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Abstract. The biggest challenge for the Digital Educational Games Design
refers to how to integrate game mechanics and learning mechanics into the
gameplay in order to enhance motivation and engagement and improve learning
outcomes. This study is the pilot phase of a Delphi method that proposes
guidelines for the design of Digital Educational Games. The participants of the
Delphi study were academic experts from the scientific field of Digital Educa-
tional Game Design. In the first round of the study, a questionnaire of six open-
ended questions was sent. The second round questionnaire consisted of 46
closed-ended questions in order to estimate agreement between the participants.
The third round questionnaire consisted of one open-ended question. According
to the results of the study, the learning and game mechanics elements that have
been suggested by the participants as the most important elements are those that
promote constructivism, authentic learning environments, personalized learning,
and fun. The experts mentioned as very important and challenging element, the
way learning mechanics should be integrated into the context of the gameplay.
What is proposed to achieve the learning objectives and bring the maximum
extent of engagement into the game, is that the learning objectives should be
included in activities that do not clearly reveal the learning objectives them-
selves but incorporate them into symbolic representations of everyday life
experiences and examples, that are fun for the users and motivate them for high
interaction during the gameplay.
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1 Introduction

In recent years, research in the field of Digital Educational Games has shown positive
contributions to learning as far as K12 education, higher education, elderly people, and
training are concerned [1]. The positive contribution mainly refers to motivation,
engagement and learning outcomes in terms of skills of the 21% century [2]. However,
much work has still to be done in order to learn how to better design, and evaluate
digital games across different learning contexts and target audiences [3].

The basic features of a digital game can firstly be divided into two main categories,
the Learning Mechanics (LM) and the Game Mechanics (GM). LM includes all the
concepts related to learning principles, instructional models and teaching techniques,
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learning objectives, skills development, etc. [4]. GM includes all the elements that
structure a game and describe the gameplay such as avatars, 2D/3D environments,
virtual money, points, timers, feedback (reward, penalty, etc.), narrative (story), rules,
goals, competition, levels, cut scenes etc. [5].

Most of the educational games that have been designed are based on the consid-
erations relevant to the traditional learning context. There is a lack of the use of modern
learning theories and models such as exploratory learning, problem-based learning and
active learning [4]. However, digital educational games support features such as high
user interaction, feedback, personalized teaching, teamwork, authentic learning
frameworks that do not match with traditional learning [1].

What is more, educational games do not document the design they follow (learning
theories, learning objectives, learning techniques etc.) [5].

This suggests that appropriate design models are needed in order to facilitate and
guide educational game designers to work more efficient.

2 Related Work

Several studies have been conducted in the context of creating models, methodologies
and conceptual frameworks for the design of digital educational games [1, 4-34]. The
biggest challenge for the design of the games refers on how well the models can
describe the relationships between the different components that consist the digital
educational games. This challenge actually includes the ways LM and GM integrate
into learning activities through gameplay in order to create learning environments to
enhance motivation and engagement and improve learning outcomes.

A review of the literature concerning the models, methodologies and conceptual
frameworks for the design of digital educational games shows that the researchers [1,
4-34]:

e Propose general guidelines based on pedagogical approaches without using their
corresponding instructional strategies in the gameplay.

e Do not describe the connection between the game elements and the learning

objectives of the game.

Do not describe how to integrate the LM elements into the gameplay.

Describe the learning and game elements per se, but not the relation between them.

Do not classify the individual components of a game.

Do not incorporate an explicit guide for the game design.

Approach the game design only from a game developer perspective.

Moreover, in most of these studies the methodology is based on empirical data
where users are the participants who they are called to design or/and evaluate a given
model or methodology or conceptual framework. The users do not have the scientific
background to support the design evaluation as they come from different scientific
fields. In few cases, game designers are also used as participants. Similar issues apply
in this situation, too. Game designers seem that do not transfer the scientific expertise
of the necessary instructional design for an educational game to evaluate the game
design.
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This study proposes guidelines for the design of digital educational games by using
the Delphi method, where academic experts of the specific scientific field participate.
The guidelines proposed by this pilot Delphi study refer to the LM and GM that
educational games should include as well as the ways that learning activities should be
integrated into the gameplay.

3 Methodology

The Delphi study was conducted online via questionnaires in Google forms and
included three rounds. Five academic experts in the field of Digital Educational Game
Design participated. The participants had a period of two weeks to fill in their responses
to the questionnaires. Consensus was equaled with 70% agreement among the
respondents.

In the first round, a questionnaire of six open-ended questions was sent. The
questions were related with the LM and GM that should be incorporated in the games,
suggestions about the way that learning activities should be integrated into the
gameplay and about the procedure and the challenges of the game design. The par-
ticipants were asked for at least six opinions per question. The data collected from this
initial round followed the content analysis technique. The data were analyzed by
grouping similar opinions/items together after the process of determining the most
important issues between them.

Subsequently and based on the analysis of the first round answers, a second round
questionnaire consisting of 46 closed-ended questions, was configured. The ques-
tionnaire included the participants’ answers from the first round in order to be rated
about their importance through a 9 point Likert scale (1 = no importance, 2 = very low
importance, 3 = low importance, 4 = slightly important, 5 = neutral, 6 = moderately
important, 7 = high importance, 8 = very high importance, 9 = extremely important).
This was followed by the collection and analysis of the second round questionnaire’s
answers, according to quantitative techniques in order to estimate the agreement
between the participants’ responses.

According to those results, the questionnaire of the third round was prepared. The
third round questionnaire consisted of one open-ended question were participants were
asked to describe an exemplary snapshot of an educational digital game for any age or
subject of their preference, which combines learning and game mechanics. Data col-
lected from the third round followed the content analysis technique as in the initial
round.

4 Results

4.1 First Round

Concerning the LM elements that participants considered that should be included in
digital educational games, their answers are summarized below:
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Actions/tasks, challenging activities, competition, problem solving, because the
student gets more motivated and engaged.

Appropriate, constructive feedback, because the student needs it in order to learn
from his/her actions.

Experimentations, because the student should have opportunities to form
hypotheses and test them through experimentation, being an active way of learning.
Exploration, Discovery, because the student gets more engaged and motivated when
he/she takes part in active learning.

Role-playing, because the student gets more empathy, critical and social skills.
Simulations, because they transfer real-life phenomena that are difficult to otherwise
explore, but crucial in constructing meaning and understanding.

Discussions, social interactions, collaboration activities, because the student can
learn interacting with others.

Assessment, because the student needs to self-monitor his/her performance and gets
motivated when he/she progresses.

Moreover, investigation of learners’ previous knowledge test and scaffolding activities
were also mentioned. Overall, the participants mentioned that LM must be always
selected according to the learning objectives of the game.

in

Referring to the GM elements that participants considered they should be included
games, the answers are summarized below:

Rules of the gameplay: rules provide a constraining and support strategy necessary
for learning and playing.

Cut scenes: they can easily situate the student within the game narrative and the
tasks that he/she is called to undertake, and they can offer information that are
relevant to the game’s learning objectives.

Scoring mechanism (e.g. action points), visible progress and levels: gathering action
points or unlocking a new level can be very motivational for the student. Fur-
thermore, designing various levels offers the student variety and enables a better
organization of the game’s learning activities.

Collecting and interacting with objects: exploring a digital environment in order to
discover interactive objects that offer opportunities for experimentation can support
active learning. Collecting objects can also be motivational.

Challenges: motivational well-designed challenges that are in accordance with the
game’s learning objectives are at the core of an educational game.

Appropriate, constructive feedback: the student needs it in order to learn from
his/her actions.

Multiplayer capabilities: social interactions may foster learning.

Simulations: they can bridge the gap between the real world and the game’s world.
Movement in the digital environment, sensation of exploration, realism: students
usually like to be situated within a digital environment that consists of various
spaces, which they can explore. In addition, this ‘spatial metaphor’ can help the
game designer to better organize the challenges that he/she will embed in the game.
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In addition, the adaptation to the learner’s needs (learning style, misconceptions) was
mentioned. The participants mentioned that the appropriate GM would depend on the
entertainment and fun goals of the game.

As far as the ways that learning activities should be integrated into the gameplay,
this could be managed by converting learning activities into challenges that the student
has to resolve and by meaningfully integrating those challenges in the context of the
game with relevant GM into an engaging and fun narrative. In addition, the results
show that the learning activities should be integrated in the context of the game by
authentic learning approach, by incorporating real world problem-solving activities.
That means that the connection between learning and GM should be so well made that
the learner typically will not be consciously aware of the learning objectives of the
game until he or she is already highly engaged. The participants also mentioned that the
integration of learning activities into the gameplay depends on the specific game by
considering the specific high level educational and entertainment requirements.

Regarding the procedure (stages/steps) for the design of digital educational games,
the answers are summarized below:

e Take into account modern pedagogical approaches, e.g. constructivism, multiple
intelligence theory, social theories of learning.

Take into account basic game-based learning principles.

Define the learning objectives and sub-objectives.

Connect the learning objectives and sub-objectives with the acts of the game.
Define the scoring mechanism as well as the game’s levels.

Define the possible actions that the player can take within the digital environment
and the corresponding feedback that he/she can get.

Design the scaffolds that the player will be offered.

Evaluate the game with experts (teachers and usability experts).

Evaluate the game by using real students.

Redesign the game after evaluation.

As far as it regards the challenges during the game design, the main challenges
according to the participants’ answers were as follow:

e To transfer the basic aspects of modern pedagogical approaches into educational
game-design principles.

To create appropriate challenges in accordance with the specific learning objectives.
To create an interesting, persuasive narrative.

To create appropriate challenges that are motivational and not explicitly didactic.

To incorporate feedback by using the appropriate GM.

To have different professionals (e.g., graphic designers, game designers, pro-
grammers, educators) cooperating in order to design and develop the game.

4.2 Second Round

Figure 1 shows the results of the second round. The results concern the importance of
the LM that should be included in digital educational games.
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Fig. 1. Average of importance rate about which Learning Mechanics elements should be
incorporated into a digital educational game (1 = not at all important, 9 = extremely important)

The participants mentioned assessment, observation, collaboration and scaffolding
as least important LM elements. They commented that these four elements depend only
on the learning objectives, and not on the game design.

Figure 2 shows regarding the results concerning the importance of the GM ele-
ments that should be included in the games.
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Fig. 2. Average of importance rate about which Game Mechanics elements should be included
in a digital educational game (1 = not at all important, 9 = extremely important)

Movement is the least important element, as participants said that it depends on the
game and should only be used only if required by the learning and game objectives.
Score mentioned to be not so important because the progress could be indicated in
other more meaningful ways. Collecting objects is also not important because it
depends on the game’s learning objectives and should be used if it is required for
experimentation, problem solving, or rewards. Finally, cut scenes are not so important
because their use should depend on the game and it is not necessary for every game.
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As far as the importance of the stages/steps that should be parts of the procedure for

the design of digital educational games, the results are follow in Fig. 3.
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educational game design (1 = not at all important, 9 = extremely important)
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The results show that the highest and maximum rate is related to the learning
objectives themselves, that is the connection of the learning objectives with gameplay,
and the evaluation of the game. The lowest rate concerns the design of the storyline and
the game environment and defining the scoring mechanism as well as the game’s

levels.

Figure 4 shows the importance of the challenges that designers face during the

game design.
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In the highest rate of all challenges is the design of the appropriate challenges
according to the learning objectives

Tables 1 and 2 show the percentages of agreement between the participants of the
study. More specifically, Table 1 shows the importance of LM and GM elements for
digital educational games design, while Table 2 shows the importance of the
stages/steps of the procedure for the design of digital educational games and challenges
during the game design.

Table 1. Percentage of agreement among the experts concerning the importance of LM and GM
elements in digital educational games

Importance of LM Rate of Importance of GM Rate of
agreement agreement
(%) (%)
LM selected according to the 95 Feedback 93
learning objectives of the game
Motivation 95 Challenges 93
Observation 93 Meaningful choices 90
Feedback 93 Visible progress 90
Challenge 85 Fun 88
Exploration 85 Assessment 88
Assessment 83 Collecting objects 83
Experimentation 78 Interacting with 75
objects
Adaptation to the learner’s needs 78 Rules (game play) 73
Scaffolding 75 Movement in the 73
virtual environment
Problem solving approach 75 Role playing 73
Collaboration 73 Score 63
Cut scenes 63

The percentage of agreement among the experts of the field is extremely high for
the majority of the elements proposed.

4.3 Third Round

In the third round, the participants were asked to describe an exemplary snapshot of an
educational digital game for any age or subject of their preference, which combines
effectively LM and GM.

The examples that the experts gave describe the connection between LM and GM
by following an authentic learning approach, by incorporating real world problem-
solving activities in a way that the learner typically would not be consciously aware of
the learning objectives of the game until he or she is already highly engaged.
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Table 2. Percentage of agreement among the experts concerning the importance of the
stages/steps of the procedure for the design of digital educational games and challenges during
the game design

Importance of stages/steps of the | Rate of Important challenges Rate of
procedure for the design of agreement during the game design agreement
educational digital games (%) (%)
Define the learning objectives 100 Create appropriate 95

challenges in accordance
with learning objectives

Connect the learning objectives 100 Create appropriate 95
with the gameplay scaffolds

Correct and redesign the game 100 Incorporate feedback by 93
after evaluation using the appropriate GM
Evaluate the game with experts 95 Different professionals to 85

cooperate for the design
of the game

Evaluate the game with students 95 Transfer pedagogical 83
approaches in game-
design

Design the scaffolds 88 Create appropriate 83
challenges

Take into account modern 83 Create an interesting, 80

pedagogical approaches persuasive narrative

Define possible player’s actions 83

and corresponding feedback

Take into account basic game- 78

based learning principles

Design the storyline and the 75

game world

Define the scoring mechanism as 70

well as the game’s levels

5 Discussion

This Delphi study proposes the pilot phase of a study that proposes guidelines for the
design of digital educational games.

Our results show that the most important elements for the design of digital edu-
cational games is the clear description of the learning objectives and their integration
into the context of the game by selecting the appropriate constructive LM elements and
approaches as well as the GM elements that promote active learning. The LM and GM
elements that have been suggested by the experts as the most important elements are
those that promote constructivism, authentic learning environments, personalized
learning and fun.

The experts mentioned the way the LM elements should be integrated into the
context of the gameplay as the most important and challenging point for the design of
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the digital educational games. The learning objectives should be included in activities
that do not clearly reveal, but incorporate them into symbolic representations of
everyday life experiences and examples that are fun for the users and motivate them for
high interaction into the gameplay.

This study is the first attempt to approach the field of digital educational games
design by using the Delphi method. Our immediate future plan is the redesign of the
Delphi study based on the outcomes of this pilot phase in order to get the more specific
guidelines possible for the design of digital educational games for all ages.
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