
Contents lists available at ScienceDirect

Information and Software Technology

journal homepage: www.elsevier.com/locate/infsof

MEdit4CEP-Gam: A model-driven approach for user-friendly gamification
design, monitoring and code generation in CEP-based systems

Alejandro Calderón*, Juan Boubeta-Puig, Mercedes Ruiz
School of Engineering, Department of Computer Science and Engineering, University of Cádiz. Avda. de la Universidad de Cádiz 10, 11519 Puerto Real, Cádiz, Spain

A R T I C L E I N F O

Keywords:
Gamification
Model-Driven Engineering
Complex event processing
Strategy design
Monitoring
Graphical modelling editor

A B S T R A C T

Context: Gamification has been proven to increase engagement and motivation in multiple and different non-
game contexts such as healthcare, education, workplace, and marketing, among others. However, many of these
applications fail to achieve the desired benefits of gamification, mainly because of a poor design.
Objective: This paper explores the conceptualization, implementation and monitoring phases of meaningful
gamification strategies and proposes a solution for strategy experts that hides the implementation details and
helps them focus only on what is crucial for the success of the strategy. The solution makes use of Model-Driven
Engineering (MDE) and Complex Event Processing (CEP) technology.
Method: An easy-to-use graphical editor is used to provide the high-level models that represent the design of the
gamification strategy and its deployment and monitoring. These models contain the event pattern definitions to
be automatically transformed into code. This code is then deployed both in a CEP engine to detect the conditions
expressed in such patterns and in an enterprise service bus to execute the corresponding pattern actions.
Results: The paper reports on the use of both a graphical modeling editor for gamification domain definition and
a graphical modeling editor for gamification strategy design, monitoring and code generation in event-based
systems. It also shows how the proposal can be used to design and automate the implementation and monitoring
of a gamification strategy in an educational domain supported by a well-known Learning Management System
(LMS) such as Moodle.
Conclusion: It can be concluded that this unprecedented model-driven approach leveraging gamification and
CEP technology provides strategy experts with the ability to graphically define gamification strategies, which
can be directly transformed into code executable by event-based systems. Therefore, this is a novel solution for
bringing CEP closer to any strategy expert, positively influencing the gamification strategy design, im-
plementation and real-time monitoring processes.

1. Introduction

It is out of discussion that Gamification, or the use of game elements
and game design techniques in non-game contexts [1], has emerged as a
trending topic in the recent years [2]. It has attracted the attention from
both practitioners and researchers as a way to use game-based me-
chanics, aesthetics and game thinking to engage people, motivate ac-
tions, promote learning, and solve problems [3]. Gamification is not the
creation of a motivational and engaging game inside our processes, sites
or systems. It consists of applying lessons from the game domain to
motivate the audience, increase end-user engagement and change be-
haviors in non-game situations such as education and training, mar-
keting, social awareness, sales or human resources, through making
processes, sites and systems more fun and enjoyable.

Numerous examples of successful applications of gamification in

different fields have been reported so far. Bluewolf [4], Starbucks [5] or
Pain Squad [6] constitute some illustrative examples. All of them show
that gamification is an interesting topic of research, but also conclude
that more effort and attention are required in order to reach a mature
conceptualization and use of it [2].

Although many frameworks and guidelines have been published to
address the gamification design and development processes, there is
still a lack of a complete and generic framework that provides an ef-
fective gamification design process [7], consolidates the gamification
implementation techniques and allows achieving high-quality empirical
evidence of the gamification benefits [8,9]. Despite new framework
proposals continue appearing in the literature [8,10,11], they give
support to quite specific gamification processes, therefore increasing
the deviation toward the consolidation and understanding of a common
gamification design, implementation and monitoring process.
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Due to the increasing use of gamification in numerous contexts, it is
fundamental to provide stakeholders with additional support to guide
the design, implementation and monitoring of gamification strategies.
In this paper, we explore the conceptualization phase of meaningful
gamification strategies and propose a model-driven solution based in
Complex Event Processing (CEP) for strategy experts that hides the
implementation details at the design phase, helping them focus only on
what is crucial for the success of the strategy. Our solution also auto-
mates the implementation of runtime environments to execute the
strategies and monitor them. The monitoring information is used to
provide both real-time feedback to end-users of gamified applications
and real-time analytics of interest for the designers.

The main aim of this paper is to present a novel model-driven ap-
proach called MEdit4CEP-Gam that makes the following contributions
to the gamification domain:

a) It provides strategy experts with a user-friendly graphical modeling
tool that supports the design of gamification strategies in a highly
intuitive and technology-independent way.

b) It helps to implement gamification strategies through generating
code automatically by making use of the Model-Driven Engineering
(MDE) approach.

c) It automates controlling and monitoring of gamification strategies
on highly scalable and heterogeneous environments, thanks to the
use of an event-driven service-oriented architecture integrated with
a CEP engine.

The paper is structured as follows: Section 2 introduces the back-
ground of this work and provides an overall view of the problems re-
lated to the support of the gamification process. Section 3 shows the
current related works that use MDE and CEP to design gamification
experiences and implement runtime environments for them. Section 4
introduces MEdit4CEP-Gam, our proposal. Section 5 illustrates how
MEdit4CEP-Gam can be used to gamify an educational course. Section 6
describes the evaluation of our proposal and discusses its strengths and
limitations. Finally, Section 7 summarizes the main contributions of the
paper, draws our conclusions and describes our future work.

2. Background

The application of gamification techniques in different contexts has
rapidly increased in the last years, becoming a promising trend in many
areas [7]. This growing trend has led to the development of numerous
frameworks intended to support different aspects of the gamification
process. However, this diversity of frameworks increases the deviation
toward the consolidation and understanding of a common gamification
process.

According to Herzig et al. [12,13], the gamification process is
mainly structured in four high-level phases:

1. Business Modeling and Requirements, where the application context is
analyzed and business goals are documented.

2. Design, where the gamification design is developed and playtested.
3. Implementation, where the design is implemented as software arti-

facts and functionally tested.
4. Monitoring and Adaptation, where business goal achievement is

measured and subsequent design adaptations are conducted.

Bearing in mind the stakeholders involved in the gamification pro-
cess, three main roles can be identified. On the one hand, the gamifi-
cation experts, who are specialized in the game elements that can be
used to design engaging and fun experiences in non-game contexts. On
the other hand, the so-called strategy experts, who have expertise in the
application domain intended to be gamified and can collaborate or even
effectively design gamification experiences for their domains if the
elements of gamification strategies are explicitly given to them in a

user-friendly way. Finally, the end-users or participants, who will in-
teract with the gamified system.

In this section, we provide an overall overview of the main problems
related to the support of the gamification process, with a special em-
phasis on the design, implementation and monitoring phases. We then
introduce the background of this work.

2.1. Gamification process support

The importance of the gamification design phase has been high-
lighted in numerous occasions. In 2012, Gartner published that by
2014, 80% of current gamified applications would fail to meet the
business objectives primarily due to poor design [14]. Several empirical
studies reporting evidence about gamification failure due to bad design
have also been published [2,9,15].

When addressing the gamification design phase, the majority of the
reported experiences aim at understanding and selecting the game
elements, dynamics and mechanics that are considered suitable to help
motivate end-users [16]. This means that in gamification design at-
tention has been mainly given to game design. As we have previously
commented, gamification is not about designing ``a game'', but using
game thinking to design a meaningful strategy that has real-world ef-
fects and impacts on users’ motivation and behavior [17]. Conse-
quently, a soundness design is a key factor to success in gamification
[7].

The design of meaningful gamification strategies requires the sup-
port of adequate resources that hide the implementation details and
help gamification designers focus only on what is crucial for the success
of the strategy. There is a small number of specific resources to support
the gamification design process. Some of them are Gamicards [17],
Game On! Toolkit [18] or AddingPlay [19]. These tools provide the
gamification designer with a deck of cards that describe different game
elements that can be used to design a gamification experience. Though
useful to make designers aware of the different aspects that need to be
taken into account in gamification design, these tools do not seem to
provide a complete support for designing meaningful gamification
strategies. Indeed, as some authors conclude [17,20], there still exists a
need to provide user-friendly resources and software tools that can ef-
ficiently support the understanding of gamified systems and assist
strategy experts in the creation of gamification strategies.

Once a gamification strategy has been designed, the next step is to
implement and test the final gamified system and monitor its results. As
[21] shows, to perform the implementation and monitoring of gamifi-
cation strategies there are two main options: (a) using a general-pur-
pose gamification platform, or (b) creating self-built solutions for sup-
porting gamification.

Different gamification platforms such as Badgeville, Bunchball,
Gygia and LevelEleven, among others, are compared in [22]. This
website provides a guide for how to measure gamification results, the
most popular methods of deployment, and some use cases of applying
gamification that serve as guidelines for the development of engaging
strategies. Using a gamification platform can be an easy solution to
gamify a system, site or process when your experience in gamification is
not very high, the gamification process is not too complex or you do not
have the knowledge or resources that are necessary to create a self-built
solution. However, using a generic gamification platform implies that
your gamification strategy relies on the functionalities provided by that
platform. This reduces the flexibility and the interoperability with the
system, involves high integration effort, leads to silo-based systems and
limits the game mechanics and the control of the gamification engine
data [23].

On the other hand, the creation of self-built solutions for supporting
gamification strategies [23,24] allows users: (a) to design tools that fit
with their business goals, (b) to have the control of the whole gamifi-
cation engine, and (c) to provide the adequate resources in order to
process, control and monitor the generated users’ data. This provides
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