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A B S T R A C T   

Gamification is an emerging concept that is often used and cited for its known motivational and 
engagement qualities. Although gamification is studied and applied in a variety of fields, to our 
knowledge no overview exists in the field of transport and mobility. There is thus a need for a 
comprehensive understanding of the research conducted, the empirical evidence it yields and the 
type of research that could still be lacking. These findings could contribute to more effective and 
better-accepted transport interventions, whether they aim to improve safety, mobility or eco- 
friendliness. Our review provides an overview of the literature on gamification in relation to 
mobility and transport and offers suggestions for future research and interventions. A PRISMA- 
compliant systematic literature review was conducted on SCOPUS, Web of Science and 
Pubmed, resulting in 49 eligible papers. The results of the analysis of these papers indicated 
heterogeneity in multiple areas: objectives of the intervention (e.g., safe or eco-friendly driving), 
methodologies (i.e., different sample sizes, different experimental designs), types of experiments 
(e.g., questionnaires, simulation or fleet studies) and gamification processes (e.g., with leader-
boards, rewards, narratives), but also and more importantly, in the observed empirical evidence. 
No consensus seems to have been reached on the effects of gamification nor on the underlying 
mechanisms in the field of transport. There is a lack of knowledge on the most effective ways to 
propose a gamified intervention in the field of mobility and transport, whether it aims to change 
behaviours or attitudes. Further research should rely more on specific theoretical frameworks to 
justify their approach and assess the effect of gamification more methodologically and empirically 
in order to build applicable and reliable knowledge. The acquired knowledge could increase road 
safety or help nudge people towards more eco-friendly modes of transport.   

1. Introduction 

While the tendency in the 20th century in the field of transport and mobility was to develop multiple and various modes of 
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transport, witnessing for example a boom in commercial flights and privately owned vehicles, the challenges nowadays fall under 
another aim: Rather than being more mobile, the focus is on being mobile differently. Indeed, the mobility sector faces two main 
challenges, in terms of safety and environment, and particular attention is given to ways to change behaviours to achieve safer and 
more eco-friendly traffic. However, despite multiple opportunities for public transport such as metro systems, buses or tramways, 
which are largely available across the world and especially in cities, the private car remains the main mode of transport in Europe 
(Storme et al., 2020) and transportation accounts for a little over 20 % of CO2 emissions worldwide in 2020 (Statista, 2022). In 
parallel, traffic safety has improved rather steadily illustrated by a decrease in road-related deaths and crashes since the 1970s, yet 
road traffic injuries are the leading cause of death for people aged 5 to 29 (WHO, 2022). These two challenges, being addressed but not 
resolved, and the societal impact that consequences can have, stress the importance of the consideration for the future of transport and 
mobility, and the need for innovation to tackle human behaviour-related challenges. 

A possible answer to those challenges lies in the evolution of technology, particularly in the transport and mobility domain, where 
Information and Communication Technologies (ICTs) have changed all prior practices. Nowadays, ICTs are predominant in our daily 
landscape, whether it is the use of a digital car dashboard in a road traffic context or a mobility app on a Smartphone (Gössling, 2018). 
ICTs are increasingly considered a possible solution to environmental problems and support sustainable behaviour (Alatas, 2021). 
Such technologies offer the possibility to influence the behaviour and/or the attitude of citizens, as illustrated by the emergence of the 
concept of gamification. According to Bozkurt and Durak (2018), although it is long recognised that playing can bring about 
enthusiasm and a feeling of exaltation (Huizinga, 1938), “gamification” as defined nowadays emerged in 2008 in the digital media 
industry, and attracted more attention from 2010 onwards (Deterding et al., 2011a). 

While to our knowledge no consensual definition exists, gamification is mostly defined as “the use of game-design elements in non- 
game contexts” (Deterding et al., 2011a). The incorporation of game-design elements should intend to be playful (Werbach, 2014), yet 
the aim of gamification should remain serious (Krath et al., 2021). Gamification indeed differs from actual games, real-world simu-
lations and the use of game theories in organisational matters, and is used typically to change behaviours (Robson et al., 2015) or to 
improve user experience and user engagement (Deterding et al., 2011b). Although the concept of gamification is relatively new, 
discussions about introducing fun in more serious contexts have been held for a few decades (e.g., Malone, 1980), and it is even 
hypothesised to date back a few millennia in a military context (Deterding et al., 2011b; Halter, 2006). The interest in these approaches 
lies in the motivational potential of game-design elements (Sailer et al., 2017), which is an argument often used to justify adopting a 
gamification approach. Krath et al. (2021) identified further justifications for the use of and the mechanisms underlying gamification: 
They reported 118 theoretical frameworks throughout the literature, which rely either on motivation and affect, learning, or behaviour 
principles. Based on those frameworks, they proposed 10 principles to explain how gamification works, of which some rely on 
behavioural guidance, others on fostering individual relevance or enabling social interaction (Krath et al., 2021). 

To fulfil those principles, the process of gamification is driven by the inclusion of game-design elements, which are also referred to 
as “game mechanics”. Game mechanics can be described as “building blocks” (Deterding et al., 2011a) and are comparable to game 
design patterns, such as the ones identified by Björk and Holopainen (2004). The diversity and multitude of game mechanics resulted 
in many attempts to compile, sort and classify them (Sailer et al., 2017). One of the most cited of these attempts was conducted by 
Zichermann and Cunningham (2011) who classify game elements into seven primary mechanics: “points, levels, leaderboards, badges, 
challenges/quests, onboarding, and engagement loops”. According to the theory, each type of game mechanics can be used to meet 
specific users’ needs, which would explain its effectiveness. For example, points, badges and leaderboards can meet the need for 
competence, or having teammates can fulfil the need for social relatedness (Sailer et al., 2017). 

The concept of gamification, while nascent, has become one of the most well-known methods to influence the individual and 
collective behaviour of people: It is indeed applied in many areas of human activity, such as the medical context (Sardi et al., 2017; Van 
Gaalen et al., 2021), education (Kalogiannakis et al., 2021), e-commerce (Behl et al., 2020), transportation safety (Klock et al., 2021) 
or sustainability (Guillen et al., 2021). This diversity of application domains has led to consider gamification research as an emerging 
multidisciplinary field (e.g., computer science, social sciences, engineering) (O’Donnell et al., 2017). 

Without exception, gamification also sparked interest in the mobility and transport field: The concept has been growing rapidly and 
led to multiple research outputs, as will be discussed later on, but also to a few noteworthy attempts to gather the acquired knowledge, 
mostly through systematic reviews. However, most of them do not cover the entire field but, for example, uniquely the driving activity: 
It is the case for Yen et al. (2019) who reviewed five case studies of gamified interventions to extract a framework for gamification 
design, or for El Hafidy et al. (2021) who conducted a systematic mapping study on 220 mobile apps designed to improve driving 
behaviour. Diewald et al. (2013) also focused on the driving activity, reviewing in-vehicle mobile apps focused on navigation, safety or 
fuel efficiency, as well as Schroeter et al. (2014) who proposed a theoretical framework to apprehend boredom in driving and 
gamification. A review by Klock et al., (2021) can be mentioned as well, concerning the use of gamification, serious games and 
simulation games, specifically in freight transportation. 

Yet, the use of gamification in transport and mobility is considered underdeveloped when compared to other sectors (Yen et al., 
2019), although its potential has been highlighted in a few studies (Coombes & Jones, 2016; Fitz-Walter et al., 2017; Magaña & 
Organero, 2014). It could be in the context of sustainable transport to influence users towards more eco-friendly behaviour (e.g, Horst 
et al., 2022) and to help users choose the most sustainable route option. It could also concern the driving activity, with gamification 
aiming to help drivers, and to some extent, all road users, to be safer (e.g., Steinberger et al. (2017) used a gamified intervention to 
reduce boredom in drivers and therefore increase their engagement). Finally, gamification could even aim to influence public transport 
users to adopt a friendlier behaviour towards other users (e.g., Kuramoto et al. (2013) encouraged users to stand in public transport in 
Japan with the mobile game “Stand up, Heroes”). 

Considering the societal challenges in the transport and mobility field, the relevance of gamification to address them, and the lack 
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of a comprehensive systematic review of gamification in transport and mobility, it seems justified to attempt a description of the state 
of the art of the topic. The main objective of this systematic review is to develop an overview of the scientific literature on the use of 
gamification in transport and mobility, which will be addressed through the five research questions below: 

RQ1. How is the research distributed across years, countries and authors’ research fields? 
RQ2. What are the frameworks used for the rationale of gamification or of the study? 
RQ3. To what end is gamification used by the authors, in terms of population, modes of transport and behaviour targeted? 
RQ4. Which methods were used by the authors, in terms of game mechanics, type of experimentation and sample sizes? 
RQ5. Which results and empirical evidence were obtained, in terms of behaviour and/or attitude change? 

These research questions aim (1) to report the main actors of research and to investigate (2) the background, (3) the goals, (4) the 
methods and (5) the results reported in the included papers. Together, they aim to provide an overview of the research conducted in 
the field of transport and mobility and the theme of gamification as well as to suggest recommendations for the use of gamification in 
traffic interventions. 

2. Methods 

2.1. Database Search 

This systematic review was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) Statement (Moher et al., 2009). A total of 3 databases were used: SCOPUS, Web of Science and Pubmed. The last 

Fig. 1. Flowchart of the Selection Process According to the PRISMA Guidelines.  
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search was performed on January 30th, 2023. A set of keywords was used comprising two major sets of keywords related to the concept 
of gamification AND transport/mobility, to obtain a larger set of publications. The following terms were included in the title and 
abstract search strategy: (“video gam*” OR “computer gam*” OR “digital gam*” OR “electronic gam*” OR “mobile gam*” OR 
“pervasive gam*” OR “reality gam*” OR “augmented gam*” OR “educational gam*” OR “learning gam*” OR “game-based learning” 
OR “tabletop gam*” OR “board gam*” OR “online gam*” OR “multiplayer gam*” OR “gamifi*” OR “gameful*”) AND (“transport*” OR 
“mobilit*” OR “vehicle*” OR “motorist*” OR “cyclist*” OR “driv*” OR “passenger*” OR “pedestrian*” OR “walk*” OR “travel*” OR 
“automotive” OR “commut*” OR “transit” OR “traffic”). The initial search resulted in a total of 536 papers with 53 duplicates, resulting 
in 483 papers, as displayed in Fig. 1. 

2.2. Eligibility Criteria 

The following eligibility criteria (EC) were applied to determine the inclusion or exclusion of the papers obtained through the 
database search: A paper was included when (EC1) it was written in English, (EC2) it was available, (EC3) it was not published as a 
poster or a tutorial, (EC4) it was not a systematic review nor an opinion paper, (EC5) it dealt with gamification and (EC6) it dealt with 
mobility and/or transport. No criteria involved the date nor the type of publication, meaning it did not matter whether the papers were 
peer-reviewed articles or conference proceedings. Only papers meeting the six criteria were included in the review. 

2.3. Screening Process 

The screening followed a two-step process: The papers were first screened based on their title and abstract. Papers included at that 
stage were then re-assessed based on their full text. For each screening phase, Authors 1, 2 and 3 assessed the paper’s eligibility based 
on the criteria previously described. In the first screening stage, the first author of the present article (Author 1) screened all 483 papers 
while the second and third authors (Authors 2 and 3) respectively screened 242 and 241 papers, ensuring this way that each paper had 
been screened twice and independently. The first screening process resulted in a total of 89 papers selected for full-text review. The 
second screening, now based on full text, unfolded similarly: Author 1 screened the 89 papers and, Authors 2 and 3 divided them, 
screening 45 and 44 papers respectively. Forty papers were excluded at this stage, resulting in a total of 49 papers included in this 
systematic review: 27 are conference proceedings (of which 17 were peer-reviewed) and 22 peer-reviewed journal articles. 

In each screening phase, each paper was assessed by two authors on whether it should be included or excluded. When the decision 
was the same from both authors, the common decision was adopted and the paper was either excluded from the process or included in 
the next step or in the systematic review. When the two authors disagreed on the decision, the paper was also assessed by the third 
author. Following that third assessment, points of disagreement were discussed between the three authors, and explanations for a 
decision of inclusion or exclusion were given. This led to a better understanding of each others’ decision, a better assessment of the 
eligibility criteria and eventually led to an agreement. 

2.4. Data Extraction 

Data from the 49 papers was collected: Authors 1, 2 and 3 first made a list of key elements to extract from the papers, to provide 
answers to the six research questions. The papers were shared again among the first three authors (Author 1 had 17 papers, and 
Authors 2 and 3 had 16 each), and they proceeded to a full-text read and recorded the relevant information in a shared file. This process 
was counterchecked: Papers were distributed again among the first three authors and the recorded information was reviewed. 

The complete process of exclusion and inclusion as well as the data extracted from the 49 papers are available in the Supplementary 
Material. 

3. Results 

3.1. RQ1: How is the research distributed across years, countries and authors’ research fields? 

Tables 1 and 2 provide the descriptive data regarding the country and field(s) of research of the first author of the papers included 

Table 1 
Distribution of First Author’s Country.  

Country (first author’s) n % 

Germany 8 16.5 
Italy 7 14.5 
Australia 5 10 
USA 4 8 
Canada 3 6 
UK 3 6 
Portugal 2 4 
Greece 2 4 
Other (1 paper/country) 15 31  

E. Avril et al.                                                                                                                                                                                                           



Transportation Research Part F: Psychology and Behaviour 104 (2024) 286–302

290

in the present review and Fig. 2 provides their year of publication (n = 48). 
The study of gamification in mobility and transportation remains a nascent research topic, in that the earliest article selected for 

this review was published in 2013 (Kuramoto et al., 2013). As shown in Fig. 2, the remaining papers were distributed almost equally 
between 2013 and 2022. Four countries accounted for almost half of the publications included in this review: Germany (16 %, n = 8), 
Italy (14 %, n = 7), Australia (10 %, n = 5) and the USA (8 %, n = 4). Overall, the majority of publications were from European 
countries (57 %, n = 28). 

Based on the publication support, it was found that the majority of the papers were from the field of Computer Science and En-
gineering (57 %, n = 28). The Humanities and Social Sciences were less represented, with seven papers identified in Psychology 
(Ambrey & Yen, 2018; Degirmenci & Breitner, 2023; Farella et al., 2020; Feinauer et al., 2022; Günther, 2020; Lieberoth et al., 2018; 
Tsirimpa et al., 2019) and two in Human Factors/Ergonomics (Bier et al., 2019; Xie et al., 2016). At the crossroads of these disciplines, 
Human-Computer Interaction accounted for eight papers included in the review ((Ebermann & Brauer, 2016; Fitz-Walter et al., 2017; 
Lakier et al., 2019; Maurer et al., 2019; Rodríguez et al., 2014; Steinberger et al., 2017a; Steinberger et al., 2017b; Vaezipour et al., 
2016). 

3.2. RQ2: What are the frameworks used for the rationale of gamification or of the study? 

Thirty-eight of the included papers did not consider gamification through a specific framework or theoretical background. Most 
often, the rationale of the studies was built on a review of existing literature and previous studies on gamification, but only 11 papers 
aligned their methodology with a specific framework. Interestingly, eight different frameworks were identified suggesting a lack of 
consensus towards theories of gamification in the field of transport and mobility. Four of the frameworks derive from the behavioural 
sciences, three were specific to the gamification field and one belonged to the economics field. 

3.2.1. Behavioural Sciences Frameworks 
Six of the 11 papers relying on a specific framework referred to theories from behavioural and social sciences, mostly from the 

psychology field. The Self-Determination Theory, which examines both extrinsic rewards and intrinsic motivation and their effects on 
behaviour (Deci & Ryan, 2012) was used in three papers (Feinauer et al., 2022; Seecharan, 2022; Vaezipour et al., 2016). Daniel et al. 
(2022) relied on the integrated TAM-TPB model: This approach combines both the Technology Acceptance Model (TAM; Davis, 1989) 
and the Theory of Planned Behaviour (TPB; Ajzen, 1991), resulting in an “augmented TAM” to predict IT usage, as suggested by Taylor 
and Todd (1995). The Goal-Framing theory (Lindenberg & Steg, 2007), suggesting that people act depending on their “goals frame” 
was used as support by Ebermann and Brauer (2016). Finally, the Opportunity-Cost-Model, proposing an explanation for task per-
formance deterioration over time and mental effort through the representation of costly computational mechanisms in exchange for 
benefits (Kurzban et al., 2013) was used by Steinberger et al. (2017). 

3.2.2. Gamification Frameworks 
The Gamification Design Principles (Liu et al., 2017), are a selection of guidelines for the design of gamified experiences mostly 

inspired by behavioural economics, psychology and social psychology, such as the “Task Congruence Principle” or “Personalization 
Principle”, which were used by Degirmenci (2018) and by Degirmenci and Breitner (2023). Cardoso et al. (2019) relied on the Pyramid 
of Elements, a framework classifying game elements according to three levels: dynamics, mechanics and components (Werbach & 
Hunter, 2012; as cited by Cardoso et al., 2019). Coombes and Jones (2016) referred to the “Gamification Theory”, defining it as the 
process of gamifying habits to make them more addictive, hence more recurring. 

3.2.3. Economics Framework 
The Theory of Nudge (Thaler & Sunstein, 2009), often described as a change in the environment, or “choice architecture”, to 

influence people towards certain behaviours, was used by Lieberoth et al. (2018). 

3.3. RQ3. To what end is gamification used by the authors, in terms of population, modes of transport and behaviour targeted? 

3.3.1. Targeted Population and Modes of Transport 
Out of the 49 papers considered, the majority focused on the impact of gamification on the use of a private motorised vehicle (59 %, 

n = 29, Table 3). These papers targeted, in the large majority, drivers (n = 27), but also, for two studies, car passengers (Dange et al., 

Table 2 
Distribution of Field of Research, Based on Publication Support.  

Field (first author’s) n % 

Computer Science & Engineering 28 57 
Human-Computer Interaction 8 16 
Psychology 7 14 
Medicine & Health Prevention 3 6 
Human Factors & Ergonomics 2 4 
Business & Economics 1 2  
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2017; Lakier et al., 2019). Fewer studies focused on the effect of gamification on the use of public transport (8 %, n = 4) and soft 
mobility (e.g., walking, 12 %, n = 6). However, a significant number of studies focused on all modes of transport (20 %, n = 10), in the 
context of applications allowing users to choose the most relevant transport mode − according to their needs (Mobility-as-a-Service, e. 
g., Horst et al., 2022). Most studies did not target a specific age group (Table 4), but a few studies focused on teenagers and young 
adults (e.g., to improve their driving skills, Ali et al., 2016), and children (e.g., to encourage them to walk to − and from − school, 
Coombes & Jones, 2016). Details are provided in Tables 3 and 4. 

3.3.2. Targeted Behaviour 
Gamification was most often used to nudge participants towards eco-friendly mobility (47 %, n = 23), and safer or healthier 

mobility (respectively, 33 %, n = 16 and 12 %, n = 6). It was also used to engage participants in commercial services (8 %, n = 4), for 
leisure (6 %, n = 3), in one instance to distract drivers and, in another instance, as a tool in exposure therapy. The details for this sub- 
question are displayed in Table 5 and each targeted behaviour is further explained. 

3.3.2.1. Eco-friendly mobility. Almost half of the studies focused on eco-friendly mobility, either by influencing the driving activity in 
itself or by promoting different modes of transport. On influencing driving behaviour, gamification was used as a part of feedback 
given to the driver, usually on their fuel consumption (e.g., Magaña & Organero, 2014) or acceleration and braking performance (e.g., 
Degirmenci et al., 2018). On promoting different modes of transport or travel, Horst et al. (2022) used gamification to inform their 
users about the fuel consumption of different route options. As another example, Kazhamiakin et al. (2015) and Kazhamiakin et al. 
(2021) aimed to push travellers towards softer mobility. 

3.3.2.2. Safe mobility. Gamification was used 37 % of the time to induce safer mobility, aiming to reduce risks such as boredom, 
inattention or lack of engagement. Most often, the mechanisms were similar to the usage aiming for eco-friendly mobility: It was used 
as a part of feedback given to the driver on their inappropriate behaviour such as speeding (e.g., Bahadoor & Hosein, 2016; Bier et al., 
2019), inattention or distraction (e.g., Steinberger et al., 2017b), or an aggressive driving style characterised by harsh acceleration (e. 
g., Vaezipour et al., 2016). One paper (Dange et al., 2017) focused on helping novice drivers learn safer driving. 

Fig. 2. Number of Papers Included in the Review as a Function of the Year of Publication. Note: The search was conducted in January 2023 and only 
one paper was already published in the first month of 2023, not represented here. 

Table 3 
Transportation Modality Targeted by the Studies.  

Transportation modality n % References 

Individual motorised mobility 29 59 Ali et al., 2016; Bahadoor & Hosein, 2016; Bier et al., 2019; Dange et al., 2017; Degirmenci, 2018; Degirmenci & 
Breitner, 2023; Diewald et al., 2015; Feinauer et al., 2022; Fitz-Walter et al., 2017; Günther, 2020; Haidon et al., 
2016; Helvaci et al., 2018; Klemke et al., 2014; Lakier et al., 2019; Magaña and Organero, 2014; Maurer et al., 2019; 
Muguro et al., 2021; Nousias et al., 2019; Olszewski et al., 2018; Paranthaman et al., 2016; Paranthaman et al., 
2018; Rodríguez et al., 2014a; Rodríguez et al., 2014b; Seecharan, 2022; Steinberger et al., 2017a; Steinberger et al., 
2017b; Vaezipour et al., 2016; Xie et al., 2016; Yen et al., 2022. 

Multimodality 10 20 Ambrey & Yen, 2018; Bowden & Hellen, 2019; Cardoso et al., 2019; Daniel et al., 2022; Harris & Crone, 2021; Horst 
et al., 2022; Kazhamiakin et al., 2015; Kazhamiakin et al., 2021; Tsirimpa et al., 2019; Vesco et al., 2020. 

Soft mobility (e.g., walking, 
cycling) 

6 12 Coombes & Jones, 2016; Ebermann & Brauer, 2016; Farella et al., 2020; Laine et al., 2020; Riaz et al., 2019; Ritz 
et al., 2014. 

Public transport 4 8 Johannessen & Berntzen, 2016; Kuramoto et al., 2013; Lieberoth et al., 2018; Supriyanto et al., 2015  
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3.3.2.3. Healthy mobility. Six papers used gamification to promote the adoption of healthier mobility behaviours, such as walking or 
cycling. As an example, Farella et al. (2020) proposed a gamified platform (“CLIMB”) to engage children in active behaviours for their 
home-school trips, with the more steps they take, the more achievements they unlock. 

3.3.2.4. Engagement in commercial service. Gamification was also used in a few instances (n = 4) as a way to engage users in com-
mercial services, such as a taxi booking system (Hindersah et al., 2015) or a specific bus system (Johannessen et al., 2016). 

3.3.2.5. Leisure. Relatively anecdotally, gamification sometimes aims to entertain users without any deeper aims. For example, Lakier 
et al. (2019) proposed a set of games to play in an immersive environment in autonomous vehicles, aiming to make self-driving cars 
more enjoyable. 

3.3.2.6. Others. Two studies presented other specific goals: Haidon et al. (2016) used gamification as a tool to help truck drivers with 
PTSD, with a gamified driving environment inspired by exposure therapies, and Maurer et al. (2019) used gamification to create a 
distraction in drivers, essentially to test an experimental means to induce distraction. 

3.4. RQ4. Which methods were used by the authors, in terms of game mechanics, type of experimentation and sample sizes? 

To better understand the methods employed in the studies, a description of how gamification was provided can be given. The 
majority (n = 26) gamified a smartphone application while some studies (n = 7) provided their participants with access to a website or 
a computer page. For the majority in both these options, participants could access their application/website page on demand, meaning 
there was no specific frequency of exposure to gamification. Some of the smartphone applications (n = 5) were used as in-car displays, 
participants were therefore exposed to gamification during their drive. Similarly, a few studies (n = 4) used in-car displays instead of 
an application to include gamified elements. The remaining of studies used diverse methods to introduce gamification, such as a head- 
mounted display, the use of a questionnaire or even a projector. 

The way gamification was introduced seems to differ across studies. Only eight of the 49 studies took into account usability or user 
experience in the design of their gamified intervention, and another four papers mention those terms, without describing how it was 
taken into account. Most papers, however, (n = 44) describe fairly well the media interface they used in their study, with 22 of them 
providing a visual illustration of their interface. 

Table 4 
Age Group Targeted by the Studies.  

Age group n % References 

Unspecified 38 78 Bahadoor & Hosein, 2016; Bier et al., 2019; Bowden & Hellen, 2019; Cardoso et al., 2019; Dange et al., 2017; Degirmenci, 
2018; Degirmenci & Breitner, 2018; Ebermann & Brauer, 2016; Feinauer et al., 2022; Günther et al., 2020; Haidon et al., 
2016; Harris & Crone, 2021; Helvaci et al., 2018; Horst et al., 2022; Johannessen & Berntzen, 2016; Kazhamiakin et al., 
2015; Kazhamiakin et al., 2021; Klemke et al., 2014; Kuramoto et al., 2013; Lakier et al., 2019; Laine et al., 2020; Lieberoth 
et al., 2018; Magaña & Organero, 2014; Maurer et al., 2019; Muguro et al., 2021; Nousias et al., 2019; Olszewski et al., 
2018; Paranthaman et al., 2016; Paranthaman et al., 2018; Ritz et al., 2014; Rodríguez et al., 2014a; Rodríguez et al., 
2014b; Steinberger et al., 2017a; Steinberger et al., 2017b; Supriyanto et al., 2015; Tsirimpa et al., 2019; Vaezipour et al., 
2016; Vesco et al., 2020. 

Teenagers and young 
adults 

8 16 Ali et al., 2016; Ambrey & Yen, 2018; Daniel et al., 2022; Diewald et al., 2015; Fitz-Walter et al., 2017; Seecharan, 2022; 
Xie et al., 2016; Yen et al., 2022. 

Children 3 6 Coombes & Jones, 2016; Farella et al., 2020; Riaz et al., 2019.  

Table 5 
Main Goal of Using Gamification in the Papers.  

Main goal n % References 

Eco-friendly mobility 23 47 Ambrey & Yen, 2018; Bowden & Hellen, 2019; Cardoso et al., 2019; Dange et al., 2017; Daniel et al., 2022; 
Degirmenci, 2018; Degirmenci et al., 2023; Ebermann & Brauer, 2016; Günther et al., 2020; Harris & Crone, 2021; 
Horst et al., 2022; Kazhamiakin et al., 2015; Kazhamiakin et al., 2021; Lebieroth et al., 2018; Magaña & Organero, 
2014; Nousias et al., 2019; Olszewski et al., 2018 Parantham et al., 2016; Parantham et al., 2018; Seecharan, 2022; 
Tsirimpa et al., 2019; Vaezipour et al., 2016; Vesco et al., 2020. 

Safe mobility 16 37 Bahadoor et al., 2016; Bier et al., 2019; Dange et al., 2017; Feinauer et al., 2022; Helvaci et al., 2018; Klemke et al., 
2014; Muguro et al., 2021; Parantham et al., 2018; Rodriguez et al., 2014a; Rodriguez et al., 2014b; Steinberger et al., 
2017a; Steinberger et al., 2017b; Vaezipour et al., 2016; Xie et al., 2016; Yen et al., 2022. 

Healthy mobility 6 12 Bowden & Hellen, 2019; Coombes et al., 2016; Farella et al., 2020; Harris & Crone, 2021; Kuramoto et al., 2015; 
Laine et al., 2020; 

Engagement in a commercial 
service 

4 8 Ali et al., 2016; Johannessen et al., 2016; Ritz et al., 2014; Supriyanto et al., 2015. 

Leisure 3 6 Fitz-Walter et al., 2017; Diewald et al., 2015; Lakier et al., 2019. 
Others 2 4 Haidon et al., 2016; Maurer et al., 2019. 

Note. One article could have two main goals. 
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Table 6 
Types of Game Mechanics Reported in the Reviewed Papers.    

Primary elements (based on Zichermann & Cunningham, 2011) Other game elements Total Visual 
illustration 

Authors Date Points Levels Leaderboards Badges Onboarding Challenges & 
quests 

Engagement 
loops 

Rewards 
(in-game) 

Rewards 
(real-life) 

Progression & 
narrative 

Avatar Achievements Others Not fully 
reported 

Kuramoto et al. 2013 • • • • 4 •

Klemke et al. 2014 • • • • • 5 •

Magaña and 
Organero 

2014 • • • • 4  

Ritz et al. 2014 • • • • 4 •

Rodríguez et al. 2014a  • • • • 4 •

Rodríguez et al. 2014b   • • • 3 •

Diewald et al. 2015 • • • 3  
Supriyanto et al. 2015 • • • 3  
Kazhamiakin 

et al. 
2015 • • • 3 •

Bahadoor and 
Hosein 

2016 • • • • 4 •

Coombes and 
Jones 

2016 • • • • 4  

Ebermann and 
Brauer 

2016   • • 2  

Haidon et al. 2016 • • • • • 5 •

Johannessen 
and 
Berntzen 

2016 • • 2  

Paranthaman 
et al. 

2016 • • • • 4 •

Vaezipour et al. 2016 • • • • 4 •

Xie et al. 2016    • • • • 4 •

Ali et al. 2016              • 1  
Dange et al. 2017 • • • • 4 •

Fitz-Walter 
et al. 

2017 • • • • 4 •

Steinberger 
et al. 

2017a • • 2 •

Steinberger 
et al. 

2017b • • 2 •

Ambrey and 
Yen 

2018 • • 2  

Degirmenci 2018   • • 2 •

Helvaci et al. 2018 • • • 3 •

Lieberoth et al. 2018 • • • • 4  
Olszewski et al. 2018 • • • 3  

(continued on next page) 
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Table 6 (continued )   

Primary elements (based on Zichermann & Cunningham, 2011) Other game elements Total Visual 
illustration 

Authors Date Points Levels Leaderboards Badges Onboarding Challenges & 
quests 

Engagement 
loops 

Rewards 
(in-game) 

Rewards 
(real-life) 

Progression & 
narrative 

Avatar Achievements Others Not fully 
reported 

Paranthaman 
et al. 

2018 • • • 3 •

Bier et al. 2019 • • • 3 •

Bowden and 
Hellen 

2019 • • • 3  

Cardoso et al. 2019 • • • • • • 6  
Lakier et al. 2019 • • • 3  
Maurer et al. 2019             • • 2  
Nousias et al. 2019 • • • • • • • 7 •

Riaz et al. 2019 • • • • 4  
Tsirimpa 2019 • • 2 •

Farella et al. 2020      • • • 3  
Gunther et al. 2020   • • 2 •

Laine et al. 2020 • • • • • • • 7 •

Vesco et al. 2020 • • • • 4 •

Harris and 
Crone 

2021 • • • 3  

Kazhamiakin 
et al. 

2021 • • • • • 5 •

Muguro et al. 2021 • • 2 •

Daniel et al. 2022 • • • 3  
Feinauer et al. 2022 • • • • 4 •

Horst et al. 2022  • • • • • 5 •

Seecharan 2022 • • • • 4 •

Yen et al. 2022 • • • 3 •

Degirmenci and 
Breitner 

2023 • • 2  

Total 39 15 28 13 2 13 1 14 8 13 4 6 4 9    
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3.4.1. Game Mechanics 
The analysis of the game mechanics used in the papers is done through the classification of Zichermann and Cunningham (2011) 

and the seven primary elements: “points, levels, leaderboards, badges, challenges and quests, onboarding, and engagement loops”. 
While these seven elements can be used as a base to classify game mechanics, some adjustments were made. Indeed, the terminology 
used was not always the same, thus “leaderboards” was used when the authors mentioned “ranking”, “competition” or “social com-
parison”. In the same way “points” also included “coins” and “scores”. Five additional game mechanics were included in the classi-
fication: “Rewards (in-game)”, “Rewards (real-life)”, “Progression and narrative”, “Avatar” and “Achievements”, as they were 
mentioned at least twice by some authors but do not seem to fit with any primary elements of game mechanics. A category “Others” 
was added for game mechanics mentioned once (namely, “Quiz”, “Personalisation”, “Timer and dual-task” and “Collaboration”). 
Lastly, the option “Not fully reported” can be selected when none or only a part of the game elements was reported by the authors. 

Some game elements, although classified as the same, may vary: This is the case for example of rewards, which may vary in their 
definition (e.g., a raffle ticket to win $100 in Ambrey & Yen, 2018; or discounts in stores in Daniel et al., 2022). Progression and 
narratives are also typically study-dependent, with for example the visualisation of a flower growing (Horst et al., 2022) or a game of 
snakes and ladders (Paranthaman et al., 2016). All game mechanics classified as the same are expected, however, to rely on the same 
principles and mechanisms, as described for example in Zichermann and Cunningham (2011). 

With 39 papers using “Points” as a game mechanics, it was the most used mechanics among the 13 identified categories. “Lead-
erboards” was used in 28 of the papers, “Levels” in 15 and “Rewards (in-game)” in 14. The least frequently used game mechanics were 
“Engagement loops” and “Onboarding”, respectively used once and twice. An average of 3.4 game mechanics were used per study (SD 
= 1.3), ranging from 1 to 7 (n = 49). The details of the game mechanics used in each study are presented in Table 6. 

3.4.2. Type of Experimentation and Sample Sizes 
Out of the 49 included papers, only 32 included a data collection aimed at assessing the effect of gamification and are therefore 

included in the analysis for this research question. Indeed, 10 papers did not report data collection nor empirical results, and seven 
papers only presented prototype testing, often not yielding empirical results on the effect of gamification and aiming instead at 
validating and testing the usability of the developed application. These seven papers reported an average sample size of n = 10.6 (SD =
11.8, range 1–36) and most often used field experiments (n = 5). 

The methods employed in the 32 experimental papers were various: field experiments (47 %, n = 15), driving simulator studies (28 

Table 7 
Sample Sizes per Type of Experiment and per Reviewed Paper.  

Authors Date Field experiment Driving simulator study Questionnaire Focus groups Interviews 

Kuramoto et al. 2013 9     
Magaña and Organero 2014 14     
Diewald et al. 2015  30    
Supriyanto et al. 2015   40   
Kazhamiakin et al. 2015 20     
Coombes and Jones 2016 80     
Ebermann and Brauer 2016   248   
Vaezipour et al. 2016    34  
Xie et al. 2016  29    
Ali et al. 2016  11    
Fitz-Walter et al. 2017 25     
Steinberger et al. 2017a  32    
Steinberger et al. 2017b     24 
Ambrey and Yen 2018   500   
Lieberoth et al. 2018 282     
Olszewski et al. 2018  
Bier et al. 2019  31    
Bowden and Hellen 2019 667     
Lakier et al. 2019  12    
Maurer et al. 2019  7    
Riaz et al. 2019 44     
Tsirimpa et al. 2019 64  235   
Farella et al. 2020 277     
Günther et al. 2020 108     
Harris and Crone 2021 346     
Kazhamiakin et al. 2021 590     
Muguro et al. 2021  13    
Daniel et al. 2022   1253   
Feinauer et al. 2022  57    
Horst et al. 2022 15     
Yen et al. 2022   500   
Degirmenci and Breitner 2023 63     
Mean and SD sample sizes M = 173.6 SD = 214.9 M = 24.7 SD = 15.7 M = 462.7 SD = 425.2 M = 34 SD = 0 M = 44 SD = 0 
Total count per type  15 (47 %) 9 (28 %) 6 (19 %) 1 (3 %) 1 (3 %)  
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%, n = 9), questionnaires (19 %, n = 6), and more marginally, focus groups, interviews and mathematical modelling (each 3 %, n = 1). 
The categorisation depended on the type of manipulation done in the experiment, rather than the way data was collected. Indeed, field 
experiments could rely on questionnaires and self-reports to collect data, yet not be categorised as a questionnaire study. The type of 
manipulation used in the most frequent types of experiments is described below. 

Table 7 depicts the sample size per type of experiment and paper: On average, 176.9 participants were included (SD = 272.0). 
Questionnaire studies had on average the largest sample size (M = 462.7, SD = 425.2), followed by field experiments (M = 173.6, SD =
214.9), while driving simulator studies had an average of 24.7 participants (SD = 15.7). The papers describing a focus group or 
interview study included respectively 34 and 24 participants, and the mathematical modelling (Olszewski et al., 2018) did not include 
any participants. 

3.4.2.1. Field experiments. Fifteen papers reported field experiments: Some experiments allowed the participants to use a gamified 
application in their daily lives while self-reporting their behaviours (e.g., Bowden & Hellen, 2019 on trip modality; Kuramoto et al., 
2013 on standing behaviour in public transport; Lieberoth et al., 2018 on behavioural intention) or while their behavioural data were 
recorded (e.g., Harris & Crone, 2021 on trip modality). Other experiments implemented a large-scale intervention, typically in schools, 
such as the use of an online platform (e.g., Farella et al., 2020; Riaz et al., 2019) or the Beat the Street intervention (Coombes & Jones, 
2016). Field experiments also included driving studies, in which actual driving behaviours were recorded (e.g., Degirmenci & Breitner, 
2023; Magaña & Organero, 2014; both on fuel consumption). 

3.4.2.2. Driving simulator studies. The nine driving simulator studies let their participants drive in a simulated environment, most 
often with gamified feedback (e.g., Diewald et al., 2015; Steinberger et al., 2017a) and analysed behavioural and/or self-reported data. 

3.4.2.3. Questionnaire studies. Questionnaires studies were used to collect attitudes towards different inventive schemes and/or to-
wards gamification (e.g., Ambrey & Yen, 2018; Daniel et al., 2022; Yen et al., 2022), or to collect attitudes following the testing of a 
gamified service (Supriyanto & Hindersah, 2015) or the use of a gamified website (Ebermann & Brauer, 2016). 

Table 8 
Result of the Main Behavioural Dependent Variable per Included Paper.     

Type of measure  

Authors Date Main behavioural dependent variable Obj. Subj. Result 

Kuramoto et al. 2013 Standing in public transport  • / 
Magaña and Organero 2014 Fuel consumption • +

Diewald et al. 2015 Lane change behaviour • / 
Hindersah and Prihatmanto 2015 No behavioural dependent variable    
Kazhamiakin et al. 2015 Eco-friendly route choice  • +

Coombes and Jones 2016 Trip modality (physically active) • / 
Ebermann and Brauer 2016 No behavioural dependent variable    
Vaezipour et al. 2016 No behavioural dependent variable    
Xie et al. 2016 Glance duration • / 
Ali et al. 2016 Unclear results    
Fitz-Walter et al. 2017 Time spent on gamified application • / 
Steinberger et al. 2017a Speed • +

Steinberger et al. 2017b Speed • +

Eye-gaze (distraction) • −

Ambrey and Yen 2018 No behavioural dependent variable    
Lieberoth et al. 2018 Behavioural intention  • / 
Olszewski et al. 2018 Carpooling behaviour (theoretical) • +

Bier et al. 2019 Fatigue and driving performance • +

Bowden and Hellen 2019 Trip modality  • +

Lakier et al. 2019 Take over behaviour • +

Maurer et al. 2019 Distraction  • +

Riaz et al. 2019 Knowledge about traffic safety • / 
Tsirimpa et al. 2019 Trip modality  • +

Farella et al. 2020 Trip modality  • / 
Günther et al. 2020 Fuel consumption • +

Harris and Crone 2021 Trip modality  • +

Traffic data (trip modality) • +

Kazhamiakin et al. 2021 Trip modality  • +

Muguro et al. 2021 Recognition time • −

Daniel et al. 2022 No behavioural dependent variable    
Feinauer et al. 2022 Driving performance (interact. with AV) • / 
Horst et al. 2022 No behavioural dependent variable    
Yen et al. 2022 No behavioural dependent variable    
Degirmenci and Breitner 2023 Fuel consumption • +

Total   17 (65 %) 9 (35 %)  

Note. “+” indicates a positive result, “/” a neutral one and “− ” a negative one. 
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3.5. RQ5. Which results and empirical evidence were obtained, in terms of behaviour and/or attitude change? 

At first glance, gamification seemed to show positive results on both behaviours and attitudes: Some papers reported behavioural 
change and overall positive opinions, with participants mentioning fun and higher motivation to engage in the application (e.g., Bier 
et al., 2019; Günther, 2020; Laine et al., 2020). Yet, a closer look can be taken at the reported effects of gamification per type of 
measures and types of results of interest to nuance these claims. For this research question, only the 32 experimental papers selected 
previously are included: Papers without data collection and prototype testings were excluded as they did not yield any results on the 
effect of gamification. To better discuss the results presented in the studies, they are classified here into positive, neutral and negative 
results, depending on whether they met the theorised expectations. Indeed, gamification was introduced in the experimental designs 
with a specific aim (e.g., choosing a more eco-friendly route, slowing down when driving, opting for more sustainable trip modalities). 
When that aim was met according to the researchers, we classified the result as positive. When no effect was observed, we classified the 
result as neutral. When the opposite effect was observed, we classified the result as negative. 

3.5.1. Behaviour 
When investigating in more detail the reported results on behavioural dependent variables, i.e., on the reported effect of gami-

fication on a behavioural measure, it turns out that results were quite mixed. Indeed, out of the 26 reported results, 15 were positive, 
nine were neutral and two were negative. When taking into account the objectivity of the measure (i.e., whether it was self-reported or 
measured with an external tool), 66.5 % of subjective results were positive (n = 6) and 33.5 % were neutral (n = 3); while 53 % of 
objective results were positive (n = 9), 35 % were neutral (n = 6) and 12 % were negative (n = 2). These results are depicted in Table 8. 

Positive results seemed to apply to behaviour change within a transport modality, such as reducing speed or fuel consumption (e.g., 
Degirmenci & Breitner, 2023; Steinberger et al., 2017b), as well as behaviour change from one mobility to another (e.g., Harris & 
Crone, 2021): It seems that gamification could be effective in creating behaviour change. Neutral results also could appear when 
behaviour change within a transport modality was targeted (e.g., Feinauer et al., 2022) or when trip modality choice was targeted (e.g., 
Farella et al., 2020): It seems that a behavioural change would not be guaranteed. Negative results were found in variables linked to 
distraction (Muguro et al., 2021; Steinberger et al., 2017b): It seems that gamification could have a distracting effect. As a note, Maurer 
et al. (2019) reported positive results on distraction, meaning they successfully induced distraction with gamification. 

Still, these results should be nuanced further. Indeed, although most studies reported objective results, and although subjective 
measures also provide relevant insights, the experimental design is critical to giving weight to a result. Most studies included in this 
review present shortcomings in terms of design: Some did not include a control group (e.g., Harris & Crone, 2021; Riaz et al., 2019) or 
used a pre-test/post-test design (e.g., Magaña & Organero, 2014; Kazhamiakin et al., 2015; Tsirimpa et al., 2019). Some studies 
included multiple experimental groups, with at least a gamified group and a control group. Yet, often the effect of gamification was not 
tested alone and there were confounding variables. Typically, gamification was included with feedback or with an intervention such as 
training; and to create a control group, some participants did not receive any feedback nor intervention, instead of receiving them in a 
non-gamified form (e.g., Coombes & Jones, 2016; Degirmenci & Breitner, 2023; Diewald et al., 2015; Kuramoto et al., 2013). Feinauer 
et al. (2022) included a group without any intervention (i.e., a control group), a gamified intervention and a non-gamified inter-
vention, and found no difference between the two intervention groups, yet a positive effect between the control and the intervention 
groups. This result could question whether the positive effects found in some studies were due to the intervention or the gamification. 

3.5.2. Attitudes and Opinions 
Through questionnaire studies and attitudes collection, general opinions on gamification could be obtained: In the large majority, 

gamification received positive ratings, with keywords such as “fun” and “enjoyment” (e.g., Diewald et al., 2015; Farella et al., 2020; 
Fitz-Walter et al., 2017). The engagement was reported to be higher (Muguro et al., 2021), as well as intrinsic motivation (Feinauer 
et al., 2022) and sense of usefulness (Daniel et al., 2022). Gamification was also associated with reduced boredom (Steinberger et al., 
2017a). 

Nuancing the positive attitudes, Lakier et al. (2019) reported that some participants worried about being distracted by gamifi-
cation, as it was included during a take-over exercise. Vaezipour et al. (2016), identified through focus groups that their participants 
had rather negative opinions on gamification and would prefer “informative and personalised feedback”. Similarly, Yen et al. (2022) 
identified that their participants preferred cash rewards rather than gamification. 

4. Discussion 

This systematic review aimed to provide a detailed overview of the research conducted in the field of gamification in relation to the 
transport and mobility sector. To that effect, a total of 49 papers meeting the inclusion criteria were included in this review and were 
analysed to collect specific information of interest. The obtained information is a valuable representation of the state of the art of 
research and of the knowledge acquired up to this day which can be a support to orientate future research depending on the needs 
identified. 

The first insight of this review, in line with other reviews involving gamification in other sectors (Klock et al., 2021; Sardi et al., 
2017; Johnson et al., 2016), is the novelty of the topic in the transport sector, with all included papers being published between 2013 
and 2023. Although an increase in the number of publications could be observed about a nascent topic of interest (e.g., the topic of self- 
driving cars, Parekh et al., 2022), no such trend has been observed here. A second insight is the dispersion of the research, both in terms 
of location and theoretical background. Indeed, research is spread around the world and does not amass in specific countries or 
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continents. The authors’ research fields, however, do amass more: They are mostly Computer Science and Engineering and only a few 
derive from human-centred fields such as Human-Computer Interaction, Human Factors/Ergonomics or Psychology. The main 
approach found in the research on gamification still is an Engineering approach, with most papers focusing on developing a prototype 
and testing it, perhaps bringing to light a lack of empirical testing of gamification and the theoretical mechanisms at work. Relying on a 
framework was in fact marginal in the papers included in this review, and in the few instances where it was the case, frameworks were 
mostly used as a rationale to justify an approach, but were not always explored further, for example, to select specific game mechanics. 
The variety of theoretical frameworks observed was also a result of Krath and colleagues (2021) who found 118 different theories used 
as foundations for gamification across the literature. What seemed to be specific to the transport and mobility field, if not the variety, is 
that about 75 % of papers lacked reliance on specific theoretical frameworks. However, it can be assumed that a more framework- 
supported approach has simply not yet flourished to address gamification in the mobility and transport sector. 

Towards the more specific content of the papers included in this study, the target populations and target behaviours can be dis-
cussed. Quite largely drivers, mostly car drivers, were targeted the most by gamification interventions, which can be explained by the 
fact that private cars are still the most used mode of transport in Europe (Storme et al., 2020) and are also among the most dangerous 
and most polluting. Car driving consequently requires more attention in transport and road safety research and behavioural in-
terventions. This observation can also be found in the existing literature, with for example four existing systematic reviews on the 
topics of gamification and driving (El Hafidy et al., 2021; Diewald et al., 2013; Schroeter et al., 2014; Yen et al., 2019). In half of the 
observed cases, the aims of authors when using gamification were to promote safer or more eco-friendly behaviours, in line with actual 
societal challenges and need for solutions. 

To achieve these specific aims of behavioural change, the authors made use of game elements, also termed “gamification me-
chanics”. The first observation was the multitude and the diversity of elements: Even when relying on Zichermann and Cunningham 
(2011) for a framework of categorisation, about a third of the game elements could not be categorised, resulting in twice as many 
categories. Another observation was the number of game mechanics at play in each of the studies: With most often three or four 
mechanics included in the intervention, it was impossible to singularise the effect of a specific element (e.g., the effect of receiving 
points on behaviour). It was possible, however, to identify the most used game mechanics, points and leaderboards, both answering 
specific levers in motivation, respectively a sense of achievement (e.g., Bahadoor & Hosein, 2016) and social comparison (e.g., Magaña 
& Organero, 2014). Although a theoretical explanation could be found for the effect of most game elements, for example, relying on 
motivation theories, it was often not highlighted in the studies. The main rationale was those game elements are theoretically and 
sometimes intuitively known to be fun and motivating (Alsawaier, 2018). 

Finally, the empirical evidence proposed by the papers included in this review should be discussed. Although at first glance 
gamification sounds and looks promising and effective, the results were rather mixed between positive and neutral results, with even 
some negative results. It could be argued that gamification is still promising, yet an issue still lies in the methodology used in the papers 
and the lack of empirical evidence. Indeed, numerous biases were present, such as small sample sizes, but also faulty experimental 
designs, notably with pre-test and post-test designs, and cofounding variables, with multiple game elements at the same time, but more 
importantly the testing of the effect of gamification together with the effect of feedback, for example. Overall it appears difficult, even 
unreasonable, to draw conclusions on the effect of gamification on behaviour or attitudes in the transportation and mobility sector at 
this stage. 

The search for empirical proof of gamification has been a topic of investigation and has yielded multiple systematic reviews and 
meta-analyses in recent years. Results are usually somewhat partial, but conclusions are often more positive regarding the potential of 
gamification. It is the case, for example, in a literature review focused on gamification in relation to motivational affordances (Hamari 
et al., 2014): The review findings suggest that gamification is effective, although not all included studies came to that conclusion, and 
although the authors point out multiple methodological issues. A meta-analysis on the effect of gamification on learning outcomes 
(Sailer & Homner, 2020) also concludes that gamification is effective, despite a high between-study variance and a lack of method-
ological rigour in their primary studies. Similar results, i.e., gamification being deemed (somewhat) effective can be found across 
different specific sectors, e.g., marketing (Conaway & Garay, 2014), education (Hallifax et al., 2019; Kiryakova et al., 2014) or health 
(Gentry et al., 2019; Johnson et al., 2016). Existing literature forms a positive consensus on the question of the effectiveness of 
gamification. 

Although a lack of empirical evidence was observed here, it is highly unlikely that our systematic review refutes more than a 
decade’s worth of results and expert conclusions arguing that gamification effectively influences cognitive, motivational and 
behavioural outcomes. When taking into account the literature’s consensus and solely the results of the studies we reviewed, a 
conclusion of our systematic review could be the tendency towards a positive effect of gamification. However, and quite importantly, 
the observations made in this review reflect a lack of rigorous research with clear research questions and hypotheses in the field of 
transport and mobility. This can be attributed to the novelty of the research field, which has sparked more interest in the engineering 
field than in human-centred fields, resulting in numerous interesting and modern prototypes but an absence of empirical evidence. 

The complexity of human behaviour when it comes to mobility has to be considered to better discuss the results, whether due to the 
multitude of determinants for trip modality (An et al., 2023; Susilo and Cats, 2014), the complexity in driving (Cantin et al., 2009), or 
the multiple goals that activity can be subject to (Dogan et al., 2011). Indeed, it could prove more challenging to influence cognition, 
motivation and behaviour in the transport and mobility field than in other fields, and it seems necessary, until proven otherwise, to 
draw conclusions from field-specific studies. In that sense, it should be stated that research on gamification in the field of transport and 
mobility does not yet yield empirical evidence of its effectiveness. The methodological pitfalls cannot be overlooked and prevent the 
transport and mobility field from having a clear and empirical answer to whether gamification works. 
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4.1. Theoretical and Practical Implications 

This review highlights a need for effective testing of the interventions, to ensure that gamification is indeed justified as a tool to 
change behaviours and is not a superfluous distractor. The next step in research could be to test more empirically the effect of 
gamification on both behaviours and attitudes: More robust experimental designs would be advised. It would be recommended, for 
example, to test the effect of singular game mechanics by measuring behaviours or attitudes when either simple feedback is provided 
compared to when gamified feedback is provided. Adopting this approach would allow researchers to test empirically which game 
mechanics have an effect and the extent of the effect. More research, including longitudinal studies, could lead to a consensus on 
whether introducing gamification in the mobility and transport field is justified and whether it can have any drawbacks, e.g., 
distraction during the driving task. 

Future research should also further rely on existing theoretical frameworks, such as those identified in Krath et al. (2021), or on 
specific models, for example, the specific motivational aspects and cognitive processes involved in driving. Indeed, our systematic 
review identified that very few studies conceived their gamified interventions relying scrupulously on previously acquired knowledge. 
We argue that future research should first identify the specific mechanisms underlying the targeted behaviour. By doing so, researchers 
can apply gamification strategies and specific game mechanics more effectively to influence these mechanisms. In other words, the 
chosen game mechanics should be directly informed by the theoretical understanding of the targeted behaviour. 

Suggestions for designers and app developers would be to use gamification with caution: A positive effect of gamification is not 
guaranteed and potential drawbacks could have been overlooked. No specific approach nor specific game mechanics have been 
identified to yield the best results, therefore no such advice can be given. While trial and error would be a sufficient way to test, case by 
case, which approach is the best for a specific population, future research should be able to provide general guidelines for gamified 
interventions. Indeed, more systematic research could result in general guidelines and guide future gamified interventions, reducing 
the sparsity in comparable research and the need for developing various prototypes. 

4.2. Limitations 

This review aimed, inter alia, to propose an overview of the literature on the topic of gamification in the sector of transport and 
mobility. To that effect, papers from all fields and all publication options could be and were included, resulting in a quite heteroge-
neous pool of studies. This aspect made the summarizing and especially the comparison across studies rather difficult: Some present 
results of an experiment and a data collection, others present a prototype for a gamified application, and some do both. Although the 
inclusion of only peer-reviewed and published articles would have made the results smoother and perhaps more distinguishable (as 
suggested in the PRISMA method, Moher et al., 2009), this review would have suffered from a smaller sample of papers on which 
drawing conclusions could have been riskier. Moreover, having an overview of the variety of approaches and methods is beneficial to 
the understanding of the state of the art of the field; it was therefore justified to have larger inclusion criteria. 

5 Conclusion 

While gamification has the reputation to be an emergent and promising concept, the analysis presented in this systematic review 
would nuance this claim. Indeed, both the diversity of outcomes and the lack of empirical evidence would tend to question the 
effectiveness of gamification, at least in the field of transport and mobility. While the diversity of methods, the lack of theoretical 
foundation and the unadapted experimental designs have been discussed and could explain this conclusion, these results could also be 
explained by the particularity of the field. Indeed, remaining focused is essential for safety in driving, and gamification could perhaps 
lower focus and therefore interest of participants, leading to more moderate results. A better understanding of the effect of gamifi-
cation could be reached by investigating its underlying mechanisms through the support of theoretical behavioural frameworks while 
accounting for individual variability. 
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Writing – review & editing, Visualization. Angèle Picco: Data curation, Investigation, Methodology, Visualization, Writing – original 
draft, Writing – review & editing. Colin Lescarret: Data curation, Investigation, Methodology, Visualization, Writing – original draft, 
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