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Abstract—Effective educational interventions require sufficient
learner engagement, which can be difficult to achieve if the
learner is inadequately motivated. Games have been shown to
possess powerful motivators that fuel a person’s desire to engage
in unattractive activities, such as learning theoretical material.
However, to design an educational game that is capable of
providing motivated engagement is a challenging task. Previous
research has proposed various game motivators and game design
principles to alleviate this, but a comprehensive synthesis has yet
to appear. In this article, we conducted a systematic literature
review that yielded two major contributions: 1) a taxonomy of 56
game motivators in 14 classes; and 2) a taxonomy of 54
educational game design principles in 13 classes, with linkages to
the identified game motivators. As a minor contribution, we have
also presented a classification of gamification-related terms and
proposed different strategies for applying gamification. The
results of this article are available for educational game designers
and researchers to use as a practical toolkit for the creation and
evaluation of motivating educational games that keep players
engaged. Moreover, this article is the first step toward the
creation of a unified gamification framework.

Index Terms—Design principles (DPs), educational games,
game design, gamification, motivation, serious games, taxonomy.

I. INTRODUCTION

EDUCATION is facing such tremendous global challenges

that the United Nations has included quality education in

the Sustainable Development Goals [1] in the hope that

researchers, businesses, and other organizations would help

increase accessibility to quality education through develop-

ment of new educational technologies, methods, and tools.

Yet even educational technologies that are referred to as

“smart,” such as artificial intelligence powered adaptive tools

for learning new skills or knowledge [2], can lose their effec-

tiveness and purpose if they fail to motivate learners to engage

in long-term usage. Moreover, encouraging people to change

their habits or lifestyles, for example by educating people

about climate change with the help of games [3], can be partic-

ularly challenging to achieve. A key factor in achieving such

fundamental changes in one’s life is motivated engagement.

In the context of this article, engagement is defined as the

level of involvement that the learner exhibits toward the learn-

ing process, whereas motivation is defined as the reason for the

learner to become and remain engaged in a learning activity.

Wemake a distinction between extrinsically motivated engage-

ment and intrinsically motivated engagement, as they can yield

different results in successfully reaching the target goal, espe-

cially when the goal requires long-term commitment and perse-

verance. Extrinsically motivated engagement is linked to

extrinsic motivation [4], which is experienced through rewards

from external sources (e.g., money, grades, praise, and avoid-

ance of punishment). This type of engagement is fairly easy to

establish, but challenging to maintain over a long period of

time. In contrast, intrinsically motivated engagement stems

from intrinsic motivators [4]–[6], such as challenge, curiosity,

and cooperation, that contribute to the person’s genuine enjoy-

ment and satisfaction when performing the activity. Conse-

quently, intrinsically motivated engagement is likely to last

longer and even help the person reach the flow state [7] in

which they are completely immersed in the activity. A chal-

lenge is to find a way raise and maintain motivation—whether

extrinsic or intrinsic—in people toward activities that they are

not necessarily passionate about, such as learning a difficult

theory or cycling to school in winter conditions.

Good examples of motivated engagement can be found in

the realm of video games. A significant body of research [5],

[6], [8]–[12] has shown that video games can possess motiva-

tors that keep the players engaged over long periods of time.

Inspired by the motivational pull of video games, researchers

have attempted to adapt game elements to educational inter-

ventions [13]–[17]. This process of applying game design ele-

ments to nongame contexts is referred to as gamification [18].

Yet anyone who has played games—for entertainment, educa-

tion, well-being, or work—knows that there is a difference

between a good and a bad game, with the latter tending to lack

the motivational power of the former. Moreover, research has

shown that gamifying educational interventions guarantees

neither intrinsic motivation nor positive learning out-

comes [19]. Designing motivating games is an art form on

which many good books have been published by professional
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game designers (e.g., [20]–[23]). These books provide useful

advice for developing video games primarily for entertain-

ment; they lack the perspective of gamification for education,

which possesses unique challenges and restrictions, such as

integration of learning content and theories. Moreover, these

books are largely based on the practical game design experien-

ces of their authors and disregard the existing rich body of

research into educational games.

Researchers have proposed design frameworks and design

principles (DPs) to facilitate educational game development

(e.g., [24]–[26]), but there is a gap in research regarding sys-

tematic collection and synthesis of DPs and underlying moti-

vators for educational games. A few surveys have been

conducted on gamification design frameworks [27]–[29];

although these studies can be of value for readers interested in

gamification, their depths are limited, they do not consider the

specific challenges that educational games entail and/or they

do not cover DPs and motivators. Therefore, in this article, we

set out to conduct a systematic literature review on game DPs

and game motivators with a specific focus on games for educa-

tion. By conducting this review, we seek to answer the

research questions: First, what are the motivators that contrib-

ute to engaging educational games? and second, what are the

game DPs that contribute to engaging educational games? To

answer these research questions, we applied the systematic lit-

erature review method [30]. We synthesized the information

in the reviewed studies into 56 motivators in 14 classes and 54

DPs in 13 classes. As a minor contribution, we proposed a

classification of terms related to gamification and different

strategies in which gamification can be applied. The results of

this article provide a solid reference for researchers and devel-

opers who seek to create engaging educational games.

The rest of the article is organized as follows. In Section II,

we analyze various terms that have been used in the context of

gamification and propose a classification of these terms, fol-

lowed by an account of previous reviews on gamification and

game design. Next, in Section III, we provide a detailed expla-

nation of the systematic literature review methodology that we

employed. The results are then described in Sections IV and

V: the first proposes a taxonomy of game motivators; and the

second presents a taxonomy of educational game DPs. Finally,

we provide our interpretations of the findings in Section VI

and wrap up the study in Section VII.

II. BACKGROUND

A. On Defining Gamification

The popular definition of gamification—“the use of game

design elements in nongame contexts”—was published by

Deterding et al. [18], who also provided an account of the his-

tory and meaning of gamification as a phenomenon. Following

this definition, entertainment and sports are examples of game

contexts, whereas education, health care, and marketing exem-

plify nongame contexts. We extend this definition by proposing

that game design elements can be applied through different

strategies in the gamification process. At one extreme, game

elements, such as points and badges, are simply glued on top of

an existing activity (e.g., a teacher assigns points to students for

completing homework). At the other extreme, a game is

designed with a sole focus on the game itself and is then applied

to a nongame context (e.g., Minecraft [31] in classrooms).

Other strategies fall between these extremes, such as designing

a game for learning programming concepts (e.g., Light-

Bot [32]). It is noteworthy that gamification does not imply the

presence of a digital game, although that often is the case.

Moreover, gamification of education automatically guarantees

neither motivation nor positive learning outcomes [19].

The concept of gamification has been used across a wide

range of fields, the most prominent application areas being edu-

cation and training [13]–[17], business [33]–[36], and well-

being [37]–[40]. Given the popularity of the concept, it is not

surprising that several other terms have emerged that can be

thought to complement gamification, such as serious game [41],

applied game [42], educational game [43], transformational

game [44], exergame [45], funware [46], edutainment [47],

gamefulness [48], playfulness [49], game-based learning [50],

and ludic interface [51]. The main difference between these

terms and gamification is that the latter describes a (design) pro-

cess, whereas the former describe an end result (serious game,

applied game, educational game, transformational game, exer-

game, funware, edutainment, ludic interface), a quality or state

(gamefulness, playfulness), or an activity (game-based learn-

ing). This nonexhaustive classification is illustrated in Fig. 1,

which will be useful when working in the area of gamification.

B. Previous Reviews on Gamification Design

Gamification design has attracted much attention from

researchers since the term was established. A body of litera-

ture has been dedicated to analyzing and mapping research

efforts in the gamification of education [37], [52]–[57]. Simi-

larly, many design frameworks and approaches have been pro-

posed for making the application of gamification efficient and

effective. We discovered and analyzed three previous litera-

ture reviews on gamification frameworks and design with the

goal of identifying a gap in research to be filled by this article.

Mora et al. [28] reviewed 40 studies that proposed a gamifi-

cation design framework (until 2016) with the purpose of

applying gamification in higher education. The covered frame-

works were divided into categories of learning, business,

Fig. 1. Classification of terms related to gamification.
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health, and generic, according to their respective areas. For

each reviewed framework, the authors presented a citation,

background (area), target audience, a definition of gamifica-

tion, and a short description of the framework. They also com-

pared 27 of the 40 frameworks through 24 of the aspects

possessed by many of the frameworks, divided into six catego-

ries. Although this literature review provides a good overview

of different gamification design frameworks, it does not con-

tain in-depth information on game motivators or principles

related to the design of educational games.

In another literature review, �Avila-Pes�antez et al. [27] ana-
lyzed serious game design approaches (one model, three

frameworks, seven methodologies) proposed by 11 studies in

the context of higher education made between 2008 and 2016.

The design approaches covered were described briefly and

then compared in terms of stages. The most significant out-

come of this study is the categorization of 31 different game

design stages, grouped into four phases (analysis, design,

development, and evaluation), with the features/issues/aspects

identified for each phase. Some of the aspects of the design

phase have relevance to the DPs presented in this article, but

they are not explained in detail. Moreover, game motivators

are not covered by �Avila-Pes�antez et al.
Many gamification approaches target younger audiences,

such as school children or higher education students. How-

ever, aging populations in developed countries [58] have

prompted researchers to investigate designing games for older

adults. A study by de Vette et al. [29] reviewed six theoretical

frameworks for gamification in business and academia as well

as four studies that discuss methods for developing gamifica-

tion solutions for older adults. Furthermore, the authors inves-

tigated how user/player classification taxonomies could be

used to tailor games for older adults. This article is of value

when designing games for older adults, but it does not provide

answers to our research questions. The coverage of the study

is also rather narrow, although the authors do describe the

reviewed studies in a greater depth than that offered by the

other reviews presented earlier.

In summary, although previous studies have addressed impor-

tant issues regarding gamification design, there remains a gap in

research regarding game DPs and motivators that contribute to

user engagement, especially in the context of education. Next,

we present the systematic literature review methodology that

was applied to fill this gap.

III. METHODOLOGY

We adapted the methodology proposed by Kitchenham and

Charters [30] who described detailed guidelines for planning,

conducting, and reporting systematic literature reviews in soft-

ware engineering. Fig. 2 illustrates our adaptation of this

method; the first two stages are described in the following

sections and the last stage is represented by this article.

A. Planning

1) Identification of the Need for a Review: This study

belongs to the multidisciplinary project “Sustainable Innovations

for Children Transporting Actively (SICTA).” One of the proj-

ect’s aims is to develop new knowledge for designing motivating

and engaging games to support children’s behavior change

regarding daily active school transport while providing themwith

curriculum-based learning tasks. As shown in Section II-B, we

searched for studies that would synthesize previous research on

game motivators and gamification DPs. Although some previous

literature reviews on design frameworks and principles were dis-

covered, they did not thoroughly cover the aspects related to edu-

cational game design and, thus, indicated a need for this review.

2) Specifying the Research Questions: We defined the fol-

lowing research questions to guide this literature review.

1) What are the motivators that contribute to engaging

educational games?

2) What are the game DPs that contribute to engaging edu-

cational games?

3) Developing a Review Protocol: Our review protocol for

systematic data collection and analysis (see Table I) specifies

the target databases for searching, the strategy used for search-

ing and the inclusion criteria as well as the data extraction and

synthesis strategies. The complete list of used keyword combi-

nations is omitted to keep the length of the table manageable.

The details of implementing the protocol are explained in the

next section.

B. Conducting

After the planning was finished, we followed Kitchenham

and Charters’ [30] systematic literature review guidelines to

conduct our literature review over several steps, which are

described in the following sections. Two researchers first con-

ducted the steps independently and their results were com-

pared and negotiated at the end to form the final set of results.

1) Identification of Research: In this step, we searched

online academic research databases for studies to be reviewed

(see Table I). The literature searches were conducted during

March 2019 at the Lulea
�
University of Technology and from

December 2019 to January 2020 at the Vrije Universiteit Brus-

sel. Both institutions have subscriptions to all major scientific

publishers. The search begun with a predefined list of key-

words, with additional keywords added to the list during the

search. For each keyword combination, we downloaded the

first 50 results, excluding duplicates and clearly irrelevant

studies. Content-based filtering was not applied at this step.

Some studies were behind pay walls; we attempted to find

alternative sources for these studies, for example by asking

their authors through ResearchGate and e-mail. The rate of

duplicates increased toward the end of the search; for exam-

ple, studies discovered from Google Scholar often reappeared

when searched from the ACM Digital Library, IEEE Xplore,

Fig. 2. Systematic literature review methodology used in this article
(adapted from [30]).

806 IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL. 13, NO. 4, OCTOBER-DECEMBER 2020



and Springer. As a result, we acquired 684 studies, excluding

identified duplicates and clearly irrelevant studies, to be proc-

essed in the next step.

2) Selection of Primary Studies and Quality Assessment:

We narrowed the set of studies to be analyzed by selecting

only studies relevant to game motivators or game DPs. To

evaluate the quality of the downloaded studies and their rele-

vance to our research questions, we applied a criteria-driven

iterative workflow as follows.

1) Read through titles and abstracts of the downloaded

studies and apply the inclusion criteria (see Table I).

Exclude studies that do not meet the inclusion criteria.

2) Skim through the contents of the studies that passed the

first round and apply the inclusion criteria again. Follow

relevant references.

3) Read through the studies that survived the second round

and perform final filtering based on the inclusion criteria.

During this process, more duplicates were removed when

they were identified. As a result of this step, 11 studies on

game motivators and 41 studies on game DPs were selected to

be analyzed in the next step.

3) Data Extraction and Synthesis: The purpose of this step

was to systematically analyze the selected studies to extract and

synthesize data that would allow us to answer the research ques-

tions. First, we devised data extraction categories covering vari-

ous aspects of the selected studies, including authors, publication

year, title of the study, publication forum, field (education,

generic), DPs or game motivators proposed, and comments.

After the categories were created, two researchers independently

analyzed the studies and filled in their respective spreadsheets.

The raw data on gamemotivators and gameDPs had to be syn-

thesized to answer the research questions. The goal of the synthe-

sis step was to create taxonomies that combined and organized

previous research findings; thereby, providing comprehensive

overviews on game motivators and DPs. For game motivators,

data synthesis was conducted by analyzing the descriptions of

each motivator in the source studies before identifying classes to

be used for grouping the motivators (e.g., the “social interaction”

class covers motivators related to relationships and social inter-

action). For DPs, we performed data synthesis in an iterative

manner by analyzing each study as follows.

1) Define a descriptive label for a discovered DP.

2) If a similar label exists for another DP, consider merg-

ing the DPs under the same label.

3) After all DPs are labeled, identify classes under which the

labels can be grouped (e.g., “challenge” and “creativity”).

4) Revise the labels and classes, merging further if

appropriate.

Finally, we used our interpretations of the results to estab-
lish links between the motivators and the DPs, providing a
rationale to explain the links.

The analysis results of two researchers were compared and

negotiated to form two final taxonomies, which are presented in

the following section. The interrater reliability (IRR) percentages

for the motivators and motivator classes were 81% and 61%,

respectively. The lower IRR percentage for the motivator classes

is more due to combined classes than to different classes. The

IRR percentages for DPs and their classes were 74% and 77%,

respectively. The comparison of DPs was based on their concep-

tual similarities rather than on their verbatim descriptions.

IV. MOTIVATION IN GAMES

The motivational pull of digital games has intrigued rese-

archers since the video gaming market started proliferating after

the advent of affordable home computers in the early 1980s. In

our literature review, we identified a body of published research

at the intersection of motivation and games. As early as 1981,

Malone investigated in his seminal paper how the captivating

effects of computer games could be harnessed to make learning

interesting and fun [6]. He discovered three intrinsic motivators

that captivating games possess: 1) challenge; 2) fantasy; and 3)

curiosity (sensory and cognitive). A few years later, Malone and

Lepper [5] amended the taxonomy of intrinsic motivators for

learning with control, cooperation, competition, and recogni-

tion, thus considering games as inherently social interaction

devices. Even though the games that Malone and Lepper ana-

lyzed are vastly different from the games of the 21st century, the

motivators that they discovered are still valid and have been veri-

fied, albeit sometimes with different terms, in other studies [8]–

[12], [55], [59]–[61]. These studies proposed a number of addi-

tional motivators that complement Malone and Lepper’s

TABLE I
REVIEW PROTOCOL
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taxonomy. Table II presents our taxonomy of the 56 identified

motivators that can contribute to motivated engagement in edu-

cational games. The motivators are divided into 14 classes (C)

based on their similarities; each class is described briefly.

Many of the motivators in Table II were originally defined as

intrinsic; if a game successfully employs (some of) them, there-

fore, players may find the gameplay internally rewarding and

thereby stay engaged. This is particularly useful in educational

games that require learner engagement beyond classroom hours.

However, game mechanics that are meant to support these moti-

vators (e.g., points and badges for achievement) can produce dif-

ferent motivational results that depend on the context of use

(e.g., extrinsic motivation toward a game played in a classroom

versus intrinsic motivation toward a game played at home). Con-

sequently, the motivators listed in Table II can support either

extrinsic or intrinsic engagement.

Educational game designers can use these motivators as a

starting point for conceptualizing new game-based interven-

tions, as well as for evaluating existing games. However, cre-

ating a game by throwing together, for example, cooperative

challenges, points, feedback, and some rules still does not

guarantee motivated learner engagement. Designing an educa-

tional game that fulfills the potential of intrinsic motivation is

a highly demanding task that can be facilitated by educational

game DPs that are grounded in experience and research.

V. EDUCATIONAL GAME DPS

Many of the identified motivators are abstract and may there-

fore be difficult to apply in practice. To alleviate this, previous

research has produced DPs, many of which can be connected to

the aforementioned motivators. We discovered and analyzed 41

studies on principles and guidelines for designing games. We

synthesized the analyzed data and proposed 54 DPs in 13 classes

(see Fig. 3). The resulting taxonomy is presented in detail in the

following sections. In addition to describing the identified DPs

with supporting research, we indicate—based on our interpreta-

tion of the results—the game motivators presented in Table II to

which they link. These connected motivators are written in

italics next to the design pattern class names in Fig. 3, followed

by detailed explanations in their respective sections. Principles

related to design process, user experience, and user interface are

omitted, as we plan to cover them in subsequent studies. Finally,

it is noteworthy that these DPs are not rules; they are meant to be

helpful suggestions that designers can follow as deemed appro-

priate for the educational game design problem at hand.

A. Challenge

This class consists of principles for designing game challenges

that aim to engage diverse players. All these DPs are connected

to the namesake motivator, the goalsmotivator (as solving chal-

lenges leads to goals), and the feedback motivator (as the player

receives feedback upon attempting to solve challenges); other

connections also exist, however, as explained below.

DP 1: Provide challenges at various adjustable difficulty

levels [12], [24], [26], [43], [55], [66]–[83]—In order to cater

for various skill levels of diverse players, games should

contain challenges at multiple difficulty levels, starting from

tutorials and beginner-level challenges. Games should chal-

lenge the player to the extent of their abilities while avoiding

challenges that are too easy or too difficult [43]. The adapta-

tion of challenge difficulty level can be manual (e.g., the

player selects the desired difficulty level), preprogrammed

(e.g., the game gradually increases difficulty as the player

advances), or dynamic (e.g., analyze the player’s actions to

determine the appropriate difficulty level). In addition to the

challenge motivator, this DP relates to control if the player

can directly or indirectly control the difficulty level.

DP 2: Favor simple challenges over complex challenges [24],

[67]—If a game challenge is overly complex, it may discourage

the player, thus resulting in decreased engagement. This DP there-

fore suggests breaking complex challenges into smaller tasks; this

is particularly important for young [24] and older [67] players.

DP 3: Provide enough time to solve challenges [70], [81],

[84]—Adequate time should be allocated for solving game chal-

lenges. This DP is of emphasized importance with very young

and older adult players, as well as players with impaired sensory

or cognitive capabilities who have special usability requirements

for gameplay. Moreover, providing sufficient time is helpful for

reflection in a learning environment [85]. However, in certain

learning scenarios (e.g., a laboratory class with limited time) a

fast-paced gameplaymight be justified [81].

DP 4: Raise curiosity by interesting and unpredictable chal-

lenges [72], [86], [87]—A game that repeats similar challenges

may eventually start to feel boring. This DP alleviates this issue

by suggesting the addition of variation and surprise in game

challenges, thereby nurturing the curiosity motivator. As inter-

est is a subjective quality, a game designer should acquire an

understanding of the interests of their target players.

DP 5: Allow challenges to be repeated [24], [81]—Chal-

lenges containing learning content should be repeatable, thus

allowing the learner to try out different strategies [81] and

reach the learning goals [24]. Similarly, if the game aims to

develop a skill or change a behavior, repeatable challenges

can be beneficial. This principle relates to the control motiva-

tor if the player can choose the number of repetitions.

B. Control

This class covers DPs related to control in gameplay. The

term “control” is analyzed from two perspectives: the player’s

granted ability to make choices in gameplay; and the input

mechanisms through which the player interacts with the game.

All the DPs presented below connect to the control motivator,

as they aim to enhance the player’s perception of control in

the game, and to the feedback motivator, as the player’s

actions to control the game should result in appropriate feed-

back (see Section V-F). Moreover, the DPs on control mecha-

nisms relate to sensory curiosity, as the player may use

various sensory modalities to control the gameplay.

DP 6: Use input modalities that are suitable for target play-

ers and contexts [66], [68], [69], [88], [89]—The player’s con-

trol over a game should be enabled through input modalities

that satisfy the usability and safety requirements of the target
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audience and the usage context (e.g., a young child playing

while walking to school). A choice should be given to the

player if multiple alternative input modalities are available.

The game designer may consider implementing a natural inter-

face using touch, gestures, or voice [68], [69], [89] when the

game aims at audiences or usage contexts where traditional

user interfaces are unsuitable, such as games for older adults

and those based on movement [68]. Additionally, games that

are aimed at older adults should take into account their special

usability requirements [68], [84]. This principle relates to the

novelty motivator, as unconventional methods of controlling

the game may have a novelty effect on the player.

DP 7: Use sensitive and accurate controls [89], [90]—

Game controls should be sensitive, so that the result of provid-

ing input is immediately available to the player [89], [90].

Moreover, the result should accurately correspond to the given

input (e.g., the arm of an avatar should mirror the player’s

arm) [89]. Failing to fulfill this DP, for example by having

laggy feedback on input controls, may cause lowered usability

and player disengagement.

DP 8: Use consistent controls [90], [91]—The provided game

controls, once chosen and adjusted for the player, should be kept

consistent over multiple game sessions. A typical way to do this

is to allow the player to save and load game control settings.

Using consistent controls enables the player to master the con-

trols quickly and thereby develop their skills. If additional con-

trols are introduced later in the game, they should be presented

clearly, for example through a tutorial.

DP 9: Use familiar, safe, and comfortable controls [66], [69],

[89], [92]—To lower the learning curve of a game, it is recom-

mended to use controls that are familiar to the player from previ-

ous experience. This is particularly important when developing

games for older adults, where using familiar interactionmethods,

such as natural interaction, is encouraged [92]. This DP connects

to the real-world relationmotivator when familiarity stems from

real-world experiences. Moreover, playing the game should be a

safe and comfortable experience; care must therefore be taken to

ensure that game controls do not introduce a risk of injury (e.g.,

physical movement in a game, traffic in a location-based

game) [66]. The designer should therefore be aware of the target

Fig. 3. Taxonomy of educational game DPs.
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players’ condition and the gameplay context, as well as restric-

tions related to these [69]. This is particularly important in games

based on physical movement, where proper warm-up and fall

prevention/protectionmeasures are recommended [89].

DP 10: Favor simple interaction [66], [67], [92]—Aligned

with common usability guidelines [93], the game’s user inter-

face should be based on simple, intuitive interaction so as to

help decrease the player’s cognitive load and consequently

allow the player to focus on the game’s learning content. This

is particularly important when target users have impaired

physical or cognitive abilities [66], [67].

DP 11: Use adjustable and personalized controls [55],

[66]–[69], [73], [74], [84], [89], [90]—The player should be

enabled to adjust the game controls to match their needs and

preferences. This covers both choosing the control mechanism

(e.g., keyboard+mouse versus touch screen) and adjusting the

parameters of the chosen mechanism (e.g., sensitivity of a

motion sensor). Adjustment can be manual (e.g., manual cali-

bration of an eye tracker), semiautomatic (some adjustments

are manual, some automatic), or automatic (e.g., adjustable

control parameters based on the player’s profile). This DP

relates to the customization motivator, as the player is given

the power to customize their interaction experience.

DP 12: Freedom of choice and control in gameplay [12],

[25], [43], [72], [73], [76], [78], [82], [86], [87], [94], [95]—

To support the control motivator, it is important to provide the

player with the freedom to make choices in the game. This

can happen by various means, such as providing alternative

paths to reach a goal [82], [86], [94], providing various things

to do and different methods for doing them [72], allowing the

player to influence the game system [25], and allowing the

player to control the pace of the game [82]. However, one

should not provide too many choices, as to do so may defeat

the purpose of giving control [73]; some constraints may also

be needed to help the player focus on the learning activity [82].

This principle relates to the customization motivator, as it may

allow the player to influence how the game system works.

C. Creativity

A common factor of all DPs in this class is that they aim to

foster creativity and self-expression in players. The shared pur-

pose of these DPs is to avoid one-size-fits-all gameplay experi-

ences and to provide the means for players to contribute to game

content and even to the game system itself. All principles in this

class connect to the control and customization motivators

because increased use of creativity implies more freedom and

choices for the player to influence the gameplay experience.

DP 13: Allow players to create game content [72], [86]—

This principle encourages designers to build tools for players to

create new content for the game and possibly share the content

with other players. The purpose of this is to support the player’s

self-expression [72] and empowerment [23]; in turn, these can

manifest in a number of motivators, which are as follows.

1) Customization: For the power to change the game content.

2) Fantasy: When the content creation involves storytell-

ing and/or fantasy elements.

3) Competence: As the player’s competence grows with

content creation expertise.

4) Recognition: When the player receives credit for the

created content.

DP 14: Provide creative ways to solve challenges [24], [81]—

Amotivating challenge is one that can be met in a number of dif-

ferent ways (e.g., stealth versus aggressive attack) [81]. This prin-

ciple therefore recommends challenges that can be met in

multiple creative ways. In addition to its obvious connection to

the challengemotivator, this principle connects to curiosity (both

cognitive and sensory), as curiosity has been shown to have a pos-

itive effect on creative problem-solving and performance [96].

DP 15: Allow players to extend the game system [72]—The

designer should grant the player a limited ability to make

changes to the game world and the rules that govern it. Exam-

ple realizations of this principle are player-created plugins and

mods that improve, enhance, or extend the game world or the

gameplay in some way [72]. Modifying the game system can

boost the player’s perceived competence and may also result

in recognition from other players. Additionally, this principle

connects to the control and customization motivators, as it

grants the player the power to customize the game system.

D. Exploration

This class comprises DPs whose purpose is to promote the

player’s exploration of the game world and its contents, as well

as the real-world context used in some games (e.g., location-

based games). The DPs in this class promote the discovery, navi-

gation, and control motivators, as the player may experience an

elevated sense of being in control when making discoveries and

navigating in the game world. The curiosity (sensory and cogni-

tive) motivators are also supported, as exploration may require

both the sensory and cognitive faculties of the player.

DP 16: Freedom of exploration and experimentation [25],

[72], [76], [79], [81], [82]—The player should be able to

explore the game world and experiment with its features in a

comfortable manner without feeling fear of serious consequen-

ces [72]. Freedom of exploration can also be useful when the

goal is to learn about or simulate a real-world context [25],

[81], [82]; it can also involve solving a mystery [76]. In addi-

tion to the aforementioned motivators, this principle also sup-

ports the real world relation and physical movementmotivators

when the game involves real-world exploration and movement

(e.g., location-based games).

DP 17: Provide multiple paths/options and dynamic order-

ing of events [24], [72], [73], [86], [94], [95], [97]—To make

the game more diverse and surprising, this DP suggests that

the game should offer multiple paths for the player to suc-

ceed [24] and multiple methods of traversing those paths;

however, these methods should not exceed the player’s capac-

ity (e.g., skill level) [72] and the number of paths or options

given to the player to choose from should not be too high [73].

Additionally, the game events along a chosen path should be

dynamically ordered according to the player’s actions and pos-

sibly other information, such as their interests, skill level, and

context attributes [94], [95].
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DP 18: Provide an interactive game map of sufficient

detail [86]—Regardless of whether the game is placed in the

real world or a virtual world, it should provide tools to help

the player navigate. Interactive game maps are useful tools for

this, as they can contain relevant up-to-date information con-

nected to specific parts of the game world, available for access

and manipulation by the player. Parts of the game map can be

hidden, as in Fog of War, to promote discovery and curiosity.

The detail level of the map should correspond to the require-

ments of the game. Moreover, the game map can also include

nonnavigational information, such as challenges (e.g., com-

pleted, ongoing, and available missions) and the player’s sta-

tus. If the game map portrays a real-world location, then the

real-world relation motivator is supported.

E. Fairness

Here, we present DPs that aim at ensuring that gameplay

can be enjoyed by all players in a fair manner. This class links

to universal DPs (out of scope in this article) that aim at pro-

viding equal access to all users [98]. The DPs of this class

relate to the moral sense motivator, as fairness is ultimately a

construct of morality.

DP 19: Implement mechanisms to prevent or detect cheat-

ing [72], [87], [91], [99]—The goal of cheating (including hack-

ing) is to gain an advantage in a game by employing strategies

that either break or bend the game’s rules. This is particularly

important in multiplayer games, where cheating can disrupt the

gameplay of a large number of players. Although some players

may be motivated by the opportunity to cheat in a game, cheating

in general can reverse the positive effects of games and discour-

age players [99]. Therefore, the game system should be protected

against cheating and other forms of unwanted manipulation [72],

[91]. This DP relates to the rules motivator because game rules

lose importance when they can be circumvented by cheaters.

DP 20: Ensure similar opportunities of success regardless of

experience [72]—Beginners and experienced players should all

be able to approach a game easily, so all are offered fair opportu-

nities of progressing in the gameplay. Consequently, the game

should allow new players to feel motivated even when they are

surrounded by veteran players [72]. This principle relates closely

to the challenge motivator, as well as to the DPs under the chal-

lenge class (see Section V-A), which provide suggestions on

how to create challenges that are suitable for different players.

Moreover, this principle supports the competence motivator, as

even new players can feel competent from early on.

F. Feedback

The following DPs cover the aspects of game design that

define how the game system reacts to the player’s inputs. When

the input modalities to control the game are diverse (see

Section V-B), it is important to ensure that provided feedback is

timely and useful. All principles in this class connect to the name-

sake motivator and to the control motivator, as feedback is typi-

cally followed by the player’s attempt to control the game.

Additionally, these DPs link to the competence motivator, as the

player can feel more competent as a result of receiving high-

quality feedback on their actions. If the given feedback is related

to a goal, then the goalsmotivator may also be supported.

DP 21: Provide instructions and/or tutorials [71], [72],

[78], [90]—A game should offer sufficient instructions to

ensure that the player is aware of the game controls and how

to proceed in the game. This is particularly important at the

beginning of the game (onboarding) where a tutorial should

be provided for new players [72]. Moreover, players who are

not experienced with the game genre and controls (e.g., older

adults playing a game with gesture controls) may require addi-

tional instructions/tutorials. This principle relates to the rules

and novelty motivators, as good tutorials help the player learn

about the game’s rules, technology, and features.

DP 22: Provide immediate, positive, and useful feedback [12],

[24], [26], [43], [55], [66]–[69], [71]–[73], [75]–[78], [81], [84],

[87], [89], [90], [95]—This DP emphasizes the importance of

timely and constructive feedback to the player’s actions. The feed-

back should be positive [55], [73] and, even in the case of the play-

er’s failure to complete an action, encouraging and constructive

rather than negative, especially when the player is inexperi-

enced [66], [84]. Positive feedback can support the emotionsmoti-

vator class. Provided feedback should also be useful; it should

describe the position and progress of the player in the game and

where to go from there (i.e., available actions) [72], [81].

DP 23: Provide clear feedback via different channels [43],

[67], [68], [72], [82]—This principle goes hand-in-hand with

DP 22; the immediate, positive, and useful feedback may not

reach the player if it is delivered in an unclear manner or via a

contextually inappropriate channel. Unclear feedback may be

understood incorrectly or not at all. Clarity of feedback can be

increased by delivering it through multiple modalities, such as

visual, auditory, and haptic, thus allowing the receiver to decide

upon the most appropriate modality in a given context [67], [68].

These communication channels should correspond to the real-

world context [82]. In addition to the motivators listed earlier,

this DP supports curiosity, as provided feedback may be not

only informative but alsomultimodal.

DP 24: Provide access to performance data [43], [68], [83],

[86]—The game system should provide an interface through

which the player and the educator can access—in real-time or ret-

rospectively—performance data that are associated with game-

play and possibly visualized [68], [86]. These data may include

but are not limited to learning activity performance, gameplay

statistics, chat logs, and sensor data collected through multiple

channels. The collected data can also be integrated into assess-

ment strategies as well as used for adaptation [43]. Additionally,

cooperativemultiplayer games should provide not only group sta-

tistics but also statistics on individual achievements (e.g., “points

earned” for the group and “most points earned by” for the best

player in the group). Such games may also show a play reel of the

highlights that occurred during game play. Allowing players to

observe and analyze their own or other players’ performances

helps support the usefulness and cognitive curiositymotivators.

G. Goals

Goals are among the fundamental building blocks of games

and these DPs can be helpful for constructing intriguing and
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useful goals in educational games. In addition to supporting

the goals motivator, these DPs help strengthen challenge

(because goals are typically intertwined with challenges),

rules (because reaching goals is governed by game rules), and

competence (because the player may feel increased compe-

tence and self-esteem after reaching a goal). Additionally,

reaching goals is typically followed by some form of feed-

back, which may also have a motivating effect.

DP 25: Create clear, meaningful, and achievable goals [12],

[43], [55], [67], [68], [72]–[74], [76], [77], [81], [84], [86]–[88],

[99]—Game goals should be clear [12], [43], [55], [67], [72],

[81], [87], [99]; if they are not, the player may get “lost” and

consequently may drop their engagement in the game. Further-

more, game goals and content should be meaningful to the

player [68], [72], [84] and aligned with the player’s personal

goals [87]. Educational games should be able to convince the

player that there is a deeper meaning in playing beyond enter-

tainment. The meaning should be aligned with the narrative of

the game and its goals [68]; consequently, the game content and

activities should be designed so that they raise the player’s inter-

est in reaching the goals that lead to fulfillment of the meaning.

Goals should also be made achievable [72] so that the player

knows what needs to be done to reach them. Finally, the designer

should align game elements to target goals so as to utilize the

motivational pull of games [73]. Examples of game elements

that can be coupled with goals include points, badges, and prog-

ress bars [77]. This DP can be reinforced by providing relevant

feedback to the player about reaching the goals. Furthermore, it

supports the usefulnessmotivator as meaningfulness often trans-

lates to perceived usefulness in educational games.

DP 26: Provide an epic meaning [26], [72]—One thing that

makes some games particularly memorable is that they have

an extraordinary, even epic, meaning as the ultimate goal of

the game. Epic meaning means that players feel the need to be

part of something bigger than themselves, such as saving the

environment [26]. An epic meaning can connect to the status

motivator, for example when the player is trusted with a task

that nobody else can do and the fate of the world depends on

it. To create an epic meaning, storytelling (see Section V-M)

is often employed, thus promoting the fantasy motivator.

DP 27: Create progressive goals that build on each

other [24], [26], [72], [81]—Following the divide-and-con-

quer strategy and aligned with DP 2, this DP suggests that

rather than presenting a few large goals, the game should have

several smaller goals, which can be divided into levels that

progressively build on each other and lead to more complex

goals [24], [26], [72], [81]. Too-large goals may demoralize

the player, especially in the early stages of gameplay. There-

fore, while a complex goal may be revealed, the player should

also be made aware of what steps (subgoals) lie ahead on the

road toward that complex goal.

H. Learning

In this section, we describe DPs that are focused on support-

ing the learning process. All of these promote the usefulness

and competence motivators when the player feels that they

have gained knowledge or skills with the game. The real-

world relationmotivator may also be strengthened if the learn-

ing content has real-world connections.

DP 28: Provide relevant and pedagogically grounded

learning content and activities [43], [70], [71], [74], [80]–

[82], [85], [86]—To increase the effectiveness of an educa-

tional game, its learning content and activities should be

designed to be relevant from two perspectives: they should be

relevant to the target context (e.g., a classroom, a forest, or an

urban area) and they should be relevant to the chosen game

genre and mechanics (e.g., location-sensitive learning content

in a location-based game). Moreover, learning content and

activities should be grounded on an appropriate instructional

theory [71], [80], such as constructivism or situated learning,

and (when appropriate) utilize real scientific data [81], [82],

thus increasing the educational potential of the game.

DP 29: Provide cognitive challenges [74], [81], [88]—The

challenges of an educational game should be of cognitive

nature so as to stimulate cognitive curiosity and thereby facili-

tate the player’s knowledge and skill acquisition processes.

Examples of simple cognitive challenges are quizzes and puz-

zles that can be solved relatively quickly [74]. More demand-

ing cognitive challenges may require the player to synthesize

previously covered learning materials, knowledge, or skills,

and apply problem solving or critical thinking skills [81].

DP 30: Embed assessment tools [43], [78], [81]—Providing

sufficient assessment tools is essential in any learning environ-

ment. Educational games should have embedded assessment

instruments for educators that are based on recorded game events

and player behavior [43], [81]. These instruments can also be

made available to the player, thus enabling self-monitoring

of their learning process and thereby promoting the feedback

motivator. If the learning content and the assessment tools in

the game are based on a curriculum, the assessment can be used

to evaluate the student’s academic performance against the cur-

riculum goals [43].

DP 31: Choose an appropriate transparency level for learn-

ing content [82], [86]—For younger learners, game designers

should avoid evoking the “broccoli covered with chocolate”

feeling that may emerge when learning content is in the spot-

light [100]. This DP suggests that the transparency of the

learning content should be tailored for the target audience and

the context of use. For example, in the case of young children,

the learning content could be presented subtly, embedded in

game mechanics [86], whereas in the context of higher educa-

tion, the game might present realistic, scientific information

using professional vocabulary [82]. This DP may aid the

immersion motivator when learning content does not obstruct

the overall gameplay experience.

DP 32: Provide time to reflect amid intense game moments

[85]— Every game needs a “breather” between intensive game-

play periods. In educational games, the intensive periods should

focus on practicing and training skills, whereas the less intensive

phases can be used for thought and reflection [85]. For example,

after a level is finished, the game could provide a summary of the

level’s content with links to learning objectives. This DP may

connect to the usefulnessmotivator when the learner feels that the

814 IEEE TRANSACTIONS ON LEARNING TECHNOLOGIES, VOL. 13, NO. 4, OCTOBER-DECEMBER 2020



reflection phase aids learning. It also may connect to the feedback

motivator if the reflection phase comprises feedback elements.

I. Profile and Ownership

The DPs in this class relate to providing access to individual

gameplay data through the player’s profile. Therefore, these DPs

link to those on feedback (see Section V-F) and consequently to

the feedback motivator. The competence motivator is also sup-

ported when the player’s profile portrays the skills, abilities, or

goals achieved by the player. Additionally, granting players

ownership to their profiles increases the control motivator, as

being aware of one’s gameplay data, status, and next actions can

reinforce the feeling of control. Moreover, if the achievements in

the player’s profile are visible to other players, these DPs can

promote the status and recognitionmotivators.

DP 33: Use a profile/avatar that the player can own and

can relate to [43], [55], [68], [72], [76], [86], [94]—The

player should be given the ability to record gameplay data to

their profile, thus promoting ownership [72] and enabling

gameplay adaptation [43], [68]. The profile can be linked to

owned virtual goods, such as awarded badges and purchased

items [72], which further promotes ownership. The profile can

be coupled with an avatar that represents the player in the

game world and that can evolve over time [43], [76]; however,

the avatar should be recognizable to the player [94]. More-

over, the game’s built-in assessment tools (DP 30) can store

assessment results to the player’s profile.

DP 34: Provide the status of the game process and next

available actions [72], [90]—Connected to the DPs on feed-

back, this principle encourages the provision of means for the

player to observe the status of their game process [90] and

next available actions related to it [72]. The status information

can be embedded in the player’s profile or presented as a dedi-

cated feature (e.g., a game journal).

DP 35: Offer past, present, and future perspectives [94]—

This DP is related to status information (DP 34); players

should be able to observe their past, present, and future selves,

which helps to trigger change processes (e.g., behavior

change, achieving learning goals) [94]. The ability to observe

the evolution of one’s knowledge, skills, or abilities helps to

boost the competence and goals motivators. This DP is partic-

ularly useful for game-based interventions that aim at achiev-

ing substantial learning outcomes, skill improvement, or

behavior change over time.

J. Relevance and Relatedness

A common goal of the DPs in this class is to help make the

game more relevant to the player’s context, previous knowl-

edge, and/or past experiences. These linkages allow the game

designer to utilize the rich resources of the real world; the

player benefits from this by building a better understanding of

the dynamics between the game’s activities and their own

real-world context. Therefore, these DPs promote the real-

world relation motivator.

DP 36: Relate gameplay to real-world contexts [25], [74],

[81], [86], [88], [92], [101]—Educational games can benefit from

references to real-world contexts, which can provide resources

(e.g., physical locations, objects, people) that may not be avail-

able in context-agnostic settings, such as classrooms. Therefore,

by grounding a game to a real-world context, the game’s rele-

vance to the player’s relevant surroundings increases. In educa-

tional games, real-world contexts, and realism in general, can

provide enhanced learning experiences, for example, through

content involving a real-world location [25], culture [92], or prob-

lem [81]. Simulation games exemplify a genre where realism

comes first, even at the expense of playability [101]. Finally, if

the game is based on a real-world location, the designer should

take into account environmental conditions, such as weather and

lighting, and provide the necessary navigational aids [86].

DP 37: Relate to familiar activities [67], [92] – It may be

helpful to relate the game activities to real-world activities with

which players are already familiar, such as daily activities or

those based on sports or hobbies. This is especially important

when the target audience comprises older adult players [67],

[92]. Moreover, the game design should be aligned with the tar-

get players’ cultural context, thus further strengthening the

familiarity factor [92]. Applying this DP lowers the game’s

learning curve, allowing players to grasp the gameplay faster

and thereby promoting the controlmotivator.

DP 38: Relate to past experiences [25], [67], [94]—The

game should foster connections to the player’s past experien-

ces, thus deepening their engagement [25]. These connections

may be implicitly woven into game content and activities

(e.g., by basing the game’s difficulty level settings on previous

game sessions), and/or explicitly presented to the player, for

example through their profile (see Section V-I).

K. Resources and Economy

These DPs target game mechanics that involve game resour-

ces, such as points, badges, achievements, and other virtual prop-

erty, with the goal of engaging players in long-term use. These

principles support a number of motivators, which are as follows.

1) Cognitive curiosity: Through the anticipation toward

resources that are yet to be acquired.

2) Competition: Through the comparison of owned resour-

ces with those of other players.

3) Recognition: Through interplayer rankings based on the

acquired resources.

4) Rules: As they govern how resources are implemented

in the game.

5) Control: When the player can control and manipulate

their resources.

DP 39: Develop a virtual economy to allow trade and utili-

zation of resources [55], [72], [78], [81], [83]—Many success-

ful games have a built-in virtual economy that allows players

to earn resources and then utilize them in various ways, such

as building in-game structures [81] or purchasing virtual

items [55]. It is also possible to allow exchange of game

resources for outside rewards [72], such as service coupons. A

well-designed virtual economy system can engage players in

long-term use and promote the social interaction motivator if

players trade with each other.
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DP 40: Enable collection of virtual goods [26], [72], [75], [78],

[83]—Ownership is one of the key drives of attractive games [23];

to promote it, this DP proposes creating a system of virtual goods

(e.g., points, coins, badges, or medals) that players can collect

through game activities. The goal of this principle is to incentiv-

ize continuous gameplay. In educational games, these collect-

ables can be related to acquired skills and/or knowledge, thus

demonstrating the player’s status in the game world. Collected

goods can be linked to the player’s profile (see Section V-I) and,

if a trading system is implemented (DP 39), exchanged with the

game system or with other players. Moreover, these collectables

can be used to influence the gameplay, such as unlocking a closed

game section or gaining a temporary advantage.

DP 41: Make some resources scarce [72]—Game resources

that are abundantly available are not perceived to be as presti-

gious as resources that are difficult to acquire. This DP suggests

that some game resources should be made difficult to acquire or

achieve [72]. The rationale for this is that players become more

engaged in the game in order to get a rare resource. However, a

resource should not be made too scarce or else the player may

perceive that acquiring it is a hopeless endeavor. Modern games

have used this DP successfully in the form of loot boxes, which

may contain scarce items, but more commonly yield objects of

abundance. Loot boxes have been controversially compared to

being akin to gambling when real money is involved. Nonethe-

less, loot boxes are powerful motivational tools that should be

used with due consideration.

DP 42: Introduce a possibility of losing resources [72]—The

fear of losing the ownership of a resource has been recognized

as one of the key drives of attractive games [23]. Loss avoid-

ance is typically implemented by creating a sense of urgency;

the player must perform an action (e.g., complete a learning

mission) within a given time frame (e.g., once a day) in order to

keep the resource [72]. This DP promotes the tensionmotivator

due to the pressure created by the impending resource loss.

L. Social Play

As humans are inherently social beings [102] and social

interaction has been recognized to be one of the key motiva-

tors for learning [5], game designers should ensure that their

games provide sufficient support for social interaction among

players. The DPs in this class, all of which promote the social

interaction motivator, can be useful for achieving socially

engaging game experiences.

DP 43: Provide means for social communication and interac-

tion [12], [24], [25], [43], [55], [69], [72]–[74], [76], [77], [80],

[82], [83], [87], [94], [95]—This, one of the most fundamental

and often proposed DPs, suggests that the game should offer tools

for players to connect and interact socially [72] while eliminating

factors that hinder social interactions [73]. Social interaction can

take place in-game (e.g., chat, multiplayer activities) and/or out-

side the game (e.g., online discussion forum). In general, social

interaction should be implemented among players, but interaction

between players and nonplayers (e.g., personified game charac-

ters) can also be seen as a form of motivating social interac-

tion [43], [82]. The DPs below are built upon this principle.

DP 44: Provide opportunities for competition [26], [43], [55],

[67], [70], [74]–[76], [78], [80], [83], [86], [94]—Games should

use competition as a powerful incentive for the player to engage

in gameplay against other players, against themselves, or against

the game system [67], [74]. Competition can be synchronous

(i.e., players compete against each other simultaneously) or

asynchronous (i.e., players compete against previously recorded

achievements, such as leaderboards). Competition can be com-

bined with cooperation, as in group-based competitive chal-

lenges, which combine the two basic modes of social gameplay

(competition and collaboration) [94]. This DP supports the com-

petition motivator and can also strengthen the competence and

recognitionmotivators through achieved victories.

DP 45: Provide opportunities for collaboration [43], [55],

[71], [72], [74], [76]–[78], [80], [83], [86], [94]—Collabora-

tive game activities are a great way of supporting the forma-

tion of groups and even friendships among players, which can

contribute to longer engagement. The game should therefore

offer activities whereby a group of players work together as a

team in order to reach a common goal [43], [55], [72], [77].

Collaborative activities may also elicit tension among players,

which in turn can facilitate group interaction and decision-

making on a plan to move forward [83]. In-game collaboration

can be facilitated by providing tools for communication and

interaction both inside and outside the game (DP 43). This DP

connects to the cooperation motivator; it also supports recog-

nition through acknowledgment and celebration of one’s sta-

tus and achievements in the group.

DP 46: Provide means for expressing status and recogni-

tion among players [24], [26], [78], [86], [94]—Social dynam-

ics among players can be invigorated by providing them with

access to each other’s status and means of expressing recogni-

tion. This is especially important within and between groups

(DP 47), where the player’s reputation can influence their

actions in the game world. In educational games, it is impor-

tant that recognition can come from different sources, such as

other players, teachers, and parents [24]. This DP connects to

the status and recognition motivators and may help the player

perceive increased competence.

DP 47: Allow players to form and manage groups [55],

[94]—Players should be able to form and join groups so as to

promote group-based identification, as well as to foster coop-

eration and competition [94]. Many popular online games use

this principle to facilitate multiplayer game experiences and

community building around the game world; this can help

keep players engaged in the game. Group membership allows

the player to feel relatedness and meaningfulness, which can

translate to increased recognition, whereas the ability to man-

age groups supports control.

DP 48: Allow players to distinguish themselves in their

group [83]— Players in a group should be given complemen-

tary abilities and roles that help them become distinguished in

the group. This technique is beneficial for demonstrating how

individuals make their group stronger when they work

together [83]. This DP contributes to the status and recogni-

tion motivators through distinguished memberships. The com-

petence motivator is also promoted by highlighting individual
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assessment alongside that of the team, as the player might

learn about their personal weaknesses or strengths.

M. Storytelling and Fantasy

Storytelling has been an important tool for social interaction

and information sharing throughout the human history. It has

also been recognized to possess many advantages as an

instruction method, such as getting learners more involved

and making learning content more memorable [103], as well

as promoting interaction among learners [104]. The DPs in

this class help game designers make their games more engag-

ing through the means of storytelling and fantasy. They sup-

port the fantasy, escapism, and immersion motivators, as

intriguing stories may immerse the player in the game

world [105], providing them with a break from the real world.

DP 49: Create a meaningful story that the player can relate

to [25], [55], [72], [76], [78], [79], [81], [86]–[88], [106],

[107]—Educational games should employ a meaningful story

with which the player can relate [72], [87]. To ensure the

story’s appropriateness, the designer must know the game’s

target players (e.g., older adult players may not be intrigued

by a story based on superheroes). Moreover, the use of humor

is encouraged, especially in educational games, as humor has

been shown to benefit learning [88]. The game’s story can be

based on a real-world scenario [25], [81] or it can be made of

fantasy elements [76], [86], [106]. In the former case, the story

can strengthen the real-world relevance motivator. The narra-

tive can also provide opportunities for positive role mod-

els [107] through significant characters who may represent an

ethnic minority group, sexual orientation, or gender.

DP 50: Provide a fantasy context [76], [79], [80], [86], [95],

[106]—Designers should consider using fantasy in their games

because it is one of the core intrinsic motivators [5]. Whether or

not the game is based on the real world, employing a fantasy

context can be useful for several reasons, which are as follows.

1) Fantasy allows more freedom for storytelling and sup-

porting media than a purely real-world context does.

2) Fantasy promotes the fantasy and escapism motivators.

3) Fantasy is particularly attractive to younger players.

Overlaying a fantasy context on top of a real-world context
is especially suitable for games that are based on a real-
world environment [76], [86].

DP 51: Offer role-play experiences [55], [78]—To further

increase the player’s involvement and thereby immersion, this

DP proposes that the game should allow the player to assume

the role of a character in the story. The role can be: assigned

(i.e., the game assigns a role to the player); selected (i.e., the

player selects a role among precreated roles); or created (i.e., the

player creates a role from scratch or based on a template). The

role can influence how the gameplay progresses; it can also be

connected to the player’s profile and avatar (see Section V-I).

This principle supports the customization and controlmotivators

when the role can be selected andmodified by the player.

DP 52: Create possibilities for players to interact with the

story [72]—Rather than having a linear predetermined flow in the

story, the story should be interactive, so that the player can have a

meaningful part in it [72] (e.g., by role-playing). Interactive

storytelling is more demanding than predetermined storytelling

for the game designer or story writer, as the story needs multiple

different variations to respond to the player’s choices. This DP

supports the controlmotivator, as the ability to affect the narration

of the story increases the perceived feeling of control.

DP 53: Enable user-created stories [25]—Aligned with the

DPs of the creativity class, this DP proposes that users should

be given opportunities to create and share stories, thus promot-

ing ownership and long-term use [25]. Here, the term “users”

refers to players (e.g., students) and to other stakeholders

(e.g., educators). Implementing this DP may require the crea-

tion of a dedicated story editor tool, so it is important to

decide upon the format of the story at an early stage of the

game development process. When the game allows players to

create their own stories, the control and customization motiva-

tors are promoted.

DP 54: Create thought-provoking scenarios [108]—Games

can be an excellent method of throwing the player into a

thought-provoking situation where there are no clear answers.

For example, choosing whether or not to make a sweatshop

more profitable at the expense of its workers can become a

memorable and thought-provoking experience [108]. This DP

connects to the emotions motivator class when the scenario

elicits an emotional response in the player.

VI. DISCUSSION

As main contributions of this article, we proposed one tax-

onomy that combines 56 previously identified game motiva-

tors into 14 classes and another that presents 54 synthesized

educational game DPs in 13 classes. Moreover, we established

linkages between the identified motivators and DPs. The

results offer educational game designers a practical toolkit

that can help promote motivated engagement in their games.

Although the numbers of motivators and DPs may seem over-

whelming, it is noteworthy that not all of them need to be used

at once. In fact, trying to combine all of them may result in a

chaotic experience both for the designer (e.g., balancing game

rules) and the player (e.g., increased gameplay complexity).

Moreover, although this article was conducted by using a sys-

tematic literature review method, it is possible that there are

more motivators and DPs to be added. We, therefore, ask

game designers not to consider these taxonomies as complete,

but as a good starting point that can be amended in the future.

In addition to proposing two taxonomies, we divided 12

previously used terms that relate to gamification into classes

based on what they describe: process, end result, quality or

state, and activity. This classification shows the richness of

the field, as a single phenomenon can be observed from multi-

ple different perspectives. Although not exhaustive, this clas-

sification can serve as a foundation on which future studies

can be built. For example, one future study could focus on

exploring the effectiveness of the end result of gamification

(i.e., the game being used by its target users), whereas another

could focus on the process of creating the game (e.g., require-

ments elicitation, design, implementation, testing). Moreover,

game designers can adopt different strategies (i.e., depths) of
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gamification, as we proposed in Section II-A, depending on

their respective objectives and available resources.

The findings of this study complement previous literature

reviews (see Section II-B) as follows. First, the analysis of gamifi-

cation frameworks by Mora et al. [28] can be combined with our

results to identify those frameworks that support the presented

motivators and the DPs. Consequently, these frameworks can be

ranked and suggestions made as to which framework is best

suited for which purpose. Second, �Avila-Pes�antez et al.’s [27]

proposal of 31 game design stages can, to some extent, be

mapped to the proposed DPs. However, this mapping would

focus largely on the “design” stage because we omitted other

aspects of the design process (e.g., requirements elicitation and

analysis, implementation, and testing) from this review. In sum-

mary, the results presented here have the potential to be combined

with previous research to open new research venues.

Habgood [109] identified two fundamental approaches for uti-

lizing game elements in educational software to engage learners:

First, the extrinsically motivating “chocolate-covered broccoli”

approach that attempts to make existing learning content more

engaging with game elements; and second, the intrinsically

motivating integrated approach that produces a deep merger of

game mechanics and learning content, with the former leading

the design process. The first approach may be enough to provide

“school fun” in scenarios where the teacher aims to provide dif-

ferent learning activities to complement ordinary lessons. The

integrated approach can increase the time that students spend

freely on the game [109], but successful promotion of intrinsic

motivation by gamification is not guaranteed [19]. Many educa-

tional games use the integrated approach with the same game

design elements (e.g., points, badges, leaderboards, competition,

collaboration, storytelling, and chance) on which intrinsically

motivating commercial games are based; however, they still can

fail to be intrinsically motivating and perhaps do not need to be,

if the goal of the game is to provide an extrinsically motivating

classroom activity (i.e., “school fun”). Habgood’s categorization

can be thought to be a simplified version of the idea of different

gamification strategies that we described in Section II-A. The

DPs that we proposed can help educational game designers to

implement these strategies in order to ensure learner engage-

ment at least through extrinsic, but hopefully also through intrin-

sic, motivation. Involving learners as codesigners in the game

creation process and ensuring that sufficient resources are allo-

cated to the game design process may be useful in achieving the

latter objective [110].

The proposed taxonomies can be used by educational game

designers to create games that have an elevated potential of cre-

ating motivated learner engagement. However, such an out-

come is not automatically guaranteed because successful game

design is a process that extends beyond what was covered by

our literature review. As �Avila-Pes�antez et al. [27] illustrated,

there are typically four phases in a game design process—analy-

sis, design, development, and evaluation—that all contribute to

the end result. Our DPs and motivators can serve as tools in the

design phase and can also be utilized to evaluate the motiva-

tional potential of educational games. However, a more detailed

evaluation tool based on the motivators and DPs remains to be

developed. We advise the reader to combine the taxonomies

proposed in this article with a suitable game design process

methodology—possibly involving end-users as co-designers—

to increase the likelihood of creating an intrinsically motivating

educational game. Additionally, once the game has been created

and deployed, more guidelines are needed for its end-users to

ensure appropriate and effective usage.

We followed a detailed systematic literature review meth-

odology to discover previously proposed DPs and guidelines,

specifically focusing on the domain of education, but also

accepted generic gamification studies as sources. Conse-

quently, other game design focus areas were omitted from this

study, such as business [111], [112], cultural heritage [113],

and software engineering [114], [115]. It is possible that these

studies have additional DPs and motivators that can comple-

ment our results; we recognize this as a limitation of the study.

Therefore, if a game under design is targeted at fields other

than education, we recommend amending our results with

game design studies that explicitly focus on the target area.

Another limitation of the study is that our interpretation of the

results was used to establish the linkages between the identi-

fied motivators and DPs. A future study, for example one that

applies the DPs and measures what motivators emerge as a

result, is needed to test these links and to identify new links.

VII. CONCLUSION

At the beginning of this article, we established that moti-

vated engagement is essential in educational interventions.

Furthermore, games are known to possess a range of motiva-

tors that, when properly implemented, may help in achieving

and maintaining motivated engagement over a long period.

However, game design research in the context of education

lacks a thorough account of game motivators and DPs that can

help boost learners’ motivation and long-term engagement.

To fill this gap, we conducted a systematic literature review to

answer two research questions: First, “what are the motivators

that contribute to engaging educational games?”; and second,

“what are the game DPs that contribute to engaging educa-

tional games?” Consequently, we synthesized the literature

review findings and proposed interlinked taxonomies: a taxon-

omy of game motivators (56 motivators in 14 classes); and a

taxonomy of educational game DPs (54 principles in 13 clas-

ses), with links to related motivators. Additionally, as a minor

contribution, we proposed a categorization of 12 terms related

to gamification and different strategies through which gamifi-

cation can be implemented.

This article is the first comprehensive attempt to collect, orga-

nize, and synthesize scientific knowledge on game motivators and

DPs for educational game researchers and practitioners. Designers

of educational games can utilize the results of this study to create

games that enable motivated learner engagement and to evaluate

the motivation potential of educational games. The high numbers

of discovered motivators and DPs suggest that (educational) game

design is a vibrant research field. Moreover, the results indicate

that many of the motivators and DPs have strong support in previ-

ous research; applying them in designing an educational game is
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therefore likely to help increase the game’s motivational impact.

Another impact of these results is that the process of designing of

educational games can become faster when important DPs are

available from a single source. There remains work to be done in

charting the field of educational game design. Therefore, as a

future work, we plan to complement this systematic literature sur-

vey by focusing on analyzing previously proposed conceptual and

process-oriented gamification frameworks, game mechanics, and

technologies for gamification; the results of these analyses will

then be synthesized and combined with the results of this study in

order to propose a generic gamification framework for education.

Moreover, we plan to utilize the taxonomies proposed in this arti-

cle to develop, and then to evaluate, a novel game to engage chil-

dren in changing their behavior on active school transport while

providing them with informal learning activities. Finally, the pre-

sented DPs and motivators are not specific to educational stages

(e.g., elementary, secondary, tertiary, lifelong); an interesting

future research avenue, therefore, is to explore which DPs and

motivators are particularly suitable for each stage.
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