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Abstract—The concept of microgaming in education is relatively new and it
has evident potential for supporting learning in various learning environments.
However, there is little consensus in the education literature on how microgames
are defined. The present article proposes a conceptual definition of microgames
by considering related terms and learning approaches in education. Microgames
in education context are defined as very small and short games that provide brief
engagement and meaningful experience for players, support learning and instruc-
tion toward specific objectives, and integrate with existing resources. This article
further elaborates the key definition elements to indicate microgame characteris-
tics and provides some examples to demonstrate the kinds of games that fit this
definition. The proposed definition acts as a fundamental starting point to study
microgames for educational purposes in the future.
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1 Introduction

The concept of microgaming — often referring to the use of very small games for
particular purposes — in education is relatively new and it has evident potential for sup-
porting learning in school, workplace, and general environments. Microgames are use-
ful for supplementing, reinforcing, and integrating knowledge acquisition in schools
[1], [2]. Harnessing microgames in workforce training encourages high engagement
and was recognised by workers as a novel approach for situated and experiential learn-
ing [3]. Moreover, microgames can appeal to the general public to interact with and
gain a better understanding of cultural heritage [4]. From these three cases, it appears
that microgames could be integrated into various learning environments.

There is little consensus in the education literature on how microgames are defined.
Although the term itself has been established in some articles, there is no current single
agreed definition to the concept. In fact, some scholarly articles on microgames [4] and
mini-games [5] were written without giving any definition. Brom [1] in the context of
formal education defined microgames as “relatively simple computer games that do not
require special skills to play and that challenge players with clearly defined goals reach-
able within minutes or tens of minutes of game-play.” This definition seems less appli-
cable in the context of informal education for workforces and so Lukosch [3] created
their own definition of microgames as “a simulation game that can be played in a short
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time period and that starts from a specific problem in the organisation defined by a
problem owner.” Operational definitions in the specific study context are essential but
not sufficient. Consequently, a conceptual definition that could be widely accepted in
general education is needed for gaining a universal understanding.

In addition to the various definitions of microgames, the term microgames have dif-
ferent connotations in a general context compared to that of education. It is often asso-
ciated with board games and wargames packaged in a small set [6] such as Checkers,
Cluedo, Tic-tac-toe, Dungeons & Dragons, Flames of War, and Hearts of Iron IV. It is
also associated with simple digital minigames like Super Smash Bros, Wario Land,
Super Mario, Donkey Kong 64, and Nintendo Land [7]. Furthermore, the term for ex-
pressing the idea was written in various ways such as micro games, micro-games,
minigame, and mini-game. This evidence strengthens the need for providing a proper
definition of microgames in an educational context.

Having a conceptual definition of microgames brings multiple benefits. First, the
definition would be fruitful for effectively introducing microgames to educators, learn-
ers, and other wider audiences in education sectors. It prevents misconception of mi-
crogames for teaching and learning purposes as the definition of microgames in general
context has a relatively different articulation. Second, the meaning of microgames pro-
posed in this article tries to accommodate various learning environments so that it is
acceptable for either formal or informal education. Finally, the explanation serves as a
base for studying microgames in the future. It is also intended to be useful for research-
ers to start investigating or exploring microgames in education. Scholars may take ad-
vantage of the definition to study microgames in their own learning context.

Educational microgames have some advantages compared to learning games in gen-
eral. As the games are very small and short, it can be considered as viable teaching and
learning tools easily integrated into existing learning structures and resources [8].
Those games are playable during the limited learning time and strict school curriculum
with no prior knowledge about the game mechanics to play such games [1], [9], [10].
Conversely, inserting regular serious games into learning is somehow always problem-
atic. The games take a fairly long time to play and players need to learn particular game
mechanics before playing [11]. Furthermore, practicing game-based learning requires
high technologies in which the technologies are often not available in schools [12],
[13]. Therefore, microgame-based learning appears promising to facilitate knowledge
and skill acquisition in schools and other learning environments.

The present article proposes a conceptual definition of microgames by considering
related terms and learning approaches in education. The term microgames in the sense
of board game and wargame or similar games is excluded from the construction. Addi-
tionally, some examples of microgames are provided to show the kinds of games that
fit the definition. This article concludes with some reflections highlighting prominent
issues from the definition and its elements elaboration.
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2 Terms related to microgames in education

The word microgames consists of two different terms namely micro and games.
These are elaborated in the following sub-headings focusing on their educational con-
text.

2.1 Micro

The Merriam-Webster dictionary defines micro as “very small” and “involving mi-
nute quantities or variations.” [14] Furthermore, dictionary.com describes it as “ex-
tremely small” and “minute in scope or capability” (adjective) and “anything extremely
small in scope or capability” (noun) [15]. Both dictionaries state that micro is extremely
small in scale and short in duration.

Micro is a general term. It is also part of a framework consisting of micro, meso, and
macro. The micro-macro framework has been used in many disciplines including soci-
ology, economics, and philosophy. For instance, there are concepts of microeconomics
and macroeconomics in economics, or micro-meso-macro economics [16]. However,
the micro, meso, and macro framework can be quite different from one discipline to
another [17].

The concept of micro in education was explained by Hug [18] and Hug & Friesen
[19] state that micro level means micro content for more individualized learning struc-
tured by learning objects. The content might be adjusted based upon the abilities and
interests of each learner to tailor more personalized learning with respect to their dif-
ferent needs. The meso and macro levels of learning are structured by topics or lessons
and courses or curricular structures. In both learning levels, the content is less individ-
ualised owing to the broad structure for more general learners. A simple example was
given in the context of language learning, where the micro aspects are illustrated by
learning vocabularies, phrases, and sentences. Further, a single letter learning in lin-
guistics is also part of the micro content concept.

2.2 Games

Games are very familiar in everyday life. From an early age, children get used to
playing some games benefiting their cognitive and psychomotor developments. In
1952, an American mathematician well known for his works on mathematical logic and
game theory John Charles Chenoweth McKinsey argued that game is “a set of rules and
conventions for playing” [20]. In his book entitled Introduction to the Theory of Games,
he describes and distinguishes between game and play, in which both have ambiguous
meanings.

Ambiguous meaning between game and play was further clarified by Caillois [21]
states that “the game must be taken back within the agreed boundaries” while “play
must be defined as a free and voluntary activity, a source of joy, and amusement.” For
example, a game starts and ends at a given signal with duration fixed in advance. The
game is not interrupted or abandoned without a major reason. Should there be occasion
to do so, the game is prolonged by agreement between the contestants or by the decision
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of an umpire. Thus, games are a subset of playing and play is a component of games
[22]. Games could be likened to simulation. The key distinction is that simulations pro-
pose to represent reality whilst games do not. There are six key dimensions that char-
acterize games: fantasy, rules/goals, sensory stimuli, challenge, mystery, and control
[23]. Some game features could be included in simulations. Simulations that incorpo-
rate these features become more game-like.

Games definition is dynamically changing over time. After studying eight game def-
initions provided by previous scholars, Salen [22] synthesises and provides a definition
of games as “a system in which players engage in an artificial conflict, defined by rules,
that results in a quantifiable outcome.” The Encyclopedia of Terminology for Educa-
tional Communications and Technology [24] refers the word games to the digital game-
based learning owing to many traditional games that have been transformed into digital
games.

3 Learning approaches related to microgames in education

Microgames are defined under the learning approaches of serious games and micro-
learning. Those learning approaches influence how the definition is formulated. These
are elaborated below.

3.1  Serious games

Serious games are defined as games designed and developed specifically for learning
purposes [24]. This field is extensively discussed in a book called Serious Games by
Abt in 1970. Serious games offer a rich field for a risk-free, active exploration of serious
intellectual and social problems [25]. The term serious is intended to reflect the purpose
and reason of the game regardless of content. This purpose, from both computer games
and educational simulation genres, is using the artistic medium of games for delivering
a message, teaching a lesson, or providing another educational experience [26]. Serious
games provide users with fun and meaningful experiences reaching up to the emotional
level as well as offer immediate feedback and adaptability resulting in the higher goals
achievement level at the time that is hard to improve learner’s motivation in traditional
ways [27]. The power of serious games is in the ability to create dedicated games con-
tent for learning rather than utilising existing leisure games [28].

Serious games have similarities in the components and other design issues with en-
tertainment games [29], [26]. According to Mildner & Mueller [29], games in serious
or just entertaining ways share common elements including play, rules, storytelling,
social factors, and learning. In addition, Michael & Chen [26] points out that both game
types have rules, simulate behaviors, accept input from the player, and provide feed-
back within the context of rules and behaviors. However, it does not mean that serious
and leisure games are the same. Serious games focus on learning objectives whilst for
entertainment games; fun is the most important aspect [30].

Another important issue in serious games design is about the adaptability and user-
friendly aspects [31]. Serious games need to be easily integrated into existing lesson
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plans and course materials because they are a teaching tool and not substitutes for teach-
ers and trainers [26]. Being adaptable to a variety of classroom and training situations
as well as being easy to use are the main points of success in designing and integrating
serious games into learning and instruction processes. Furthermore, the practice of
game-based learning should contain briefing, playing, and debriefing activities [32],
[33]. Players have to know the game’s goals in relation to intended learning objectives
and discuss what has been learnt from playing.

3.2  Microlearning

A book entitled Microlearning: Short and Sweet recently written by Kapp and De-
felice in 2019 provides a definition as well as guidance of microlearning. The definition
is “an instructional unit that provides a short engagement in an activity intentionally
designed to elicit a specific outcome from the participant” [34]. Its definition was syn-
thesised from five previous definitions created by other scholars. This definition fo-
cuses on the short engagement, brief experience, and focused outcome beyond a
timeframe and content in which the previous definitions addressed. In addition, the ab-
sence of engagement eliminates the value of microlearning. No exact number of
minutes is universally agreed. It depends on the instructional needs and goals. Accord-
ing to Kapp & Defelice [34], microlearning should be integrated to the meso and macro
structures of learning formally or informally. Informal integration of microlearning is
based on learners’ self-motivation to learn or master something while formal micro-
learning supports the larger organisational learning ecosystem.

There are multiple reasons for integrating microlearning into learning and instruc-
tion. Microlearning offers flexible and dynamic alternatives which are needed in the
light of medial, societal and environmental changes [18] and also offers students the
opportunity to more easily absorb and retain the information provided by the course
lessons and activities which are more manageable and digestible [35]. Microlearning
facilitates self-directed lifelong learning, enables individuals to stay up-to-date in to-
day’s knowledge society and offers a viable supplement to more time-consuming and
formalized modes of learning [36]. Last but not least, microlearning is a new way of
responding to the necessity of work-based learning, lifelong learning, personal learning,
and much more [37].

Designing engaging and meaningful microlearning experiences may require ad-
vanced technologies and contents [38] that should be taken into account seriously. The
technology requirements include; 1) highly transferable and unobtrusive of the
learner’s activities; 2) easily available and user-friendly; 3) persistent learning environ-
ment; 4) useful for enhancing different activities; 5) individual as well as shareable;
and 6) adaptable and/or adaptive to learners’ needs. Its contents should promote the
acquisition of basic skills, foster the development of creativity skills, and capitalise on
the learner’s communication abilities. There are many kinds of microlearning activities,
such as viewing a flashcard, watching a short video, listening to a podcast, composing
a short poem, answering questions in quizzes, and playing microgames.
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4 The proposed definition of microgames in education

Related terms and learning approaches have been discussed and synthesised result-
ing in the following key definitions and characteristics as well as keywords included in
the definition and its elaboration. The Table 1 summarises the terms and learning ap-
proaches associated with the key definitions and characteristics, and the included key-
words.

Table 1. Key definitions and characteristics from the terms and learning approaches

Terms and learning Key definitions and characteristics Keyw‘Of‘ds included in tl‘le defi-
approaches nition and elaboration
Mi Very small and short [14] Very small and short
icro
Micro content with specific objectives [18], [19] Specific objectives
Set of rules and conventions for playing [20] Rules and conventions
Games Contains fantasy, rules/goals, sensory stimuli, antasy, rules or goals, sensory
stimuli, challenge, mystery, and
challenge, mystery, and control [23]
control
Designed and developed specifically for learning . .
purposes [24] Designed for learning purposes
Focus on the important element of learning [30] | Focus on the element of learning
Serious Games Provide users with meaningful experiences reach- Meanineful experien
ing up to the emotional level [27] canmngiul experiences
Need to be easily integrated into existing lesson Should be integrated
plans and course material [26]
Provides short engagement, brief experience, and Short, brief and focused
focused outcome [34]
. . Should be integrated to the meso and macro .
Microleaming structures of learning formally or informally [34] Should be integrated
Offers a viable supplement to more time-consum- A viable supplement for learnin
ing and formalized modes of learning [36] PP &

Table 1 summarises key definitions and characteristics from the terms and learning
approaches. Based on the above key definitions and characteristics from the terms and
learning approaches related to microgames, the proposed definition of microgames in
education context is as follows:

Microgames are very small and short games that provide brief engagement and
meaningful experience for players, support learning and instruction toward specific
objectives, and integrate with existing resources.

Every element of the definition has significant words that are further elaborated in
the following paragraphs. The elaboration was synthesised from the underlying terms
and learning approaches previously discussed.

— Very small and short games. The games are very simple, straightforward, and fo-
cused. It is easy to be directly played for a specific purpose. No prior knowledge and
skills related to games are needed in order to play. The rules and conventions are not
as complex as regular games. Hence, it is normally a short duration gameplay.
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— Brief engagement. The engagement occurring in microgames is a pithy involve-
ment lasting in minutes. The word brief'is more appropriate for expressing concise-
ness rather than short. Something short is not a guarantee that it is concise.

— Meaningful experience. Educational microgames provide meaningful experiences
perceived up to an emotional level. Learning is the focus of an educational game so
meaningful is more important than fun. The games can offer immediate feedback
during a debriefing process of game-based learning.

— Support learning and instruction. Microgames in an education context are de-
signed, developed, and played specifically for teaching and learning practices. Sup-
porting means that the games are profitable for supplementing, reinforcing, and in-
tegrating learning and instruction. As a viable supplement, it enables educators to
complete or enhance instructions, empowers learners to master particular topics, and
facilitates individuals to stay up-to-date in today’s knowledge society.

— Specific objectives. Microgames should be designed for specific learning goals. The
micro-content concept is applicable to the design of microgames. A microgame ide-
ally contains only one learning objective.

— Integrate with existing resources. Appropriate use of microgames for learning and
instruction needs to be integrated with existing resources. The resources include any
materials that could be used for facilitating learning and improving performances.
For example, it might be learning tools already used by students and teachers, exist-
ing lesson plans and course material, and syllabus as well as curriculum. Moreover,
the games are best viewed as a teaching tool and not as a substitute for teachers,
trainers, or educators so that should be integrated into the meso and macro structures
of learning. For instance, inserting microgames in a regular lesson or using it to sup-
plement the whole lessons in the curriculum.

5 Examples of microgames in education

Some examples are presented to demonstrate the kinds of games that fit this defini-
tion. There are microgames used for training, teaching, and learning as well as research
in different contexts. Several very small games created by users in GeoGebra, which is
dynamic mathematics software for all levels of education that brings together geometry,
algebra, spreadsheets, graphing, statistics and calculus in one easy-to-use package [39],
were also provided. The games were chosen based on the available studies of micro-
games, and for microgames on the GeoGebra platform, those were selected from dif-
ferent categories of school levels to represent various educational settings. The game
examples presented in Table 2.

Table 2 presents microgame examples. The first column shows microgames’s profile
followed by the content, genre, and context, and platform. Looking at the examples into
more details, the Yard Crane Scheduler microgame has been employed by Lukosch [3]
for training-based situated learning in the work environment. The main task of this 8-
to-10 minutes game is to manage the yard by aligning the interdependent planning tasks
and resource allocation activities in the container terminal. There are two focused main
challenges in this microgame - the dynamic planning and distribution of containers in
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the yard and the allocation of resources to ensure maximum utilization. Therefore, this
web-based game answers the need for a dynamic representation of a complex problem
and for flexible situated learning approaches in complex working environments. The
microgame is relatively simple lasting no more than 10 minutes, fruitful for supporting
the transfer of learning into the workplace. In addition, this game provides brief en-
gagement and meaningful experience as it dynamically represents the complicated
problems in multiplex workplaces.

Table 2. Examples of microgames

Game Content Genre Context Platform

Yard Crane Scheduler
Studied by Lukosch et al. (2016)

Orbis Pictus Bestialis or Kvido
Studied by Brom et al. (2011)

VeGame . . General . L
Studied by: Bellotti et al. (2004) City exploration | Adventure Mobile application

public
Four-by-Four NIM
Created by Duane Habecker (2017)
GeoGebra link: https://www.geoge- | Mathematical Puzzle Elementary
bra.org/m/jSdHN9dt strategy school
Perma link: https://perma.cc/7P7E-
SRUR

Proof Without Words

Created by Steve Phelps (2015)
GeoGebra link: https://www.geoge- | Pythagorean theo- Simulation Middle GeoGebra
bra.org/m/ZFTGX57r rem school
Perma link: https://perma.cc/86F3-

D4J5

Log War

Created by John Golden (2015)
GeoGebra link: https://www.geoge-
bra.org/m/g36 WySNY

Perma link:
https://perma.cc/YMV7-MRS2

The Music Note Quiz

Created by Florian Sonner (2012)
GeoGebra link: https://www.geoge-
bra.org/m/gUG8tadS

Perma link: https://perma.cc/BB4Q-
FCB4

Yard management | Strategy |Corporation Whitebox

Animal training | Simulation |High school| Computer application

GeoGebra

Logic Strategy |High school GeoGebra

College and

. . GeoGebra
university

Music notes Quiz

The Orbis Pictus Bestialis or Kvido microgame was developed and utilised by Brom
[1] for quasi-experimental study in school settings. It has been designed to reinforce
and integrate part of the knowledge learnt in the formal instruction. The game is inte-
grated within the traditional lecture. This animal trainer microgame is a single-player
game that has three levels. The student has to train an animal to perform a task in each
level, for example, to train a dog waving one front leg on a verbal stimulus, to train a
lemur entering into a transportation box and closing the door behind it, and to train a
parrot speaking. Throughout the 20-minute gameplay, students are practicing basic
training techniques such as behaviour capturing, shaping, and chaining, and learning
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how to use a clicker during the training. In these microgames, the games are integrated
to the meso structures of learning in a formal manner for supplementing, reinforcing,
and integrating learning and instruction.

VeGame stands for Venice Game and is a series of very small games aimed at ex-
ploring the city of Venice to gain a better understanding and appreciation of cultural
heritage around the city. The general public, particularly young adults aged between 18
and 35 years, are the targeted players. Studied by Bellotti [4], the microgames are cat-
egorized based on the cognitive skills including observation, reflection, and arcade
games. In addition, VeGame features three main learning modalities: learning by doing
(playing), learning by thinking, and learning through social interaction. Each game has
specific activities that promote certain skills, for example, one of the games called His-
toricalQuiz, stimulates critical reasoning and evaluation of alternatives. The quiz does
not rely on previous knowledge, but it stimulates reasoning based on clues provided in
the game. In this case, the series of microgames are interrelated with each other within
the topic of Venice’s cultural heritage so it can be a complete learning space.

The next examples are GeoGebra user-generated microgames. Developed by Duane
Habecker in 2017, Four-by-Four NIM is a focused-mathematical-strategy puzzle for
elementary school level. It must be played by two players taking turns removing at least
one square and the final aim is to avoid or take the last square. Steve Phelps produced
Proof Without Words in 2015 as a Pythagorean theorem simulation for middle school
students. The game stimulates a fundamental relation in Euclidean geometry among
three sides of a right triangle. Log War, created by John Golden in 2015, promotes
logical thinking skills in high school. Players should correctly predict which logarithms
have a higher number during playing. The Music Note Quiz is a quiz about music notes
for college and university made by Florian Sonner in 2012. Entering the name of the
music notes into text fields under the notes is its main gameplay. All mentioned games
are very simple and easy to be directly played. Although no prior knowledge and skills
related to the game are needed in order to play the games, players could have brief
engagement and meaningful experience when playing. Those microgames are prom-
ising for mathematics learning as other general serious games that are evidently ef-
fective for orchestrating knowledge acquisition in mathematics subject [40] or for
supporting education in general [41].

Overall, the given microgame examples are very simple, straightforward, and fo-
cused. They may support learning and instruction within a specific objective as well as
provide brief engagement and meaningful experience in various learning environments.
The games require integration into existing learning resources. The use of microgames
for educational purposes should be integrated into a meso and/or macro structure of
learning in formal, informally, or non-formal ways. Integration thus is a critical part of
microgames utilisation for learning. Reflecting on the profile and in particular charac-
teristics of the microgame examples is inline with the proposed conceptual definition
of microgames in education.
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6 Conclusion

The definition of microgames has been developed from the literature by considering
related educational terms and approaches followed by an elaboration of the key defini-
tion elements. Furthermore, some examples were provided to illustrate that the defini-
tion is properly functioning. The proposed definition mediates the definitions of micro-
games between Brom [1] and Lukosch [3]. The microgames definition in this study
covers various contexts both in workplaces and schools conveying that microgames are
acceptable in various learning settings. As games in general [22], microgames could be
a system in which players engage in a brief artificial conflict defined by rules that re-
sults in a quantifiable specific outcome.

Integration is the most critical aspect of applying microgames for learning purposes.
It appears to be meaningless harnessing the games for teaching and learning processes
without some connections to existing resources. Microgames in practice, as microlearn-
ing [34] and serious games [26], should be integrated into meso and macro structures
of learning in formal, informally, or non-formal means. For instance, it could be inte-
grated into learning tools already used by students and teachers, existing lesson plans
and course material, or syllabus and curriculum. The games are not a complete learning
ecosystem and wholesale replacement for other learning initiatives. It is best viewed as
a teaching tool and not a substitute for teachers, trainers, and educators in general.

There is no definite game-play time that is universally recognized for the short du-
ration of microgames. The Orbis Pictus Bestialis game duration is twice as long as the
Yard Crane Scheduler game whilst many small games in GeoGebra activity lasting in
different time frames. Apart from the duration, it is more important to keep the games
as simple, straightforward, and focused as it could be since the engagement in micro-
games is a kind of concise participation occurring in a few minutes. The more uncom-
plicated the games, the more powerful engagement might arise.

Finally, the definition of microgames would evolve over time and become gradually
refined as a result of continual research. As a conceptual paper, this article has some
limitations. The definitions are based on a simple literature review from relevant jour-
nals and textbooks without specific criteria. Conducting a systematic literature review
combined with a meta-analysis thus could be beneficial to provide an evidence-based
definition. Moreover, having a semantic analysis can be another way to propose a def-
inition by drawing meanings from sentences, paragraphs, or full-text of relevant litera-
ture. Investigating performances of some microgames in supporting learning and in-
struction could also be of further research interest. For example, examining the ability
of microgames to support a particular level of learning within Bloom’s taxonomy.
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