ADVANCED
LEARNING
TECHNOLOGIES

Optimizing STEM Learning Part 1:

The Effective Use of Gamification Principles

Irameet Kaur, Sumaiya Nathani & Steve Joordens

Advanced Learning Technologies Lab

University of Toronto Scarborough

Research Supported by

VIINDS ¥ MnJacs

Special thanks to the STEM Minds Team for editorial advice and feedback on drafts



Optimizing STEM Learning Part 1:
The Effective Use of Gamification Principles

Irameet Kaur, Sumaiya Nathani & Steve Joordens
Advanced Learning Technologies Lab
University of Toronto Scarborough

Abstract

While gamification is now commonly used as an approach to enhance
engagement across a range of contexts, there remain mixed opinions about its
successful application in education. The current review aims to shed a more
realistic light on the research in this field focusing on evidence rather than on
potentialities, beliefs, and preferences. It has been shown that gamification can
provide a rich learning experience to students only if it is implemented
strategically with proper controls. The review explores the various aspects of
gamification that can motivate students to learn from this process. The review
analysis is heavily informed by self-determination theory amalgamated with
well-known gamification frameworks. The result is an integrated model of a
gamification design process which can be beneficial to designers and researchers

alike.

Overview

The goal of this report is to give instructional designers an evidence-based approach for
optimizing the positive benefits of gamification on both engagement and learning. To get there,
we will first provide a general introduction of some gamification studies to highlight the
variability in the findings, and to ultimately arrive at an explanation of what makes gamification
work in some contexts but not in others. That explanation will highlight the importance of the
extent to which implementation of gamification is performed in ways that meet core student
needs ot autonomy, competency and relatedness as highlighted by self-determination theory
(Deci and Ryan, 2008). We then present a more thorough review of the gamification literature

with a consideration of how specific implementations connect with and can be used to support



these critical needs. With all this as background we will then present a theoretically motivated
approach for instructional designers to follow as they add gamification principles to their

courscs.

Introduction

Online learning is now commonly used to augment and at times replace traditional forms of
learning. Online learning offers the student greater flexibility in terms of when and for how long
they engage in specific learning encounters. This allows the learner to fit their educational goals
within the constraints of their life and may allow access to an educational experience that
otherwise might have been unobtainable. However, it also leaves it up to the student to manage
their educational experience and can negatively impact their sense of community, including the

connection to the teacher. Thus, the student’s motivation to learn becomes critical to success.

One way to support motivation is through extrinsic rewards. Extrinsic rewards are tangible and
visible rewards given to individuals when they accomplish something. For example, coffee shops

now routinely give you your 11

cup free, which is intended to motivate you to keep coming
back and drinking their coffee. That free coffee is an extrinsic reward for being loyal. Given

how ubiquitous such reward programs are, it is reasonable to assume that there is something

about them that keeps people coming back. elearly-they-workatleastinterms-ofkeeping
peoplecoming back:

While extrinsic rewards can motivate behaviour, they can also have negative consequences. The
primary concern is captured by something called the over-justification hypothesis (Lepper,
Greene & Nisbett, 1973). Consider the following example: a mother wishes her child would see
the value in tidy spaces so she offers a weekly allowance that the child receives only if they clean
their room at least once a week. The child may indeed rise to the challenge, but what are they
learning and why are they cleaning? They are learning that cleaning brings them a reward, and
the only reason they are cleaning is to get that reward. They have not learned to intrinsically
value having a clean room, which was the initial goal. Moreover, should the reward cease, the
cleaning will likely cease as well. Thus, extrinsic rewards feed extrinsic motivation which may

not always serve the primary goal of the person or entity offering the rewards.



Distinct from extrinsic motivation is intrinsic motivation. When someone is intrinsically
motivated to perform some task they perform the task because it brings them intrinsic rewards.
These often include a sense of accomplishment, feelings of personal growth, and sustenance that
comes along with it. What the mother in the example above really wants to create is a situation
wherein the child intrinsically values tidiness and feels good about keeping their room clean —
not to earn any external reward, but rather to feel good about cleaning the room and then living

in that clean room.

Note that it is not as simple as saying that extrinsic motivation is bad and intrinsic motivation is
good. In some contexts, extrinsic motivation may serve the purpose well. Consider exercise
equipment that tracks your activity and rewards you for working out regularly. The hardest part
of working out is often just finding the time and doing it consistently. If the extrinsic reward
helps someone take that step - and if that sort of reward will be a consistent part of the exercise
context - then it may serve the critical need. Although even in this context, it’s possible that
some people will be motivated to work out, but then won’t really expend much effort when they
do. They might work just hard enough to earn the reward, but not hard enough to impact their

health. So even in these contexts, one must consider the impact of extrinsic rewards deeply.

Gamification is defined as the incorporation of game elements in non-game contexts and has
been used in a host of different contexts such as marketing, sales, web-design, and — most
important to our purposes - education to improve habits and promote engagement (Lamprinou &
Paraskeva, 2015). It has especially attracted a great deal of pedagogical attention over the past
years as it has been shown to affect processes fundamental to learning and education by creating
an environment that provides rapid positive feedback and grants freedom of choice and liberty to
fail (Scott & Neustaedter, 2013). This idea has been adopted across classrooms and multiple e-
learning platforms such as Khan Academy and Codecademy, with the most used gamification
elements being points, leaderboards, badges, and levels (Saleem et al., 2021). Incorporation of
these elements is believed to promote interest, engagement, and intrinsic motivation among
learners (Xu et al., 2021). Gamification is expected to make learning enjoyable, thus making it

effective for increasing student engagement (Deterding, 2011).



Most previous researchers advocate that key features of gamification are indeed extrinsic
rewards (cf. Octalysis framework [Chou (2015]) Students earn points or badges or levels by
performing various learning activities. While one may indeed see enhanced engagement with the
course, one must again consider whether the nature of that engagement is perhaps different from
what was desired by those who crafted the course. Are students deeply engaging with the
learning, or are they again learning only as much as required to gain access to some extrinsic
reward? Indeed, while many have highlighted engagement benefits of gamification, others have

argued that it is exactly the wrong approach for supporting deep and enduring learning (Bogost,

2011).

That said, the extrinsic rewards can make the learning more fun. In so doing, they will enhance
one critical aspect of intrinsic motivation: enjoyment. The presence of extrinsic rewards that the
student values will indeed increase engagement via this increase in intrinsic learning. Thus,
extrinsic rewards impact the desire to earn rewards at the extrinsic level, but often also enhance

intrinsic learning as well by making the learning more fun.

All of this then raises the question; is there a way to capture the engagement benefits of
gamification within a learning context without falling prey to the over-justification hypothesis?
To the extent extrinsic rewards are used, can they be used in ways that prevent students from
adopting a shallow reward-driven approach to learning? Can we make the learning context one
that learners enjoy, but also one that supports the deep engagement needed to promote robust

long-term learning?

To anticipate, our analysis of the theories and data related to gamification suggest that yes
indeed, it is possible to use gamification elements in ways that will have positive impacts on both
student engagement and overall learning outcomes. The key is this: when extrinsic rewards are
used with learning contexts to enhance engagement, one must critically attend to other factors of
the learning experience that will encourage students to engage at a deep rather than shallow
level. These additional factors are captured in a very successful psychological theory of

motivation called the self-determination theory which is discussed in the next section.



Self-Determination Theory

Self-determination theory (SDT) provides a theoretical framework for understanding how to
optimize gamification elements by creating a context that supports a deep approach to learning
(Deci & Ryan, 2008). According to self-determination theory, a person will deeply engage with
some experience to the extent it satisfies three basic needs. The first is autonomy, the need to
feel one is engaging in the task because they want to and because they see the value for
themselves in doing so, not because some external force is pushing them to do it. The second is
competency, the need to feel one is up to the challenge at least with help from whatever supports
may be provided within the experience itself. The third is relatedness, the need to feel part of a
community going through the experience in a connected and pro-social manner. An experience
that fits these needs will give rise to what Deci & Ryan (2008) term “autonomous motivation”, a

concept that combines the enjoyment value of intrinsic learning with the deep approach to

learning that is characteristic with the SDT needs are met.

Moetivation- Autonomous motivation includes a more general sense of intrinsic motivation
whereby one performs a task because they enjoy it, and so-called “integrated external
motivation” wherein people identify with the values of the activities and assimilate the values

with their sense of self. Thus, an autonomously motivated student both enjoys the learning

activity and also sees the value that activity has for them. Fhe-enjoymentkeepsthemengaged;

Autonomous motivation is the optimal form of motivation for learning. Seeing and caring about
the value of the task is what prevents autonomous motivation from falling prey to the over-
justification hypothesis. That is to say that students who embrace their learning because their
SDT needs are met will not be tempted to take short-cuts that will give them some reward sooner
if that short-cut will result in poorer learning. Doing so would defeat the value of the learning

experience for them. Thus, we get the engagement that comes from the enjoyment of the task



(i.e., pure intrinsic motivation) being combined with the SDT elements that ensure a deep

approach to learning.

Via this theoretical analysis one arrives at the following claim; whether gamification elements
will support autonomous learning will depend on whether it is implemented within a context or
in a manner that fulfills the three needs associated with self-determination theory. The
gamification elements will support deeper enjoyment of the learning experience and if that
enjoyment occurs within a context that supports the student’s needs for autonomy, competence
and relatedness then autonomous motivation will result. If those needs are not met, the student
may shift to a reward-oriented approach to learning that may still support engagement but won’t

support robust and enduring learning.

Why the Mixed Findings in the Literature?

Given the above, it is perhaps not surprising that a holistic view of the research reveals
conflicting effects of gamification on motivation and learning. Many of these previous studies
focus on the effects of gamification on intrinsic learning without consideration of the students
SDT needs and the autonomous motivation they support. This can explain why some find effects
on intrinsic motivation that might not translate into learning benefits; students enjoy the learning

but are not engaging with the material deeply.

Some examples here may be useful. Previous research can be segregated into psychological and
behavioural consequences as users have been shown to change behaviour when gamification
elements are applied (Warmelink, Koivisto, Mayer, Vesa, & Hamari, 2020; Hamari, 2017).
Banfield and Wilkerson (2014) reported positive impacts of gamification on intrinsic motivation
and self-efficacy among 96 university students. Similarly, the majority of the studies reviewed
by Hamari et al. (2014) highlighted the positive effects of gamification on motivation,
engagement, and enjoyment of the task. Other studies have found that gamification may
undermine intrinsic motivation (Chee & Wong, 2017; Hanus & Fox, 2015) and might even give
rise to a focus on rewards instead which could be detrimental to learning (Lamprinou &

Paraskeva, 2015).


https://www.sciencedirect.com/science/article/pii/S002396902030148X?casa_token=PL0-VMWlHzQAAAAA:lokI1J5nqqQzq_SwmUKxYpyKDiXJNeX3ln35-hXUFBYUgUQwk1n5o2n4hH7sEqctF-z_2YhHFf8#bib0345
https://www.sciencedirect.com/science/article/pii/S002396902030148X?casa_token=PL0-VMWlHzQAAAAA:lokI1J5nqqQzq_SwmUKxYpyKDiXJNeX3ln35-hXUFBYUgUQwk1n5o2n4hH7sEqctF-z_2YhHFf8#bib0080

The findings of Mekler et al., (2017) within a non-educational context suggest that game
elements act as extrinsic incentives and gamification does not really have desired effects on
learning. In their study, game elements like leaderboards, points, badges functioned only as
extrinsic motivators which mainly promoted high standards of performance. Similarly, a
longitudinal study on 71 students by Hanus and Fox (2015) strongly highlights the negative
effects of gamification. This study compared gamified and non-gamified courses and found that
gamified students were less motivated, empowered, and satisfied. The rewards were shown to
have negative-effeets-and-had a negative impact on final grades. The study suggested that game
elements like badges and leaderboards can foster social comparisons where rewards can be

perceived as controlling, thus leading to a decrease in intrinsic motivation.

A study by Dahlstrém (2003) presented a balanced review of the positives and negatives of
gamification, one that does consider gamification via self-determination theory. Gamification has
been demonstrated to be able to both facilitate and undermine intrinsic motivation depending on
individual and contextual factors. They suggest that in order for gamification to yield positive
effects it is critical that students’ need for autonomy and competence must be fulfilled (Ryan &

Deci, 2000).

A specific area of education that has been quick to adopt the idea of gamification is STEM
education. Since STEM education places an emphasis on solving information- and data-related
problems, the incorporation of gamification has been suggested to offer learning that is
meaningful and enduring (Asigigan & Samur, 2021). A recent review focusing on gamification
of STEM education highlighted that gamification of programming courses positively impacted
student motivation, engagement, and learning (Venter, 2020). Kalogiannakis et al. (2020) found
that gamification has a potential to positively influence learner’s behaviours and promotes an
intrinsic motivation to understand challenging concepts. Ortiz-Rojas and colleagues (2019)
reported that learning performance was positively affected among students completing the
gamified version of an Introductory Computer Programming course. However, those findings are
countered by another review that found an approximately equal number of studies that showed

both positive and mixed effects of gamification (Ortiz et al., 2016).



Once again, it is our contention that these mixed results are due to details of the implementation
and the extent to which those details connect with the three critical student needs elucidated by
self-determination theory. Many of the studies focus on intrinsic motivation, which we know is
important in terms of enjoyment but is only one part of the story in terms of whether that
enjoyment translated to positive or negative effects on learning. The other critical issue is the
extent to which aspects of the learning experience support the needs of autonomy, competence,

and relatedness. If they do, positive effects are likely. If not, null, or negative effects can occur.

Towards an Instructional Designers’ Guidebook

As the discussion so far illustrates, gamifying an educational context requires some serious
thought as the impact of gamification elements can vary widely depending on other aspects of
the learning experience. Thus, one must deeply consider the implementation context ,
connecting it to relevant theoretical constructs, especially self-determination theory. The
remainder of this report will move us towards a concrete approach that can be used to support
instructional design around the implementation of gamification. To this end we first highlight
some relevant theoretical frameworks, including self-determination theory. We then review
studies linking gamification to self-determination theory constructs to gain a clearer
understanding of how to create a context that will support intrinsic motivation while also meeting

the core needs of the students.

Theoretical Frameworks Used in This Report

There are many theoretical frameworks related to gamification that have been proposed by
various researchers (Chou, 2014; Hunicke, Leblanc & Zubec, 2004; Kumar & Herger, 2013;
Schell, 2008; Walk, Gorlick & Barrett, 2017; Werbach, & Hunter, 2012). For the purpose of this
study, we will highlight the following three frameworks as the basis of our analysis; the original
Mechanics, Dynamics and Aesthetics (MDA) Framework (Hunicke, Leblanc & Zubec, 2004)
and the highly related Motivation Design Process (Werbach, & Hunter, 2012). In fact, we will
ultimately propose a variant the combines these two. Thirdly, we will return to self-

determination theory given its critical role in terms of promoting deep learning.



The MDA Framework. The MDA framework (Hunicke, Leblanc and Zubec, 2004) represents a
formal approach for understanding how gamification works by breaking the game context down
into three components. Mechanics, dynamics, and aesthetics break down a player’s perspective
of the game (Mora et al., 2017). Mechanics describe the components of the game and include
various actions, behaviours and control mechanisms used in the game. These include points,
badges, status, task, countdown etc. Dynamics are the game design principles that create and
support aesthetic experience. These include time pressure, opponent play, information sharing
etc. They help in supporting the aesthetics such as challenge of playing under pressure and the
achievement of fellowship when players (we use the term players when referring to the previous
frameoworks, however when we discuss about gamification in education context, we use the
term students for players) exchange information with each other. Aesthetics refers to different
goals of game and components of fun and describe the desired emotional responses evoked in the
player. Aesthetics include sensation, fantasy, narrative, challenge, fellowship, discovery,

expression, and submission (Hunicke et al., 2004).

Thus, MDA supports a formal, iterative approach to designing a game which allows the game
designer to first identify the aesthetic goals, then identify suitable dynamics to support the goals,
and finally define mechanics accordingly. Through this reverse design approach, the first thing to
focus on is the aesthetics one hopes their course will support. Goethe (2019) refers to game
aesthetics as “the sensory phenomena that players encounter in the game (visual, aural, haptic,
and embodied)”. They basically describe how appealing a game is to the players and how it
makes the players feel. Once one has a good sense of the desired aesthetic experience, they can

then work backward through the dynamics and mechanics to bring that experience to life.

Motivated Design Process. Werbach and Hunter (2012) provided a more detailed insight into
the MDA level and split the gamification elements into three levels of a hierarchy: components,
mechanics, and dynamics. This model recognizes the value of MDA but suggests a classification
that helps in analyzing games while also allowing designers to decide upon the elements to
employ and how they might be used in different contexts. Game components are the basic

elements that represent the building blocks of mechanics and dynamics and can include points,

10



leaderboards, badges etc. The components highlighted by Werback and Hunter correspond to

game mechanics in the original MDA model.

Game mechanics are the processes that makes the game fun and engaging. Game dynamics
describes patterns of how the game and players will evolve over time. Game dynamics represent
the elements that ultimately drive and motivate the players to play further. Every player has

different goals, and game dynamics can be used appropriately to manipulate these goals.

The following figure presents a comparison of both the theories:

Aesthetics
Shared
categories
Dynamics
Mechanics Mechanics
MDA

Components

Werbach & Hunter

Figure 1: Comparison of MDA (Hunicke et al.) & Welbach & Hunter (2012) frameworks

Self-Determination Theory

Self-Determination Theory (SDT) is a theory of motivation and personality that lays down a
foundation to explain the various factors that enhance motivation. Many theories that came about
before the SDT proposed external factors that affect motivation. SDT shifted this to focus on
internal processes that influence motivation. The theory puts forth 3 basic psychological needs:
autonomy, competence, and relatedness. When these needs are fulfilled, they can facilitate
psychological growth (Ryan & Deci, 2019). The need for autonomy is considered as a sense of

self-initiation where an individual’s actions align with their interests and values (Ryan & Deci,

11



2017). Fulfillment of this need occurs through experiences of interest and value, whereas

experiences of being externally controlled hinder autonomy (Ryan & Deci, 2020). Competence

refers to an individual’s sense of their capability to succeed and grow. Optimal challenges,

positive feedback, and opportunities of growth facilitate the need for competence. Lastly,

relatedness refers to experiencing a sense of belonging which is fulfilled through the expression

of care and respect (Ryan & Deci, 2017). When these 3 basic needs are satisfied in a context that

the student finds intrinsically motivating then deep enduring learning will be supported.

The facilitation of intrinsic motivation can be studied in the form of the self-determination

continuum. Amotivation, intrinsic motivation, and extrinsic motivation along with its 4 major

subtypes can be visualized in the form of a continuum as shown in Figure 2.

The gamification principle is based on a self-determination theory that assumes three

emotional human desires for social connection, autonomy, and competence (Hassan et. al.

2019). These requirements give the students an essential motivation to improve their capacity;

these skills help them maintain and increase their dedication to educational activities.

Motivation

Regulatory
Styles

What Is the
source of the
motivation?

What
regulates the
motivation?

The Self-Determination Continuum

Nonself-Determined

Self-Determined

Amotivation Extrinsic Motivation Intrinsic Motivation
- External Introjected Identified Integrated
Non-Regulation Regulation Regulation Regulation Regulation Intrinsic Reguiation
Somewhat
Impersonal | Internal Internal
Nonintentional, Personal Congruence, Interest,
Nonvaluing, Importance, Awareness, Enjoyment,
Incompetence, Consclous Synthesis Inherent
Lack of Control Valuing With Self Satisfaction

(Based on Ryan, R.M. & Deci, E.L. (2000). Self-Determination Theory and the Facilitation of Intrinsic Motivation, Social Development, and Well-Being.

American Psychologist. 55(1), 68-78.)

Figure 2: The Self-determination Continuum (Ryan and Deci, 2000)
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Since the primary focus of gamification is to enhance intrinsic motivation by incorporating game
elements in a way that supports experiences of autonomy, competence, and relatedness of
learners, the SDT provides an appropriate theoretical framework for understanding the
psychological process underlying how game elements can map onto each of the 3 basic needs.
On the other hand, when gamification elements undermine individual needs for autonomy,
competence, and relatedness (such as by controlling the behavior of learners), learners tend to
become detached from the learning experience which results in a much shallower engagement

with the learning experience and thus poorer learning overall (Kim, 2015).

Therefore, the SDT is conducive to our understanding of gamification as it offers insight into
how best practices can be devised. Previous research has revealed diverging results that have
been attributed to poor design, lack of theoretical basis, and decontextualized gamification (Roy
& Zaman, 2017; Sailer et al., 2016). As a result, there is a growing need to combine motivational

theories with gamification practices.

To this end, Kam and Umar (2018) proposed the SDT based gamification framework (Fig 3).
This framework will guide the following section of this report. Specifically, the framework
suggests that the impact of various game elements on the ultimate learning experience depends
on how the game dynamics and components map onto the 3 basic needs associated with self-
determination theory. In the section that follows we consider gamification elements in this light,
bringing together the various studies that have described the impact gamification elements in

terms of self-determination theory.

Game element SDT psyechological Outeome
mediators

Game
Drnamics
Game

Components

Antonony
¥ Competence
Relatedness

Learming
Mlotivation

Fig. 2. SDT-hased gamification framework.

Figure 3: SDT based gamification framework (Kam and Umar, 2018)
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Research Method

Our review and analysis is motivated by the frameworks discussed in the previous section and
attempts to take things a step further by proposing a new framework that can serve as a practical
guide to designers for interest in incorporating gamification elements into a learning experience.
The analysis is based on a previous review of literature that suggests that gamification learning
interventions do sometimes enhance both motivation and learning (Buckley and Doyle, 2014).
This research aims to examine the various gamification aspects that intrinsically motivate a
learner and how they stimulate a sense of autonomy, competence and relatedness as explained by

the SDT. Thus, this study aims to achieve the following research objectives:

1. To identify the extrinsic and intrinsic motivation factors of gamification.

2. To analyze how gamification components can enhance intrinsic motivation in the context
of autonomy, competence, and relatedness.

3. To analyze how gamification mechanics can enhance intrinsic motivation in the context
of autonomy, competence, and relatedness.

4. To analyze how gamification dynamics can enhance intrinsic motivation in the context of
autonomy, competence, and relatedness.

5. To provide recommendations based on psychological theories that can enable instructors

to optimally incorporate gamification elements into course design

Our review follows the systematic literature review guidelines by Keele et al., (2007). The
systematic literature review (SLR) was conducted in three steps - planning, conducting, and
reporting. In the planning stage we finalized our research questions and decided upon the criteria
for study search and selection. The primary goal of this study is to analyze the various aspects of
gamification that promote intrinsic motivation in light of the SDT. Thus, we decided to select
only those studies that focused on extrinsic and intrinsic motivational factors in gamification and

the studies that discussed the relevance of SDT in gamification.

In the second step of conducting the review, we used the keywords “gamification OR gamified
OR gamify”, AND “motivation OR extrinsic OR intrinsic” AND “education OR learning OR

P11

training”, “gamification OR gamified OR gamify” AND “self-determination theory”. The search

14



was conducted in the following databases: Google Scholar, EBSCO, IEEE Explorer,
ScienceDirect, Proquest and ACM Digital Library and publications after 2015 were chosen for
review. Papers that discussed the use of specific gamification platform, full-fledged games or
just implementation of gamification were filtered out and only peer-reviewed papers were
included. In addition, the review was restricted to papers published after 2014 after significant
changes in trends was observed in gamification in education (Dicheva and Dicheva, 2017).
Several hundred articles were published, but the ones that were extracted for review and met our

criteria were 26.

In the third step the review is reported as ‘Analysis and Discussion”. The findings and analysis
have been synthesized and concluded in the last section which also includes the implication of

the research.

Analysis and Discussion

The basis of our analysis lies in the repeated affirmations in previous studies that establish a
close link between broad concepts of gamification and the three components of SDT that define
intrinsic motivation - autonomy, relatedness, and competence. The choice of playing provides a
sense of autonomy, associated rewards and feedback supports a feeling of competence, and
social connection and cooperation foster a sense of relatedness (Bleumers et al., 2012; Ryan,
Rigby & Przybylski, 2006). However, the role of extrinsic motivation in making gamification a
success in education cannot be underestimated. The opportunity to earn extrinsic rewards can
make the learning more enjoyable and thus enhance that aspect of intrinsic learning. However,
as emphasized repeatedly throughout this report, the ultimate impact of these rewards on learning
will depend on whether that enjoyment is associated with a shallow or deep approach to the
learning (Biggs, Kember & Leung, 2001) which in turn depends largely on whether the core

needs of self-determination theory are met.

What becomes critical then is to encorporate gamification elements, dynamics and design in
ways that meet the three core needs associated with self-determination theory. The section that
follows first presents an analysis of how gamification elements, dynamics and design can be

aligned to provide a sense of autonomy, relatedness, and competence to make the learners

15



intrinsically motivated and ready to learn in a deep manner. We then explore at length how the
gamification elements, dynamics and design relate to the components of self-determination

theory - autonomy, relatedness, and competence.

Gamification elements and SDT

This section is based upon the gamification frameworks discussed in the earlier section — MDA
framework and Werbach & Hunter (2012) model. By analyzing the two models and in-depth
review of past literature, we propose a combined model for studying the various gamification
elements. Figure 4 represents the proposed model for this study to relate the findings to the SDT

and accordingly derive practical insights for gamification design.

Components

Mechanics

Dynamics

Aesthetics

ADMC Model for Gamification Design

Figure 4: ADMC Model for Gamification Design

We name the model the ADMC Model in that it represents aesthetics, dynamics, mechanics, and
components by combining the gamification elements described in the hierarchy and MDA
framework. We have also reversed the direction of the pyramid and placed aesthetics at the
bottom. The broad base of the pyramid signifies the importance of the element in the
gamification design, and all pyramids are built from the base upwards. We include the

definitions for these 4 levels as follows.
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1.

Aesthetics. As suggested by the MDA model, aesthetics represents the ultimate response,
feeling, and appeal the designers would like to achieve or stimulate in their players. This
represents the strategic goal of the gamification process. These include a sense of
achievement, accomplishment, fellowship, challenge etc. that enable a student to become
both intrinsically motivated and to approach the learning in a deep manner. To be
concrete, typical aesthetic elements include engagement; achievement; satisfaction; and,
most importantly, discovery and the curiosity to learn more.

Dynamics. We would agree with the previous authors that dynamics represents the
principles of design that can make or break the learning experience. Dynamics must be
managed strategically to design the learning experience. Dynamics represent how rules
manifest during the action of play and act as controls or game changers during the actual
game play. Dynamics arise from the various methods of teaching and might include
discussions, role plays, case studies, storytelling and narratives. They include the method
in which the mechanics and components are integrated within the learning experience
may thus include interventions like information sharing, storytelling, use of narratives,
freedom of choice, feedback, etc.

Mechanics. The mechanics would include the actionable points of a game, things that a
player can actually “do” in the game. In learning contexts the mechanics can be the things
students do while learning — assignments, participation, taking tests, responding to
situations, answer questions in class etc. These are the means by which they share their
understanding, knowledge, and feedback with their instructors as well as their peers.
Thus, mechanics are the actions that a player does that keep them engaged in the game.
Such actions can include winning, losing, competing, shuffling, tricking, choosing,
hitting, answering, completing puzzles etc.

Components. Components are the basic elements of the game which are commonly used
in all gamification process. Components include badges, leaderboards, points, avatars,
levels, social graphs etc. They basically act as resources and tools that can be used during
various stages of the game. What matters is how and when these resources are being

used.
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The reverse order of these elements in the pyramid is informed by the models discussed earlier.
This reversal indicates two aspects: firstly that the relative importance of each element.
Aesthetics are extremely important as the experience the players feels will ultimately decide their
motivation level. Hence, careful planning should be done to decide upon the aesthetic goals.
Components perhaps need the least strategic change as they represent the resources. It is the
interplay between mechanics and dynamics that enables the designers to choose the right

components and integrate them into a game most effectively.

The second reason to reverse the order of elements is to represent the flow of designing. The
process should start from deciding upon the desired aesthetics, then accordingly deciding upon
the dynamics that can be used to support those aesthetics, then deciding upon the mechanics that
can be aligned to the dynamics and finally strategically choosing the right components that can
be best suited for the chosen mechanics. Based on this model above, the further analysis is
structured to gain a better understanding on how these elements can help in intrinsically motivate

the players through SDT.

Gamification components and SDT

Some of the common gamification components are badges, challenges, leaderboards, rankings,
points, avatars and progress bars (Richter, Raban, & Rafaeli, 2015; Sailer et al., 2017). Practices
that can provide indicators of participant’s performance (points, badges etc.) can satisfy the need
for competence (Sailer et al., 2017). While most authors regard game elements like leaderboards
and badges as extrinsic motivators (Erumit and Yilmaz, 2021), some studies also suggest that
besides extrinsic motivation, they can intrinsically motivate students if implemented strategically

(Karatekin, 2017). Table 3 summarizes the views by various authors.

The game components like incentives and rewards have been the focal point of gamification and
if properly integrated are efficient in providing motivation. Dichev et al., 2018 suggest that
rewards need careful planning at two stages - when it is given out and what it actually is. The
goal of rewards is not limited to only providing satisfaction after it is given; rather, it is also to
maximize the motivation even before it is given. The different types of rewards lead to different

types of motivation. Tangible rewards are regarded as external controllers of motivation and thus
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may lead the student to more shallow forms of learning. Intangible rewards provide
informational feedback but also can lead to competition among students. Leaderboards provide a

sense of accomplishment and progress and thus promote a sense of competition among students.

Table 3: Gamification elements and intrinsic motivation

Game components Autonomy Competence Relatedness
Rewards Kam and Umar (2018)
Kam and Umar (2018)
Kam and Umar (2018),
Leaderboards Sailer et al., 2017
Avatar Sailer et al., 2017 Sailer et al., 2017
Badges Sailer et al., 2017 Sailer et al., 2017
Bai, Heu and
Level Hwang (2020) Sailer et al., 2017
Bai, Heu and Hwang
Team (2020) Sailer et al., 2017
Progress bars, Sailer et al., 2017, Bai, Heu and
Performance graphs Sailer et al., 2017 Hwang (2020)
Points Sailer et al., 2017

Gamification Mechanics and SDT

The method in which the gamification components are integrated in the course makes all the
difference. The strategic timing of giving rewards can accordingly provide a sense of autonomy,
belongingness, or competence among users. For example, fixed rewards are given upon
completion of a task with students often competing to accomplish the task first. Sudden rewards
or random rewards are those which are unexpectedly given or revealed once the task is complete,
which can make the students excited, more engaged in the process, and promote a sense of
relatedness. The concept of social rewards, which are earned when given by other users,
strengthens relatedness further. Thus, the gamification design should not focus on the mere
inclusion of rewards, but rather should work on integrating meaningful rewards connected to
performance, especially the sort of performance expected if students are deeply engaging with

the learning experience. The earning of badges gives a sense of recognition and symbol of
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accomplishment (Gibson et al., 2015) and can further promote relatedness when these are shared

with peers (Grant, 2016).

Gamification Dynamics and SDT

“Game dynamics is the concept by which a set of rules guides human behavior in certain ways. It

consists of a framework through which activities become “like games”, causing the participants

to feel a sense of achievement and a feeling of progression as they act in accordance with these

rules” (Dichev et al., 2014). Mekler et al. (2014) observed that gamification did not affect

intrinsic motivation, likely due to the way gamification was implemented. A summary of such

gamification dynamics that can stimulate intrinsic motivation is summarized in Table 4.

Table 4: Gamification dynamics and intrinsic motivation

Gamification
Dynamics

Choice to participate

Non obligatory
participation

Multiple attempts

Feedback

Meaningful options/ task
meaningfulness

Freedom to fail

Freedom to chose

Progression

Autonomy

Kam & Umar (2018), Roy &
Zaman (2017), Sailer et al.,
2017

Kam & Umar (2018), Richter,
Raban and Rafaeli (2015)

Kam & Umar (2018)

Kam & Umar (2018),
Dicheva & Dichev (2014).

Roy & Zaman (2017), Sailer et
al., 2017

Dichev et al., 2014

Dichevy and Dichev (2014)

Competence Relatedness

Kam & Umar (2018); Roy &

Kam & Umar (2018) Zaman, 2017).

Kam and Umar (2018), Liu et al., (2017), Kam &
Roy & Zaman (2017). Umar (2018)

Kam & Umar (2018)

Kam and Umar (2018).
Roy & Zaman (2017).
Dichev et al, (2014),
Richter, Raban  and
Rafaeli (2015)

Sailer et al., 2017

Kam & Umar (2018)

Dichev. Et al. (2014)
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Dichevy and Dichev

Storytelling Sailer et al., 2017 (2014), Sailer et al., 2017

Richter, Raban and Rafaeli
Social connection (2015)

Richter, Raban and Rafaeli
Competition (2015)

Richter, Raban and Rafaeli
Cooperation (2015)

Gamification dynamics include:

1. Choice to participate and non-obligatory participation. The choice to participate in any
activity according to the student’s own will, without coercion, threat, or punishment, will
give a sense of autonomy to the students (Roy & Zaman, 2017). Kam and Umar (2018)
suggest avoiding obligatory use and making the gamification activities non graded.

2. Challenging activities and opportunity to share. The activities should be optimally
challenging to the students in terms of content, completion, or roles. Challenging and
meaningful roles (Roy & Zaman, 2017) and the level of difficulty should match students’
ability (Kam & Umar, 2018). The completion of such meaningful challenges results in a
sense of mastery and achievement, thus encouraging a competitive spirit. Further,
dynamics that provide such competitive elements as team competitions, coupled with the
opportunity of sharing achievements on profile pages or social networking sites support
the fulfillment of a sense of relatedness.

3. Choice of multiple attempts. Providing the option of multiple attempts encourages
frequent engagement with the activity depending on the student's choice. This promotes a
sense of autonomy, thereby making the students feel more responsible for their choices.
Also, if such attempts are structured as smaller sub-tasks achieving a broader goal, it can
enable students to develop mastery and become competent (Kam & Umar, 2018).

4. Feedback. Short feedback cycles focused on providing constructive and informational
feedback increase the sense of competence. Informational feedback is positive and
meaningful for the students as it makes them realize their scope of improvement (Kam
and Umar, 2018; Roy & Zaman, 2017). Such positive short feedback cycles represent

effective formative assessment that enable students to shift their focus from failure to
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final result (Dicheva & Dichev, 2014). Conversely, negative feedback, which is more
controlling in nature, thwarts autonomy and competency (Roy & Zaman, 2017).
Freedom to fail. As discussed above, if the focus is shifted from failure to achieving the
final results, it enhances the learning process. If the students are encouraged to undertake
risks, experiment, fail and learn from their mistakes, it makes them take ownership for
their own success, thus promoting a sense of autonomy (Roy & Zaman, 2017).

Freedom to choose assignments. Giving students the freedom to choose their
assignments and to determine which assignments will count towards their final grade,
provides a high level of autonomy to the students (Dichevy and Dichev, 2014).
Storytelling. The use of storytelling and narrative in gamification provides relevance,
meaning and structure to create an overall positive experience. A story throughout the
curriculum that binds the experience provides students a realistic context thus promoting
a sense of relatedness. This proves to be highly effective to increase student engagement
and motivation (Dichevy & Dichev, 2014).

Progression. When students are allowed to view and share their progress, it can
stimulate the needs of competence and relatedness. It gives them better insights into their
goals and steps towards success (Dichevy & Dichev, 2014).

Enjoyment and Curiosity. The empirical results from a comparative study of gamified
vs non gamified environment with 384 students showed that enjoyment and curiosity
contribute to a positive change in attitudes and subsequently also in behavioral intentions.
Enjoyment and curiosity are taken as measures of intrinsic motivation and in gamified
context, the findings show a stronger influence of intrinsic motivation on attitude and

behavioral intention (Treiblmaier and Putz, 2020).

Synthesis, Conclusions and Implications

The analysis above provides clarity on how different gamification elements can be combined to

enhance the intrinsic motivation of students, thereby enriching their overall learning experience.

All the findings above, and the ADMC Model proposed in the earlier section, can provide valuable

practical insights for the designers to design an effective gamification process which is strongly

embedded in deep psychological and gamification theories. By synthesizing the findings and

analysis from the review, we propose the following practical model for designers (Figure 5).
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Figure 5: Self-determination theory based ADMC Model

The desired flow of motivation is from amotivation to the kind of intrinsic motivation that aligns
with self-determination theory needs. By fulfilling the needs of autonomy, competence and
relatedness, the designers can aim to promote an intrinsic motivation which can enrich the
learning experience and keep the students engaged and curious. The lower part of the model can
be viewed from a designer’s perspective as it presents the flow of the process that designer
should adopt — a backward design approach (Childre, Sands & Pope, 2009). The upper part of
this model can be viewed from a learner’s perspective where they are moving from a state of
amotivation to intrinsic motivation. The three needs can be fulfilled through the interplay of
elements in the ADMC model. The aesthetics element is the one that can drive the students to
explore more, learn more and play more and satisfy their inner desires. This is how they should

feel in the end - empowered, enriched, knowledgeable, skilled, and self-determined.

Once designers are clear of the goals they want to achieve, the next step is to identify what
situations can make them feel self-determined or give them a feeling of autonomy. The aim of
this step is to create situations which can provide students with opportunities to apply and

practice their knowledge and skills as per their own choice, willingness, and convenience. The
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decisions regarding dynamics (which method would be most interesting and engaging to involve
the students, get them hooked, inviting, and anchoring their thoughts, etc.) is the main step where
students can be moved from introjected motivation to identified and integrated motivation. The
students can feel valued, more aware and can relate the outcomes to their own personalities if

gamification dynamics are appropriately structured, planned and placed.

Note that game dynamics covers a large distance on the continuum, suggesting that this is clearly
the most important aspect of gamification and maximum attention should be given towards
planning at this stage. Gamification mechanics are the activities which s must perform to make
game dynamics meaningful. Since the mechanics are still controlled by external factors (game
rules and administrators), they don’t allow much choice or autonomy. They thus help in
achieving introjected regulation. The dynamics planned can determine the gamification
mechanics that can prove to be most effective to bring those dynamics alive in play. The

mechanics must be aligned with the dynamics to ensure maximum effectiveness.

Lastly, components represent the stage of external motivation where students are compelled by
external factors to play the game with the help of tools and resources available. So, while the
students might be only extrinsically motivated at first, as they get deeper into the game more
opportunities for autonomy are provided and thus they can be intrinsically motivated to finish

their game, while learning more and longing for more.

There is one additional aspect that has neither been explicitly addressed in the existing literature,
nor in this review so far, and that is what aspects of the learning experience are rewarded (Lewis,
Swartz, & Lyons, 2016). For example, if one decides to give learners points, the earning of these
points should be tied to the specific goals that connect with the desired approach to learning.
Rather than providing points to learners just for completing some lesson, learners might be asked
to perform an assessment after the lesson that includes questions that tap deeper levels of
understanding (Krathwohl, 2002). They might then earn rewards for showing that deep
understanding. Doing things this way will reward behaviours that support that desired level of
understanding and the approach to learning that goes along with it. The point here is that the

framework above can highlight ways to enhance implicit motivation, but designers must also
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consider the question “motivation to do what?” This is a great example of why it is important to

consider the aesthetic level first, and to ensure all subsequent decisions align with it.

Final Summary

The goal of this report was to assess the current literature on the effective and ineffective uses of
gamification within educational contexts with the intent of providing a framework and process
that educational designers can use to maximize intrinsic motivation within students. That
framework is provided within Figure 5. When this is coupled with a thoughtful approach to
deciding what exactly is rewarded; more specifically, when the designer is also careful to
connect gamification rewards to the actual learning outcomes they are seeking to achieve, then

the motivation will be well directed and will lead to enhanced learning.
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