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Definition: Game-based learning refers to an educational approach where games (digital or analogue)
are used in order to engage students in interactive and immersive experiences designed to teach
specific concepts, skills or subjects. Gamification refers to the application of game design elements,
such as point systems, rewards, narratives, and competition, to non-game contexts. Game elements,
mechanics and structures, when incorporated into the learning process, can enhance student un-
derstanding and increase engagement, motivation and retention of educational content. Teaching
Biology can present challenges mainly due to the complexity of the subject matter, the different scales
of biological organisation, and because it often includes challenging and counterintuitive concepts
that may contradict students” preconceived notions. Integrating gaming into the high school Biology
curriculum not only tackles the challenges of teaching complex concepts but can also promote student
engagement. Customising gaming experiences to Biology intricacies enhances critical thinking and
creates a dynamic learning environment tailored to the demands of high school biological education.
This entry explores the integration of gaming and gamification in high school Biology education to
overcome challenges in sustaining student interest. Additionally, the article highlights the diverse
applications of games in education, showcasing their versatility in enriching the educational process.
Future research should evaluate specific games, explore design principles, and consider challenges
associated with implementation. In conclusion, using games in Biology education promises to en-
hance engagement, promote active learning, and deepen understanding, contributing to narrowing
the gap in biological literacy.

Keywords: gamification in biology; board games; serious games; gamified education

1. Introduction

Teacher-centred methods of teaching Biology in high schools often face challenges
in capturing and sustaining students’ interest. Gaming and gamification present an op-
portunity to address this issue by tapping into the natural affinity that students have for
interactive and enjoyable experiences. Incorporating gaming into the high school Biology
curriculum offers a transformative approach by addressing the unique challenges of teach-
ing complex biological concepts and promoting student engagement. By tailoring gaming
experiences to the intricacies of Biology, educators can enhance student engagement, pro-
mote critical thinking, and provide a dynamic learning environment that aligns with the
specific demands of biological education in high schools.

The term “gamification” is primarily used to describe the application of game elements
and mechanisms in non-game environments, with the ultimate goal of enhancing processes
and improving the experience of the involved parties [1]. A second definition of gamifica-
tion suggests that it is the use of the logic and dynamics of games to solve problems and
increase the audience’s dependence on them [2]. This practice utilises features that make
a game enjoyable to enhance user engagement, such as points, badges, tracks, difficulty
levels, leaderboards, etc. [3].

It should be noted that gamification first gained popularity in fields other than ed-
ucation [4], as applications have been developed in various fields, such as entrepreneur-
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ship, aiming to improve personnel performance or increase and retain customer loyalty
(e.g., point collection systems from purchases, visits, and similar rewards). It is also applied
in the health sector as motivation for improving physical fitness (e.g., personal trainer
applications, pedometers) and as a means for collecting experimental data by research
entities, among many other areas of our daily lives.

Students respond better to interactive learning environments [5-8], and the need
to shift from the teacher-centred model to a more learner-centred, collaborative model is
becoming evident. Games expose children to learning situations that often involve activities
slightly beyond their current skill levels, making them valuable in early childhood and
later education [9]. The use of games as a medium for learning is not a new idea, as games,
regardless of difficulty or complexity, with or without technology, can aid the learning
process. Through games, cause-and-effect relationships can be taught, and what is learned
through games tends to be better retained by students due to the interactive nature of the
learning experience [10].

As the use of digital (mainly) games by children and adolescents outside the school
context continues to increase, researchers, educators, and programmers have developed
a particular interest in these games. International literature increasingly refers to the use
and effectiveness of games in the educational process, and various applications have been
developed to facilitate their use by educators (e.g., Kahoot!, Edmodo, quizizz, wordwall,
helpfulgames, learning Apps, and many more). Studies show that gamification can improve
the motivation and performance of students in a variety of learning environments [11-14].

However, most modern research tends to overlook how individual student charac-
teristics influence the impact of game elements on their engagement and involvement
in learning. Research, nevertheless, indicates that the perception and response to game
elements vary among students, suggesting a need for personalised gamification [14].

Biology as a subject lends itself to the creation of educational games, and there are
numerous gamification tools that can be applied in its teaching. Gamification in Biology
can capture students’ interest, not only in urgent remote education but also in face-to-
face teaching, especially as in some cases (e.g., in Greece) it has been downgraded to
a single-hour class in secondary education, leading to a loss of connection between the
teacher, students, and the subject. Gamification tools provide the opportunity for further
engagement of students without imposing the burden of “homework”.

The characterisation of COVID-19 as a pandemic on 11 March 2020 [15] placed all
countries in a state of emergency. Since then, the pandemic has affected, among other
things, the operation of educational institutions worldwide, as educators and learners are
required to adapt to new challenges. The model primarily utilised is that of “emergency
remote learning” (ERL). However, this model can easily devolve into a low-interaction
model between educators and students, where knowledge is simply transmitted from the
transmitter (educator) to the receiver (learner), downgrading the quality and effectiveness
of the educational process.

Gamification can play a significant role in upgrading emergency distance education
by providing tools to educators to capture students’ interest and actively engage them in
learning. The lesson becomes more enjoyable, the students” experience improves, and their
commitment may increase [16].

Remote learning emerged out of necessity and caught a significant part of the edu-
cational community unprepared. However, integrating technology into the educational
process will help upgrade it, and it is certain that many of the methods and techniques
employed out of necessity will remain even after the pandemic. The educational process
and our understanding of pedagogy are evolving.

The game exposes the child to a learning situation, as it often involves activities that
are slightly beyond the skills the child has already acquired. For this reason, games have
been adopted early on in preschool and later education [9]. The use of games as a means of
learning is not a new idea. Regardless of the level of difficulty or complexity and whether
or not technology is involved, games can aid the learning process. Through games, causal
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relationships can be taught, and what is learned through games tends to be better retained
by students, mainly due to the interactive nature of the learning experience [10].

As the use of digital (mainly) games by children and adolescents outside the school
context continues to increase, researchers, educators, and programmers have developed a
particular interest in these games. International literature increasingly refers to the use and
effectiveness of games in the educational process [17-23].

Extensive academic research (e.g., [6,10,17,19,24-26]) has minimised most of the doubts
related to the use of video games as learning tools. However, this does not mean in any way
that conclusions can be drawn and generalised about all games, all fields, and all learners
based on research on the effectiveness of one game in one learning area for one group of
learners [10,27].

Through the exploration of the educational value of engaging with science through
computer technology, it has been found that knowledge acquisition is better supported as
science becomes accessible, thinking becomes visible, students can learn from each other,
and autonomous learning is promoted [18,28].

These games could transform not only the way we learn but also individuals at various
levels. In the technical report by Hays [29] ways in which games can be used in education
are mentioned:

* Assessment of Existing Cognitive Levels

* Performance Measurement on Various Criteria
*  Assistance in Evaluating Educational Approaches and Programs
* Providing Educational Information on Specific Knowledge and Skills

* Aiding in Changing Attitudes/Perceptions

*  Serving as Pre-Organisers for Other Forms of Education

* Replacing Other Forms of Teaching to Convey Facts, Teach Skills, and Provide Knowledge
* Serving as Training/Practice Mediums, Problem Solving /Exercise

*  Aiding in the Integration and Retention of Knowledge and Skills

* Representing the Dynamics or Abstract Concepts of a Cognitive Object

These diverse applications highlight the versatility of games in the educational do-
main, demonstrating their potential to enhance learning experiences and outcomes in
various ways.

This entry paper delves into the potential of incorporating gaming elements into high
school Biology education in order to capture and retain student interest in complex biologi-
cal concepts. This paper explores how well-designed educational games can address this
challenge. By examining the unique strengths of game-based learning and its effectiveness
in promoting knowledge acquisition, engagement, and critical thinking skills, this paper
aims to provide a compelling argument for integrating gaming into the high school Biology
curriculum. We will explore various game types, analyse their suitability for different
learning objectives, and discuss practical considerations for teachers seeking to implement
game-based learning strategies in their classrooms.

2. Concepts

Gaming refers to the incorporation of interactive digital or analogue activities, often in
the form of video games or simulations, into the high school Biology curriculum. These
activities are designed to engage students in the learning process through challenges,
scenarios, and problem-solving exercises related to biological concepts.

Game-based learning refers to an educational approach that utilises games, whether
digital or analogue, to engage students in interactive and immersive experiences designed
to teach specific concepts, skills, or subjects. It involves incorporating game elements,
mechanics, and structures into the learning process to enhance student understanding,
motivation, and retention of educational content.

Gamification or gameful design, involves the application of game design elements,
such as point systems, rewards, narratives, and competition, to non-game contexts, specif-
ically in the realm of high school Biology education. The goal is to enhance student
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motivation, participation, and learning outcomes by introducing game-like features into
traditional educational experiences.

3. Theoretical Framework

The bibliographic review [30] indicates that there are many different game elements
that can be included in the educational process, with many tending to appear repeatedly,
while some others appear sporadically. Some elements enjoy widespread acceptance, while
others may need additional processing and research, and some are new to the educational
process, borrowed from video games [30]. Next, we will present some of the principles
applied in the design for the gamification of the educational process.

Objectives: Clear, relatively challenging, and immediately achievable [31].

Challenges and missions: Clear, concise tasks with increasing complexity [32].

Adaptability: Personalised experiences, adjusted difficulty levels, and challenges corre-
sponding to each player’s level, with increasing difficulty as players’ skills expand [32,33].

Progress: Visible progress up to “mastery”, achievable through point systems, progress
bars, levels (tracks), coins, or XP (experience points).

Feedback: Immediate feedback or short feedback cycles, immediate rewards instead
of long-term rewards/benefits [3,33].

Competition and cooperation: Achieved through badges, scoreboards (ranking), tracks,
avatars [32,34]. Badges usually do not affect a student’s grade but aim to activate and
mobilise students within a healthy competition. Badges are awarded for successes in
challenges or even for simple participation, time management, performance [30].

Visible Status: Reputation and social recognition with the help of badges, points,
scoreboards and avatars [32].

Accessibility: Locked content that unlocks [34].

Freedom of choice: Multiple paths to success allowing students to choose their own
sub-goals/steps within the broader framework of goals [32,34].

Freedom to fail: Low risk from submitting deliverables and the possibility of multiple
attempts [33]. Students who do not perform well are not “punished” but have the opportu-
nity to review and resubmit assignments or retake a quiz. This specific feature is one of the
most controversial elements that one can apply in a traditional classroom, and its value
was not adequately highlighted until recently [30].

Storytelling: Narration or dramatisation with avatars [3,32].

New characters and roles, new challenges (through new avatars) [32].

Time constraint: Achieved with the presence of a countdown clock [31].

The characteristics of games that are ultimately incorporated into the educational
process through gamification are commitment, reward and recognition, feedback, and
participation in communities. All five functions mentioned are high on Maslow’s hierarchy
of innate human needs, indicating that gamification can have very positive results when
applied to the educational process [35].

4. Why Is Biology Difficult to Teach

Our experience of 20 years of teaching Biology has shown that it can present challenges
due to the complexity of the subject matter, the need for a balance between theoretical and
practical aspects, and the diverse range of topics within the discipline.

Biology is everywhere. From news articles about pandemics to the plants they see
growing outside, students are surrounded by biology in action. This makes it even more
important to help them bridge the gap between what they learn in class and the real world.
By encouraging them to find connections between their studies and everyday experiences,
science becomes more engaging and relevant [36].

One challenge in teaching Biology stems from students’ existing knowledge or precon-
ceptions about the subject. Students arrive in Biology classrooms with a surprising amount
of prior knowledge gleaned from personal experiences or informal learning [36]. While
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these preconceptions can sometimes align with scientific principles, they may also conflict
with new information students are expected to learn.

This is particularly true for complex topics like cellular respiration and photosyn-
thesis. These concepts have been extensively researched using various methodologies,
yet student misconceptions about these and other core biological concepts remain poorly
understood [37].

For example, although the strength of the evidence supporting evolution has increased
markedly since the discovery of DNA and the advances in molecular biology, the public
resistance to accepting evolution seems to grow stronger! [38]. It is crucial to acknowledge
that addressing students” misconceptions systematically can be particularly challenging
when teaching evolution. This difficulty often arises because student resistance to evolu-
tionary concepts may be framed within a religious context [39]. In everyday conversation,
“theory” often refers to a guess or hunch. However, in science, a well-established theory
is built on a strong foundation of evidence. Some students (and their families) dismiss
the “theory of evolution” as “just a theory” despite mountains of evidence supporting it.
This misunderstanding underscores the critical need for clear communication in Biology
education. When we understand how scientific theories are developed and tested, we can
better distinguish them from personal beliefs [39].

In general, many concepts that lie within Biology are both difficult to teach and
understand, as they consist of complex mechanisms and procedures. On the one hand,
this implies that simplifying the procedure through gamification can be the panacea, but
in parallel, as it is difficult to teach, it is far more difficult to transfer the knowledge in
a gamified procedure. By trying to transfer knowledge in a game, one should have in
mind that the gamified procedure should not only be fun and entertaining but also able to
transfer the required knowledge to students, making it easier for the professor to teach and
provide the ability to assess during the procedure.

Apart from the aforementioned, Biology has an excess scale starting from the lowest
level (molecular/cellular) to complete ecosystems. As such, there is already a very strict
strategy within the school procedures to provide with the ability to cover a large part of the
curriculum that makes it even more challenging to transfer parts of it within a game.

Moreover, Biology as a subject is not “static”. Organisations, the environment, science
and even humans evolve through time. This means that educators should be able to adapt
to changes that happen around us. If we add the factor that technology has helped the
evolution to happen even faster, this ends up in a procedure of endless and lifelong learning
for the educators themselves, which, in consequence, leads to continuous updates on the
curricula or the way they are transferred as knowledge in a classroom.

Hands-on laboratory work is crucial for Biology education to reinforce theoretical
concepts and develop practical skills. However, providing adequate laboratory facilities,
materials, and ensuring safety can be logistically challenging for schools, especially those
with limited resources. Biology often involves challenging and counterintuitive concepts
that may contradict students” preconceived notions. Addressing and correcting misconcep-
tions requires thoughtful pedagogical strategies and time for individualised attention.

Teaching Biology presents its share of challenges, but it is a critical endeavour. By
using innovative teaching methods, continuous professional development, and creating a
supportive learning environment, we can overcome these hurdles.

Despite these challenges, effective Biology education is crucial for developing scientific
literacy, fostering an appreciation for the natural world, and preparing students for future
studies and careers in the life sciences. Innovative teaching methods, continuous profes-
sional development, and a supportive learning environment can contribute to overcoming
these challenges in the teaching of Biology.

Teaching Biology effectively involves understanding how students learn and address-
ing their existing ideas about the natural world. Research on students” misconceptions can
help educators design better lessons and assessments to promote a deeper understanding
of biological concepts.
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5. Approaches
5.1. Games and Biology: The Early Steps

In 1991, Kramer [40] presented the possibility of an interactive Biology lesson using
electronic computers in a series of articles in The American Biology Teacher. The limited
software available at that time ran on MS-DOS, and despite these lessons having a classic
linear structure, students achieved more than just flip pages. They could choose from
the menu which topics they wanted to study in what order, and, most importantly, they
were required to answer a question or conduct a virtual experiment, such as a dissection
or virtual cultivation. Critics commented that such an approach was far from the actual
execution of an experiment. However, supporters argued that it supported learning much
more than merely reading about a specific experiment or seeing diagrams or videos of it.
Moreover, this method “made learning more fun! A lesson is more like a video game!” [40].
The seed had been planted.

5.2. Video Games

The first research on electronic games began around the early 1970s, coinciding with
the appearance of the first video games. However, the initial studies that went beyond
possible psychological effects and focused on the educational perspective for children and
adolescents emerged more than a decade later [41].

Children from a very young age comfortably play online multiplayer games. The
detailed manual for each game can be extensive, up to 300 pages. However, many players
can effectively handle the game after minimal hours of practice. What educator would not
want their students to absorb educational information so quickly? [42]. What do video
games have that makes learning so easy? Gentile and Gentile [43] believe that video games
encompass many hallmarks of an ideal learning environment. They have clear goals, offer
various difficulty levels, and provide continuous feedback.

Continuous feedback is one of the main factors creating a dynamic and powerful
learning environment. If students do not have immediate access to feedback, for example,
if they must exit the game environment, its effectiveness as a learning tool decreases.
However, special attention is needed in designing a game to strike a balance between the
assistance given to players [10] and the likelihood of providing them with all the answers
as spoon-fed information.

Several noteworthy examples include AntibioGame® [44], a serious game aiming to
improve the training of medical students in antibiotic use in primary care; META!BLAST,
a serious game to explore the complexities of structural and metabolic cell Biology [45];
Orbis Pictus Bestialis [46], a serious game on ethology, behaviourism and animal learning
for high school students; Electron Chute [47], a combination of video and board game on
the energy transformation process during photosynthesis, and these are but a few of the
available games in the literature.

5.3. Biology Board Games

Several individual efforts have been made to develop board games related to various
fields of Biology. Some games are commercially available (e.g., Cytosis, Photosynthesis,
Wingspan, Evolution, Into the Forest—Nature’s Food Chain Game, Plague Inc.), while oth-
ers have been created by research teams and educators, which teachers can download from
the internet, print, and use in the classroom, such as Bioenergy Farm Game, Farming for
Ecosystem Services, Geneticist Trumps, and many more. Following that, a brief overview
of board games that have been developed for teaching Biology will be provided.

Taylor and Jackson [48] presented a very interesting board game titled ImmunoSce-
narios, where players progress on a classic game board shaped like an antibody. In each
dice roll, they encounter an immunological scenario: they may encounter a new pathogenic
microorganism and need to be directed to the hospital, they may be given the opportunity
to receive a vaccine against a pathogen, or they may encounter an antigen they have already
faced and demonstrate their “immunity cards” to progress.
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Signal is a board game presented by Kaur [49] as a fun and engaging pedagogical
approach that can promote a greater understanding of content. In this game, the students
work as teams to build a working synaptic connection by drawing cards featuring molecules
and proteins involved in neurotransmission and placing the cards onto specific locations
on the pre- and post-synaptic neurons illustrated on the game board.

“Discovering the Cell” (Célula Adentro) is an investigative board game (in Portuguese)
designed to teach complex Cell and Molecular Biology themes to secondary-level stu-
dents [50], “Synthesizing Proteins” is a board game aiming to help students construct a
protein synthesis model [51], “Carbohydeck” is a board game to teach the stereochemistry
of carbohydrates to university students [52] and the “Natural Selection Game” is a board
game with spoons, chopsticks and gummy bears to teach evolution in high school and
entry-level college courses [53] to name but a few.

5.4. Games in the Schoolyard—Floor Games

Several attempts have been recorded to take Biology lessons outside the classroom
in the form of games. For example, in 2018, a simple team game with a floorboard was
presented, where student pawns throw the dice, advance, and must answer a question
related to the lesson content within a few seconds [54]. The game, in addition to questions,
includes penalty cards or challenge cards that the entire team must perform. Another
board game that can be transformed into a floor game is Race to Displace [55], where
students, taking on the role of indigenous or exotic (invasive) plants, compete to gain a
larger population. The game unfolds on a board with actions (creating seeds, taking over
meadows, etc.) and action cards related to competition for light, nutrients, and space.

5.5. Escape Rooms

Escape rooms are becoming a trend in gaming design, as they have emerged as a
captivating and effective approach to learning in various subjects. They involve active
learning; they encourage active participation, encouraging students to solve puzzles and
collaborate with peers to “escape”. Most common are the digital escape rooms, either for
mobile phones or computers, but there are also cases where actual classrooms have been
transformed into themed environments, such as in Brady and Andersen [56], where an
escape room to teach advanced genetic analysis to university students. Grande-de-Prado
explains the concept and the potential of edu-Escape Rooms in an Encyclopedia entry
article [57].

5.6. Simulations

Another alternative teaching approach that involves teaching through games and
“gamifying” lessons is simulations. For instance, there is a simulation for respiration and
photosynthesis presented in the American Biology Teacher magazine [58], where students,
in groups, use plasticised cards and stickers to represent the processes of photosynthesis
and cellular respiration. Another simulation is “Finding Garrett” [59], where students are
required to develop a new communication system in groups with the aim of highlighting
convergent and divergent evolution.

It is evident that a plethora of games—tabletop, floor, and electronic—with Biology
themes have been created. However, there does not seem to be a systematic record of them
or a comparative evaluation.

6. Conclusions

The effect of Biology games on students has been assessed in several studies and in
many ways. Student achievement, in general, is usually measured by tests given upon
the completion of the corresponding units where a game was implemented, compared
with a control group where no games were used for the same unit. Some studies have
revealed controversial findings. For example, [60-62] discuss that didactic games are not
more effective in teaching than conventional methods, while [6,57,63,64] (to name but a
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few) find the games more effective than the traditional teaching methods. Furthermore,
students who played games in Biology lessons have expressed a decrease in their anxiety
towards Biology lessons upon completion of the corresponding unit taught [63].

In conclusion, the integration of gaming and gamification into high school Biology
education seems to hold tremendous potential to revolutionise the learning experience.
Games, when applied to teaching, can be used as creative and interactive methods to
capture students’ interest and convey the relevance of Biology to their lives. While further
research is needed to fully evaluate the effectiveness of specific games across diverse
contexts and biological topics, the current body of evidence suggests that incorporating
games into the curriculum can be a valuable tool in fostering student engagement, learning
and achievement. Future research should continue to explore the design principles that
optimise game-based learning for Biology education, investigate the long-term impacts
of game use on student learning, and consider the potential challenges and limitations
associated with implementation.

The use of games in Biology education holds a significant promise for enhancing
student engagement, promoting active learning, and fostering a deeper understanding
of biological concepts. By harnessing the power of games, educators can ignite student
engagement in biological exploration and plant the seeds of lifelong curiosity about the
intricacies of the natural world and the scientific processes that govern it, ultimately playing
a crucial role in narrowing the gap in biological literacy.

Author Contributions: Conceptualisation, M.L. and V.P; writing—original draft preparation, M.L.;
writing—review and editing, M.L., V.P. and M.W. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

\O

11.

12.

13.

14.

Deterding, S.; Dixon, D.; Khaled, R.; Nacke, L. From game design elements to gamefulness: Defining ‘gamification. In Proceedings
of the International Academic MindTrek Conference: Envisioning Future Media Environments, MindTrek, Tampere, Finland,
28-30 September 2011; pp. 9-15. [CrossRef]

Zichermann, G.; Cunningham, C. Gamification by Design: Implementing Game Mechanics in Web and Mobile Apps; O’Reilly Media,
Inc.: Sebastopol, CA, USA, 2011.

Nah, E; Zeng, Q.; Telaprolu, V.R.; Ayyappa, A.P,; Eschenbrenner, B. Gamification of Education: A Review of Literature—HCI in
Business. HCI Bus. 2014, 8527, 401-409. [CrossRef]

Hulsey, N. Defining Gamification; Emerald Publishing Limited: Leeds, UK, 2019. [CrossRef]

Hong, ].C,; Cheng, C.L.; Hwang, M.Y,; Lee, C.K,; Chang, H.Y. Assessing the educational values of digital games. |. Comput. Assist.
Learn. 2009, 25, 423-437. [CrossRef]

Prensky, M. Fun, Play and Games: What Makes Games Engaging. In Digital Game-Based Learning; McGraw Hill: New York, NY,
USA, 2001; pp. 05.1-05.31.

Prensky, M. Engage me or enrage me. Educ. Rev. 2005, 40, 61-64. Available online: https:/ /www.marcprensky.com /writing/
Prensky-Engage_Me_or_Enrage Me.pdf (accessed on 31 March 2024).

Rosier, R.L. Students’ Perceptions of Interactive Biology Instruction. Am. Biol. Teach. 2017, 79, 621-625. [CrossRef]

Vygotsky, L.S. Play and Its Role in the Mental Development of the Child. Sov. Psychol. 1967, 5, 6-18. [CrossRef]

Annetta, L.A.; Minogue, J.; Holmes, S.Y.; Cheng, M.T. Investigating the impact of video games on high school students’
engagement and learning about genetics. Comput. Educ. 2009, 53, 74-85. [CrossRef]

Borras-Gene, O.; Martifiez-nunez, M.; Fidalgo-Blanco, A. New Challenges for the motivation and learning in engineering
education using gamification in MOOC. Int. . Eng. Educ. 2016, 32, 501-512.

Gonzélez-Gonzalez, C.; Blanco-Izquierdo, F. Designing social videogames for educational uses. Comput. Educ. 2012, 58, 250-262.
[CrossRef]

Jia, Y;; Xu, B.; Karanam, Y.; Voida, S. Personality, targeted gamification: A survey study on personality traits and motivational
affordances. In Proceedings of the 2016 CHI Conference on Human Factors in Computing Systems, San Jose, CA, USA, 7-12 May
2016; Association for Computing Machinery (ACM): New York, NY, USA; pp. 2001-2013. [CrossRef]

Lopez, C.E.; Tucker, C. Implementing gamification in engineering bridge programs: A case study exploring the use of the Kahoot!
application. In Proceedings of the 2019 ASEE Zone I Conference & Workshop, Niagara Falls, NY, USA, 11-13 April 2019.


https://doi.org/10.1145/2181037.2181040
https://doi.org/10.1007/978-3-319-07293-7_39
https://doi.org/10.1108/978-1-83867-937-820191003
https://doi.org/10.1111/j.1365-2729.2009.00319.x
https://www.marcprensky.com/writing/Prensky-Engage_Me_or_Enrage_Me.pdf
https://www.marcprensky.com/writing/Prensky-Engage_Me_or_Enrage_Me.pdf
https://doi.org/10.1525/abt.2017.79.8.621
https://doi.org/10.2753/RPO1061-040505036
https://doi.org/10.1016/j.compedu.2008.12.020
https://doi.org/10.1016/j.compedu.2011.08.014
https://doi.org/10.1145/2858036.2858515

Encyclopedia 2024, 4 680

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

42.
43.

44.

Tedros, A.G. WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. In WHO Director
General’s Speeches; WHO: Geneva, Switzerland, 2020; p. 4. Available online: https:/ /www.who.int/dg/speeches/detail /who-
director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020 (accessed on 31 March 2024).
AavtCotvn, M.; AnupomotAov, A.; ITovAdmovAog, B.; TovadAAeg, M. ITaxvidomomon kot eKTXLOEVTIKA TroetXviSlx oTn
dtdaxokaAioe tng Brodoyiag v mepiodo tng maxvonpiog COVID 19. Avdaxokadice Twv Pvoikwv EmomuovEpevva Ilpaén
2021, 81, 167-195.

Chang, C.Y,; Hwang, G.J. Trends in digital game-based learning in the mobile era: A systematic review of journal publications
from 2007 to 2016. Int. ]. Mob. Learn. Organ. 2019, 13, 68-90. [CrossRef]

Hussein, M.H.; Ow, S.H.; Cheong, L.S.; Thong, M.K.; Ebrahim, N.A. Effects of Digital Game-Based Learning on Elementary
Science Learning: A Systematic Review. IEEE Access 2019, 7, 62465-62478. [CrossRef]

Ronimus, M.; Eklund, K.; Pesu, L.; Lyytinen, H. Supporting struggling readers with digital game-based learning. Educ. Technol.
Res. Dev. 2019, 67, 639-663. [CrossRef]

Theodoropoulos, A. Framework for the effective implementation of alternative teaching methods for Informatics. Ph.D. Thesis,
University of the Peloponnese, Tripoli, Greece, 2017. [CrossRef]

Li, M.-C.; Tsai, C.-C. Game-Based Learning in Science Education: A Review of Relevant Research. J. Sci. Educ. Technol. 2013, 22,
877-898. [CrossRef]

Barko, T.; Sadler, T.D. Learning outcomes associated with classroom implementation of a biotechnology-themed video game. Am.
Biol. Teach. 2013, 75, 29-33. [CrossRef]

Sung, H.Y.; Hwang, G.J. A collaborative game-based learning approach to improving students’ learning performance in science
courses. Comput. Educ. 2013, 63, 43-51. [CrossRef]

Liao, C.W.; Chen, C.H.; Shih, S.J. The interactivity of video and collaboration for learning achievement, intrinsic motivation,
cognitive load, and behavior patterns in a digital game-based learning environment. Comput. Educ. 2019, 133, 43-55. [CrossRef]
Annetta, L.A.; Cheng, M.T.; Holmes, S. Assessing twenty-first century skills through a teacher created video game for high school
biology students. Res. Sci. Technol. Educ. 2010, 28, 101-114. [CrossRef]

Squire, K.; Jenkins, H. Harnessing the power of games in education. Insight 2003, 3, 5-33.

Borsos, E. The gamification of elementary school biology: A case study on increasing understanding of plants. J. Biol. Educ. 2019,
53, 492-505. [CrossRef]

Komarraju, M.; Karau, S.J.; Schmeck, R.R. Role of the Big Five personality traits in predicting college students” academic
motivation and achievement. Learn. Individ. Differ. 2009, 19, 47-52. [CrossRef]

Hays, R.T. The Effectiveness of Instructional Games: A Literature Review and Discussion (U); Technical Report; Naval Air Warfare
Center Training Systems Division: Orlando, FL, USA, 2005; p. 63. [CrossRef]

Dicheva, D.; Dichev, C.; Agre, G.; Angelova, G. Gamification in education: A systematic mapping study. Educ. Technol. Soc. 2015,
18,75-88.

Kapp, K.M. Choose Your Level: Using Games and Gamification to Create Personalized Instruction. In Handbook on Personalized
Learning for States, Districts, and Schools; Temple University: Philadelphia, PA, USA, 2016; pp. 131-143. Available online:
http:/ /www.centeril.org/2016handbook /resources/Cover_Kapp_web.pdf (accessed on 29 February 2024).

Simoes, J.; Redondo, R.D,; Vilas, A.F. A social gamification framework for a K-6 learning platform. Comput. Human Behav. 2013,
29, 345-353. [CrossRef]

Gordon, N.; Brayshaw, M.; Grey, S. Maximising gain for minimal pain: Utilising natural game mechanics. Ital. Innov. Teach. Learn.
Inf. Comput. Sci. 2013, 12, 27-38. [CrossRef]

Iosup, A.; Epema, D. An experience report on using gamification in technical higher education. In Proceedings of the 45th ACM
Technical Symposium on Computer Science, Education, Atlanta, GA, USA, 5-8 March 2014; pp. 27-32. [CrossRef]

Schell, J. The Art of Game Design; A Book of Lenses; CRC Press: Boca Raton, FL, USA, 2008.

Chamany, K.; Allen, D.; Tanner, K. Making biology learning relevant to students: Integrating people, history, and context into
college biology teaching. CBE Life Sci. Educ. 2008, 7, 267-278. [CrossRef] [PubMed]

Tanner, K.; Allen, D. Approaches to biology teaching and learning: Understanding the wrong answers-teaching toward conceptual
change. Cell Biol. Educ. 2005, 4, 112-117. [CrossRef] [PubMed]

Nelson, C.E. Teaching evolution (and all of biology) more effectively: Strategies for engagement, critical reasoning, and confronting
misconceptions. Integr. Comp. Biol. 2008, 48, 213-225. [CrossRef] [PubMed]

Konicek-Moran, R.; Keeley, P. Teaching for Conceptual Understanding in Science; National Science Teachers Association Press:
Arlington, VA, USA, 2015.

Kramer, D.W. Interactive Biology with Videodisc. Am. Biol. Teach. 1991, 53, 185-188. [CrossRef]

De Aguilera, M.; Mendiz, A. Video games and education: (Education in the Face of a ‘Parallel School’). Comput. Entertain. 2003, 1,
1-10. [CrossRef]

Arias, M. Using video games in education. J. Mason Grad. Res. 2014, 1, 49-69. [CrossRef]

Gentile, D.A.; Gentile, ].R. Violent video games as exemplary teachers: A conceptual analysis. J. Youth Adolesc. 2008, 37, 127-141.
[CrossRef]

Tsopra, R.; Courtine, M.; Sedki, K.; Eap, D.; Cabal, M.; Cohen, S.; Bouchaud, O.; Mechai, F.; Lamy, J.-B. AntibioGame®: A serious
game for teaching medical students about antibiotic use. Int. |. Med. Inform. 2020, 136, 104074. [CrossRef] [PubMed]


https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/dg/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1504/IJMLO.2019.096468
https://doi.org/10.1109/ACCESS.2019.2916324
https://doi.org/10.1007/s11423-019-09658-3
https://doi.org/10.12681/eadd/41143
https://doi.org/10.1007/s10956-013-9436-x
https://doi.org/10.1525/abt.2013.75.1.7
https://doi.org/10.1016/j.compedu.2012.11.019
https://doi.org/10.1016/j.compedu.2019.01.013
https://doi.org/10.1080/02635141003748358
https://doi.org/10.1080/00219266.2018.1501407
https://doi.org/10.1016/j.lindif.2008.07.001
https://doi.org/10.21236/ada441935
http://www.centeril.org/2016handbook/resources/Cover_Kapp_web.pdf
https://doi.org/10.1016/j.chb.2012.06.007
https://doi.org/10.11120/ital.2013.00004
https://doi.org/10.1145/2538862.2538899
https://doi.org/10.1187/cbe.08-06-0029
https://www.ncbi.nlm.nih.gov/pubmed/18765745
https://doi.org/10.1187/cbe.05-02-0068
https://www.ncbi.nlm.nih.gov/pubmed/15917868
https://doi.org/10.1093/icb/icn027
https://www.ncbi.nlm.nih.gov/pubmed/21669785
https://doi.org/10.2307/4449258
https://doi.org/10.1145/950566.950583
https://doi.org/10.13021/G8jmgr.v1i2.416
https://doi.org/10.1007/s10964-007-9206-2
https://doi.org/10.1016/j.ijmedinf.2020.104074
https://www.ncbi.nlm.nih.gov/pubmed/31926355

Encyclopedia 2024, 4 681

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.
63.

64.

Waurtele, E.S.; Bassham, D.C.; Dickerson, J.; Kabala, D.J.; Schneller, W.; Stenerson, M.; Vasanth, A. META!BLAST: A serious game
to explore the complexities of structural and metabolic cell biology. In Proceedings of the ASME 2010 World Conference on
Innovative Virtual Reality WINVR2010, Ames, IA, USA, 12-14 May 2010; pp. 1-4. [CrossRef]

Brom, C.; Preuss, M.; Klement, D. Are educational computer micro-games engaging and effective for knowledge acquisition at
high-schools? A quasi-experimental study. Comput. Educ. 2011, 57, 1971-1988. [CrossRef]

Espinoza, C.; Orvis, K.S.; Brophy, S.P. Learning the electron transport chain process in photosynthesis using video and serious
game. |. Biol. Educ. 2020, 56, 376-396. [CrossRef]

Taylor, M.E,; Jackson, S.W. InnunoScenarios: A Game for the Immune System. Am. Biol. Teach. 1996, 58, 288-295. [CrossRef]
Kaur, A.W. Signal: A Neurotransmission Board Game. J. Undergrad. Neurosci. Educ. 2021, 20, A18-A27. Available online:
https:/ /www.ncbinlm.nih.gov/pmc/articles/PMC9053434 / (accessed on 31 March 2024). [PubMed]

Spiegel, C.N.; Alves, G.G.; Cardona, T.d.S.; Melim, L M.C.; Luz, M.R.M.; Aratjo-Jorge, T.C.; Henriques-Pons, A. Discovering the
cell: An educational game about cell and molecular biology. J. Biol. Educ. 2008, 43, 27-36. [CrossRef]

De Cavalho, J.C.Q.; Beltramini, L.M.; Bossolan, N.R.S. Using a board game to teach protein synthesis to high school students.
J. Biol. Educ. 2019, 53, 205-216. [CrossRef]

Costa, M.]. CARBOHYDECK: A card game to teach the stereochemistry of carbohyrates. J. Chem. Educ. 2007, 84, 977-978.
[CrossRef]

Mohammadi, S.; Kiriazis, N.M.; Neuman-Lee, L.A. The Natural Selection Game: Incorporating Active Learning in Evolution
Curricula for General Biology. Am. Biol. Teach. 2020, 82, 104-112. [CrossRef]

Vasquez, E.C.; Ramos-Robles, M.I.; Morales-Linares, J. The Ecological Interactions Olympiad: A Classroom Activity for Reinforc-
ing Scientific Knowledge. Am. Biol. Teach. 2018, 80, 365-369. [CrossRef]

Hopwood, J.L.; Flowers, S.K.; Seidler, K.J.; Hopwood, E.L. Race to displace: A game to model the effects of invasive species on
plant communities. Am. Biol. Teach. 2013, 75, 194-201. [CrossRef]

Brady, S.C.; Andersen, E.C. An escape-room inspired game for genetics review. J. Biol. Educ. 2019, 55, 406—417. [CrossRef]
Grande-de-Prado; Garcia-Martin, S.; Baelo, R.; Abella-Garci, V. Edu-Escape Rooms. Encyclopedia 2021, 1, 12-19. [CrossRef]
Svec, L.A. INVESTIGATION A Classroom Simulation Activity to Visualize Energy and Matter Transformation in Cellular
Respiration and Photosynthesis One way instructors can address these misconceptions is through hands-on simulations, so
students can visualize and sum. Am. Biol. Teach. 2017, 79, 552-561. [CrossRef]

Strom, M.K,; Carroll, K.A.; Davis, G.; Hultman, W.; Kosycarz, T.; Hayes, L.D. ‘Finding Garrett”: An Evolutionary Language
Development Game A foundation of evolutionary biology is how natural selection (see Glossary below) leads to adaptation over
time. Am. Biol. Teach. 2015, 77, 608-612. [CrossRef]

Cherryholmes, C.H. Some current research on effectiveness of Educational Simulations: Implications for Alternative strategies.
Am. Behav. Sci. 1966, 10, 4-7. [CrossRef]

Chartier, M.R. Learning effect: An experimental study of a simulation game and instrumented discussion. Simul. Games 1972, 3,
203-218. [CrossRef]

Reid, N. Simulation Techniques in Secondary Education: Affective Outcomes. Simulationd Gaming 1980, 11, 107-120. [CrossRef]
Cohen, A.; Yaakobi, D.; Ben-Porat, A.; Chayoth, R. The effects of biology games on students’ anxiety and in their achievement. Int.
J. Sci. Educ. 1989, 11, 387-394. [CrossRef]

Lewis, A.; Peat, M.; Franklin, S. Understanding protein synthesis: An interactive card game discussion. J. Biol. Educ. 2005, 39,
125-130. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1115/WINVR2010-3708
https://doi.org/10.1016/j.compedu.2011.04.007
https://doi.org/10.1080/00219266.2020.1808511
https://doi.org/10.2307/4450153
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9053434/
https://www.ncbi.nlm.nih.gov/pubmed/35540950
https://doi.org/10.1080/00219266.2008.9656146
https://doi.org/10.1080/00219266.2018.1469532
https://doi.org/10.1021/ed084p977
https://doi.org/10.1525/abt.2020.82.2.104
https://doi.org/10.1525/abt.2018.80.5.365
https://doi.org/10.1525/abt.2013.75.3.8
https://doi.org/10.1080/00219266.2019.1703784
https://doi.org/10.3390/encyclopedia1010004
https://doi.org/10.1525/abt.2017.79.7.552
https://doi.org/10.1525/abt.2015.77.8.7
https://doi.org/10.1177/000276426601000202
https://doi.org/10.1177/003755007200300206
https://doi.org/10.1177/104687818001100109
https://doi.org/10.1080/0950069890110403
https://doi.org/10.1080/00219266.2005.9655979

	Introduction 
	Concepts 
	Theoretical Framework 
	Why Is Biology Difficult to Teach 
	Approaches 
	Games and Biology: The Early Steps 
	Video Games 
	Biology Board Games 
	Games in the Schoolyard—Floor Games 
	Escape Rooms 
	Simulations 

	Conclusions 
	References

