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| 1. Introduction

In the last four decades, games have been designed purposely for behavioural change M2, This is due to their popularity
in providing leisure activity and entertainment to players Bl Researchers exploited the appeal of playing games to
influence players’ behaviours after witnessing significant behaviour changes while playing BI4IE. Since then, specific
games have been particularly created and developed to help transform and change certain behaviours in different fields
such as health, psychology, education, marketing, and tourism, etc. Il New terms have emerged to define these types
of games such as: serious gaming, gamification, persuasive games, etc. Designing a persuasive game for serious
purposes requires a thorough understanding of the relevant behaviour change theories that can feed into the design
process . Games that have been employed to make an impact on players’ behaviours are often aided by well-known
behavioural change theories and the engaging characteristics of game design elements and mechanics.

1.1. Serious Games & Gamification

Serious games (SG) are defined as “interactive computer applications, with or without a significant hardware component,
that have challenging goals, are fun to play and engaging, incorporate some scoring mechanism, and supply the user with
skills, knowledge or attitudes useful in reality” p28 &l. Another definition relevant to this research is “Games designed for
educational, training or modification of behaviour” [, SG are also defined as games designed for purposes other than
entertainment . They can provide an ideal environment to stimulate players to make decisions in complex processes or
change their attitudes or behaviours 19, SG have applications in a wide spectrum of fields, such as health, the military,
education, and government 11, Researchers in education consider the content of the teaching material used by teachers
as the “seriousness* part of these games 12,

Gamification is a term coined in 2008 in the digital media industry (3. Before the second half of 2010, parallel terms with
the same concept have been widely adopted such as “behavioural games” 24, “playful design” 12, “surveillance
entertainment” 28, “productivity games” &4, and “funware 18", Gamification is defined as follows: “Effective gamification is
influencing human behaviour through engaging experiences, using game design principles in decision-making
applications and services” 19, Others have defined gamification as the adoption of the methods of game design and
game technology outside of the games industry 29, It is often associated with behavioural economics, where game
elements can be used to promote certain behaviour. Its application has spread rapidly in technology and health domains.

Though both terms, gamification and serious games, have been frequently used together in many studies, they are
different approaches in terms of the way they work. Gamification blends the game mechanics with traditional activities,
e.g., learning, physical activity, etc. 21, However, serious games follow the typical game structure but also aim to achieve
the goal that the game is built for, such as changing attitudes or behaviours. Serious games are entertaining, fun, and
interactive even after aligning these games with the mission of achieving the goal needed [22. While gamification involves
the structure of a gamified traditional method, serious games can exist independently 23, A very comprehensive study
concluded that the differences between the two terms are that serious games include all game elements but to varying
degrees, while gamification can involve an extraction and the application of a particular game element to a non-game
process 241, Here also criticised considering both terms as complementary approaches, even if they yielded the same
game elements, as they applied them differently.



1.2. Definition of Behaviour Change Games

Behaviour Change Games (BCG) form a subset of serious games, which were designed in order to support attitude and
change behaviours, as stated by Boyle and Connolly &l. BCG have the same nature as what are often called persuasive
games (23, persuasive technology is defined as “an interactive product designed to change attitudes or behaviours by
making desired outcomes easier to achieve” 28], Naturally, video games are used to implement persuasive strategies by
utilising the power of mechanics and elements of the game design; for instance, self-monitoring, which can allow people
to monitor themselves; conditioning, which offers rewards based on the performance of particular behaviour; and
tunnelling, which is about leading players through a prearranged sequence of actions to either encourage or discourage
particular behaviour 24, Persuasive games have applications in many fields, such as health games, political and social
games, and advertising games aiming to change behaviour regarding certain issues, such as encouraging recycling,
discouraging smoking, or increasing voting 23, Considering the significance of these types of games, this focused on
BCG that have been produced in different areas.

1.3. Game Design Elements and Behaviour Change

Werbach and Hunter [28] categorised game features into Mechanics and Components. Bharathi and Singh 2 Jisted game
design features, which are relevant to Mechanics, e.g., challenges, feedback, and rewards; and Components, e.g.,
achievements, avatars, badges, leaderboards, levels, points, and social graphs, as well as latent game design features.

Alike entertainment games, serious games have generic components and game elements, which are replicated and used
in different titles Y. However, the usage of these elements is for scaffolding purposes, and not as they are normally used
in entertainment games B4, Generally, features and mechanics in SGs have not yet been characterised and defined due
to their complex nature compared with entertainment games 29, To be more focused on behaviour change games or
persuasive games, game design elements and mechanics vary based on the type of gamified application and the desired
outcome, i.e., whether they are built for learning purposes, health behaviours, or fitness purposes.

For instance, in health applications, the game design incorporates several strategies, such as monitoring, harmony, group
opinion, and dis-establishing 4. In fitness applications, game design has been used to encourage players’ long-term
engagement through social interaction. Therefore, different elements and mechanics such as social play, micro goals, fair
play, and marginal challenge are often employed 23],

1.4. Behaviour Change Theories and Effective Game Design

Various persuasive games or BCGs from different fields are informed by the theories of behaviour change in the process
of game design, such as health games & and exergames 4., There is a relationship between the theories of behaviour
change and the choice of game elements that should be embedded in BCGs.

Behaviour change through games often relies on Social Cognitive Theory (SCT) and the Elaboration Likelihood Model
(ELM), comprising four main steps that demonstrate information processing, i.e., attention, retention, production, and

motivation &I, The first two phases are relevant to the learning process, and the second two are relevant to performance
[35]

The Theory of Planned Behaviour (TPB) is one of the most frequently cited theories for predicting human social behaviour
(3811371 1t was adopted to design games to influence the public’s behavioural intention to play online games B8, Social-
participation theory relies on involving a large group of people in an activity, and it has been used to inspire persuasive
technology and game design processes 29,

Flow theory 49 has been used to improve interactive experience and video game design 44, When the difficulty level of a
task is balanced with competency, individuals can be more focused on achieving goals and more immersed in an activity,
with a feeling of pure pleasure and enjoyment, without the need for external rewards 2. Flow theory has also been used
to drive behavioural change in games, and it is considered a natural foundation of games, especially educational games

3]
| 2. Serious Gaming for Behaviour Change

2.1 Game Features

2.1.1 Health



‘Challenges’ was the most common game feature in health studies; this feature taps into players’ tendency to accept
challenges in order to onboard and engage, as this behaviour can motivate players to complete the game 44, Various
health studies employ games that apply challenge mechanics that influence players to do or stop certain habits when they
play together (48], Challenges are also essential in exergames to encourage players to improve their skills and not lose the
momentum and flow of the activity 8!,

The existence of ‘Rewards’ is a natural result of the challenge element in health games. Therefore, the element of
rewards was the second most common in health games, which is due to it being usually applied in a gamification strategy
to encourage individuals to complete the required tasks 24, Rewards also motivate players to progress and to achieve the
objectives of medical games in multiple stages 48! Ref. ©¥ found that using rewards produces a sense of achievement for
players.

Outcomes from challenges are often visualised as feedback through ‘Points/Scoring’, which was the third most common
feature in health studies. The adoption of points and scoring in medical applications allows for the identification of
problematic areas based on the challenges and scenarios the children engage with within the game, which, subsequently,
allows doctors to identify issues faced by children after cancer treatment 9. Studies using this feature have also shown a
positive impact on stopping unhealthy attitudes as an outcome of engaging with mobile games 1, as they can be
accompanied by challenges mechanics in order to be used for different measures, e.g., they can be part of a feedback
loop to inform players of where they are in the game.

Rani and Sarkar 22 proved through their framework that real-time feedback can maintain the optimum challenge in
games. Therefore, ‘Feedback’ is a significant feature, which was ranked fourth most common in health games/gamified
systems. Feedback has been utilised in health games in the process of behaviour assessment for the sake of enhancing
engagement and comprehension, leading to changes in players’ behaviour 53!,

‘Levels’ represents the continuity of the challenge concept in a game, with every new game level marking a new challenge
(4] |evels were noted to be the fifth most used feature in health studies. Levels have contributed to health game design
to scaffold the development of mental health literacy in young people, where each player’s skill level is shared with other
players to boost the game’s appeal by fostering a sense of competition 2],

The sharing of players’ statistics often encourages ‘Competition’, which has been considered a key element that promotes
an entertaining experience for players B8l Being the seventh most used in health games, competition is not entirely
important for encouraging engagement in health games. However, this element plays a role in maintaining players’
interactions during the process towards nurturing and changing behaviours and attitudes. Competition in health games
often takes the form of team competitions, which also promotes collaboration, where players cooperate to ensure their
team is winning &4,

It is interesting to note that a sense of control through customisability is also important, such as the use of characters
controlled by players, which can influence engagement in the game-playing experience 28, So, considering engagement
is a significant factor in changing behaviours 52 the ‘Avatars’ element was the sixth most popular in health studies.
Avatars used in gamified health applications have played a significant role in helping children choose healthier food €9,

Generally, designing games/gamified systems for health studies requires a clear understanding of the aims and objectives
of the impact needed. The BCG design for healthy purposes should be composed collectively from several game
elements that have shown significant results in changing behaviours. The results, particularly for the health studies
samples, showed the priority of involving the challenge element and several ways of rewarding either scores/points, or
incentive feedback. Additionally, to engage players within the game for a greater impact, involving competitions between
players and/or teams would be effective. Game levels, also part of the challenge concept, and the ability to control
avatars, showed a greater influence on player engagement.

2.1.2. Psychology

In psychology studies that involve BCG, ‘Rewards’ took the first place. Wang and Sun 1 articulated those rewards can
deliver pleasure and satisfaction to players. Rewards also showed a positive influence on adding the enjoyable factor for
the players 82, which consequently impacts the intrinsic motivation 3. A psychological study found that rewards in
gamification systems can increase customers’ loyalty to their vendors €41,

‘Challenges’ was the second highest adopted game feature in this domain, shown to increase the progress of a player in a
game 831, |t was also demonstrated to increase players’ effectiveness in mastering a game, which accordingly reflects on
the players’ behaviour 8. Studies show that challenges are usually implemented with other game features to identify the



nature of the players’ behaviour 84, Other psychology studies embed challenges in their games to investigate players’
responses to different choices presented in the game (681,

‘Points/Scoring’ took third place in phycology studies. Scoring as a game mechanic was also shown to have a positive
impact on attaining the athlete engagement goals 89, which is perhaps caused by the competitive nature and scoring
provided the familiar feedback for the players. ‘Competition’ took third place, as it demonstrated significant contribution to
the understanding of a player's behaviour and to stimulate players for doing more efforts towards certain behaviours
during play 9. ‘Avatars’ took third place as they were adopted for exploring the identity of players [,

‘Feedback’ took fifth place. Psychological games prefer the use of feedback as it was found to motivate players to
continue playing or to mitigate their poor performance [Z2.

Generally, the reviewed psychology BSG studies often prioritise rewards and incentives, as well as the use of challenges.
Points/score and feedback are part of the challenge, feedback, and reward loop. This can be combined with the adoption
of avatars and the sense of competition in the game mechanics in order to obtain effective outputs.

2.1.3. Education

‘Rewards’ took first place and was often demonstrated to influence intrinsic motivations when it comes to learning 3],
such as increased or sustained engagement in educational games [Z4173],

Education significantly relies on ‘Feedback’ Z8: therefore, it took second place in BCG in education studies. Studies have
shown that feedback has significant influences on learning effectiveness if learners regularly receive it 4, which perhaps
links to the use of points/scoring and rewards as part of the informative feedback.

‘Challenges’, in third place, was revealed to be slightly less significant in education studies when compared with health
and psychology, though this element is still one of the main features in BCG games or gamified education systems for
achieving better learning and retention 8. Challenges also help players stay in the flow towards mastering the game 2.
As mentioned earlier, challenges can stimulate motivation. For instance, Denis and Jouvelot 82 suggested that motivation
during an educational process can strengthen students’ attention. Furthermore, when challenges are presented in a
game, the game provides a safe space for training and can meaningfully evaluate the student’s learning performance (81,
The previous elements are often part and parcel of the challenge-feedback-reward loop.

‘Competition’ in an education context can motivate students to learn and change their attitudes drastically 2. Therefore,
this game element took fourth place in education, as it was shown to increase students’ abilities to learn programming
skills B3, ‘Points/Scoring’ took fifth place in education studies. Games that use this feature amongst others were also
shown to motivate learners to focus on their performance to achieve goals, as they seek higher scores during play €41,
‘Levels’ was the fifth most used and mentioned in educational BSG studies. Game levels have been utilised for
educational purposes as they support the levelling up approach where learners progress through the game from one level
of difficulty to the next, which can enhance their engagement in learning 3. ‘Avatars’ were in ninth place in education
studies. The adoption of avatars in BCG games was shown to help players achieve learning goals in education games 88!,

Designing BCG for an education context emphasises the use of rewards (points/scores) due to its significance and
perhaps familiarity in the common education process, followed by the integration of feedback mechanics. Challenges can
be integrated into the game and the mechanics of competitions, especially if the game will be played by groups or through
role-playing scenarios. Other game elements that would impact engagement in the game include avatars and levels.

2.2. Behaviour Change Theories

‘Self-Determination Theory’ was the most commonly used theory in ‘Psychology’ and ‘Education’ studies, and the second
most common theory in ‘Health’ studies. This theory was adopted to develop games with aspects that are used to respond
to the motivational factors related to autonomy, relatedness, and competence BZ. It has been adopted for health games to
provide and improve wellbeing services (B8, This theory has also been adopted in many education games, for instance in
games that help students practice music education B9, promotes students’ motivation, engagement, and problem solving
competencies 9 and its efficiency in motivating students through the social adaptive e-learning was proved 29,

‘Social Cognitive Theory’ was the most commonly adopted theory in ‘Health’ studies, and the third in ‘Psychology’ and
‘Education’ studies. Integrating this theory with health serious games has demonstrated game design that has an impact
in directing and guiding healthy behaviours 1. In psychology studies, it has been adopted to explore the video games’
effect on players 2. Education integrated with entertainment aspects was introduced by digital games through the
adoption of social cognitive theory in the game design phases 31,



‘Theory of Planned Behaviour’ was the third most adopted theory in ‘Health’ studies, and the second in ‘Psychology’ and
‘Education’ studies. In health studies, it helps to inform game design that influences positive healthy behaviours, and has
also been used to help predict healthy behaviours that can be achieved through games 8. The theory allows the
exploration of people’s intentions to play online games 28], It has contributed to education studies, as a game informed by
this theory has been shown to stimulate children to use exergames for learning physical lessons 241,

‘Flow Theory’ was the third most frequently adopted theory in ‘Health’ and ‘Psychology’ studies. Flow theory can be used
to design serious games able to help treat cognitive disorders in the elderly 23, It has also led psychological games to
investigate the effects of gamification (28,

‘Theory of Fun’ was the fourth most frequently mentioned and adopted theory in ‘Education’ studies; however, it did not
appear in ‘Health’ or ‘Psychology’ studies. This theory has contributed to the design of games for education purposes 24,

‘Motivational Theory’ was ranked fourth in ‘Health’ studies, fifth in ‘Psychology’, and third in ‘Education’ studies. It was
adopted to improve the travel behaviour change 28, It was also part of designing gamified systems for health and
wellbeing purposes Y. Moreover, it was integrated into games that helped to practice music for students B9,

‘Self-Participation Theory’ was ranked fourth in ‘Health’ studies and third in ‘Psychology’ studies. It was used to explore
players’ attitudes towards using wheelchairs as part of health game applications 2. Moreover, it was adopted to change
behaviours by promoting pro-environmental behaviours 199,

References

1. Fotaris, P.; Mastoras, T. Escape rooms for learning: A systematic review. In Proceedings of the 13th European Confere
nce on Games Based Learning, ECGBL 2019, Odense, Denmark, 3—4 October 2019; Elbaek, L., Majgaard, G., Valent
e, A., Khalid, S., Eds.; Academic Conferences and Publishing International Limited: Reading, UK, 2019.

2. Payne, H.E.; Moxley, V.B.; MacDonald, E. Health behavior theory in physical activity game apps: A content analysis. JM
IR Serious Games 2015, 3, e4.

3. Boyle, E.; Connolly, T.M.; Hainey, T. The role of psychology in understanding the impact of computer games. Entertain.
Comput. 2011, 2, 69-74.

4. Boomsma, C.; Hafner, R.; Pahl, S.; Jones, R.V.; Fuertes, A. Should we play games where energy is concerned? Perce
ptions of serious gaming as a technology to motivate energy behaviour change among social housing residents. Sustai
nability 2018, 10, 1729.

5. Baranowski, T.; Buday, R.; Thompson, D.l.; Baranowski, J. Playing for real: Video games and stories for health-related
behavior change. Am. J. Prev. Med. 2008, 34, 74-82.

6. King, D.; Greaves, F.; Exeter, C.; Darzi, A. ‘Gamification’: Influencing health behaviours with games. J. R. Soc. Med. 20
13, 106, 76-78.

7. Chow, C.V.; Riantiningtyas, R.R.; Kanstrup, M.B.; Papavasileiou, M.; Liem, G.D.; Olsen, A. Can games change childre
n’s eating behaviour? A review of gamification and serious games. Food Qual. Prefer. 2020, 80, 103823.

8. Bergeron, B. Developing Serious Games (Game Development Series); Charles River Media Inc.: Newton, MA, USA, 2
006.

9. Kinross, J.M. Precision gaming for health: Computer games as digital medicine. Methods 2018, 151, 28-33.

10. Graafland, M.; Schraagen, J.M.; Schijven, M.P. Systematic review of serious games for medical education and surgical
skills training. Br. J. Surg. 2012, 99, 1322-1330.

11. Susi, T.; Johannesson, M.; Backlund, P. Serious Games: An Overview; Tehnical Report; School of Humanities and Infor
matics, University of Skévde: Skévde, Sweden, 2007.

12. Djaouti, D.; Alvarez, J.; Jessel, J.-P. Classifying serious games: The G/P/S model. In Handbook of Research on Improvi
ng Learning and Motivation through Educational Games: Multidisciplinary Approaches; IGI Global: Hershey, PA, USA, 2
011; pp. 118-136.

13. Currier, J. Gamification: Game Mechanics is the New Marketing. Available online: https://blog.oogalabs.com/2008/11/0
5/gamification-game-mechanics-is-the-new-marketing/ (accessed on 14 March 2021).

14. Dignan, A. Game Frame: Using Games as a Strategy for Success; Free Press: New York, NY, USA, 2011.



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ferrara, J. Playful Design: Creating Game Experiences in Everyday Interfaces; Rosenfeld Media: Brooklyn, NY, USA, 2
012.

Grace, M.V.; Hall, J. Projecting Surveillance Entertainment; ETech: San Diego, CA, USA, 2008.

McDonald, M.; Musson, R.; Smith, R. Using productivity games to prevent defects. In The Practical Guide to Defect Pre
vention; Microsoft Press: Redmond, OR, USA, 2008; Volume 7.

Takahashi, D. Funware’s Threat to the Traditional Video Game Industry. In Proceedings of the 2nd Annual GamesBeat
and Facebook Gaming Summit and GamesBeat: Into the Metaverse 2, 9 May 2008; Available online: http://goo.gl/O9IS
g (accessed on 14 March 2021).

Kappen, D.L.; Nacke, L.E. The kaleidoscope of effective gamification: Deconstructing gamification in business applicati
ons. In Proceedings of the First International Conference on Gameful Design, Research, and Applications, Toronto, O
N, Canada, 2—4 October 2013; Association for Computing Machinery: New York, NY, USA, 2013; pp. 119-122.

Helgason, D. 2010 Trends. Available online: https://blogs.unity3d.com/2010/01/14/2010-trends/ (accessed on 14 March
2021).

Lam, Y.W.; Hew, K.F.; Chiu, K.F. Improving argumentative writing: Effects of a blended learning approach and gamificati
on. Lang. Learn. Technol. 2018, 22, 97-118.

Raybourn, E.M.; Bos, N. Design and evaluation challenges of serious games. In Proceedings of the CHI'05 Extended A
bstracts on Human Factors in Computing Systems, Portland, OR, USA, 2—7 April 2005; Association for Computing Mac
hinery: New York, NY, USA, 2005; pp. 2049-2050.

Pappas, C. Gamification and Serious Games: Differences and Benefits eLearning Pros Need to Know. Available online:
https://elearningindustry.com/gamification-serious-games-differences-benefits-elearning-pros-need-know (accessed on
15 March 2021).

Landers, R.N. Developing a theory of gamified learning: Linking serious games and gamification of learning. Simul. Ga
ming 2014, 45, 752-768.

Wright, W.; Bogost, |. Persuasive Games: The Expressive Power of Videogames; MIT Press: Cambridge, MA, USA, 20
07.

Fogg, B.J. Persuasive technology: Using computers to change what we think and do. In Ubiquity; Association for Comp
uting Machinery: New York, NY, USA, 2002; Volume 2002, p. 5.

Khaled, R.; Barr, P.; Fischer, R.; Noble, J.; Biddle, R. Factoring culture into the design of a persuasive game. In Procee
dings of the 18th Australia Conference on Computer-Human Interaction: Design: Activities, Artefacts and Environments,
Sydney, Australia, 20-24 November 2006; Association for Computing Machinery: New York, NY, USA, 2006; pp. 213-2
20.

Werbach, K.; Hunter, D. For the Win: How Game Thinking Can Revolutionize Your Business; Wharton Digital Press: Up
per Saddle River, NJ, USA, 2012.

Bharathi, A.K.B.G.; Singh, A.; Tucker, C.S.; Nembhard, H.B. Knowledge discovery of game design features by mining u
ser-generated feedback. Comput. Hum. Behav. 2016, 60, 361-371.

Arnab, S.; Lim, T.; Carvalho, M.B.; Bellotti, F.; De Freitas, S.; Louchart, S.; Suttie, N.; Berta, R.; De Gloria, A. Mapping |
earning and game mechanics for serious games analysis. Br. J. Educ. Technol. 2014, 46, 391-411.

Deterding, S.; Dixon, D.; Khaled, R.; Nacke, L. From game design elements to gamefulness: Defining gamification. In P
roceedings of the 15th International Academic MindTrek Conference: Envisioning Future Media Environments, Tamper
e, Finland, 28—-30 September 2011; Association for Computing Machinery: New York, NY, USA, 2011; pp. 9-15.

Khaled, R.; Barr, P.; Biddle, R.; Fischer, R.; Noble, J. Game design strategies for collectivist persuasion. In Proceedings
of the 2009 ACM SIGGRAPH Symposium on Video Games, New Orleans, LA, USA, 4—6 August 2009; Association for
Computing Machinery: New York, NY, USA, 2009; pp. 31-38.

Campbell, T.; Ngo, B.; Fogarty, J. Game design principles in everyday fitness applications. In Proceedings of the 2008
ACM Conference on Computer Supported Cooperative Work, San Diego, CA, USA, 8-12 December 2008; Association
for Computing Machinery: New York, NY, USA, 2008; pp. 249-252.

Milne, S.; Orbell, S.; Sheeran, P. Combining motivational and volitional interventions to promote exercise participation:
Protection motivation theory and implementation intentions. Br. J. Health Psychol. 2002, 7, 163-184.

Thompson, D.; Baranowski, J.; Cullen, K.; Baranowski, T. Development of a theory-based internet program promoting
maintenance of diet and physical activity change to 8-year-old African American girls. Comput. Educ. 2007, 48, 44645
9.



36.

37.
38.

39.

40.

41.
42.
43.

44.

45.

46.

47.

48.

49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Armitage, C.J.; Conner, M. Efficacy of the theory of planned behaviour: A meta-analytic review. Br. J. Soc. Psychol. 200
1, 40, 471-499.

Ajzen, I. The theory of planned behaviour: Reactions and reflections. Psychol. Health 2011, 26, 1113-1127.

Lee, M.-C. Understanding the behavioural intention to play online games: An extension of the theory of planned behavi
our. Online Inf. Rev. 2009, 33, 849-872.

Kraut, R.; Maher, M.L.; Olson, J.; Malone, T.W.; Pirolli, P.; Thomas, J.C. Scientific Foundations: A Case for Technology-
Mediated Social- Participation Theory. Computer 2010, 43, 22-28.

Csikszentmihalyi, M.; Csikszentmihalyi, |. Beyond Boredom and Anxiety; Jossey-Bass: San Francisco, CA, USA, 1975;
Volume 721.

Chen, J. Flow in games (and everything else). Commun. ACM 2007, 50, 31-34.
Csikszentmihalyi, M. Flow. The Psychology of Optimal Experience; Harper & Row: New York, NY, USA, 1990.

Qian, M.; Clark, K.R. Game-based Learning and 21st century skills: A review of recent research. Comput. Hum. Behav.
2016, 63, 50-58.

Bhattacharya, A.; Kolovson, S.; Sung, Y.-C.; Eacker, M.; Chen, M.; Munson, S.A.; Kientz, J.A. Understanding pivotal ex
periences in behavior change for the design of technologies for personal wellbeing. J. Biomed. Inform. 2018, 79, 129-1
42.

Rose, K.; Koenig, M.; Wiesbauer, F. Evaluating success for behavioral change in diabetes via mHealth and gamificatio
n: MySugr’s keys to retention and patient engagement. Diabetes Technol. Ther. 2013, 15, A114.

Chittaro, L. and R. Sioni. Turning the classic snake mobile game into a location—based exergame that encourages walk
ing. In Persuasive Technology. Design for Health and Safety; Bang, M., Ragnemalm, E.L., Eds.; Springer: Berlin/Heidel
berg, Germany, 2012; Volume 7284.

Park, H.J.; Bae, J.H. Study and research of gamification design. Int. J. Softw. Eng. 2014, 8, 19-28.

Pesare, E.; Roselli, T.; Corriero, N.; Rossano, V. Game-based learning and Gamification to promote engagement and
motivation in medical learning contexts. Smart Learn. Environ. 2016, 3, 6.

Cain, J.; Piascik, P. Are serious games a good strategy for pharmacy education? Am. J. Pharm. Educ. 2015, 79, 47.

Kayali, F.; Peters, K.; Kuczwara, J.; Reithofer, A.; Martinek, D.; Wolfle, R.; Mateus-Berr, R.; Lehner, Z.; Silbernagl, M.; S
prung, M.; et al. Participatory Game Design for the INTERACCT Serious Game for Health. In Serious Games; Gobel,
S., Ma, M., Baalsrud Hauge, J., Oliveira, M., Wiemeyer, J., Wendel, V., Eds.; Springer: Cham, Switzwerland, 2015; pp.
13-25.

Rath, J.M.; Williams, V.; Rubenstein, R.; Smith, L.; Vallone, D. Assessing the impact of an interactive mobile game on t
obacco-related attitudes and beliefs: The truth campaign’s “flavor monsters”. Games Health J. 2015, 4, 480-487.

Rani, P.; Sarkar, N.; Liu, C. Maintaining optimal challenge in computer games through real-time physiological feedback.
In Proceedings of the 11th International Conference on Human Computer Interaction, Las Vegas, NV, USA, 22-27 July
2005.

Comello, M.L.G.; Qian, X.; Deal, A.M.; Ribisl, K.M.; A Linnan, L.; Tate, D.F. Impact of Game-Inspired Infographics on Us
er Engagement and Information Processing in an eHealth Program. J. Med. Internet Res. 2016, 18, e237.

Khalifa, A.; Perez-Liebana, D.; Lucas, S.M.; Togelius, J. General video game level generation. In Proceedings of the Ge
netic and Evolutionary Computation Conference 2016, Denver, CO, USA, 20-24 July 2016.

Li, T.M.; Chau, M.; Wong, P.W.; Lai, E.S.; Yip, P.S.; Black, E.; Lyons, E. Evaluation of a web-based social network electr
onic game in enhancing mental health literacy for young people. J. Med Internet Res. 2013, 15, e80.

Vorderer, P.; Hartmann, T.; Klimmt, C. Explaining the enjoyment of playing video games: The role of competition. In Pro
ceedings of the Second International Conference on Entertainment Computing, Pittsburgh, PA, USA, 8-10 May 2003;
Carnegie Mellon University: Pittsburgh, PA, USA; ACM: Pittsburgh, PA, USA, 2003.

Lin, J.J.; Mamykina, L.; Lindtner, S.; Delajoux, G.; Strub, H.B. Fish'n’Steps: Encouraging physical activity with an intera
ctive computer game. In International conference on ubiquitous computing. In UbiComp 2006: Ubiquitous Computing;
Dourish, P., Friday, A., Eds.; Springer: Berlin/Heidelberg, Germany, 2006; Volume 4206.

Lim, S.; Reeves, B. Computer agents versus avatars: Responses to interactive game characters controlled by a compu
ter or other player. Int. J. Human-Computer Stud. 2010, 68, 57—-68.

Perski, O.; Blandford, A.; West, R.; Michie, S. Conceptualising engagement with digital behaviour change interventions:
A systematic review using principles from critical interpretive synthesis. Transl. Behav. Med. 2016, 7, 254-267.



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

80.

81.

82.
83.

Hswen, Y.; Murti, V.; Vormawor, A.A.; Bhattacharjee, R.; Naslund, J.A. Virtual avatars, gaming, and social media: Desig
ning a mobile health app to help children choose healthier food options. J. Mob. Technol. Med. 2013, 2, 8-14.

Wang, H.; Sun, C.-T. Game reward systems: Gaming experiences and social meanings. In Proceedings of the DiIGRA
Conference, Hilversum, The Netherlands, 14-17 September 2011.

Sudarmilah, E.; Susanto, A.; Ferdiana, R.; Ramhdani, N. Developing a game for preschoolers: What character, emotion
and reward will tend to hack preschoolers? In Proceedings of the 2015 International Conference on Data and Software
Engineering (ICODSE), Yogyakarta, Indonesia, 25-26 November 2015.

Mekler, E.D.; Bruhmann, F.; Opwis, K.; Tuch, A.N. Do points, levels and leaderboards harm intrinsic motivation?: An em
pirical analysis of common gamification elements. In Proceedings of the First International Conference on Gameful Des
ign, Research, and Applications, Toronto, ON, Canada, 2—4 October 2013; ACM: Toronto, ON, Canada, 2013.

Deterding, S.; Sicart, M.; Nacke, L.; O’Hara, K.; Dixon, D. Gamification. using game-design elements in non-gaming co
ntexts. In Proceedings of the CHI’'11 Extended Abstracts on Human Factors in Computing Systems, Vancouver, BC, Ca
nada, 7-12 May 2011; ACM: Vancouver, BC, Canada, 2011.

Chittaro, L.; Buttussi, F. Exploring the use of arcade game elements for attitude change: Two studies in the aviation saf
ety domain. Int. J. Hum. Comput. Stud. 2018, 127, 112-123.

Iten, G.H.; Bopp, J.A.; Steiner, C.; Opwis, K.; Mekler, E. Does a prosocial decision in video games lead to increased pr
osocial real-life behavior? The impact of reward and reasoning. Comput. Hum. Behav. 2018, 89, 163-172.

Vallim, R.M.; Filho, J.A.A.; de Mello, R.F.; de Carvalho, A.C. Online behavior change detection in computer games. Exp
ert Syst. Appl. 2013, 40, 6258-6265.

Schoech, D.; Boyas, J.F.; Black, B.M.; Elias-Lambert, N. Gamification for behavior change: Lessons from developing a
social, multiuser, web-tablet based prevention game for youths. J. Technol. Hum. Serv. 2013, 31, 197-217.

Burton, D.; O’Connell, K.; Gillham, A.D.; Hammermeister, J. More Cheers and Fewer Tears: Examining the Impact of C
ompetitive Engineering on Scoring and Attrition in Youth Flag Football. Int. J. Sports Sci. Coach. 2011, 6, 219-228.

Liu, D.; Li, X.; Santhanam, R. Digital games and beyond: What happens when players compete? MIS Q. 2013, 37, 111
-124.

Bessiere, K.; Seay, A.F; Kiesler, S. The Ideal EIf: Identity Exploration in World of Warcraft. CyberPsychol. Behav. 2007,
10, 530-535.

Burgers, C.; Eden, A.; van Engelenburg, M.D.; Buningh, S. How feedback boosts motivation and play in a brain-training
game. Comput. Hum. Behav. 2015, 48, 94-103.

Magerko, B.; Heeter, C.; Fitzgerald, J.; Medler, B. Intelligent adaptation of digital game-based learning. In Proceedings
of the 2008 Conference on Future Play: Research, Play, Share, Toronto, ON, Canada, 3-5 November 2008; ACM: New
York, NY, USA, 2008.

Filsecker, M.; Hickey, D.T. A multilevel analysis of the effects of external rewards on elementary students’ motivation, en
gagement and learning in an educational game. Comput. Educ. 2014, 75, 136-148.

Richter, G.; Raban, D.R.; Rafaeli, S. Studying gamification: The effect of rewards and incentives on motivation. In Gami
fication in Education and Business; Springer: Cham, Switzerland, 2015; pp. 21-46.

Squire, K. Video games in education. Int. J. Intell. Games Simul. 2003, 2, 49-62.

Papastergiou, M. Exploring the potential of computer and video games for health and physical education: A literature re
view. Comput. Educ. 2009, 53, 603-622.

Kapp, K.M. The Gamification of Learning and Instruction: Game-Based Methods and Strategies for Training and Educa
tion; John Wiley and Sons: Hoboken, NJ, USA, 2012.

Boyan, A.; Sherry, J.L. The challenge in creating games for education: Aligning mental models with game models. Child
Dev. Perspect. 2011, 5, 82-87.

Denis, G.; Jouvelot, P. Motivation-driven educational game design: Applying best practices to music education. In Proc
eedings of the 2005 ACM SIGCHI International Conference on Advances in Computer Entertainment Technology, Valen
cia, Spain, 15-18 June 2005; ACM: New York, NY, USA, 2005.

Lin, K.-Y.; Son, J.W.; Rojas, E.M.J. A pilot study of a 3D game environment for construction safety education. J. Inf. Tec
hnol. Constr. 2011, 16, 69-84.

Schuman, H.; Johnson, M.P. Attitudes and behavior. Ann. Rev. Sociol. 1976, 2, 161-207.

Moreno, J. Digital competition game to improve programming skills. J. Educ. Technol. Soc. 2012, 15, 288-297.



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Erhel, S.; Jamet, E. Digital game-based learning: Impact of instructions and feedback on motivation and learning effecti
veness. Comput. Educ. 2013, 67, 156-167.

Ronimus, M.; Kujala, J.; Tolvanen, A.; Lyytinen, K. Children’s engagement during digital game-based learning of readin
g: The effects of time, rewards, and challenge. Comput. Educ. 2014, 71, 237-246.

Falloon, G. Using avatars and virtual environments in learning: What do they have to offer? Br. J. Educ. Technol. 2010,
41, 108-122.

Thompson, D.; Baranowski, T.; Buday, R.; Baranowski, J.; Thompson, V.; Jago, R.; Griffith, M.J. Serious video games f
or health: How behavioral science guided the development of a serious video game. Simul. Gaming 2008, 41, 587—-60
6.

Cheek, C.; Fleming, T.; Lucassen, M.F.; Bridgman, H.; Stasiak, K.; Shepherd, M.; Orpin, P. Integrating Health Behavior
Theory and Design Elements in Serious Games. JMIR Ment. Health 2015, 2, el1.

Eseryel, D.; Law, V.; Ifenthaler, D.; Ge, X.; Miller, R. An investigation of the interrelationships between motivation, enga
gement, and complex problem solving in game-based learning. J. Educ. Technol. Soc. 2014, 17, 42-53.

Shi, L.; Cristea, A.l. Motivational gamification strategies rooted in self-determination theory for social adaptive e-learnin
g. In Intelligent Tutoring Systems; Micarelli, A., Stamper, J., Panourgia, K., Eds.; Springer: Cham, Switzerland, 2016.

Buckley, K.E.; Anderson, C.A. A theoretical model of the effects and consequences of playing video games. In Playing
Video Games: Motives, Responses, Consequences; Vorderer, P., Bryant, J., Eds.; Taylor & Francis Group: London, UK,
2006; pp. 363-378.

Wang, H.; Singhal, A. Entertainment-Education through digital games. In Serious Games; Taylor & Francis Group: Lond
on, UK, 2009; pp. 271-292.

Lwin, M.O.; Malik, S. The efficacy of exergames-incorporated physical education lessons in influencing drivers of physi
cal activity: A comparison of children and pre-adolescents. Psychol. Sport Exerc. 2012, 13, 756-760.

Johnson, D.; Deterding, S.; Kuhn, K.-A.; Staneva, A.; Stoyanoyv, S.; Hides, L. Gamification for health and wellbeing: A's
ystematic review of the literature. Internet Interv. 2016, 6, 89—-106.

Cota, T.T.; Ishitani, L.; Vieira, N. Mobile game design for the elderly: A study with focus on the motivation to play. Comp
ut. Hum. Behav. 2015, 51, 96-105.

Hamari, J. Do badges increase user activity? A field experiment on the effects of gamification. Comput. Hum. Behav. 20
17, 71, 469-478.

Linehan, C.; Kirman, B.; Lawson, S.; Chan, G. Practical, appropriate, empirically-validated guidelines for designing edu
cational games. In Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Vancouver, BC,
Canada, 7-12 May 2011; Association for Computing Machinery: New York, NY, USA, 2011.

Yen, B.T.; Mulley, C.; Burke, M. Gamification in transport interventions: Another way to improve travel behavioural chan
ge. Cities 2018, 85, 140-149.

Gerling, K.M.; Mandryk, R.L.; Brik, M.V.; Miller, M.; Orji, R. The effects of embodied persuasive games on player attitud
es toward people using wheelchairs. In Proceedings of the SIGCHI Conference on Human Factors in Computing Syste
ms, Toronto, ON, Canada, 26 April-1 May 2014; ACM: Toronto, ON, Canada, 2014.

Ro, M.; Brauer, M.; Kuntz, K.; Shukla, R.; Bensch, I. Making cool choices for sustainability: Testing the effectiveness of
a game-based approach to promoting pro-environmental behaviors. J. Environ. Psychol. 2017, 53, 20-30.

Retrieved from https://encyclopedia.pub/entry/history/show/50402



