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Abstract 

Summary: Gamification is a new theme that has been applied in different fields and has contributed to dif-
ferent types of behavioural change. This paper aims to describe how gamification is adopted in the context of 
transportation.

Methods: We performed a systematic mapping of the scientific literature of Web of Science and retrieved 211 stud-
ies. After the inclusion and exclusion criteria were applied, 66 studies were selected. After the full texts were read, 30 
studies remained to be analysed.

Findings: The results show that the most commonly used gamification elements are goals/challenges and points. 
Gamification provides support for outcomes such as changing travel behaviour, improving driving behaviour and 
encouraging bicycle commuting. The use of gamification has changed the behavior of travelers, promoted sustain-
able travel modes, encouraged safe driving, reduced carbon dioxide emissions and reduced energy consumption. 
Although gamification has achieved many positive results related to transportation, there are still many difficulties 
and challenges.
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1 Introduction
The rapid development of urbanization has led to the 
rapid growth of urban populations and vehicles and led to 
new requirements for urban development. Therefore, the 
burden on the transportation infrastructure is increas-
ing, and traffic congestion and traffic safety have become 
major threats to urban development. Cities waste consid-
erable time and productivity on transportation, result-
ing in air pollution and energy waste. Promoting more 
sustainable travel patterns and habits is an increasingly 
important global goal. Today, people have gradually come 
to agree that these problems can be solved, or at least 
alleviated, by new technologies [80]. A major challenge 

is how to use advanced technology to promote positive 
change in individual and collective behaviour. Promoting 
voluntary travel behavioural change is regarded as a key 
issue of sustainable urban transportation [4].

In recent years, gamification has been considered 
one of the most popular persuasive technologies. It has 
become a phenomenon and appears increasingly in peo-
ple’s daily lives. In several different definitions provided 
in the literature, we recognize that gamification refers 
to the use of game design elements in a nongame envi-
ronment to support the creation of users’ overall value 
through game-related enhancement services [33, 39]. 
Gamification uses game elements and mechanisms to 
combine functionality and participation [45], improve 
usability [13], interest and satisfaction [57], create a more 
pleasant experience [27] and promote behaviour change 
[4]. It has been applied in transportation.
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The key to understanding gamification is to understand 
the difference between gamification and serious games. 
Gamification means applying game elements to different 
types of systems and services [47]. The purpose is to pro-
vide an experience similar to game creation, but it is not 
a game in essence but a design method. The experience 
of game creation includes a sense of enjoyment, flow, 
autonomy, achievement and so on. Serious games refer to 
games designed for main purposes other than pure enter-
tainment [7]. They are essentially games.

Although the first documented use of gamification was 
in 2008, gamification did not become popular in differ-
ent industries until early 2011 [39]. Gamification was 
first applied as a digital marketing strategy to enhance 
customer participation [33]. Because it can effectively 
stimulate specific behaviours and result in happiness, 
gamification has begun to be applied in other fields, such 
as education [11, 12, 22, 24, 27, 57], health care [18, 30, 
36, 62, 79], organizational effectiveness [46, 66], software 
development [56], software design [55, 68], e-commerce 
[5, 9, 53] and marketing [58, 76].

Gamification has also been explored in the field of 
transportation. In particular, it seems promising in 
promoting sustainable travel behaviour. According to 
Tsirimpa et  al. [78], in addition to promoting enthu-
siasm and participation in activities among travellers, 
gamification encourages them to make more use of pub-
lic transportation, bicycles or walking, which not only 
reduces carbon dioxide emissions and energy consump-
tion but also reduces dependence on cars and the use 
of cars. Steinberger et al. [72]indicates that gamification 
promotes driving more ecologically and safely, improves 
drivers’ attention and arousal during the journey, and 
reduces boredom while driving.

In the field of transportation, researchers and travel-
lers have become aware of potential benefits of gamifica-
tion. Gamification can reward travellers if they change 
all aspects of an activity and complete each target task. 
Gamification not only represents a way to reward sus-
tainable behaviour but also makes travel more interesting 
[4].

To the best of our knowledge, this is the first up-to-date 
and comprehensive overview of the use of gamification 
in transportation. It systematically maps relevant publi-
cations scattered across various conferences and journals 
and provides readers with a clear picture of how gamifi-
cation is applied in transportation. The increasing num-
ber of publications on this topic may indicate that the 
field is aware of the novelty and contribution of gamifi-
cation to creating change through persuasive behaviour. 
More specifically, this paper proposes and discusses the 
following:

• Gamification mapping in the context of transporta-
tion;

• Which gamification elements are used and in which 
research topics are used;

• The benefits of gamification;
• What research methods have been used thus far; and
• Difficulties and challenges in the implementation of 

gamification in the field of transportation.

The rest of this paper is structured as follows: Sect.  2 
describes the related work, and Sect.  3 describes the 
planning of the systematic mapping. Section  4 reports 
the results of systematic literature mapping, focusing on 
gamification elements, gamification-supported topics, 
realized benefits, research methods used, and difficulties 
and challenges in implementing gamification. The results 
are discussed in Sect.  5. Finally, conclusions and future 
research directions are discussed in Sect. 6.

2  Related work
At the beginning of this study, no relevant work (system-
atic mapping, literature review) was found that discussed 
the application of gamification in the field of transpor-
tation. However, the existing secondary research can be 
summarized.

Previous research reviews on gamification, such as [40, 
45, 69], have summarized the positive findings on the 
effectiveness of gamification. Baptista and Oliveira [7] 
conducted a meta-analysis of gamification and serious 
games. Klock et  al. [44] reviewed the research on cus-
tomized gamification.

Reviews of studies on gamification in business also 
exist; for example, Larson [47] conducted a literature 
review on serious games and gamification in an enter-
prise training environment. Wanick and Bui [81] con-
ducted a systematic literature review on gamification in 
management. Hassan and Hamari [34] used a systematic 
literature review to summarize the research and findings 
on gamified e-participation.

The application of gamification in education has 
also been studied; for example, Lopez-Belmonte et  al. 
[48] conducted a literature review on gamification in 
education.

Other works have focused on gamification in the field 
of software engineering, such as Alhammad and Moreno 
[2]’s literature review on gamification of process improve-
ment in software development. Khakpour and Colomo-
Palacios [41] conducted a systematic literature review 
on the integration of gamification and machine learning. 
Dalponte Ayastuy et  al. [23] conducted a systematic lit-
erature review on adaptive gamification in cooperative 
systems.
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Finally, we found three reviews in the field of trans-
portation, but none of them focused on the overall field. 
For example, Warmelink et  al. [82] conducted a litera-
ture review on production and logistics gamification. 
Pajarito and Gould [63]conducted a literature review on 
promoting urban cycling through mobile devices and 
gamification and found that gamification seemed very 
useful in encouraging behavioural change and cycling in 
the city. Andersson et  al. [4] reviewed the literature on 
smartphone applications promoting sustainable travel 
behaviour.

Although the contributions of all these studies, we 
found the field of gamification in transportation to be 
incipient, and so a review study is still unavailable.

3  Mapping process
This paper follows the systematic mapping approach pro-
posed by Petersen et al. [65]. System mapping is second-
ary research that can classify and analyse early research 
and help to identify research opportunities (outline the 
research field and construct a research field). It has some-
thing in common with a literature review of the more 
widely used secondary research system (for example, 
in terms of search and research selection), but they are 
different in terms of objectives and data analysis meth-
ods. Systematic literature reviews collect and evaluate 
all research results of selected research topics (compre-
hensive evidence). The search terms of system mapping 
are more general because they are used to classify and 
construct the research field, and the purpose of the sys-
tem literature review is to summarize and evaluate the 
research results. Kitchenham and Brereton [43] also dis-
cussed these applications and pointed out that if there is 
only a small literature review on the selected topic, sys-
tem mapping may be particularly applicable, and a com-
prehensive understanding of the field is needed.

Systematic mapping classifies and structures the areas 
of interest in research by classifying publications and 
analysing their publishing trends. In addition, system 
mapping can also analyse what research has been carried 
out in this field, as well as research methods and results. 
This method summarizes the scientific achievements in 
the research field and helps to identify research opportu-
nities. It includes the following activities: research prob-
lem definition, searching for related papers, screening 
papers, extracting data and mapping the results. Each of 
these activities is described in order.

3.1  Research questions
The main purpose of this article is to understand the lat-
est view of gamification in the field of transportation. We 
aim to outline where and how gamification elements have 
been used in the field of transportation. This overview 

includes the main gamification elements that are used, in 
which research topic they are used, how to change traf-
fic behavior to achieve sustainability by using them, what 
research methods are used, and the difficulties and chal-
lenges in implementing gamification.

This study has two objectives. First, we determine 
which gamification elements are used and why. Second, 
we determine which traffic research topics use gamifica-
tion and how to change traffic behavior to achieve sus-
tainability by using them. To better guide the research, 
the main objectives are mapped to specific research 
issues as follows:

RQ1.What gamification elements are used in the field 
of transportation?

RQ2.Which research topics of transportation adopt 
gamification?

RQ3.How does gamification change traffic behavior to 
achieve sustainability?

RQ4.What research methods are used?
RQ5.What are the difficulties and challenges in deploy-

ing gamification in transportation?

3.2  Data sources and search strategy
The literature search was carried out in the Web of 
Science (WOS) database. This database was selected 
because it is one of the most important sources of global 
academic information. It contains more than 18,000 of 
the most authoritative and influential academic jour-
nals in the world and contains many kinds of database 
resources. For the sake of rigor and clarity, it is better 
to search as few comprehensive databases as possible 
rather than searching in multiple databases [64]. In addi-
tion, compared with other databases, experts in this kind 
of analysis choose to analyse this database to present a 
greater amount of literature [61, 71, 74]. In addition, the 
database contains a large number of studies related to 
social sciences, i.e., knowledge fields related to gamifica-
tion and transportation [21, 48].

When searching, we did narrow the time range of the 
search results because research on the use of gamification 
in the field of transportation began only recently, and any 
such restrictions might have resulted in overlooking rel-
evant content. To construct the search string, we selected 
the main terms and synonyms found in previous known 
studies. After some preliminary tests, we decided to sup-
plement the string with additional synonyms to make it 
as comprehensive as possible, as shown in Table  1. The 
search for literature in the WOS database was conducted 
using the search query: TITLE-ABS-KEY [(gamification 
OR gamifying OR gamify OR gamified OR funware OR 
“serious games”) AND (transportation OR traffic OR 
transit OR transport OR “urban mobility” OR “mobility 
behavior” OR “smart city” OR “urban accessibility”)].
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This study excluded papers, programs, and book chap-
ters that developed gamification in areas other than 
transportation or applied games to solving computing 
problems as well as those in the form of abstract only 
or a presentation. Table 2 summarizes the inclusion and 
exclusion criteria.

Table 3 summarizes the selection strategy and the fol-
lowing steps:

(I) Apply the query string to the data source search 
engine.

(II) Export the query results with the title, abstract and 
author of each paper to a CSV file.

(III) Filter duplicate entries.
(IV) Apply inclusion/exclusion criteria to abstracts and 

keywords.
(V) Read the full text of each paper to review and classify 

the main articles.

3.3  Data extraction
To answer the research questions listed in Sect.  3.1, we 
established six data extraction steps and classification 
schemes:

 (I) Research metadata: We compiled the year of pub-
lication, publication venue, publication type, and 
country of author affiliation.

 (II) Analysis of gamification elements used (RQ1): The 
classification of gamification elements adopts the 
compilation standard of Dicheva et al. [26]. Gami-
fication elements are composed of two levels, the 
game mechanism and the gamification design prin-
ciple, which are described in detail in Table 4.

 (III) Determine the research topic in the field of trans-
portation with Gamification (RQ2): We analysed 
and studied different research topics in the field of 
transportation supported by gamification.

 (IV) Analyze how gamification can achieve sustainabil-
ity by changing traffic behavior (RQ3): We analyze 
the research according to the direct and indirect 
behavior changes obtained by Gamification.

 (V) Determination of research method (RQ4): For the 
types of studies, according to the classification cri-
teria proposed by Wieringa et  al. [83]. According 
to Wieringa et  al. [83]’s suggestion, the research 
methods can be divided into three categories: case 
studies, experiments and investigations.

 (VI) Determine the difficulties and challenges in the 
implementation of gamification (RQ5): analyse the 
difficulties and challenges in implementing gamifi-
cation in transportation.

3.4  Search process
The literature search was conducted in April 2021. 
The search engine investigated was WOS. The search 
included the title, abstract and keywords of the research.

There were four main steps in the retrieval pro-
cess, as shown in Fig.  1. In the first step, the search 
was applied to the database, and a total of 211 arti-
cles were retrieved. The second step was to delete the 
duplicate papers. The third step was to apply inclusion 
and exclusion criteria. We then read the title, key-
word and abstract of each article and discarded game-
related search results in other fields. In addition, due 
to the improper use of different terms, we discarded 
papers that had been incorrectly included, resulting 
in 66 papers. Finally, through full-text reading, we 

Table 1 Search terms

Major terms Alternative or synonyms terms

Transportation Traffic, transit, transport, urban mobility, mobility 
behavior, smart city, urban accessibility

Gamification Gamifying, gamify, gamified, funware, serious games

Table 2 Inclusion/exclusion criteria

Inclusion Papers that fulfill the search 
string
Academic journal, conference, 
workshop papers, and book 
chapters
Discipline: Transportation
Abstract and keywords are 
available

Exclusion criteria for titles and abstract Study written in a language 
other than English
Study that is not identified as 
peer-reviewed

Exclusion criteria for full text Publications without abstract
Study related to gamification 
topic but not to transportation
Study related to transportation 
but not to gamification concepts
Full text of the study is not avail-
able in the respected source

Table 3 Summary of selection strategy

Selection strategy

Datasources Web of Science (core collection)

Target items Journal paper, Conference papers, 
Workshop papers, and Book 
chapters

Language Papers written in English

Data fields Title, Abstract, Keywords

Publication Period Since 1900–2021
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identified 30 major studies, as shown in Table 5. Works 
that applied game theory or showed mature games or 
serious games in non-transportation activities were 
discarded.

4  Results
4.1  Analysis of study metadata
Figure  2 shows the distribution of major research on 
gamification in the field of transportation, divided by 
journals, conferences, workshops and book chapters. 
The earliest study was in 2015, which shows that the 
application of gamification in the field of transpor-
tation is a new problem. Figure  3 illustrates how the 
mapping of articles was distributed among these cat-
egories. It shows that the number of journals was the 
highest, followed by meetings, book chapters and 
workshops.

For the author’s country/region, Table  6 shows that 
Australia had the largest number of published studies 
(4), followed by Spain (3) and the United Kingdom (3).

4.2  (RQ1) What gamification elements are used in the field 
of transportation?

To answer this research question, we completed the 
search for each gamification element in the basic 
results. Table 7 shows the number of times each gamifi-
cation element was applied as well as the relevant stud-
ies that applied it. Note that the calculation is based on 
explicit references in the study.

As shown in Table  7 and Fig.  4, the most common 
gamification elements are goals/challenges and points, 
followed by rewards. Next are the leaderboard and 
social engagement elements, which appeared 15 and 12 
times, respectively.

Goals/challenges: Setting goals/challenges can effec-
tively "attract" users to their desired behaviour accord-
ing to the gamification goals and maintain users’ 
interest and participation over time [S30]. Allowing 
users to set their own goals and indicators can have a 
substantial impact because when they challenge their 
chosen goals, they create a self-competitive environ-
ment that can lead to personal efforts and progress 
[S17]. With reasonable efforts to achieve self-set goals 
within a reasonable time frame, you can obtain a sense 
of satisfaction and achievement. For example, in [S3] 
[S20], the gamification application invites travellers to 
set their personal goals from five pre-set goal options 
("reduce car use", "increase public transport", "reduce 
energy consumption", "increase slow travel" and "reduce 
carbon dioxide emissions").

Points: In a gamification application that encourages 
drivers to drive ecologically, the points are the environ-
mental protection scores calculated according to the 
driving style of drivers on the way, and the scores encour-
age good driving behaviour [S7] [S20]. In a gamification 
application that changes the travel mode of travellers, 
points are obtained based on the travel distance and the 
sustainable level of the means of transportation used 
for each trip [S5] [S16] [S21] [S30]. Generally, the more 
sustainable the model is, the more points participants 
receive. In general, gamification applications allocate 
points proportionally as long as they detect the number 

Table 4 Game mechanics and gamification design principles

Game 
mechanics

Points, badges, levels, progress bars, leaderboards, 
rewards and avatars

Gamifica-
tion design 
principles

Goals/challenges: clear, specific, moderately difficult, 
immediate and actionable goals/challenges
Personalization: personalized experiences, adaptive 
difficulty; challenges that are perfectly tailored to the 
player’s skill level, increasing the difficulty as the player’s 
skill expands
Rapid feadback: immediate feedback or shorten 
feedback cycles; immediate rewards instead of vague 
long-term benefits
Visible status: reputation, social credibility and recogni-
tion
Unlocking content
Freedom of choice: multiple routes to success, allowing 
players to choose their own sub-goals within the larger 
task
Storyline/new identities
Time restriction
Social engagement: individual and team competitions, 
cooperation and interaction with other players

Fig. 1 Search and filtering process
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of kilometres travelled by participants using sustainable 
vehicles. This means that participants who ride bicy-
cles in their spare time while commuting to work by car 
will be rewarded with points. Such a point system may 
encourage participants to travel more just to earn more 

points. Instead, this eventually exacerbates rather than 
improves the impact of their liquidity [S17].

Rewards: When participants reach certain mile-
stones, incentive measures for rewards can be tan-
gible or intangible, can be expressed in money or in 

Table 5 Primary studies

Id Reference Title Year Forum

[S1] Magana and Munoz-Organero [50] GAFU: Using a Gamification Tool to Save Fuel 2015 Journal

[S2] Brito et al. [13] Towards a framework for gamification design on crowdsourcing systems: The GAME 
Approach

2015 Conference

[S3] Poslad et al. [67] Using a Smart City IoT to Incentivise and Target Shifts in Mobility Behaviour-Is It a 
Piece of Pie

2015 Journal

[S4] Hiraoka et al. [35] Cognitive Function Training System Using Game-Based Design for Elderly Drivers 2016 Conference

[S5] Castellanos [17] Delivering modal-shift incentives by using gamification and smartphones: A field 
study example in Bogota, Colombia

2016 Journal

[S6] Millonig et al. [54] Gamification and social dynamics behind corporate cycling campaigns 2016 Conference

[S7] Steinberger et al. [72] Designing Gamified Applications That Make Safe Driving More Engaging 2017 Conference

[S8] Steinberger et al. [73] From road distraction to safe driving: Evaluating the effects of boredom and gamifi-
cation on driving behaviour, physiological arousal, and subjective experience

2017 Journal

[S9] Pajarito and Gould [63] Smart Mobility, the Role of Mobile Games 2017 Book chapters

[S10] Marcucci et al. [51] Gamification design to foster stakeholder engagement and behavior change: An 
application to urban freight transport

2018 Journal

[S11] Ambrey and Yen [3] How perceptions influence young drivers’ intentions to participate in gamified 
schemes

2018 Journal

[S12] Andersson et al. [4] Promoting sustainable travel behaviour through the use of smartphone applica-
tions: A review and development of a conceptual model

2018 Journal

[S13] Olszewski et al. [60] Solving "Smart City" Transport Problems by Designing Carpooling Gamification 
Schemes with Multi-Agent Systems: The Case of the So-Called "Mordor of Warsaw"

2018 Journal

[S14] Ferreira et al. [29] A Blockchain and Gamification Approach for Smart Parking 2019 Book chapters

[S15] Cellina et al. [19] A Large Scale, App-Based Behaviour Change Experiment Persuading Sustainable 
Mobility Patterns: Methods, Results and Lessons Learnt

2019 Journal

[S16] Tsirimpa et al. [78] A reward-based instrument for promoting multimodality 2019 Journal

[S17] Cellina et al. [20] Beyond Limitations of Current Behaviour Change Apps for Sustainable Mobility: 
Insights from a User-Centered Design and Evaluation Process

2019 Journal

[S18] Martins et al. [52] Collaborative Gamified Approach for Transportation 2019 Conference

[S19] Adornes and Muniz [1] Collaborative technology and motivations: utilization, value and gamification 2019 Journal

[S20] Nousias et al. [59] Exploiting Gamification to Improve Eco-driving Behaviour: The GamECAR Approach 2019 Journal

[S21] Yen et al. [84] Gamification in transport interventions: Another way to improve travel behavioural 
change

2019 Journal

[S22] Dorcec et al. [28] How do people value electric vehicle charging service? A gamified survey approach 2019 Journal

[S23] Caroleo et al. [16] Measuring the Change Towards More Sustainable Mobility: MUV Impact Evaluation 
Approach

2019 Journal

[S24] Arnab et al. [6] Player Interaction with Procedurally Generated Game Play from Crowd-Sourced data 2019 Workshop

[S25] Cardoso et al. [15] When Gamification Meets Sustainability: A Pervasive Approach to Foster Sustainable 
Mobility in Madeira

2019 Workshop

[S26] Grajales et al. [31] Collaboration or competition: The impact of incentive types on urban cycling 2020 Journal

[S27] Maca et al. [49] Incentivizing Commuter Cycling by Financial and Non-Financial Rewards 2020 Journal

[S28] Caceres et al. [14] Smart data at play: improving accessibility in the urban transport system 2020 Journal

[S29] Tripathy et al. [77] WeDoShare: A Ridesharing Framework in Transportation Cyber-Physical System for 
Sustainable Mobility in Smart Cities

2020 Journal

[S30] Khoshkangini et al. [42] Automatic generation and recommendation of personalized challenges for gamifi-
cation

2021 Journal
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kind, and must be strictly related to individual perfor-
mance. Rewarding participants who perform well can 
enhance the motivation of individuals to engage in a 
certain behaviour [S17]. For example, if the driver com-
pletes the task, he will receive a trophy [S15]. The top 
three users per week will receive monetary rewards 
[S15]. In addition to direct rewards, other rewards can 
be provided in a random manner to promote positive 
behaviour. For example, accidental positive rewards are 
occasionally obtained in a gaming environment [S20].

Leaderboards: Leaderboards rank the progress and 
achievements of users and other members similar to 
themselves to create a sense of competition [S21]. In 

relevant research on ecological driving gamification, 
drivers are ranked according to the ecological scores 
obtained during their travel. This ranking reflects the 
extent to which drivers are moving towards becoming 
high-performance drivers. In the study of changing trav-
ellers’ travel behaviour, leaderboards provide individu-
als with the opportunity to compare their choices and 
performance with other people or groups they think are 

Fig. 2 Distribution of primary articles by year and type of forum

Fig. 3 Venue types

Table 6 Author’s affiliation countries

Country Number

Australia 4

Spain 3

United Kingdom 3

Brazil 2

Greece 2

Italy 2

Portugal 2

Switzerland 2

Austria 1

Croatia 1

Czech Republic 1

Germany 1

India 1

Japan 1

Norway 1

Poland 1

Portugal 1

Sweden 1
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similar to themselves (such as members of the same com-
munity), which will generate peer pressure and imita-
tion desire [S17]. The leaderboard is updated every week 
[S15], and users can view the points compared with other 
members or groups in the ranking system [S5].

Social engagement: The main motivation of social par-
ticipation is to provide participants with a means of com-
munication and share their experience and information 
with each other. Allowing participants to analyse their 
performance can improve their sense of achievement and 

trigger competition, help promote group behaviour and 
improve trust among users [S3]. The main form is team 
challenge, which realizes social contact and peer pressure 
by sharing information through social media [S21].

Rapid feedback: Quick feedback shows how close or 
how far participants are from reaching their goals [S2]. 
In ecological/safe driving research, to effectively stimu-
late users to behave in the desired manner, gamification 
applications should provide information so that users can 
evaluate their behaviour and raise their awareness of the 

Table 7 Occurrence of gamification elements in selected studies

Gamification element Number Studies

Goals/Challenges 18 [S1], [S3], [S4], [S6], [S7], [S8], [S10], [S15], [S17], [S20], [S22], [S24], [S25], [S30], [S26], [S27], [S28], [S29]

Points 18 [S1], [S2], [S3], [S4], [S5], [S10], [S11], [S13], [S14], [S16], [S19], [S20], [S24], [S25], [S30], [S27], [S28], [S29]

Rewards 17 [S3], [S5], [S7], [S8], [S10], [S11], [S13], [S14], [S15], [S16], [S17], [S20], [S25], [S30], [S26], [S27], [S29]

Leaderboards 15 [S1], [S5], [S6], [S7], [S13], [S15], [S17], [S19], [S20], [S22], [S25], [S26], [S27], [S28], [S30]

Social engagement 12 [S2], [S3], [S6], [S7], [S10], [S11], [S17], [S19], [S20], [S26], [S28], [S29]

Rapid feedback 11 [S1], [S2], [S3], [S7], [S8], [S11], [S13], [S17], [S20], [S25], [S26]

Badages 10 [S1], [S10], [S15], [S17], [S20], [S25], [S27], [S28], [S29], [S30]

Levels 8 [S1], [S2], [S4], [S10], [S20], [S24], [S25], [S28]

Personalization 6 [S3], [S13], [S17], [S20], [S27], [S30]

Storyline/new identities 6 [S2], [S7], [S13], [S17], [S20], [S25]

Unlocking content 4 [S2], [S20], [S24], [S30]

Avatars 3 [S7], [S13], [S20]

Progress bars 3 [S7], [S14], [S20]

Time restriction 3 [S4], [S28], [S30]

Fig. 4 Gamification elements
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possible negative effects [S20]. Feedback is essential not 
only to achieve the goals set but also to help participants 
stay engaged and make progress. In the study of chang-
ing travel patterns, personalized feedback on individual 
travel behaviour is provided. These aims are to provide 
comprehensive and practical evidence for travellers to 
improve their understanding of the impact of travel pat-
terns. The metrics used usually include cost, time, dis-
tance and carbon footprint. This feature provides users 
with a way to monitor their behaviour. Suggestions can 
also be made to users according to their performance and 
by determining appropriate alternatives [S3].

Badges: In ecological/safe driving research, badges 
show achievements related to specific driving skill areas 
and show the progress made by each driver in their own 
and others’ achievements [S20]. In the study of changing 
travel patterns, travellers will be rewarded with badges 
when they use a sustainable mode of transportation to 
achieve certain achievements [S30]. In addition, when 
the system detects specific sustainable transportation 
options, such as long-distance travel by bike or train 
every day for at least five consecutive days, the user will 
receive a surprise badge reward. This also has a guid-
ing role. Spontaneous actions will receive unexpected 
rewards, which will make users aware of the positive 
actions they perform and stimulate them to repeat them 
in the future.

Levels: The driver or traveller needs to gradually 
increase the experience value to obtain the level [S3] 
[S20].

Personalization: In ecological/safe driving research, 
gamification mobile applications can easily record physi-
ological, behavioural, environmental and vehicle param-
eters through sensors to form an ecological driving index 
and then provide personalized active tips to drivers to 
introduce how to adjust their current driving style to 
a more environmentally friendly driving style [S20]. In 
the study of changing traveller modes, the gamification 
mobile application designs personalized information 
based on the travel diary data provided by participants or 
the data obtained from surveys or interviews. It can also 
provide users with real-time information about the status 
of the transportation network, such as delay information. 
The information under these conditions can be combined 
with personal habitual travel to provide personalized 
information for each traveller [S3]. It can also introduce 
highly personalized weekly challenges. These challenges 
are designed to improve or maintain travellers’ game per-
formance by requiring users to achieve their goals (e.g., 
number of trips and kilometres travelled) through some 
form of transportation (e.g., cycling, walking, bus or 
train) [S30]. Such personalized units of playable content 

have a significant positive impact on user participation 
and retention.

Storyline/new identities: The elements of storyline/
new identities greatly promote the importance of users’ 
participation and subsequent impact on the environment 
and behaviour in stimulating users to explore the epic 
meaning call and boarding stage [S20]. When the sto-
ryline resonates with users, it can enhance the expected 
effect of their immersion and participation [S7].

Unlocking content: If upgrading involves accessing new 
content, users will have additional motivation to unlock 
new content through progress, such as advanced data 
analysis tools or decorative elements [S20].

Avatars: Avatars are provided to users by gamifica-
tion mobile applications. This provides users with their 
own virtual version in the gamification platform. When 
they achieve certain goals in the application, they have 
the opportunity to upgrade their avatar according to its 
appearance or other functions. Avatar clothing can be 
traded with other users in the virtual community plat-
form. Users can view the avatars of other users compet-
ing with them, which means that users want their avatars 
to be better than others [S20].

Progress bars: Clear and definite progress should be 
provided throughout the gamification stage. In the case 
of progress stagnation, users should be continuously 
encouraged to further participate by generating a sense 
of disappointment [S20].

4.3  (RQ2) Which research topics of transportation adopt 
gamification?

Table 8 shows the research topics supported by gamifica-
tion. It is worth noting that currently, changing travellers’ 
travel behaviour is the most common gamification-sup-
ported topic (10 studies). The second improving driv-
ing behaviour (6 studies). Other transportation topics 
supported by gamification include encouraging bicycle 
commuting (4 studies), collecting transportation-related 
information (3 studies), supporting carpooling (2 stud-
ies), goods transportation (2 studies), identifying whether 
parking spaces are available (1 study), providing support 
for the development of gamification through a game sur-
vey of EV charging willingness (1 study) and data collec-
tion on road quality (1 study).

Figure  5 shows the relationship between gamification 
elements and transportation research topics. It shows 
how many studies refer to a particular element as support 
for a particular topic. It should be noted that the same 
element may have been reported in multiple studies, 
and multiple elements may have been mentioned in one 
study. Figure 5 provides evidence of the widespread use 
of goals/challenges and points as gamification elements 
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and great support for research topics. In addition, it is 
worth noting that avatars, progress bars and time con-
straints have not been explored much. Therefore, Fig.  4 
shows gamification elements that are widely or rarely 
explored in transportation research topics.

4.4  (RQ3) How does gamification change traffic behavior 
to achieve sustainability?

To answer RQ3, we determine the direct and indirect 
changes of using gamification. The results are classified 
and summarized in Table 9 by topic, revenue from gami-
fication, and reported revenue.

The main contribution of changing travel behaviour is 
realizing the changed behaviour. For example, [S3] found 
that travellers change their travel time to avoid peak 
hours and travel modes and turn to sustainable bicycle 
travel. [S12] indicated that gamification encourages more 
sustainable modes of transportation. [S16] found that 
travellers use more public transportation and walking. 
The second advantage is reducing carbon dioxide emis-
sions and energy consumption. The third advantage is 
reducing the dependence on cars and the use of cars.

The main effort of improving driving behaviour is pro-
moting safe driving. [S1] indicated that gamification can 
be a powerful auxiliary tool for safe and efficient driving. 
[S4] found that gamification improves the risk percep-
tion ability of elderly drivers and promotes safe driving. 
[S7] indicated that gamification encourages safe driving, 
driving speed is significantly reduced, and deceleration is 
earlier and more stable. [S8] found that safe driving helps 
drivers maintain attention and remain alert throughout 
the journey. The second advantages are reducing energy 
consumption and carbon dioxide emissions, making driv-
ing more enjoyable, and reducing boredom while driving. 
The third advantage is improving drivers’ skills and inter-
est in fuel saving.

The main contribution of encouraging bicycle commut-
ing is promoting bicycle commuting. The second advan-
tage is making cycling more enjoyable.

Regarding collecting traffic-related information, [S2] 
collected public transport information, [S19] collected 
road traffic information, and [S28] collected accessible 
information on public transportation infrastructure. The 
greatest contribution of gamification to these studies is 
improving users’ participation and the usability of soft-
ware. The second advantage is improving users’ trust in 
software and information.

Regarding supporting carpooling activities, the main 
contributions are reducing traffic congestion, reducing 
fuel consumption, and reducing carbon dioxide emis-
sions. The second advantage is reducing the number of 
cars on the road and increase participation.

Regarding cargo transportation activities, the main 
contributions are reducing fuel consumption, reducing 
carbon dioxide emissions, reducing the number of kilo-
metres travelled, and reducing logistics costs. The second 
advantage is improving the quality of service.

Regarding identifying whether a parking space is avail-
able, the main change is that it saves the time and money 
spent finding a parking space, reduces the number of 
kilometres driven to find a parking space, and corre-
spondingly reduces the emissions of carbon dioxide with-
out requiring a great investment in sensors and other 
equipment.

Regarding the game survey of electric vehicle charging 
intention, the main contribution is making the gamified 
survey more attractive, thus improving the response rate 
and the quality of enjoyment.

Regarding road quality data, the main change is that 
gamification improves participation and provides open 
data for traffic and road conditions.

Table 8 Topics supported by gamification

Topics Number Studies

Changing travel behaviour 10 [S3], [S5], [S12], [S15], [S16], 
[S17], [S21], [S23], [S25], [S30]

Improving driving behaviour 6 [S1], [S4], [S7], [S8], [S11], [S20]

Encouraging bicycle commuting 4 [S6], [S9], [S26], [S27]

Collecting traffic-related information 3 [S2], [S19], [S28]

Carpooling activities 2 [S13], [S29]

Transportation of goods 2 [S10], [S18]

Identifying whether parking spaces are available 1 [S14]

Investigation of charging intention of electric vehicles 1 [S22]

Collecting data on road quality 1 [S24]
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4.5  (RQ4) What research methods are used 
in the gamification of transportation?

Table  10 shows the distribution of study types. We 
noticed that evaluation research and solution proposals 

were the most popular types of research, with 9 studies 
each, accounting for 60% of the selected studies. These 
two categories represent studies at an earlier stage, 
which may reflect the short time that gamification has 

Fig. 5 Number of studies that relate gamification elements to transportation research topics
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been used in the field of transportation, and some stud-
ies are still in the exploratory stage and immature. The 
other 12 studies were distributed among philosophical 
papers (4), validation research (3), experience papers 
(3) and opinion papers (2).

Table  11 shows the distribution of research methods. 
Nearly half of the studies used experimental research 
methods, and 13 studies used survey methods. It is worth 
noting that [S3], [S6], [S8], [S17] and [S27] used both 
experimental and investigative methods. [13] used both 
case study and survey methods.

Table 9 Changes brought about by gamification

Topic Change Number Studies

Changing travel behaviour Changed the behaviour of travellers 7 [S3], [S12], [S16], [S21], [S23], [S25], [S30]

Reduced carbon dioxide emissions and con-
sumption

3 [S3], [S15], [S17]

Reduced car dependency/usage 2 [S15], [S17]

Improving driving behaviour Encouraged safe driving 6 [S1], [S4], [S7], [S8], [S11], [S20]

Reduced energy consumption and carbon 
dioxide emissions

2 [S1], [S20]

Made driving more enjoyable and reduced 
boredom while driving

2 [S7], [S8]

Improved driving skills 1 [S1]

Increased interest in fuel economy 1 [S1]

Encouraging bicycle commuting Promoted bicycle commuting 4 [S6], [S9], [S26], [S27]

Made cycling more enjoyable 1 [S26]

Collecting traffic-related information Increased participation 2 [S19], [S28]

Improved availability 2 [S2], [S28]

Improved trust 1 [S2]

Carpooling activities Reduced traffic congestion 2 [S13], [S29]

Reduced fuel consumption and carbon emis-
sions

2 [S13], [S29]

Reduced the number of cars 1 [S13]

Increased participation 1 [S29]

Transporting goods Reduced fuel consumption and carbon emis-
sions

2 [S10], [S18]

Reduced the number of kilometres driven and 
logistics costs

2 [S10], [S18]

Improved service quality 1 [S18]

Identifying whether a parking space is available Saved time and money spent finding a parking 
space

1 [S14]

Reduced the number of kilometres driven to 
find a parking space

1 [S14]

Reduces carbon dioxide emissions 1 [S14]

No need to invest heavily in other devices such 
as sensors

1 [S14]

Investigating charging intention of electric 
vehicles

Made survey more attractive, improved 
response rate

1 [S22]

Increased enjoyment 1 [S22]

Collecting data on road quality Increased participation 1 [S24]

Open data for traffic conditions 1 [S24]

Table 10 Selected studies type

Studies type Number Studies

Evaluation research 9 [S2], [S3], [S5], [S6], 
[S8], [S10], [S25], [S26], 
[S27]

Solution proposal 9 [S4], [S7], [S13], [S14], 
[S15], [S17], [S22], 
[S30], [S28]

Philosophical papers 4 [S12], [S18], [S21], [S29]

Validation research 3 [S1], [S20], [S24]

Experience papers 3 [S11], [S16], [S19]

Opinion papers 2 [S9], [S23]
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4.6  (RQ5) What are the difficulties and challenges 
in deploying gamification in transportation?

As shown in Table  10, a large number of studies are 
classified as evaluation research and solution propos-
als. Table  11 shows that a large number of studies used 
experimental and survey methods. This shows that most 
of the selected studies were in the early stage of explora-
tion; thus, they inevitably encountered various difficulties 
and challenges in the implementation of gamification.

The difficulties and challenges in implementing gami-
fication in these selected studies are listed in Table  12. 
As the table shows, one of the main challenges for these 
studies was how to design attractive applications. Ten 
studies commented that it was not easy. [S17] pointed 
out that the design should be ingenious and user centred. 
[S30] noted that the design should be convincing.

Another major difficulty was recruiting and retain-
ing users. All 10 studies encountered the problem of 
insufficient recruitment. [S14] indicated that participa-
tion would consume users’ resources, such as mobile 
phone batteries and computing power, which is one of 
the main obstacles that makes many users reluctant to 

participate. Therefore, an incentive mechanism is needed 
to ensure the participation of users. However, eight stud-
ies indicated that offering an effective incentive for users 
is a challenge. [S18] and [S21] pointed out that it is very 
important to motivate users to achieve the predeter-
mined goal, and the gamification rule with monetary 
rewards plays an important role.

One of the goals of these application programs is always 
to make the design of the interface as simple and easy to 
use as possible. Eight studies pointed out that simplifying 
the interface design and making the application as simple 
as possible are very important.

Seven studies suggested that an important issue in 
implementation is the challenge of personalization, that 
is, tailoring an application to the personal data of each 
participant. [S30] proposed an automatic generation of 
a personalized challenge method. Although automation 
has always been the goal, it is not easy to build different 
automation methods according to different situations.

The accuracy and reliability of information and feed-
back information are also among the most important 
difficulties. [S1] pointed out that it is very important to 
provide correct feedback to the driver, as gamification 
could otherwise have a negative impact on driving. [S20] 
pointed out that providing correct information can ena-
ble users to evaluate their own behaviour and can effec-
tively motivate them to engage in the expected behaviour. 
[S17] pointed out that the provision of information 
should avoid numbers because users prefer graphical and 
visual information.

Six studies pointed out that the experimental time 
was limited and the observation time was too short. 
Four studies on driver behavioural improve noted that 

Table 11 Research methods

Research method Number Studies

Case study 5 [S5], [S10], [S13], [S21], [S25]

Experiment 14 [S1], [S3], [S4], [S6], [S7], [S8], 
[S15], [S17], [S23], [S24], 
[S30], [S26], [S27], [S28]

Survey 13 [S2], [S3], [S6], [S8], [S9], 
[S11], [S13], [S14], [S16], 
[S17], [S19], [S22], [S27]

Table 12 Challenges and difficulties in implementing gamification

Challenges and difficulties Number Studies

Fascinating design 10 [S7], [S12], [S17], [S21], [S22], [S24], [S25], [S30], [S28], [S29]

Recruiting and retaining users 10 [S2], [S4], [S5], [S14], [S15], [S16], [S30], [S26], [S27], [S28]

Effectively motivating users 8 [S1], [S3], [S6], [S17], [S18], [S21], [S30], [S29]

Interface design 8 [S1], [S2], [S4], [S7], [S8], [S14], [S23], [S26]

Personalization level 7 [S3], [S10], [S12], [S17], [S25], [S30], [S27]

Accuracy and reliability of information and feedback 7 [S1], [S3], [S7], [S12], [S17], [S19], [S20]

Limited experimental time 6 [S4], [S5], [S15], [S30], [S27], [S28]

Reducing interruptions and distractions 4 [S1], [S7], [S8], [S11]

Privacy issues 3 [S3], [S9], [S16]

Data collection 2 [S7], [S16]

Avoiding high cognitive load 2 [S1], [S8]

Difficulty of challenge should be appropriate 2 [S2], [S4]

Classifying players 2 [S10], [S26]

Integrating data and gamification 1 [S24]
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reducing interruptions and distractions is a problem. [S1] 
and [S11] pointed out that gamification should produce 
as little disturbance as possible to avoid distracting the 
driver. [S7] pointed out that the trade-off between envi-
ronmental information and driver distraction should 
be considered to avoid excessive dispersion of vision, 
and the form of sound should be considered. [S8] com-
mented that attention should be paid to the position of 
the screen, which may affect visual attention. Two studies 
on driver behavioural improve also noted that high cog-
nitive load should be avoided.

Three studies mentioned privacy issues. Two studies 
pointed out the problem of data collection. [S7] noted 
that the data were self-reported by participants, which 
was not objective enough. It is necessary to collect objec-
tive data, such as physiological and driving performance 
information. [S16] commented that carefully tracking 
people’s travel and conducting an in-depth investigation 
of their attitudes and behaviours are arduous tasks.

Finally, it is also a challenge to categorize players. [S10] 
pointed out that attention should be paid to the classifica-
tion of players, which must be weighted and standardized 
in various categories. Integrating data with gamification 
is also a major challenge.

Therefore, based on the results summarized in 
Table 13, we re-examine RQ5 and conclude that there are 
still many difficulties and challenges in the implementa-
tion of gamification. The results of this study can provide 
a reference for other gamification studies.

5  Discussion and suggestions
Although this research carried out systematic mapping 
on the use of gamification in the field of transportation, 
providing insights for research and practice, there are 
still many gaps in this research field. For researchers, this 
study provides a complete list of the most important fac-
tors in the field of gamification systems and transporta-
tion and provides complete and concise summary of 
challenges that can support future research on this topic.

In the field of transportation, in addition to the most 
common gamification elements used, it is worth noting 
rewards, social participation, rapid feedback and per-
sonalization. Most participants are initially attracted by 
rewards, which can stimulate their internal and external 
motivation and help them maintain participation for the 
long term. The participants’ motivation is not always per-
sonal; it may come from the sense of belonging or group 
achievement of the community [75], so we should pay 
attention to social participation. Moreover, interaction 
among participants can enable them to achieve sustain-
able long-term participation. Rapid feedback can help 
participants quickly understand their level and imme-
diately promote further participation. We found that 

personalized research has a positive impact on behav-
ioural change. Personalized research may provide cus-
tomized and exclusive challenge tasks for participants, 
help them perform the tasks, and stimulate their intrinsic 
motivation [8]. Next, it mainly discusses and gives sug-
gestions on how to implement gamification and get the 
desired effect on the three research topics of improving 
driving behaviour, changing travel behaviour and encour-
aging bicycle commuting.

5.1  Improving driving behaviour
Driving style directly affects the fuel consumption of 
the vehicle. Drivers that drive without exceeding the 
speed limit, decelerate/accelerate smoothly, change gears 
appropriately and maintain a relatively constant speed, 
representing an efficient driving mode, can save up to 
25% of fuel, reduce greenhouse gas emissions, improve 
comfort and reduce the risk and severity of accidents.

Therefore, improving driving skills is a promising way 
to explore gamification driving. It can maintain a sense 
of challenge by providing different gamified themes and 
various difficulty levels, competing with other users or 
proposing new driving challenges. Driving challenges can 
be designed around driving smoothly to maximize pas-
senger comfort, solving the mileage anxiety of electric 
vehicles around efficient driving, improving the situa-
tional awareness of semiautomatic driving or maintaining 
the skills of drivers because vehicle automation may have 
adverse effects.

When testing gamified themes, we recommend evalu-
ating user preferences to establish potential matches and 
mismatches. Gamification elements can be applied with 
various themes, so custom personalized themes may be 
an option.

Gamified driving can be activated by certain elements 
in the road environment. For example, a speed sign or a 
set of traffic lights can activate a gamified driving task. 
These interventions can add additional participation 
based on a continuous feedback cycle.

When the vehicle is not moving, driving challenges or 
feedback can be displayed before or after driving. For 
example, ask about a challenge at the beginning of driv-
ing ("try to use less than x fuel when driving to work 
today"), and the challenge mainly occurs on the road. 
Detailed feedback can be provided after the trip, and 
leaderboards or similar statistics can be displayed so that 
users can evaluate their behaviour and raise their aware-
ness of possible negative effects.

To avoid excessive visual dispersion during driver 
challenges, a trade-off should be made between pro-
viding environmental information and driver distrac-
tion. Information should be nonintrusive and can be 
achieved through abstract information visualization, 
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which skillfully conveys information through simple col-
our, brightness or sound. For example, environmental red 
may reflect speeding violations, which can reduce cogni-
tive load.

Drivers themselves can be a source of social enter-
tainment. The application may target other road users 
to reward achievements, allow social expression, allow 
accidental encounters or promote a shared road travel 
experience. Users who drive gamification can com-
pete with each other and compare their progress on the 
leaderboard.

5.2  Changing travel behaviour
The main objective of many cities and transport authori-
ties is not only to operate effective public transport ser-
vices and effectively manage transport infrastructure but 
also, more strategically, encourage millions of their users 
to travel more effectively and sustainably in cities. More 
specific goals are usually to reduce the use of private cars 
in cities and to promote greater absorption of public 
transport use and human powered travel, such as walk-
ing or cycling, by providing appropriate incentives for 
travellers. An effective incentive measure is to encourage 
individual travellers to change their travel behaviour to 
achieve the overall goal, that is, to reduce the use of cars 
during peak commuting hours, protect the environment 
and promote people’s well-being by reducing air pollu-
tion emissions.

Changing people’s travel behaviour can be a difficult 
task, especially when there are many factors affecting 
people’s behaviour. Therefore, we should consider the 
combination of the four stages of change and gamifica-
tion to promote changes in people’s travel behaviour. The 
first stage is the pre-consideration stage, in which users 
have no motivation to reduce car use and do not intend 
to take any action to change their daily travel mode. 
Gamification applications track the mobility data of users 
and provide users with automatic feedback on each route 
they travel, including distance, time, energy consumption 
and carbon dioxide emissions. In the second stage, the 
thinking stage, the above feedback is expected to improve 
users’ understanding of the advantages and disadvantages 
of changing their behaviour to encourage them to estab-
lish the intention of change in the near future. By always 
choosing the feasible alternative route with the lowest 
CO2 emissions on the route, we summarize how they 
move to stimulate their feedback, that is, the available 
low-carbon alternative route for any system route they 
take and its overall "transformation potential". The third 
stage, the preparation stage, encourages users to set their 
own personalized goals and challenges and urges them 
to move forward freely according to their own pace and 
direction to achieve their own reform goals. The fourth 

stage, the operation and maintenance stage, helps users 
achieve their goals and encourages them to put sustain-
able travel modes into practice. Effective points, rewards 
and badges will drive users to implement their action 
plans. Note that monetary incentives are more likely to 
promote car sharing, park and ride, rather than mon-
etary incentives, are more likely to promote alternatives 
related to public transport. The level of reward will affect 
individual behaviour changes. For example, with age, the 
higher the reward is, the stronger the behavioural change 
towards promoting sustainable travel patterns [16].

Social participation and peer influence can be used to 
change people’s travel behaviour. Therefore, social net-
works and leaderboards can encourage sharing, com-
parisons and competition with others, which is usually 
considered to be an effective way to increase the driving 
force of change. Social networks seem to be a very useful 
medium for people to exchange skills and experiences.

It is suggested that future gamification applications 
should better follow the process of behaviour change by 
publishing application functions in stages.

5.3  Encouraging bicycle commuting
Cycling gamification applications aimed at promoting 
cycling among urban residents are encouraged. They 
focus on promoting and motivating self-regulated behav-
iour change by providing a variety of planning tools, 
feedback, rewards and experience sharing. Their main 
functions include bicycle route planning and route track-
ing linked to badges, challenges and rewards and com-
munity experience sharing systems. Commuting to work 
(or school) every day is the main choice of this interven-
tion. This can not only improve people’s health but also 
improve the liveability of cities by reducing car use and 
ownership.

It is suggested to provide in kind rewards and a small 
amount of money to promote cycling. The study found 
that by linking online stores with physical rewards, peo-
ple may be more interested in physical rewards than 
monetary rewards because physical rewards may make 
users feel more enjoyable and make users more satisfied 
[37, 70]. Some studies have also found that providing a 
small amount of money as a reward for users who ride 
bicycles to work (or school) every day can effectively 
encourage people to significantly increase the frequency 
of cycling [S27]. Although rewards can maintain the 
change of behaviour throughout the activity process, it is 
still an unknown question whether this change can con-
tinue in the long run [10].

Adopting the gamification elements of social partici-
pation is suggested. The study found that in urban envi-
ronments, cyclists are less willing to compete and more 
willing to participate or interact. Gamification designers 
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should create narrative links, a sense of community 
belonging, and a desire to participate in policy-making or 
have a better city, and motivation should be linked to the 
feelings of play, entertainment, comfort, well-being, free-
dom, social and interpersonal communication related to 
cycling.

Gamification elements of the goals are not recom-
mended. Current bicycle promotion applications usu-
ally reward users by directly calculating the mileage of 
users riding bicycles. The use of goals elements often 
encourages people to make redundant trips to obtain 
more rewards, which goes against the original intention 
of bicycles as an alternative means of transportation for 
cars. Some studies have also found that setting specific 
goals for long-term projects may not be conducive to 
user participation because users will launch them imme-
diately after completing the goals [32].

It is worth noting that some studies, especially those 
related to cycling promotion, are missing in the retrieval 
because they do not use the term gamification but use 
reward or incentive strategies in gamification. For exam-
ple, Huang et al. [38] used mobile phone app to provide 
monthly cycling-related challenges for more than 6000 
travellers in the Dutch region of Twente, and provided 
incentives such as point rewards and feedback informa-
tion. This study analysed the travel behaviour tracked by 
mobile phone app in a real environment for more than 
a year and explored the impact of positive incentives on 
short-term and long-term travel behaviour changes. The 
results show that the challenge does encourage cycling 
and reduce car use in the short term. There is also some 
evidence that these interventions are effective for some 
long-term behaviour changes. However, due to the small 
sample size, it is impossible to draw a clear conclusion. 
At the same time, the paper lists mobile application pro-
jects and research examples that encourage voluntary 
travel behaviour change. The paper by de Kruijf et  al. 
[25] reported the impact of the e-cycling incentive pro-
gram in the province of North-Brabant, the Netherlands, 
on travel satisfaction. The program provides a small 
amount of monetary incentives for e-cycling participants 
per kilometre, aiming to stimulate car commuters to use 
e-cycling in their daily commuting. Through a longitudi-
nal design, this study observed changes in travel behav-
iour and satisfaction. The study found that e-cycling 
travel satisfaction remained at a high level for up to six 
months, especially for people who often use e-cycling to 
work. After one month and six months, travel satisfac-
tion greatly improved.

6  Conclusion and future work
The purpose of this paper is to report the results of sys-
tematic literature mapping on the use of gamification 
applications in transportation. To achieve this goal, the 
research scope of this study includes the evolution of the 
number of publications on this topic, what gamification 
elements have been adopted, which research topics of 
transportation adopt gamification, how does gamification 
change traffic behavior to achieve sustainability, what 
research methods have been used and what are the diffi-
culties and challenges in implementation. The conclusion 
paper is based on the analysis of 30 selected studies.

Based on these views, we note that the use of gamifica-
tion in transportation is an emerging field. More impor-
tantly, we note that there is no strong empirical evidence, 
so there are many investigation gaps.

In the analysis of the adoption of gamification ele-
ments, as expected, goals/challenges and points are most 
commonly used. The second most commonly used ele-
ments are rewards, ranking and social participation. 
Gamification is used mainly to change the behaviour 
of travellers and drivers. The changes brought about by 
the use of gamification are changing travel behaviour, 
encouraging safe driving, reducing carbon dioxide emis-
sions, reducing energy consumption and increasing the 
enjoyment of participation.

The most popular research types are evaluation 
research and solution proposals, which indicate that 
research in this field is still in the early stage of explora-
tion. In terms of research methods, most of the studies 
adopted experimental and survey methods.

Although gamification has recently become a popular 
topic, some studies have pointed out the difficulties and 
challenges in its implementation. The main challenges 
are introducing a winning design, recruiting and retain-
ing enough users, motivating users effectively, and creat-
ing an attractive interface design.

Our future research will focus on implementing a sys-
tematic literature review (SLR), which will provide an in-
depth analysis of all recently published studies on the use 
of gamification to change travelers’ behaviour in the field 
of transportation to achieve sustainability.

Acknowledgements
I wish to thank the anonymous reviewers of this paper.

Author contributions
All authors have contributed to the creation of this manuscript for important 
intellectual content and read and approved the final manuscript.



Page 17 of 19Wang et al. European Transport Research Review           (2022) 14:41  

Funding
This work was supported by a project (No.71871143) funded by National 
Natural Science Foundation of China, and a project (No.15SG41) funded by 
Education Committee of Shanghai Municipality.

Declarations

Availability of data and materials
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 1 November 2021   Accepted: 7 September 2022

References
 1. Adornes, G. S., & Muniz, R. J. (2019). Collaborative technology and motiva-

tions: Utilization, value and gamification. Innovation & Management 
Review, 16(3), 280–294. https:// doi. org/ 10. 1108/ inmr- 04- 2019- 0056

 2. Alhammad, M. M., & Moreno, A. M. (2020). Challenges of gamification in 
software process improvement. Journal of Software-Evolution and Process. 
https:// doi. org/ 10. 1002/ smr. 2231

 3. Ambrey, C. L., & Yen, B. T. H. (2018). How perceptions influence young 
drivers’ intentions to participate in gamified schemes. Transportation 
Research Part F-Traffic Psychology and Behaviour, 58, 708–718. https:// doi. 
org/ 10. 1016/j. trf. 2018. 06. 047

 4. Andersson, A., Hiselius, L. W., & Adell, E. (2018). Promoting sustainable 
travel behaviour through the use of smartphone applications: A review 
and development of a conceptual model. Travel Behaviour and Society, 11, 
52–61. https:// doi. org/ 10. 1016/j. tbs. 2017. 12. 008

 5. Aparicio, M., Costa, C. J., & Moises, R. (2021). Gamification and reputa-
tion: key determinants of e-commerce usage and repurchase intention. 
Heliyon. https:// doi. org/ 10. 1016/j. heliy on. 2021. e06383

 6. Arnab, S., Lewis, M., Bogliolo, A., Klopfenstein, L. C., Delpriori, S., & Clarke, 
S. (2019). Player Interaction with Procedurally Generated Game Play from 
Crowd-Sourced data. Paper presented at the Extended Abstracts of the 
Annual Symposium on Computer-Human Interaction in Play Companion 
Extended Abstracts, Barcelona, Spain. https:// doi. org/ 10. 1145/ 33412 15. 
33562 57

 7. Baptista, G., & Oliveira, T. (2019). Gamification and serious games: A litera-
ture meta-analysis and integrative model. Computers in Human Behavior, 
92, 306–315. https:// doi. org/ 10. 1016/j. chb. 2018. 11. 030

 8. Basiri, A., Amirian, P., & Mooney, P. (2016). Using crowdsourced trajectories 
for automated OSM data entry approach. Sensors, 16(9), 1510. https:// doi. 
org/ 10. 3390/ s1609 1510

 9. Behl, A., Sheorey, P., Pal, A., Veetil, A. K. V., & Singh, S. R. (2020). Gamifica-
tion in E- commerce: A comprehensive review of literature. Journal of 
Electronic Commerce in Organizations, 18(2), 1–16. https:// doi. org/ 10. 4018/ 
jeco. 20200 40101

 10. Ben-Elia, E., & Ettema, D. (2011). Changing commuters’ behavior using 
rewards: A study of rush-hour avoidance. Transportation Research Part 
F-Traffic Psychology and Behaviour, 14(5), 354–368. https:// doi. org/ 10. 
1016/j. trf. 2011. 04. 003

 11. Bernik, A. (2021). Gamification framework for E-learning systems in higher 
education. Tehnicki Glasnik-Technical Journal, 15(2), 184–190. https:// doi. 
org/ 10. 31803/ tg- 20201 00809 0615

 12. Bonde, M. T., Makransky, G., Wandall, J., Larsen, M. V., Morsing, M., Jarmer, 
H., et al. (2014). Improving biotech education through gamified labora-
tory simulations. Nature Biotechnology, 32(7), 694–697. https:// doi. org/ 10. 
1038/ nbt. 2955

 13. Brito, J., Vieira, V., & Duran, A. (2015). Towards a framework for gamification 
design on crowdsourcing systems: The G.A.M.E. approach. In Paper pre-
sented at the 2015 12th International Conference on Information Technology 
- New Generations. https:// doi. org/ 10. 1109/ ITNG. 2015. 78

 14. Caceres, P., Cuesta, C. E., Vela, B., Cavero, J. M., & Sierra, A. (2020). Smart 
data at play: Improving accessibility in the urban transport system. 

Behaviour & Information Technology, 39(6), 681–694. https:// doi. org/ 10. 
1080/ 01449 29x. 2019. 16528 52

 15. Cardoso, B., Ribeiro, M., Prandi, C., & Nunes, N. (2019). When gamification 
meets sustainability: A pervasive approach to foster sustainable mobility 
in Madeira. In Paper presented at the Proceedings of the 1st ACM Workshop 
on Emerging Smart Technologies and Infrastructures for Smart Mobility and 
Sustainability, Los Cabos, Mexico. https:// doi. org/ 10. 1145/ 33496 22. 33554 
49

 16. Caroleo, B., Morelli, N., Lissandrello, E., Vesco, A., Di Dio, S., & Mauro, S. 
(2019). Measuring the change towards more sustainable mobility: MUV 
impact evaluation approach. Systems, 7(2), 30. https:// doi. org/ 10. 3390/ 
syste ms702 0030

 17. Castellanos, S. (2016). Delivering modal-shift incentives by using gami-
fication and smartphones: A field study example in Bogota, Colombia. 
Case Studies on Transport Policy, 4(4), 269–278. https:// doi. org/ 10. 1016/j. 
cstp. 2016. 08. 008

 18. Cechetti, N. P., Bellei, E. A., Biduski, D., Mazuco Rodriguez, J. P., Roman, M. 
K., & Bertoletti De Marchi, A. C. (2019). Developing and implementing a 
gamification method to improve user engagement: A case study with 
an m-Health application for hypertension monitoring. Telematics and 
Informatics, 41, 126–138. https:// doi. org/ 10. 1016/j. tele. 2019. 04. 007

 19. Cellina, F., Bucher, D., Mangili, F., Simao, J. V., Rudel, R., & Raubal, M. (2019). 
A large scale, app-based behaviour change experiment persuading 
sustainable mobility patterns: Methods, results and lessons learnt. Sus-
tainability, 11(9), 2674. https:// doi. org/ 10. 3390/ su110 92674

 20. Cellina, F., Bucher, D., Simao, J. V., Rudel, R., & Raubal, M. (2019). Beyond 
limitations of current behaviour change apps for sustainable mobility: 
Insights from a user-centered design and evaluation process. Sustainabil-
ity, 11(8), 2281. https:// doi. org/ 10. 3390/ su110 82281

 21. Chen, C., Li, C., Reniers, G., & Yang, F. (2021). Safety and security of oil and 
gas pipeline transportation: A systematic analysis of research trends and 
future needs using WoS. Journal of Cleaner Production. https:// doi. org/ 10. 
1016/j. jclep ro. 2020. 123583

 22. Christy, K. R., & Fox, J. (2014). Leaderboards in a virtual classroom: A test of 
stereotype threat and social comparison explanations for women’s math 
performance. Computers & Education, 78, 66–77. https:// doi. org/ 10. 1016/j. 
compe du. 2014. 05. 005

 23. Dalponte Ayastuy, M., Torres, D., & Fernandez, A. (2021). Adaptive gamifi-
cation in Collaborative systems, a systematic mapping study. Computer 
Science Review. https:// doi. org/ 10. 1016/j. cosrev. 2020. 100333

 24. de Marcos, L., Dominguez, A., Saenz-de-Navarrete, J., & Pages, C. (2014). 
An empirical study comparing gamification and social networking on 
e-learning. Computers & Education, 75, 82–91. https:// doi. org/ 10. 1016/j. 
compe du. 2014. 01. 012

 25. de Kruijf, J., Ettema, D., & Dijst, M. (2019). A longitudinal evaluation of 
satisfaction with e-cycling in daily commuting in the Netherlands. Travel 
Behaviour and Society, 16, 192–200. https:// doi. org/ 10. 1016/j. tbs. 2018. 04. 
003

 26. Dicheva, D., Dichev, C., Agre, G., & Angelova, G. (2015). Gamification in 
education: A systematic mapping study. Educational Technology & Society, 
18(3), 75–88.

 27. Dominguez, A., Saenz-de-Navarrete, J., & de-Marcos, L., Fernandez-Sanz, 
L., Pages, C., & Martinez-Herraiz, J.-J. (2013). Gamifying learning experi-
ences: Practical implications and outcomes. Computers & Education, 63, 
380–392. https:// doi. org/ 10. 1016/j. compe du. 2012. 12. 020

 28. Dorcec, L., Pevec, D., Vdovic, H., Babic, J., & Podobnik, V. (2019). How 
do people value electric vehicle charging service? A gamified survey 
approach. Journal of Cleaner Production, 210, 887–897. https:// doi. org/ 10. 
1016/j. jclep ro. 2018. 11. 032

 29. Ferreira, J. C., Martins, A. L., Gonçalves, F., & Maia, R. (2019). A Blockchain 
and Gamification Approach for Smart Parking. Paper presented at the 
Intelligent Transport Systems, From Research and Development to the Market 
Uptake, Cham. https:// doi. org/ 10. 1007/ 978-3- 030- 14757-0_1

 30. Garett, R., & Young, S. D. (2019). Health care gamification: A study of game 
mechanics and elements. Technology Knowledge and Learning, 24(3), 
341–353. https:// doi. org/ 10. 1007/ s10758- 018- 9353-4

 31. Grajales, D. F. P., Degbelo, A., & Gould, M. (2020). Collaboration or competi-
tion: The impact of incentive types on urban cycling. International Journal 
of Sustainable Transportation, 14(10), 761–776. https:// doi. org/ 10. 1080/ 
15568 318. 2019. 16276 19

https://doi.org/10.1108/inmr-04-2019-0056
https://doi.org/10.1002/smr.2231
https://doi.org/10.1016/j.trf.2018.06.047
https://doi.org/10.1016/j.trf.2018.06.047
https://doi.org/10.1016/j.tbs.2017.12.008
https://doi.org/10.1016/j.heliyon.2021.e06383
https://doi.org/10.1145/3341215.3356257
https://doi.org/10.1145/3341215.3356257
https://doi.org/10.1016/j.chb.2018.11.030
https://doi.org/10.3390/s16091510
https://doi.org/10.3390/s16091510
https://doi.org/10.4018/jeco.2020040101
https://doi.org/10.4018/jeco.2020040101
https://doi.org/10.1016/j.trf.2011.04.003
https://doi.org/10.1016/j.trf.2011.04.003
https://doi.org/10.31803/tg-20201008090615
https://doi.org/10.31803/tg-20201008090615
https://doi.org/10.1038/nbt.2955
https://doi.org/10.1038/nbt.2955
https://doi.org/10.1109/ITNG.2015.78
https://doi.org/10.1080/0144929x.2019.1652852
https://doi.org/10.1080/0144929x.2019.1652852
https://doi.org/10.1145/3349622.3355449
https://doi.org/10.1145/3349622.3355449
https://doi.org/10.3390/systems7020030
https://doi.org/10.3390/systems7020030
https://doi.org/10.1016/j.cstp.2016.08.008
https://doi.org/10.1016/j.cstp.2016.08.008
https://doi.org/10.1016/j.tele.2019.04.007
https://doi.org/10.3390/su11092674
https://doi.org/10.3390/su11082281
https://doi.org/10.1016/j.jclepro.2020.123583
https://doi.org/10.1016/j.jclepro.2020.123583
https://doi.org/10.1016/j.compedu.2014.05.005
https://doi.org/10.1016/j.compedu.2014.05.005
https://doi.org/10.1016/j.cosrev.2020.100333
https://doi.org/10.1016/j.compedu.2014.01.012
https://doi.org/10.1016/j.compedu.2014.01.012
https://doi.org/10.1016/j.tbs.2018.04.003
https://doi.org/10.1016/j.tbs.2018.04.003
https://doi.org/10.1016/j.compedu.2012.12.020
https://doi.org/10.1016/j.jclepro.2018.11.032
https://doi.org/10.1016/j.jclepro.2018.11.032
https://doi.org/10.1007/978-3-030-14757-0_1
https://doi.org/10.1007/s10758-018-9353-4
https://doi.org/10.1080/15568318.2019.1627619
https://doi.org/10.1080/15568318.2019.1627619


Page 18 of 19Wang et al. European Transport Research Review           (2022) 14:41 

 32. Habibipour, A., Bergvall-Kareborn, B., Stahlbrost, A., & Assoc Informat, S. 
(2016). How to sustain user engagement over time: A research agenda. 
In Paper presented at the 22nd Americas Conference on Information Systems 
(AMCIS), San Diego, CA.

 33. Hamari, J., Koivisto, J., & Sarsa, H. (2014). Does gamification work? A litera-
ture review of empirical studies on gamification. In Paper presented at the 
2014 47th Hawaii International Conference on System Sciences. https:// doi. 
org/ 10. 1109/ HICSS. 2014. 377

 34. Hassan, L., & Hamari, J. (2020). Gameful civic engagement: A review of 
the literature on gamification of e-participation. Government Information 
Quarterly, 37(3), 101461. https:// doi. org/ 10. 1016/j. giq. 2020. 101461

 35. Hiraoka, T., Wang, T. W., & Kawakami, H. (2016). Cognitive function training 
system using game-based design for elderly drivers. Ifac Papersonline, 
49(19), 579–584. https:// doi. org/ 10. 1016/j. ifacol. 2016. 10. 613

 36. Hopia, H., & Raitio, K. (2016). Gamification in healthcare: Perspectives of 
mental health service users and health professionals. Issues in Mental 
Health Nursing, 37(12), 894–902. https:// doi. org/ 10. 1080/ 01612 840. 2016. 
12335 95

 37. Huang, B. Y., Fioreze, T., Thomas, T., & Van Berkum, E. (2018). Multino-
mial logit analysis of the effects of five different app-based incentives 
to encourage cycling to work. Iet Intelligent Transport Systems, 12(10), 
1421–1432. https:// doi. org/ 10. 1049/ iet- its. 2018. 5338

 38. Huang, B. Y., Thomas, T., Groenewolt, B., Claasen, Y., & van Berkum, E. 
(2021). Effectiveness of incentives offered by mobile phone app to 
encourage cycling: A long-term study. Iet Intelligent Transport Systems, 
15(3), 406–422. https:// doi. org/ 10. 1049/ itr2. 12034

 39. Huotari, K., & Hamari, J. (2017). A definition for gamification: Anchoring 
gamification in the service marketing literature. Electronic Markets, 27(1), 
21–31. https:// doi. org/ 10. 1007/ s12525- 015- 0212-z

 40. Kasurinen, J., & Knutas, A. (2018). Publication trends in gamification: A 
systematic mapping study. Computer Science Review, 27, 33–44. https:// 
doi. org/ 10. 1016/j. cosrev. 2017. 10. 003

 41. Khakpour, A., & Colomo-Palacios, R. (2021). Convergence of gamifica-
tion and machine learning: A systematic literature review. Technology, 
Knowledge and Learning, 26(3), 597–636. https:// doi. org/ 10. 1007/ 
s10758- 020- 09456-4

 42. Khoshkangini, R., Valetto, G., Marconi, A., & Pistore, M. (2021). Automatic 
generation and recommendation of personalized challenges for gami-
fication. User Modeling and User-Adapted Interaction, 31(1), 1–34. https:// 
doi. org/ 10. 1007/ s11257- 019- 09255-2

 43. Kitchenham, B., & Brereton, P. (2013). A systematic review of systematic 
review process research in software engineering. Information and Soft-
ware Technology, 55(12), 2049–2075. https:// doi. org/ 10. 1016/j. infsof. 2013. 
07. 010

 44. Klock, A. C. T., Gasparini, I., Pimenta, M. S., & Hamari, J. (2020). Tailored 
gamification: A review of literature. International Journal of Human-Com-
puter Studies, 144, 102495. https:// doi. org/ 10. 1016/j. ijhcs. 2020. 102495

 45. Koivisto, J., & Hamari, J. (2019). The rise of motivational information sys-
tems: A review of gamification research. International Journal of Informa-
tion Management, 45, 191–210. https:// doi. org/ 10. 1016/j. ijinf omgt. 2018. 
10. 013

 46. Kolpondinos, M. Z., & Glinz, M. (2020). GARUSO: A gamification approach 
for involving stakeholders outside organizational reach in requirements 
engineering. Requirements Engineering, 25(2), 185–212. https:// doi. org/ 10. 
1007/ s00766- 019- 00314-z

 47. Larson, K. (2020). Serious games and gamification in the corporate train-
ing environment: A literature review. TechTrends, 64(2), 319–328. https:// 
doi. org/ 10. 1007/ s11528- 019- 00446-7

 48. Lopez-Belmonte, J., Elena Parra-Gonzalez, M., Segura-Robles, A., & Pozo-
Sanchez, S. (2020). Scientific mapping of gamification in Web of Science. 
European Journal of Investigation in Health Psychology and Education, 10(3), 
832–847. https:// doi. org/ 10. 3390/ ejihp e1003 0060

 49. Maca, V., Scasny, M., Zverinova, I., Jakob, M., & Hrncir, J. (2020). Incentiviz-
ing commuter cycling by financial and non-financial rewards. Interna-
tional Journal of Environmental Research and Public Health, 17(17), 6033. 
https:// doi. org/ 10. 3390/ ijerp h1717 6033

 50. Magana, V. C., & Munoz-Organero, M. (2015). GAFU: Using a gamification 
tool to save fuel. IEEE Intelligent Transportation Systems Magazine, 7(2), 
58–70. https:// doi. org/ 10. 1109/ mits. 2015. 24081 52

 51. Marcucci, E., Gatta, V., & Le Pira, M. (2018). Gamification design to 
foster stakeholder engagement and behavior change: An application 

to urban freight transport. Transportation Research Part a-Policy and 
Practice, 118, 119–132. https:// doi. org/ 10. 1016/j. tra. 2018. 08. 028

 52. Martins, A. L., Ferreira, J. C., & Maia, R. (2019). Collaborative gamified 
approach for transportation. Paper presented at the Intelligent Transport 
Systems, From Research and Development to the Market Uptake, Cham. 
https:// doi. org/ 10. 1007/ 978-3- 030- 14757-0_3

 53. Meder, M., Plumbaum, T., Raczkowski, A., Jain, B., & Albayrak, S. (2018). 
Gamification in E-commerce: Tangible vs. intangible rewards. In Paper 
presented at the Proceedings of the 22nd International Academic Mindtrek 
Conference, Tampere, Finland. https:// doi. org/ 10. 1145/ 32751 16. 32751 
26

 54. Millonig, A., Wunsch, M., Stibe, A., Seer, S., Dai, C., Schechtner, K., et al. 
(2016). Gamification and social dynamics behind corporate cycling 
campaigns. Transportation Research Procedia, 19, 33–39. https:// doi. org/ 
10. 1016/j. trpro. 2016. 12. 065

 55. Morschheuser, B., Hassan, L., Werder, K., & Hamari, J. (2018). How to 
design gamification? A method for engineering gamified software. 
Information and Software Technology, 95, 219–237. https:// doi. org/ 10. 
1016/j. infsof. 2017. 10. 015

 56. Munoz, M., Perez Negron, A. P., Mejia, J., Piedad Gasca-Hurtado, G., 
Clara Gomez-Alvarez, M., & Hernandez, L. (2019). Applying gamification 
elements to build teams for software development. IET Software, 13(2), 
99–105. https:// doi. org/ 10. 1049/ iet- sen. 2018. 5088

 57. Murillo-Zamorano, L. R., Lopez Sanchez, J. A., Godoy-Caballero, A. 
L., & Bueno Munoz, C. (2021). Gamification and active learning in 
higher education: is it possible to match digital society, academia and 
students’ interests? International Journal of Educational Technology in 
Higher Education. https:// doi. org/ 10. 1186/ s41239- 021- 00249-y

 58. Noorbehbahani, F., Salehi, F., & Zadeh, R. J. (2019). A systematic map-
ping study on gamification applied to e-marketing. Journal of Research 
in Interactive Marketing, 13(3), 392–410. https:// doi. org/ 10. 1108/ 
jrim- 08- 2018- 0103

 59. Nousias, S., Tsehos, C., Bitzas, D., Amaxilatis, D., Montesa, J., Lalos, A. S., 
et al. (2019). Exploiting gamification to improve eco-driving behaviour: 
The GamECAR approach. Electronic Notes in Theoretical Computer Sci-
ence, 343, 103–116. https:// doi. org/ 10. 1016/j. entcs. 2019. 04. 013

 60. Olszewski, R., Palka, P., & Turek, A. (2018). Solving “Smart City” transport 
problems by designing carpooling gamification schemes with multi-
agent systems: The case of the so-called “Mordor of Warsaw.” Sensors, 
18(1), 141. https:// doi. org/ 10. 3390/ s1801 0141

 61. Ozcinar, Z., Zakirova, V. G., Kurbanov, R. A., & Belyalova, A. M. (2019). 
Analysis of the documents published in the Web of Science database 
on teachers’ gamification method: A content analysis. International 
Journal of Emerging Technologies in Learning, 14(22), 82–94. https:// doi. 
org/ 10. 3991/ ijet. v14i22. 11741

 62. Paim, C. A., & Barbosa, J. L. V. (2016). Octopus: A gamification model to 
aid in ubiquitous care of chronic diseases. Ieee Latin America Transac-
tions, 14(4), 1948–1958. https:// doi. org/ 10. 1109/ tla. 2016. 74835 39

 63. Pajarito, D., & Gould, M. (2017). Smart mobility, the role of mobile 
games. Paper presented at the Serious Games, Cham. https:// doi. org/ 10. 
1007/ 978-3- 319- 70111-0_5

 64. Pare, G., Trudel, M.-C., Jaana, M., & Kitsiou, S. (2015). Synthesizing infor-
mation systems knowledge: A typology of literature reviews. Informa-
tion & Management, 52(2), 183–199. https:// doi. org/ 10. 1016/j. im. 2014. 
08. 008

 65. Petersen, K., Vakkalanka, S., & Kuzniarz, L. (2015). Guidelines for conduct-
ing systematic mapping studies in software engineering: An update. 
Information and Software Technology, 64, 1–18. https:// doi. org/ 10. 1016/j. 
infsof. 2015. 03. 007

 66. Piras, L., Giorgini, P., & Mylopoulos, J. (2016). Acceptance requirements 
and their gamification solutions. In Paper presented at the 2016 IEEE 24th 
International Requirements Engineering Conference (RE). https:// doi. org/ 10. 
1109/ RE. 2016. 43

 67. Poslad, S., Ma, A., Wang, Z. C., & Mei, H. B. (2015). Using a smart city IoT 
to incentivise and target shifts in mobility behaviour-is it a piece of pie? 
Sensors, 15(6), 13069–13096. https:// doi. org/ 10. 3390/ s1506 13069

 68. Ren, W., Barrett, S., & Das, S. (2020). Toward gamification to software 
engineering and contribution of software engineer. In Paper presented at 
the Proceedings of the 2020 4th International Conference on Management 
Engineering, Software Engineering and Service Sciences, Wuhan, China. 
https:// doi. org/ 10. 1145/ 33806 25. 33806 28

https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1016/j.giq.2020.101461
https://doi.org/10.1016/j.ifacol.2016.10.613
https://doi.org/10.1080/01612840.2016.1233595
https://doi.org/10.1080/01612840.2016.1233595
https://doi.org/10.1049/iet-its.2018.5338
https://doi.org/10.1049/itr2.12034
https://doi.org/10.1007/s12525-015-0212-z
https://doi.org/10.1016/j.cosrev.2017.10.003
https://doi.org/10.1016/j.cosrev.2017.10.003
https://doi.org/10.1007/s10758-020-09456-4
https://doi.org/10.1007/s10758-020-09456-4
https://doi.org/10.1007/s11257-019-09255-2
https://doi.org/10.1007/s11257-019-09255-2
https://doi.org/10.1016/j.infsof.2013.07.010
https://doi.org/10.1016/j.infsof.2013.07.010
https://doi.org/10.1016/j.ijhcs.2020.102495
https://doi.org/10.1016/j.ijinfomgt.2018.10.013
https://doi.org/10.1016/j.ijinfomgt.2018.10.013
https://doi.org/10.1007/s00766-019-00314-z
https://doi.org/10.1007/s00766-019-00314-z
https://doi.org/10.1007/s11528-019-00446-7
https://doi.org/10.1007/s11528-019-00446-7
https://doi.org/10.3390/ejihpe10030060
https://doi.org/10.3390/ijerph17176033
https://doi.org/10.1109/mits.2015.2408152
https://doi.org/10.1016/j.tra.2018.08.028
https://doi.org/10.1007/978-3-030-14757-0_3
https://doi.org/10.1145/3275116.3275126
https://doi.org/10.1145/3275116.3275126
https://doi.org/10.1016/j.trpro.2016.12.065
https://doi.org/10.1016/j.trpro.2016.12.065
https://doi.org/10.1016/j.infsof.2017.10.015
https://doi.org/10.1016/j.infsof.2017.10.015
https://doi.org/10.1049/iet-sen.2018.5088
https://doi.org/10.1186/s41239-021-00249-y
https://doi.org/10.1108/jrim-08-2018-0103
https://doi.org/10.1108/jrim-08-2018-0103
https://doi.org/10.1016/j.entcs.2019.04.013
https://doi.org/10.3390/s18010141
https://doi.org/10.3991/ijet.v14i22.11741
https://doi.org/10.3991/ijet.v14i22.11741
https://doi.org/10.1109/tla.2016.7483539
https://doi.org/10.1007/978-3-319-70111-0_5
https://doi.org/10.1007/978-3-319-70111-0_5
https://doi.org/10.1016/j.im.2014.08.008
https://doi.org/10.1016/j.im.2014.08.008
https://doi.org/10.1016/j.infsof.2015.03.007
https://doi.org/10.1016/j.infsof.2015.03.007
https://doi.org/10.1109/RE.2016.43
https://doi.org/10.1109/RE.2016.43
https://doi.org/10.3390/s150613069
https://doi.org/10.1145/3380625.3380628


Page 19 of 19Wang et al. European Transport Research Review           (2022) 14:41  

 69. Rodrigues, L. F., Oliveira, A., & Rodrigues, H. (2019). Main gamification 
concepts: A systematic mapping study. Heliyon, 5(7), e01993. https:// doi. 
org/ 10. 1016/j. heliy on. 2019. e01993

 70. Shaffer, V. A., & Arkes, H. R. (2009). Preference reversals in evaluations of 
cash versus non-cash incentives. Journal of Economic Psychology, 30(6), 
859–872. https:// doi. org/ 10. 1016/j. joep. 2009. 08. 001

 71. Silva, R., Rodrigues, R., & Leal, C. (2020). Gamification in management 
education-A literature mapping. Education and Information Technologies, 
25(3), 1803–1835. https:// doi. org/ 10. 1007/ s10639- 019- 10055-9

 72. Steinberger, F., Schroeter, R., Foth, M., & Johnson, D. (2017). Designing 
gamified applications that make safe driving more engaging. In Paper 
presented at the Proceedings of the 2017 CHI Conference on Human Factors 
in Computing Systems, Denver, Colorado, USA. https:// doi. org/ 10. 1145/ 
30254 53. 30255 11

 73. Steinberger, F., Schroeter, R., & Watling, C. N. (2017). From road distrac-
tion to safe driving: Evaluating the effects of boredom and gamification 
on driving behaviour, physiological arousal, and subjective experience. 
Computers in Human Behavior, 75, 714–726. https:// doi. org/ 10. 1016/j. chb. 
2017. 06. 019

 74. Szopik-Depczyńska, K., Cheba, K., Vikhasta, M., & Depczyński, R. (2021). 
New form of innovations related to the environment—A systematic 
review. Procedia Computer Science, 192, 5039–5049. https:// doi. org/ 10. 
1016/j. procs. 2021. 09. 282

 75. te Brommelstroet, M. (2014). Sometimes you want people to make the 
right choices for the right reasons: Potential perversity and jeopardy 
of behavioural change campaigns in the mobility domain. Journal of 
Transport Geography, 39, 141–144. https:// doi. org/ 10. 1016/j. jtran geo. 2014. 
07. 001

 76. Thorpe, A. S., & Roper, S. (2019). The ethics of gamification in a marketing 
context. Journal of Business Ethics, 155(2), 597–609. https:// doi. org/ 10. 
1007/ s10551- 017- 3501-y

 77. Tripathy, A. K., Tripathy, P. K., Mohapatra, A. G., Ray, N. K., & Mohanty, S. P. 
(2020). WeDoShare: A ridesharing framework in transportation cyber-
physical system for sustainable mobility in smart cities. IEEE Consumer 
Electronics Magazine, 9(4), 41–48. https:// doi. org/ 10. 1109/ mce. 2020. 29783 
73

 78. Tsirimpa, A., Polydoropoulou, A., Pagoni, L., & Tsouros, L. (2019). A reward-
based instrument for promoting multimodality. Transportation Research 
Part F-Traffic Psychology and Behaviour, 65, 121–140. https:// doi. org/ 10. 
1016/j. trf. 2019. 07. 002

 79. Tuah, N. M., Ahmedy, F., Gani, A., & Yong, L. N. (2021). A survey on gami-
fication for health rehabilitation care: Applications, opportunities, and 
open challenges. Information, 12(2), 91. https:// doi. org/ 10. 3390/ info1 
20200 91

 80. Wang, Y., Zhang, D., Liu, Y., Dai, B., & Lee, L. H. (2019). Enhancing transpor-
tation systems via deep learning: A survey. Transportation Research Part 
C-Emerging Technologies, 99, 144–163. https:// doi. org/ 10. 1016/j. trc. 2018. 
12. 004

 81. Wanick, V., & Bui, H. (2019). Gamification in management: Analysis and 
research directions. International Journal of Serious Games, 6(2), 57–74. 
https:// doi. org/ 10. 17083/ ijsg. v6i2. 282

 82. Warmelink, H., Koivisto, J., Mayer, I., Vesa, M., & Hamari, J. (2020). Gamifica-
tion of production and logistics operations: Status quo and future direc-
tions. Journal of Business Research, 106, 331–340. https:// doi. org/ 10. 1016/j. 
jbusr es. 2018. 09. 011

 83. Wieringa, R., Maiden, N., Mead, N., & Rolland, C. (2006). Requirements 
engineering paper classification and evaluation criteria: A proposal and a 
discussion. Requirements Engineering, 11(1), 102–107. https:// doi. org/ 10. 
1007/ s00766- 005- 0021-6

 84. Yen, B. T. H., Mulley, C., & Burke, M. (2019). Gamification in transport 
interventions: Another way to improve travel behavioural change. Cities, 
85, 140–149. https:// doi. org/ 10. 1016/j. cities. 2018. 09. 002

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.heliyon.2019.e01993
https://doi.org/10.1016/j.heliyon.2019.e01993
https://doi.org/10.1016/j.joep.2009.08.001
https://doi.org/10.1007/s10639-019-10055-9
https://doi.org/10.1145/3025453.3025511
https://doi.org/10.1145/3025453.3025511
https://doi.org/10.1016/j.chb.2017.06.019
https://doi.org/10.1016/j.chb.2017.06.019
https://doi.org/10.1016/j.procs.2021.09.282
https://doi.org/10.1016/j.procs.2021.09.282
https://doi.org/10.1016/j.jtrangeo.2014.07.001
https://doi.org/10.1016/j.jtrangeo.2014.07.001
https://doi.org/10.1007/s10551-017-3501-y
https://doi.org/10.1007/s10551-017-3501-y
https://doi.org/10.1109/mce.2020.2978373
https://doi.org/10.1109/mce.2020.2978373
https://doi.org/10.1016/j.trf.2019.07.002
https://doi.org/10.1016/j.trf.2019.07.002
https://doi.org/10.3390/info12020091
https://doi.org/10.3390/info12020091
https://doi.org/10.1016/j.trc.2018.12.004
https://doi.org/10.1016/j.trc.2018.12.004
https://doi.org/10.17083/ijsg.v6i2.282
https://doi.org/10.1016/j.jbusres.2018.09.011
https://doi.org/10.1016/j.jbusres.2018.09.011
https://doi.org/10.1007/s00766-005-0021-6
https://doi.org/10.1007/s00766-005-0021-6
https://doi.org/10.1016/j.cities.2018.09.002

	Initiatives and challenges in using gamification in transportation: a systematic mapping
	Abstract 
	Summary: 
	Methods: 
	Findings: 

	1 Introduction
	2 Related work
	3 Mapping process
	3.1 Research questions
	3.2 Data sources and search strategy
	3.3 Data extraction
	3.4 Search process

	4 Results
	4.1 Analysis of study metadata
	4.2 (RQ1) What gamification elements are used in the field of transportation?
	4.3 (RQ2) Which research topics of transportation adopt gamification?
	4.4 (RQ3) How does gamification change traffic behavior to achieve sustainability?
	4.5 (RQ4) What research methods are used in the gamification of transportation?
	4.6 (RQ5) What are the difficulties and challenges in deploying gamification in transportation?

	5 Discussion and suggestions
	5.1 Improving driving behaviour
	5.2 Changing travel behaviour
	5.3 Encouraging bicycle commuting

	6 Conclusion and future work
	Acknowledgements
	References


