholders has been reemphasized. 

3. Which design characteristics for the development of an ‘Intervention Design Tool’ best fulfill 

demands or expectations of users (including city managers, policymakers, and sustainability 

experts)? 

Our findings from reviewing the literature (refer to Section 2.2) show that providing city managers 

with a list of best practice nudges does not always result in selecting the appropriate intervention 

to alter a targeted mobility habit (Michie et al., 2011), which is also assessed and confirmed in 

practice in our study as presented in the answer to the second research question regarding the 

importance of improving the quality of interventions. 
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To illustrate further, a participant’s explanation of an unsuccessful application of a nudging 

technique aimed at improving quality of life by changing citizens’ habits and encouraging them to 

throw litter into bins by painting steps in the direction of the bin, which was applied in Sweden 

after its successful results in Denmark and thus ignored the circumstances surrounding a habit, 

clearly describes the reason for the failure. 

Our research has supported the development of an ‘Intervention Design Tool’ (proposed by the 

DyMoN project) with the aim of enabling the potentials of nudging techniques in the transition to 

sustainable mobility by enhancing interventions, considering the driving forces behind applying 

these methods in practice (refer to Section 5.3.1 and Figure 5). 

The customer-focused approach was selected as the most efficient method for developing the tool, 

with the aim of justifying its use by adding value to its initial concept (see Figure 5). As a result, 

since this tool is intended to be used by city officials, the design parameters should take their 

demands and expectations into consideration. 

To do so, the design characteristics have been determined based on Osterwalder et al.’s (2014) 

Value Proposition Design model described in Section 5.3.2, and accordingly, our findings on user 

demands have been categorized into users’ jobs, pains, and gains (refer to Appendix B).  

According to our findings from the interviews (refer to Section 5.3.2 and Appendix B), the main 

tasks that city representatives are supposed to complete while carrying out a project, have been 

identified as evaluating alternatives, determining the best course of action(s), and persuading 

policymakers of the significance and efficiency of the proposed action(s). 

Meanwhile, understanding the motivations behind mobility behavior, evaluating the effects of each 

action, converting effects to cost, and applying a comprehensive view on various aspects 

(including environmental, social, and economic) are some of the challenges they (city 

representatives) have encountered in decision making. 

The Value Map for the Intervention Design Tool is accordingly developed through our research 

considering the importance, severity, and relevance of ranked users’ jobs, pains, and gains. Figure 

7 in Appendix C illustrates the functions and features that are expected to be used to perform, 

relieve, and produce users’ jobs, pains, and gains, respectively. 
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Drawing on the value mapping (refer to Appendix C, Figure 7), the expectations of city 

representatives would be fulfilled by simulating various scenarios and interventions based on the 

behavior context and then offering them situation-aware nudges. 

In addition, obstacles will be eliminated by informing users of critical situations and trends, 

offering access to other cities’ experiences, and providing estimates on the environmental, social, 

and economic impacts of each action. 

Furthermore, integrating with current systems, adjusting complexity based on users, and having a 

user-friendly interface have all been cited as gain creators. 

7.1.  Implication of the research 

As one outcome of our research for real-world implications, the above-mentioned design 

characteristics (also presented graphically in Appendix C, Figure 7) for the development of the 

‘Intervention Design Tool’ have been determined, which would facilitate the use of nudging 

techniques for city representatives as one of the stakeholders in transitioning to sustainable 

mobility by minimizing their (city representatives’) efforts while improving the reliability of their 

decisions and saving time.  

Considering our findings in the discussion section, the subject of lengthier effects on behavior 

changes by coercion as an intervention function (in comparison to incentivization) has valuable 

implications for academic research to discover long-term impacts of intervention functions on 

changing mobility habit.   

Furthermore, researchers working on similar topics in sectors other than mobility (such as the 

energy sector) can use our findings as a foundation for their research, both in terms of the main 

requirements for effective interventions and design parameters for the development of an 

Intervention Design Tool and consider the possibility of expanding our findings to additional 

fields. 

7.2.  Limitations of the study  

While some policymakers were supposed to be interviewed, due to time constraints and the lack 

of a proper channel to link our academic efforts to the real world, we were unable to manage and 

have any politicians as interviewees. 

Moreover, including a good variety of European cities in the interviews could undoubtedly provide 

us with a more comprehensive picture of requirements, which motivated us to contact more than 
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ten candidates from countries other than Sweden, however, due to time constraints and a lack of 

proper communication links, only two candidates agreed to attend interviews. 

Finally, as our research focuses on European countries, the expectations and needs of city 

representatives outside the geographical scope of this research for development of the Intervention 

Design Tool may differ. So, the generalization of our findings to other geographical areas could 

be done cautiously.   

7.3.  Future study 

The future work of this research can concentrate on other European countries that were not 

included in our research such as Eastern Europe, The United Kingdom and so forth. Thus, the 

results of this study can be reviewed through workshops or even quantitative studies via 

questionnaires with participation of city representatives from all around the Europe to enhance its 

generalization and to figure out if these findings are verified again.  

Another future work can be extending interview participants to other stakeholders engaged in 

transportation systems including policymakers, academics, environmental activists, companies 

that provide green forms of transport, and citizens in order to more comprehensive perspective on 

developing the Intervention Design Tool. Ultimately, ethical issues surrounding nudging methods 

and their application as means of greenwashing can be the subject of future studies. 
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Appendix 

Appendix A: Interview Guide 

Interview Guide 

Introduction:   

As you are aware, cities now have a great opportunity to reduce carbon emissions through 

reforming transportation by making proper mobility choices.  

Employing soft measures known as motivational techniques has been found as a feasible option 

for local governments to modify people’s mobility habits (Franssens et al., 2021). 

Meanwhile, as one outcome of the DyMoN project, the creation of a tool that would assist city 

planners in implementing long-term strategic goals while monitoring the present state of the 

system has been proposed (DyMoN project proposal, 2020). 

Through this interview, we want to learn about your needs, in order to develop the tool that 

properly meets the users’ demands. 

Demographics:  

1. Could you please introduce yourself, considering your current role and responsibilities? 

1.1. How long have you been working for the city? 

1.2. What is your main responsibility? (Probe) 

Topic one: Long-term transportation system objectives  

2. Are you aware of any long-term urban planning (vision) as a respond to the issue of climate 

change? 

2.1.  Could you please elaborate more in terms of goals to be achieved within the transport 

system? 

Topic two: Target achievement monitoring 

(In case the interviewee is a city manager) 

3. Currently, how does the city monitor its status regarding sustainable mobility? 

3.1. Would you please elaborate more in terms of methods and strategies that are applied?  

Topic three: Nudging methods  

4. Has the city tried to influence people’s mobility habits using motivational techniques? For 

example, cultural interventions, promotional activities and so on. 
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4.1. Could you elaborate more on the results gained?  

4.2. What were the main drivers and barriers?  

Topic four: Data collection & analysis  

(In case the interviewee is a policy maker or a city manager) 

5. What kind of data are generally used and have been helpful for you when making decisions? 

6. What other data may be useful, but are currently out of your reach? (In terms of both 

availability and accessibility). 

(In case the interviewee is a sustainability expert) 

7. Which environmental or traffic indicators are used in your profession?  

8. What other indicators in terms of traffic, environmental or even public health may be useful, 

but are currently out of your reach? 

Topic five: Intervention Design Tool development 

9. Which functional features are you looking for?  

10. Which of the social, environmental, or economic factors do you prefer for the reports? 

11. Which elements (for example, charts, maps, tables) do you prefer for the reports? 

12. Do you think that evaluation of existing infrastructures and budget estimation could be a 

challenge in your decision-making process? 

12.1. How can this tool assist you in overcoming this challenge? 

13. Which time scales should a dashboard cover (current/short-term, years/long-term)? 

Topic six: Wrapping up and acknowledgement 

14. Is there anything else you’d like to add that hasn’t been covered by our questions? 

Thank you so much for your participation, we learned a lot and it definitely adds value to our work. 

We will keep you informed about the result of the project and our research.  
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Appendix B: Customer Profile 

Customer Profile 

 

 

Figure 6, Customer Profile with ranked users’ jobs, pains, and gains 
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Appendix C: The Value Map 

The Value Map 

 
Figure 7, Value proposition for the Intervention Design Tool (Green area represents Gain 

Creators, Red area represents Pain Relievers, Yellow area represents Products and Services) 


