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Abstract—Gamification refers to the application of gaming
concepts in non-playful contexts to encourage engagement with
a product or service. Gameful systems are software programs
that embed this concept and are increasingly being applied
in various fields, such as environmental awareness, education
and training, health, and food waste. These systems are based
on a set of rules defined by game designers, who specify the
conditions that must be met to evolve the state of a game and
the associated consequences. However, the current approaches
to defining rules in gameful systems carry certain limitations
that can give rise to undesirable or unforeseen behaviors. These
limitations pose significant challenges to the smooth functioning
and overall effectiveness of gameful experiences. This paper
presents a Domain Specific Language (DSL) designed to simplify
and strengthen the entire rule lifecycle process. The DSL guides
designers during the rule definition process using easy-to-use
fluent APIs. Additionally, it enables the simulation of rules and
verification of their behavior through a graph that explicitly
shows their interconnection. Finally, the DSL facilitates the
deployment of rules on the gamification engine with simple steps.
This approach enhances the effectiveness of gameful systems
by reducing the likelihood of unintended consequences and
improving the overall user experience.

Index Terms—Domain Specific Language,
Drools, Game Rules, Simulation, Deployment

Gamification,

I. INTRODUCTION AND MOTIVATIONS

Gamification has been increasingly recognized as a promis-
ing approach to promoting sustainable behavior and raising
environmental awareness [1]], [2]. By integrating game-like
elements into sustainability initiatives, such as energy con-
servation, waste reduction, and eco-friendly transportation,
gamification can incentivize and motivate individuals to adopt
more sustainable habits and lifestyles. Gamification can also
foster social interaction, collaboration, and competition, which
can enhance the sense of community and collective action to-
wards sustainability. In this way, gamification can help address
the complex and interconnected challenges of sustainability
by engaging, educating, and empowering individuals to take
action and make a positive impact on the environment [J3]].
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Rules play a critical role in gamification as they define the
boundaries, constraints, and objectives of the game [4], [5].
By establishing clear and compelling rules, game designers
can guide the players’ behavior, motivate them to take specific
actions, and provide feedback on their performance. Rules also
help create a sense of fairness, transparency, and predictability,
which are essential for building trust and engagement among
the players. Moreover, rules can be customized and adapted to
different contexts, audiences, and goals, making gamification
a flexible and versatile approach to designing interactive
experiences. Therefore, it is essential to invest time and effort
in defining rules that align with the desired outcomes and
resonate with the players’ interests and preferences [|6]—[S].

The rule definition phase is a crucial aspect while designing
gameful systems; during this process the game designers
leverage on the so-called gamification elements (such as the
concepts of points, levels, leaderboards, and so on) to specify
the conditions that must be met to evolve the state of the game
as well as the actual consequences on the state itself.

One of the most adopted solutions when it comes to defining
rules is Drools [9], [[10], an open source rule engine based
on reactive computing models that allow defining the rules
as two logical blocks: the Left Hand Side that describes the
conditions to met for their execution and the Right Hand Side
that corresponds to the actual consequences of the rules on
the state of the game. Drools has its syntax through which is
possible to define rules like the following:

Listing 1: Drools rule.

// The name of the rule.
rule "Underage"
// Definition of the facts that trigger the rule;
// in this case the rule is executed when a
LoanApplication
// and and Applicant whose age is less than 21 are
present.
when
Sapplication :

LoanApplication ()



Applicant ( age < 21, $name:
// Consequences of the rule;
// in this case the loan application is denied and an
explanation
// is added to the relative object.
then
Sapplication.setApproved (false) ;
Sapplication.setExplanation( "Underage" );
end

name )

Drools is a really powerful tool that permits the defini-
tion of complex scenarios for each rule. Nonetheless, its
introduction brings a higher level of complexity that may
lead to several limitations [[11]]: game designers are typically
non-programmers that during the rules definition process are
required to write code; thus, there is an important gap between
their domain’s knowledge and their coding skills. Moreover,
the rules definition is not followed by a well structured
testing phase that allows a prior verification of their semantic
correctness, this means that some rules don’t work as expected
resulting in users dissatisfaction and complaints. Furthermore,
in more complex games, rules might be interfering each other
and result in unexpected behaviours; even in this case, the
designers don’t have an organized procedure to analyze the
rules correlation and their possible collision.

Using a domain-specific language (DSL) to specify gamifi-
cation rules can provide several advantages over using a more
general-purpose language. A DSL is a language designed to
address the specific needs and requirements of a particular
domain, in this case, gamification [12]], [13].

One of the primary benefits of using a DSL is that it can
make it easier to express complex ideas and concepts in a
concise and intuitive way [14], [15]. By using specialized
terminology and syntax, a DSL can capture the nuances and
subtleties of gamification in a way that would be difficult or
cumbersome to express in a more general-purpose language.

Another advantage of using a DSL is that it can make
it easier to validate and verify gamification rules. A well-
designed DSL can include built-in checks and constraints that
ensure that the rules are consistent and coherent, and that they
conform to best practices and industry standards. This can help
to reduce errors and inconsistencies, and improve the overall
quality of the gamification implementation.

Finally, using a DSL can also make it easier to customize
and extend gamification rules over time. Because a DSL is
designed specifically for the domain of gamification, it can be
more modular and extensible than a general-purpose language.
This can make it easier to modify and update the rules as
needed, without having to rewrite large portions of the code
or risk introducing new bugs or errors.

In summary, using a domain-specific language to specify
gamification rules can provide a range of benefits, including
improved expressiveness, better validation and verification,
and greater flexibility and extensibility.

The objective of this paper is to present how a Domain
Specific Language [16] [17] [18] can be designed and im-
plemented in order to exploit the mentioned advantages to
overcome the actual limitations and to offer a completely

rethought rule’s lifecycle for the designers to provide an
overall enhanced experience.

In particular, DSL4GaR (Domain Specific Language for
Gamification Rules) aims to supply an easy interface for
the rules definition also enriched with syntax highlight and
auto-completion mechanisms to provide a higher level of ab-
straction to the code itself for the designers. Furthermore, the
DSL allows to generate a graph representing the evolution
of the state of a game based on the executed rules; this
permits on the one hand to verify the correctness of the
defined rules and on the other hand to verify their possible
interference. Moreover, the DSL allows the deployment of the
generated rules directly inside the gamification engine. Thus,
leveraging on the DSL, the designers can handle the whole
process without leaving the environment they are working in.

II. RELATED WORKS

In the literature we found different approaches that exploit
the DSLs for designing and deploying gameful systems. One
of the first attempt to formalize a domain specific language
for gamification concepts is represented by the Gamification
Modelling Language (GaML) [19]. It consists of a rigorous
syntax designed to be readable and writable by gamification
experts and to ease the communication among the various
stakeholders of a gameful system.

A further evolution of the GaML can be found in the
Gamification Design Framework (GDF) [20]. It is a multi-
level modelling approach for the characterization of gameful
systems. In particular, it provides a projectional DSL for the
definition of each concern (game elements, game mechanisms
and game dynamics) to automate the corresponding code
generation phase. Each DSL is implemented by means of
JetBrains Meta Programming System (MPS a text-based
meta-modelling framework. With this approach, designers can
incrementally build gameful systems by leveraging on each
of this languages. The GDF also provides a further DSL for
handling the simulation phase of the defined gameful systems.

MEdit4CEP-Gam [21] is another example of a model-driven
approach for user-friendly gamification design, monitoring and
code generation. In this case, the text-based approach is dis-
carded in favour of a graphical DSL to formalize gamification
designs.

Although the described solutions provide powerful tools
for the designers, they also present drawbacks. On the one
hand, GDF allows the definition of the rules by means of
MPS which syntax is not as simple as other options to learn
for non-programmers people. On the other hand, MEdit4CEP-
Gam eases the design process through a graphical interface
but it does not provide a way for the examination of chained
executions of the rules and their possible interference. In the
proposed DSL the idea is to combine the the advantages of
both approaches to harden the whole rule’s lifecycle process.
In particular, the DSL provides a set of Java fluent APIs for
designing the rules without constraining the possible scenario

Uhttps://www.jetbrains.com/mps/
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to represent but, at the same time, guiding the designers during
the process to avoid errors. Furthermore, the DSL must provide
an effective tool to permit rules simulation, thus to analyze
the order of their execution and to verify the actual changes
to the state brought by each one of them; this would enable
the designers to have a deep understanding of the impact of
each rule on the game and to identify potential malfunctioning
when one or more rule are triggered, for example, by the same
facts.

The DSL allows to perform such analysis through a graph-
ical interface reporting the exact timeline of the rules, their
consequences on the state of the game and eventually the errors
during their execution.

PointConcept{name=total_distance, score=30.0}
BadgeCollectionConcept{badgeEarned=[], name=badge_collection}

Player{id=1, team=false, totalMembers=0, levels={}}

#0 Add pro-badge salience:1000 timestamp:2022-12-21 23:21:06.8695178

PointConcept{name=total_distance, score=30.0}
BadgeCollectionConcept{badgeEarned=[pro-badge], name=badge_collection}

Player{id=1, team=false, totalMembers=0, levels={}}

#1 Add pro-badge-2 salience:0 timestamp:2022-12-21 23:21:06.8735153

PointConcept{name=total_distance, score=30.0}
BadgeCollectionConcept{badgeEarned=[pro-badge, pro-badge-2], name=badge_collection}
Player{id=1, team=false, totalMembers=0, levels={}}

Fig. 1: Game state transitions.

III. DSL4GAR FUNCTIONALITIES

DSLA4GaR serves as a tool to raise the level of abstraction
for non-technical people during the whole rule’s lifecycle
process. In particular, it aims to provide a set of easy-to-use
APIs through which it is possible to define the rules inside an
environment (i.e., integrated development environment (IDE))
that guarantees syntax highlights, auto-completion mecha-
nisms and, at the same time, that constraints the user inputs to
reduce possible errors. Specifically, game designers are guided
by the IDE and its support features during the whole design
phase, thus, during the definition of both the LHS and RHS
of the rules; this allows the designer to focus on the semantics
of the rules rather than their syntax.

DSLA4GaR also supplies a well-structured mechanism to test
the rules and verify their outcomes; the designers can easily
define a game’s initial state, through the provided APIs, and
simulate the execution of the rules to monitor how the state
(or part of it) evolves as well as rules interaction through a
graph (figure [T)):

Each node of the graph contains a state of the game
while each edge represents the executed rule that evolves the
system to a new state. During the simulation the designers
can also define a list of assertions on the game’s state that
are automatically verified during the process; if something
unexpected happens, the graph reports the encountered errors
and the relative unverified assertions (figure |Z[); this allows the
game designer top suddenly identify the rules causing the error
and to investigate them.

PointConcept{name=total_distance, score=30.0}
BadgeCollectionConcept{badgeEarned=[], name=badge_collection}

Player{id=1, team=false, totalMembers=0, levels={}}

#0 Add pro-badge salience:1000 timestamp:2022-12-21 23:23:11.53527

v

PointConcept{name=total_distance, score=30.0}

pt{badgeEarned=[pro-badge], name=badge_collection}

Player{id=1, team=false, totalMembers=0, levels={}}

#1 Add pro-badge-2 salience:0 timestamp:2022-12-21 23:23:11.5392705

2

PointConcept{name=total_distance, score=30.0}
BadgeCollectionConcept{badgeEarned=[pro-badge, pro-badge-2], name=badge_collection}

Player{id=1, team=false, totalMembers=0, levels={}}

Assertion failed: Does contain 'pro-badge-2' badge - Related rules=[Add pro-badge-2]

Fig. 2: Assertion error.

Moreover, the graph’s nodes can be either filtered by se-
lecting the gamification elements of interest or by specifying
a keyword (figure [3); in this way, the analysis process is made
smarter and smoother.

Filtor by value:

BadgeCollctionConcept. (badgeEamed=(), name=siver_colection)

BadgeCollectionConcept (sedgeEarmed={Verona 1], name=siver_collection)

BadgeCollectionConcept. (badgeEarmed={Verona 1, Verona 2] name=siver_colectior)

Once the rules are defined and tested, they are ready to be



deployed on the gamification engine (GE) [22], the software
that takes care of their execution allowing the final user to
interact with the gameful system; in this case the DSL4GaR
allows a direct interaction with the GE in order to deploy,
update or delete the rules. Even in this case, the DSL simplifies
the process by providing a set of easy-to-use fluent API to
perform the described operations.

IV. DSL4GAR IMPLEMENTATION

The DSL4GaR software architecture is composed of three
primary modules, which are visually represented in Figure [
along with their connections.

In addition to the three primary modules, the DSL4GaR
software architecture is integrated with a gamification engine.

In the following, we will introduce each of these compo-
nents and explore how they interact with each other.

DSL4GaR
Rule generator
LHS — Rule Simulator
generator I Gamification Engine
RHS
generator Rule Deployer

Fig. 4: DSL4GaR - Software Architecture.

o Rule Generator: it exposes a set of APIs useful to
define a rule; it can be further decomposed into two sub-
modules:

— LHS generator: A set of APIs to properly define
the conditions for a rule to be executed;

— RHS generator: A set of APIs to build the conse-
quences of a rule when it is executed.

« Rule Simulator: it exposes a set of APIs used to simulate
the defined rules. Each simulation is composed by an
initial state, the set of rules applied, and all the state
evolutions obtained during the simulation execution. The
state evolution is represented by a graph that is used to
verify the impact of each applied rule in the simulation.

o Rule Deployer: through it is possible to interact with the
gamification engine and deploy all the tested rules after
their simulation.

Each module is designed to guarantee adaptability of the
DSL with the various rules engines; this means that potentially
not only Drools rules can be generated but also other engine
artifacts (where the rules are expressed as logic blocks) could
be produced. Moreover, DSL4GaR has been implemented
bearing in mind extensibility; the addition of new gamification
elements is a pretty straightforward process.

DSL4GaR extensively relies on Java interfaces and generic
types; each gamification element is represented by an interface
and its implementation that are embedded in the LHS genera-
tor module. To allow the DSL to support a new gamification

element it is sufficient to define a new interface (that describes
the element’s attributes and its possible constraints) and the
corresponding implementation in that module. This is possible
thanks to the usage of the Apache Veloci With this tool
is possible create reusable femplates that can be used across
multiple gamification rules, which can save time and effort
when building complex gameful systems. The engine uses a
simple yet powerful syntax that allows for the manipulation of
variables, loops, and conditions within the templates, making it
a flexible and versatile tool for development. Overall, Apache
Velocity is a valuable tool for any developer looking to stream-
line the development process and improve the maintainability
and scalability of their applications. In this way also the
addition of a RHS template is a straightforward process: it is
sufficient to add a new template that describes the consequence
of a rule and its implementation in the RHS generator module.
Moreover, thanks to its structure, DSL4GaR can be extended
to not only support Drools but potentially every rule engine
that describes the rules as two building blocks (LHS and
RHS); even in this case, this is achievable by adding a new
implementation for the interfaces based on the supported
language. Thus, by using the same APIs, the generated code
can either be DRL or potentially any other notation.

The DSL has been implemented in Java for two main
reasons: (1) it is a widely used language easy to understand (at
least for the needed subset of functionalities) and with a large
variety of IDE with integrated support, a fundamental aspect
for text-based languages; (2) The rules taken into account for
the purpose of this analysis are expressed as DRL (Drools
rule), this means they already embed Java code in their RHS.

The main idea behind DSL4GaR is to provide a higher level
of abstraction concerning the code; for this reason, all the APIs
exposed for handling the various phases of the rule’s lifecycle
are designed leveraging the Fluent Interface (23| pattern;
this allows to have a code that can be read/written nearly
as human language. In particular, for the LHS generation
of each gamification element, a correspondent method to
fluently constraint its fields has been provided; instead, for
the RHS generation a further step has been added with the
introduction of Apache Velocity engineﬂ Through this engine
it is possible to define Java code templates (.vm files) enriched
with placeholders like the following:

System.out.println("${message}");

Then, by defining a context, it is possible to specify the
proper values for the placeholders to be substituted inside the
templates as shown in listing

Listing 2: Placeholder replacement.

VelocityEngine velocityEngine = new VelocityEngine () ;
Template template = velocityEngine.getTemplate ("
printMessage.vm"); // from resources

Zhttps://velocity.apache.org/
3https://velocity.apache.org/engine/
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VelocityContext velocityContext = new VelocityContext ();
velocityContext.put ("message", "Hello World!");

StringWriter stringWriter = new StringWriter();

template.merge (velocityContext, stringWriter);

The substitution is carried by the Velocity engine itself.
Thus, a set of possible consequences of a rule have been ex-
tracted from a list of rules currently used by gameful systems
to generate a set of Velocity templates. Such templates allow to
define RHS that are useful to assign badges, mark challenges
as completed, assign levels to players, update players’ scores,
and so forth.

An example of a rule definition is provided in listing [3]

Listing 3: Rule definition.

final ChallengeBind CHALLENGE_BIND = new ChallengeBind ("
challenge");
final PointBind POINT_BIND = new PointBind("pc");

return new PackageDescrBuilderImpl ()
.name ("eu.trentorise.game.model")

.newImport (ChallengeConcept.class.getName ()) .end ()
.newImport (PointConcept.class.getName ()) .end ()
.newImport (PointConcept.class.getName ()) .end ()
.newRule ()

.name ("challenge")
.attribute ("lock-on-active",
.when ()
.challenge (CHALLENGE_BIND) .modelName (EQ,
Challenge.PRIZE) .end ()
.point (POINT_BIND) .name (EQ,
GREEN_LEAVES) .end ()

"true")

Point.

.end ()
.then ()
.completeChallenge (CHALLENGE_BIND)
.incrementScore (POINT_BIND, 100d)
.end ()
.end ()
.getDescr () ;

The above listing produces the DRL code reported in listing
4

Listing 4: Corresponding DRL generated from listing [ﬂ

package eu.trentorise.game.model

import eu.trentorise.game.model.ChallengeConcept
import eu.trentorise.game.model.PointConcept
import eu.trentorise.game.model.PointConcept

rule "challenge"
lock-on-active true

when
$challenge : ChallengeConcept ( modelName == "prize" )
Spc : PointConcept ( name == "green leaves" )

then

Schallenge.completed () ;
update ($challenge) ;
$Spc.increment (100.0);
update ($pc) ;

end

The Fluent Interface pattern has been also used for the
implementation of both the simulation and the deployment
modules to guarantee an high level adaptability of the DSL;
since the adopted pattern leverages on interfaces, it is possible
to have multiple implementations that allow code generation

not only for the DRL (Drools rules) but potentially for any
other technology where rules are expressed as when/then
blocks. Furthermore the DSL has been implemented bearing
in mind its extensibility; the addition of a new gamification
element is a pretty straightforward operation.

V. ILLUSTRATIVE EXAMPLE

Ferrara Play&Go [24] E] is a an example of gameful
system which aims to make the use of sustainable means
of transportation enjoyable and rewarding [25[]. The game is
available for every citizen of an Italian city, Ferrara, and allows
them to track their journey using a mobile application (from
Figure ] to Figure [8). The supported transportation means
are bike, bus, train or walking; each trip makes players earn
Green Leaves points based on the length of the travelled path
and the sustainability of the used transportation means. Each
week, players are ranked through leaderboards where the most
performant are rewarded with badges and points as well as
with real prizes.

Overall score is considered alongside with weekly score
in order to ensure fairness both for the late-comers and the
abitudinary players. To further motivate and retain players,
the game provides weekly challenges both in single-player
and 2-players mode. To avoid overwhelming new users with a
multitude of game mechanisms, Ferrara Play&Go includes a
leveling system that enables to unlock challenges only when
a certain levels are reached (e.g. from level 4 the first type of
multiplayer challenge is available).

In the 2022 edition, 2197 citizens have joined the initiative,
with more than 58.000 trips tracked and more than 249.000
sustainable kilometers traveled. Play&Go has shown both the
ability of the approach to support citizen participation in long-
term games, and the ability to break habits and change the
behavior of players towards more sustainable mobility habits
[25] [26].

A. Rules lifecycle

The rules behind Ferrara Play&Go application were defined
without the DSL. The objective of the reported case study is to
highlight the advantages introduced by the DSL and to show
how the rules design workflow is changed. In particular, the
DSL allows to handle the whole lifecycle of the rules inside the
same environment (IDE), starting from the generation, through
simulation to deployment El The main game concepts adopted
for the definition of the rules of Ferrara Play&Go are reported
below:

« Points: They represent a reward for the successful accom-
plishment of in-game activities and they are expressed
as numerical values. Players can earn points of different
natures (e.g., Bike Km, Walk Km, Bus Trips and so on).

o Badge Collections and Badges: The app includes a
large number of achievements that players can unlock
while using it; a badge embeds the visual representation

4https://playngo.it/
Shttps://stefanomartella.github.io/DSL4GaR/docs/playground/
ferrara-play-and-go
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Fig. 5: Tracking Progress.

of these achievements. Badges are organized in Badge
Collections, each symbolizing a player’s performance in
a specific area.

o Levels: Levels provide a feeling of progress and mastery
to the players; each level is associated with a specific
Point Concept. Every time a user earns enough points,
he reaches a new level that eventually unlocks new
challenges.

o Leaderboards: Even if motivational potential of leader-
boards is debatable (28], they are a really useful
game concept to compare users performances each other
and to stimulate competition dynamic among them. In
Ferrara Play&Go this concept is used to rank players
based on different criteria (e.g., type of points, weekly
achievements and so on).

o Challenges: Challenges require players to fulfill a spe-
cific goal whose attainment requires an individual com-
mitment for a limited period of time. For each completed
challenge, the user is rewarded with points or badges
(i.e. “Do at least 5 km walking and get a bonus of 120
green leaves”). The objective of this game concept it to
keep players in a state of flow, where the player is fully
engaged with the system [29]. It is important to notice
that each challenge must be personally calibrated for each
player to prevent boredom or, on the opposite, anxiety and
frustration [30].

1) Rule generation: Ferrara Play&Go presents a large set

of rules that can be clustered as follow:

o Point related rules: these rules are triggered when the
player performs a specific action and result in an overall
increase of accumulated points for the player itself.
Point’s nature changes based on the type of action carried
on by the player.

+ Badge related rules: rules that assign badges to the
players based on their points and the nature of the points
themselves.

o Classification related rules: these rules are useful to
rank the players through leaderboards based on the
badges they collect over time.

Game diary

All notifications

You have been assigned a new
challenge "Do at least 2 more trips by
bus and you will get a bonus of 180
green leaves points."

At07:53.
Valid, 1 points.

You reached the Green Lover level >
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Fig. 7: List of challenges. Fig. 8: Progresses list.

Examples of rules belonging to the badge assignment cluster
are the following:

Listing 5: Ferrara Play&Go DRL rules for badge assignment.

rule "10 point green badge"
salience -1000
when
PointConcept (name == "green leaves", score >= 10.0)
$bc : BadgeCollectionConcept (name == "green leaves",
badgeEarned not contains "10-point-green™)
Game ( SgameId: id)
Player( $playerId : id)
then
$bc.getBadgeEarned () .add ("10-point—-green") ;
insert ( new BadgeNotification ($gameld, $playerId,"10-
point-green"));
update ( $bc );
end

rule "50 point green badge"
salience -1000
when
PointConcept (name == "green leaves", score >= 50.0)
$bc : BadgeCollectionConcept (name == "green leaves",
badgeEarned not contains "50-point-green")
Game ( $gameId: id)
Player( $playerId : id)
then
$bc.getBadgeEarned () .add ("50-point—-green") ;
insert (new BadgeNotification ($gameld, $playerId, "50—
point-green"));
update ( $bc );
end

It is important to notice that in each cluster, the rules share
a large portion of their codebase; this means, as shown in
the above DRLs, that the rules to assign a “10-points-green-
badge” or a “50-points-green-badge” badge to a player differ
only for the amount of points the player is required to have
but not for their main logic (at the end of the day the players
earns a badge). This of course open the doors for reusability;
in particular, the DSL allows to define femplates that provide
the basic structure of the rules with the same logic that can
be re-used to build different rules of the same nature. In the
following code snippet it is shown how, through the DSL, it
has been possible to define a template for the rules in [3



Listing 6: Badge template defined with the DSL

public static PackageDescr getBadgeTemplate (
String ruleName,
String pointName,
String badgeCollectionName,
String badgeName,
Double scoreThreshold

final Bind GAME_ID_BIND = new Bind("gameId");

final Bind PLAYER_ID_BIND = new Bind("playerId");

final BadgeCollectionBind BADGE_COLLECTION_BIND = new
BadgeCollectionBind ("bc") ;

return new PackageDescrBuilderImpl ()
.name ("eu.trentorise.game.model")
// Imports omitted
.newRule ()
.name (ruleName)
.attribute("salience",
.when ()
.point ()
.name (EQ, pointName)
.score (GTE, scoreThreshold)
.end ()
.badgeCollection (BADGE_COLLECTION_BIND)
.name (EQ, badgeCollectionName)
.badgeEarnedNotContains (badgeName)
.end ()
.game () .bindId (GAME_ID_BIND) .end ()
.player () .bindId (PLAYER_ID_BIND) .end()

"-1000")

.end ()
.then ()

.addBadgeWithNotification(
BADGE_COLLECTION_BIND, GAME_ID_BIND,
PLAYER_ID_BIND, badgeName)

.end ()

.end ()
.getDescr () ;

During the template definition the designer is guided
by the IDE through syntax highlight and autocomplete
mechanisms that wouldn’t have without the DSL; he is
constrained by Java in the values he can type and the whole
process is fluent thanks to provided APIs. The defined
template (6) can then be used to reproduce the rules in [3]

Listing 7: Badge template usage

public static PackageDescr getGreenBadgelORule () {
return GenericBadgeRuleTemplate.getBadgeTemplate (
"10 point green badge",
Point .GREEN_LEAVES,
BadgeCollection.GREEN_LEAVES,
Badge .GREEN_10_POINTS,
10.0
)i
}

public static PackageDescr getGreenBadge50Rule () {
return GenericBadgeRuleTemplate.getBadgeTemplate (
"50 point green badge",
Point .GREEN_LEAVES,
BadgeCollection.GREEN_LEAVES,
Badge .GREEN_50_POINTS,
50.0
)i
}

// Other rules based on the badge template

In Listing 7] for each of the rules based on the template, it is
sufficient to pass the actual values to substitute the template’s
placeholders. The possibility to reuse code through templates

increases the portability, maintainability and sustainability of
the rules; this means that if the logic to assign badges evolves,
it is no longer necessary to update each rule individually but
it is possible to intervene only on the template instead.
In the case study, for each of the rules cluster defined above,
a template has been created to define the associated ruleg?]

2) Rule testing: With the current approach the game de-
signers ship the defined rules directly on the gamification
engine. The absence of a well structured testing phase before
the deployment causes users dissatisfaction and complains
when something unexpected happens (i.e. points or badges
not gained). Currently, when a user notifies an unexpected
behaviour, the related rule is analyzed to understand the
cause of the malfunctioning; in particular, the designers try
to replicate the state of the player that notifies the problem
and simulate the execution of the rule. This whole process
is totally dependant to the gamification engine, the state of
the player is retrieved from there and the designers have a
really hard time to represent all the elements needed for the
rule. Moreover, the designers don’t have a tool to study the
correlation among the rules and the outcomes of their possible
interference. The DSL offers the possibility to test the rules in
a completely detached environment before their deployment
and provides a set of APIs to define all the elements needed
for the rule as well as a graphical visualization that represent
the game’s state evolution.

More specifically, the rule reported in Listing[7]can be tested
through the DSL by defining facts in the following way:

Listing 8: Rule facts definition

// For "10 point green badge" rule
final PointFactBuilderImpl pointFact = PointFactBuilderImpl
.builder () .name (Point .GREEN_LEAVES) .score (10.0) .build()
final GameFactBuilderImpl gameFact = GameFactBuilderImpl.
builder () .id("gamel") .build() ;
final PlayerFactBuilderImpl playerFact =
PlayerFactBuilderImpl.builder () .id("playerl") .build() ;
final BadgeCollectionFactBuilderImpl badgeCollectionFact =
BadgeCollectionFactBuilderImpl.builder ()
.name (BadgeCollection.GREEN_LEAVES)
build();

Since the facts are defined in order to trigger the rule, the
expected output is to have the BadgeCollection fact to contain
the “10-point-green” badge once the rule gets executed, thus:

Listing 9: Assertion on badge

CheckExpectationLambda doesContainlOPointGreenBadge = () —>
Assert.assertTrue (
"Contiene il badge ’10-point-green’",
badgeCollectionFact.getBadgeEarned() .
contains (Badge.GREEN_10_POINTS)) ;

If the expectation is verified successfully, the DSL outputs a
graphical representation of the state that shows how it evolves
for each rule execution (in this case one).

Shttps://github.com/StefanoMartella/FerraraPlay AndGo_GRL/tree/main/
src/main/java/game/rules/templates
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Fig. 9: Simulation output.

As shown in Figure [9] after the rule “10 points green
badge” gets executed the BadgeCollectionConcept inside
the working memory is enriched with the new badge.

If the expectation would have been reverted as follow:

Listing 10: Assertion on badge reverted

CheckExpectationLambda doesContainlOPointGreenBadge = () —>
Assert.assertFalse (
CheckExpectationLambda doesContainlOPointGreenBadge = () —->

Assert.assertFalse (
"Non contiene il badge ’10-point-green’",
badgeCollectionFact.getBadgeEarned() .
contains (Badge.GREEN_10_POINTS)) ;

the DSL, through the graphical interface, would have noti-
fied the designer:

Of course, the DSL shows its true effectiveness when more
rules are chained; in this case the designer can clearly follow
the rules execution flow as well as the state updates for each
one of them to have a full grasp of what is happening.

B. Rule deployment

After the testing phase, all the checked rules can be
deployed directly on the gamification engine E], usually a rule
execution system capable of running a set of rules containing
serious game logic. Rules can be added, updated or removed
from the engine in order to evolve the mechanisms of
the games. DSL4GaR allows the designers to perform the
aforementioned operations by exposing a set of fluent APIs.
Listing [[T] shows how it is possible to upsert (insert or update
if already present) on the engine the rules defined and tested;
it is sufficient to specify the identifier of the game and the
list of the rules to ship to production. Thus, DSL4GaR allows
a runtime adjustment of the rules to eventually adapt a game
if it is not performing as expected.

7https://github.com/smartcommunitylab/smartcampus.gamification

Fig. 10: Simulation output error notification.

Listing 11: Rule deployment on the gamification engine.

deploymentService.upsert (
"62df8ddc0055b0275113d374",
gamification engine
BadgeRules.getGreenBadgelORule (),
BadgeRules.getGreenBadge50Rule (),
// Other rules

// id of the game in the

)i

VI. LESSONS LEARNT

The case study highlights the advantages introduced by
DSL4GaR. The lack of auto-completion mechanisms and
syntax highlight is addressed by the IDE where the DSL4GaR
is used into; the designers are constrained and guided during
the whole rule definition phase, this drastically decreases
typos and syntactical errors. Furthermore, for what concerns
the simulation phase, through the graphical output provided
by DSL4GaR during the simulation, the designers have the
possibility to have a deep understanding of the actual con-
sequences of the rules execution and their correlation. This
allows to prevent the deployment of rules with unexpected
behaviours and wrong mechanisms that might result in users
dissatisfaction instead. Last but not least, even the deployment
phase itself takes place inside the same environment. The
designers can therefore handle the entire workflow of the rules
without moving from the IDE they use and adapt the games
at runtime based on the needs; this makes the entire process
more robust and increases the overall flexibility.

VII. CONCLUSION AND FUTURE WORKS

DSL4GaR has introduced a series of advantages for the
designers by providing an higher level of abstraction respect
with the previous approach. It also opens the doors for a large
set of possible evolutions and integration to further improve
and empower the overall rules lifecycle.

A. Graphical abstraction layer

Game designers are typically non-programmers; on the one
hand DSL4GaR reduces the gap among their domain knowl-
edge and their coding skills by allowing the rule definition
through Java (and only to specific subset of the language
itself). On the other hand they are still required to write code
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for designing rules. To further provide an higher abstraction
level from the code, it could be introduced a graphical interface
that leverages on the APIs of DSL4GaR to produce the
final rules. In this way, the designers would be even more
constrained on the possible values they could type/choose
and thus to possible errors. Drools already provides an Ul
based software for rule definition that could be exploited and
expanded to this purpose. Moreover, also MPﬂi’] could be
introduced to pursue both an higher level of abstraction and
to be exploited as Java DSL.

B. Java DSL for custom RHS generation

One of the main limitations of the DSL is related to the
RHS generation; it currently produces Java code based on a
set of pre-defined Velocity templates. It is not possible for the
designers to define ad hoc logic for the consequences of the
rules. To enable this feature, it would be necessary to integrate
DSL4GaR with a Java DSL for the RHS definition; in this way
the designers would be able to define arbitrary complex rules
without being limited to the provided templates.

C. Gamification engine console

Another possible evolution that could be further analyzed
consists in developing an extension of the gamification engine
in order to provide a console that permits a direct interac-
tion with DSL4GaR. This would allow to exploit DSL4GaR
directly inside the engine in order design the next gamified
systems.
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