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Abstract—Over the years, gamification gained consensus
among researchers and practitioners as a tool to motivate people
to perform activities deemed as tedious or unexciting. Hence,
there exist many and heterogeneous application domains that
may benefit from gamification. However, the domain expert
and the designer are often separate individuals with dissimilar
backgrounds, skills, and understanding. Thus, they need a shared
language to communicate and to design a gamified system in line
with its ultimate goal, the implementation of which can then be
left to the developers. While several studies from the literature
tackled the problem of formally defining a design language able
to assist designers in the code production, they rarely foresee
a framework capable to include all the involved stakeholders
(e.g., domain experts). Moreover, it is essential to allow those
stakeholders to monitor the gameplay at runtime and intervene
when necessary, as the design process is intrinsically iterative.
In this work, we present a design framework that models the
whole life cycle of gamification solutions, from the design to
the execution and monitoring of the system. Finally, we present
a prototype of the framework implemented in the Education
domain.

Index Terms—Gamification Design Framework; Gameful Sys-
tems; Adaptive Design

I. INTRODUCTION AND MOTIVATION

Gamification is gaining popularity in all those domains
that would benefit from the increased engagement of their
target users [1]. Thus, gamification applications are found
in disparate contexts, such as education [2], [3], health and
environment [4], [5], e-banking [6], to mention a few.

Gamification employs elements and characteristics proper
of entertainment games in other systems [4], [7] to foster
motivation among its users, leading to a positive influence [4],
[8].

The growing adoption of gamified solutions made their
design and development increasingly complex, due to, for
example, the number and variety of users, and the mission
criticality of some of the applications. This complexity is
nurtured, among the other factors, by the lack of both ground-
ing in theory and use of adequate frameworks to design the
intended solutions for the majority of the applications [9].
Thus, it is recommended a rigorous development process to
avoid the gamification project to fail [10], [11]. An example of
a modeling language for gamification is GaML [12], defined to
assist designers with coding skills from the conception phase
to the actual implementation. Nevertheless, the stakeholders
involved in the definition and deployment of a gamified system

are often heterogeneous, deriving from the heterogeneity of
the application domains. As a consequence, designers need
to work hand in hand with domain experts, whom can help
in giving context to the whole gamified application. Towards
this, a common framework to communicate and intervene on
the project can prevent miscommunications and increase the
quality of the solutions.

In addition to enhancing design phases, a gamification
framework shall support adequate monitoring and adaptation
of the gameplay. In fact, there exist concrete risks for gam-
ification of triggering and producing undesirable side effects
[13]. In most of the current approaches, the design, analysis,
and revision of gameful systems require many development
activities often unrelated to each other, with the use of various
general-purpose languages (e.g., java and rule-based). The dif-
ferent actors involved (e.g., domain expert, system developer,
and impact managers) use different languages and tools to
execute their tasks with a completely different understanding
of the game concepts and their relations. In turn, this might
lead to managing unexpected game deviations with ad-hoc
and not reusable solutions, making the monitoring and the
revision of game mechanics and dynamics a complicated task.
Therefore, in this paper we advocate also the provision of
uniform and clean datalogs of players’ game actions. In this
way, the framework would also assist and enhance the process
of monitoring gameplay, aimed at detecting and resolving
upcoming design issues at runtime. Such a tool would allow an
iterative, player-centric design, in contrast to a one-size-fits-all
strategy, notoriously detrimental [14]–[16]. Instead, adaptive
content is likely to increase player engagement and motivation
when it is aligned to players’ preferences [17] and adjusts its
difficulty to the players’ skills and abilities [18]. Adapting
and personalizing the gameplay to the user is more likely to
foster intrinsic motivation, challenging to achieve as is notably
subjective to the player [19]–[21].

In this paper, we present our Gamification Framework struc-
ture and how the whole life cycle of the gamified application
can be modeled through the components of the framework
(Section II). We then report a concrete example of its usage
in the education domain (Section III). We close the paper with
our lessons learned and plans for future works (Section IV),
and draw some conclusions (Section V).



Fig. 1: Internal Logic of the Gamification Design Framework.

II. THE GAMIFICATION FRAMEWORK

In this section, we present our Gamification Framework
structure and how the whole life cycle of the gamified ap-
plication can be modeled through the components of the
framework. A view of the envisioned approach is shown in
the process diagram depicted in Figure 1. The framework is
composed of three subcomponents: (1) Interaction, (2) Design,
and (3) Execution, all collaborating to go from the game
definition to the execution.

Our approach caters to three principal stakeholders. The
(i) Gamification Expert designs and develops appropriate
gamification artifacts (i.e., game elements, mechanics, and
dynamics). The Gamification Expert can either use the gen-
erated code as a blackbox or inspect and modify it, if in
possess of programming skills, which are not required. The
(ii) Domain Expert (e.g., the teacher) defines the global
gamification goals and the suitable progression of game steps
with their intermediate goals. The (iii) End-Users (i.e., student,
citizen) use the gamified application.

Together, the Gamification Expert and the Domain Expert
define the gameful system. Typically, a Domain Expert spec-
ifies the model of the game, defining the concrete objectives
that shall be met at the end of the gamification campaign.
A Gamification Expert, based on the game specification,

Fig. 2: Loria’s [22] conceptual framework for adaptive gami-
fication

proposes a design including specific game elements. This
phase is expected to be iterative and serves the definition of the
various game levels matching the various expected progression
game steps, the specification of corresponding challenges, and
the measures to evaluate how users are performing concretely
with their tasks.

We will now look in more details into each component.



The Interaction component is the end-users’ entry point
of the proposed framework. Via this component, players can
log in to their games and check the corresponding status
(i.e., history, achievements, and progresses). Information on
players’ activity is stored in the Game Status in the form
of datalogs, which can be used from other modules. The
Interaction component also enables end-users to personalize
the information collected in their player profile. For instance,
surveys can be embedded to collect demographics information,
preliminary knowledge, or self-declared player types (e.g.,
through the Hexad Questionnaire [21]). Player profiles may
also include the possibility of uploading and modifying an
avatar, the username, or other context-dependent properties
that need to be managed by the end-user. This information
can be used by the Execution component to adapt dynami-
cally game scenarios or difficulties with players’ features and
experiences.

The Design component provides a modular approach that
can be customized for different gameful systems and reflect a
specific gamification process [23]1. Through it, game experts
(in collaboration with domain experts) are able to define
the main components of a game (i.e., actions, points, and
levels) and the game logic (i.e., game rules, challenges).
Moreover, it provides support for deploying the games in a
target gamification engine.

The Design component provides a domain-independent so-
lution for the design of gamified applications through model-
driven engineering mechanisms [24]. In particular, it is based
on a set of well-defined modeling layers that start from the
definition of the main gamification elements, followed by the
specification on how those elements are composed to design
games, and then progressively refined to reach concrete game
implementation and execution. The layers are interconnected
through specialization/generalization relationships such that to
realize a multi-level modeling approach [24]. The choice of
a multi-level modeling approach came out directly from the
nature of gamification applications: gamification principles,
instantiated in terms of game elements, in turn, materialized
as game element instances.

The Execution component is dedicated to monitor the game
execution by receiving notifications from the Interaction com-
ponent to track users’ game actions and status. Consequently,
depending on the game strategy, players’ experience, and
possibly other external factors, the Execution component can
decide to adapt the game scenario (e.g., to speed-up or slow
down the game dynamics) or even decide to assist players
in order to help them to achieve game goals. Towards this,
the Data-driven Profiling component can exploit the data
collected in the Game Status to model players based on their
behaviors and suggest ad-hoc adaptations. Those adaptations
are communicated to the Design component. They can either
be directly deployed in the game or presented to the designer,
who can choose whether to apply them or not.

1The complete specification of the languages is included in the GitHub
repository of the framework, available at https://github.com/antbucc/GDF

The Data-driven Profiling component aims at integrating
Loria’s conceptual framework for adaptive gamification [22]
in the workflow by encapsulating the Player Profile and
Social Value modules (Figure 2). More into details, the Data-
driven Profiling component takes as input the Game Status
(i.e., gameplay data) and produces information fed to the
Adaptation Needs component, which is mapped to the PCG
Algorithm module (Figure 2). The adaptation can either be
automatically assigned or be suggested to the designer in the
Game Definition component.

The Execution component is in charge of launching games
and executing their logic, advancing the Game Status for all
players in all executing games, and persisting each game state.
This is done by exploiting the functionalities provided by
a Gamification Engine (GE). An adequate GE shall adopt
reactive computing models, as advocated in [12]: the logic of
a game is typically expressed as a set of rules that predicate on
players’ current state, and are fired in response to the incoming
events, i.e., gamified actions. Rules can modify the game state,
and also fire additional events that may trigger chains of further
game rules. Moreover, the GE is in charge of providing access
to the Players Game Status, presenting an interface to retrieve
the various elements composing the game state of players.
This information is then intended to be used by the Interaction
component to update the specific player game state and present
the results to end-users.

III. PROOF OF CONCEPT

To demonstrate the feasibility of our vision, we have re-
alized a Proof-of-Concept (PoC) in the education domain.
In particular, we have instantiated the approach proposed in
Section II selecting the following components. The Design
component has been realized by means of an existing solution
called GDF [23]. The internal logic of the GDF (see Figure3)
is made by four components: (a) Game Model, (b) Game
Instance, (c) Game Simulation, and (d) Game Adaptation.
Each component is made-up of two layers, the former is
implemented using JetBrains MPS (briefly, MPS)2, a language
workbench based on projectional editing, while the latter
exploits an open-source Gamification Engine3.

Each GDF component is supported by a language, each
of which defined to cover the artifacts constituting the gam-
ification stack. Through GaML the designer can specify
how the game components are assembled to create an ap-
plication. For example, the concept of Point could be
specialized in skillPoint and experiencePoint, to
distinguish between points gained by means of specific ac-
tivity goals and points gained due to the progression through
the game, respectively. Moreover, dataDrivenAction and
evenDrivenAction are exploited to recognize activities
based on data (i.e., modeling task completed.) or on events
(i.e., surveys filled). In a similar manner, the Challenge

2http://www.jetbrains.com/mps/
3The engine has been realised in GitHub under the Apache License Version

2.0 https://github.com/smartcommunitylab/smartcampus.gamification and is
available as stand-alone application as well as software-as-a-service (SaaS).



concept is refined through, e.g., PlayerChallenge and
TeamChallenge to distinguish between challenges intended
to be completed individually and the ones to be accomplished
as groups of players, respectively. GaML is generic enough
to enable the reuse of the defined gamification concepts into
multiple development scenarios (e.g. the distinction between
the types of actions and points).

A game instance is a GameDefinition, as prescribed in
GaML, opportunely instantiated to be run by the gamification
engine. In general an instantiation consists of the specification
of the players/teams involved in the game, hence one or more
instances of multiple games may run concurrently by means of
the same engine. The Game Instance Model Language (GiML)
binds game definitions coming from GaML with instantiation
details. Apart from game modeling languages, GDF provides
so called utility languages. One of them is the Game Simu-
lation Language (GsML), that allows to simulate game sce-
narios. In particular, a GameSimulation is composed of a
GameDefinition and a set of SingleGameExecution
elements. In turn, each game execution is made-up of a Team
and/or a Player that can execute an actionInstance
or a challengeInstance. In this way, the designer can
specify specific game situations and check what state changes
are triggered. In this respect, it is important to mention that
the target gamification engine4 provides the necessary features
to track the gamification rules triggered during the execution
together with the corresponding state changes.

Another utility feature provided by GDF is adaptation. This
feature leverages specific capabilities of the target gamifi-
cation engine, and in particular: a recommendation system
for generating players’ tailored challenges based on game
historical data and current status; a mechanism to ”inject”
new game contents on-the-fly. With this premise, the GadML
language allows to model those scenarios when a new game
content (i.e., a new challenge recommended by the engine)
has to be assigned to a specific player on-the-fly. In partic-
ular, the GameAdaptation concept includes gameId and
playerId parameters for a game adaptation, plus a set of
children to specify the new challenge to be injected.

The execution component exploits a specific gamification
engine [25] based on DROOLS rule engine 5. The Interaction
component has been represented by the User Interface of the
gamified application called Kids-go-Green (KGG) [5]6.

KGG is an application designed for primary school class-
rooms (age group 6-11) for supporting active and sustainable
mobility habits, both at personal and collective level. The core
part of KGG is a virtual journey undertaken by students using
the sustainable kilometres travelled in real life in their home-
school commuting. Every day each class accesses the KGG
Web application and fills the Mobility Journal. The children
indicate the way they reached school that day by expressing
a specific sustainable transportation mode (i.e., on foot, by

4https://github.com/smartcommunitylab/smartcampus.gamification
5https://www.drools.org/
6https://kidsgogreen.eu

bike, walking bus, or school bus). The amount of kilometres
travelled each day by the children in their trips to school
contributes to the progress on a virtual journey. The latter
is created by the teachers and includes a final destination and
a set of intermediate stops that are locations in the real-world.
The journey can be defined according to the interests and the
educational needs of the teachers for the specific classrooms.

In order to cover longer distances bonuses are given to
the school in various situations (i.e., walking or cycling with
bad weather conditions). Furthermore, KGG also includes
class-level and school-level challenges: upon completion of
a specific objective (e.g., zero emission day, no-car week,
etc.) the class/school benefits from virtual prizes that can be
exploited in the journey to gain additional kilometers (i.e.,
a cruise ticket along a river, or a plane ticket to reach an
oversea stop). The journey progress is shown in the KGG
Web application (see Figure 4), and every time a virtual stop
is reached, the teacher can use the associated multimedia
educational material for in-class lessons.

Using GDF, a gamification designer can design a new game
defining the set of teams (i.e., schools and classrooms) and
players (i.e., students) participating in the virtual journey.
The specific Institute with its respective Schools and
Classrooms are specified with all the needed information
(see Figure 5). Starting from these models, all the game
elements (i.e., points, actions, badges, challenges, etc..) that
regulate the game behavior can be defined using a specific
editor in GDF. It has been created using all the fields of the
GamificationInstance concept of the GiML language.
Once the designer have specified the new game, she/he can
proceed with the game deployment in the gamification engine.
The deployment step is done using the GiML generator able to
generate Java code that, when executed, results in the creation
of corresponding game instance in the gamification engine (see
Figure 6).

When a game instance is running, the game state changes
whenever one of the mechanics defined in the game (i.e., score
update, challenge achievement, etc.) is used. In particular,
this means that one of the game rules defined using GaML
is executed in a specific instance defined through GiML.
Therefore, the game state evolves as the right-hand side of the
game rules prescribe to manipulate the object base through
the gamification engine services. Based on this, our approach
provides support for simulating the behaviour of a running
game under certain conditions, by means of the GsML com-
ponent. It is part of the Game Utility component of the GDF
and its core concept is represented by the GameSimulation
element depicted in Figure 7.

This concept is composed by a GameDefinition
and a set of SingleGameExecution. A
SingleGameExecution (as shown in Figure 8) is
defined by a Player that should execute an actionInstance
or a challengeInstance. Starting from a GameSimulation
model, as the example depicted in Figure 9, specified using
GsML and containing the elements we mentioned earlier,
we used an automatic generator to derive the corresponding



Fig. 3: The GDF Internal Logic.

Fig. 4: The KGG Interactive Journey Map.

Java (jUnit test) code. GsML allows to model specific game
scenarios together with triggered mechanisms, and hence
to simulate specific game state changes (e.g. for testing
purposes). Finally, whenever a game adaptation (i.e., new
challenge) must be executed for a specific player of team, we
use the generator to generate a Java code that leads to the
adaptation of a Database (as depicted in Figure 3(d)) that the
gamification engine uses to update the specific game instance.

The gamification engine exploited by the GDF includes a
Recommendation System able to generate challenges tailored
to each player’s history, preferences and skills [26], [27]. In
this context, the GadML language is used whenever a new
game content (i.e., a new challenge generated by the RS), has
to be assigned to a specific player on-the-fly.

Figure 10 shows the newChallenge concept that extends
a simple game adaptation defining the ChallengeModel,
the ChallengeData (i.e., bonusScore, virtualPrice, etc.)
and ChallengeDate (i.e., start and termination date of the
new challenge).

IV. LESSONS LEARNED AND FUTURE WORKS

The proposed approach has the potentiality to be easily
extended both in terms of concepts and gamification me-
chanics but also in terms of supporting utilities. This is very
important to go towards a framework able to be used in various
application domains (e.g., education, mobility), as we have
started to demonstrate in this paper.

The provisioning of notations and constructs tailored to-
wards a specific gamification domain has offered substantial
gains in expressiveness and ease of use compared with the
various general purposes languages, with corresponding gains
in productivity and reduced maintenance costs. We have
introduced the appropriate precision level of modeling shared
by the different actors involved providing a unique framework
that offers possibilities for design, monitoring, simulation, and
adaptation if terms of a domain specific language that would be
much harder or unfeasible using the different general-purpose
languages used before.

Starting from the shared gamification abstraction, we pro-
pose also a set of Game Utilities for the simulation and
adaptation of the running gameful system. For the way it
has been thought, and for the fact that each utility is related
to specific concepts of some of the gamification languages
specified, it is very easy to see how in the future new utilities
can be specified and added to the framework. For instance,
while the adaptation utility is currently related to the Challenge
game element and its goal is to generate and inject specific
challenge code for a specific player instance, in the future we
are planning to further investigate towards other adaptation and
learning capabilities, possibly introducing more sophisticated
self-adaptation mechanisms in gameful systems.

V. CONCLUSIONS

In this paper we presented the experiences matured in the
development of a framework for designing gameful systems.
The proposed vision allows domain experts to abstract im-
plementation problems and focus on details closer to their



Fig. 5: Game Instance Model in GDF (KGG Application).

Fig. 6: Deployed Game Instance in the Gamification Engine.

expertise, namely gamification techniques and application
domains targeted by the game. The resulting idea not only
reduces the complexity of defining gameful applications, but
it also discloses the opportunities of specifying simulations
and adaptations for particular gaming scenarios.
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