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Abstract. This article addresses the design of activity generators in the
context of serious games for declarative knowledge training. Designing
these generators is a complex task requiring specific knowledge and guid-
ance, which falls under the scope of research in engineering. Our proposal
is a design and implementation framework for generators of training game
activities. The framework is a model and metamodel oriented software
infrastructure that must be extended for domain specific facts. The re-
sulting generators provide adapted and varied training activities in the
form of dungeon levels for Roguelite-oriented games.
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1 Introduction

Although the memorization of declarative knowledge, such as laws, facts, and
rules, necessitates repetition for both short and long-term retention [13], this
process can quickly become tiresome for learners [25]. In addition, educational
games that involve repetitive tasks and present challenges that are not adapted
to learner-players’ knowledge and skills can lead to feelings of boredom [26], and
ultimately, may cause learners to give up the task. As a result, educational games
aimed at declarative knowledge (DK) should propose activities that are both 1)
varied and 2) tailored to learner-players.

The literature in cognitive psychology indicates that retrieving concepts or
facts through testing enhances their long-term acquisition [4]. In our context,
DK training is defined as a type of retrieval practice that involves repetitively
presenting learner-players with various forms of questions about facts. In edu-
cational games, questions about facts can have several forms. Our vision is to
consider an activity as an educational game level consisting of a sequence of
questions about facts aimed at a common training objective, i.e., each question
representing both a training task and its representation as a game-oriented task.

Generation is a technique that facilitates the automatic creation of content
both used in Technology Enhanced Learning (TEL) contexts (e.g., pedagogical
scenarios, learning paths) and games (e.g., levels, stories, dialogues). This tech-
nique is based on a set of structured data and rules defined through algorithms.
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However, the concept of generation is underexplored in the field of TEL [2],
particularly when considering both educational and game dimensions conjointly.

To establish the boundaries of the research object (the generator) and to
facilitate its examination, it appears pertinent to distinguish the training game
component tasked with generating the formal description of training activities
from the game engine component, which is accountable for their interpretation.
This distinction also extends to the other shared components that contribute
to the overall adaptive process, such as tracking the progression of learners and
updating the profiles of learner-players, among others. This approach allows
for a more focused and effective study of each individual component and their
respective roles within the system.

Designing generators of varied and adapted activities aimed at declarative
knowledge training poses numerous challenges in terms of specification and im-
plementation, requiring the expertise of various stakeholders: serious game devel-
opers (e.g., design choices, technologies choices), experts in the targeted didactic
domain (i.e., facts to work on, training strategies, adaptations strategies for
learners), and video game experts (e.g., gaming knowledge, game design knowl-
edge). Such design is a complex problem in research in engineering that cannot
be reduced to a mere computer engineering issue [27].

Accordingly, our work relies on an exploratory study aimed at characteris-
ing generators (research object) and proposing tools and techniques to facilitate
their design (from a computer science perspective) and development. Our con-
tribution is a framework (i.e., a software infrastructure comprising models and
tools) designed to guide the design and implementation of generators of varied
and adapted game activities for declarative knowledge training. The proposed
framework is based on a Model-Driven Engineering (MDE) approach [12].

2 Related Works

Generating adapted activities for training games requires looking up three re-
search axes: game design (i.e., specifically, the design of game activities), adapta-
tion, and generation. It is important to emphasize that the design of game ac-
tivity generators does not require designing serious games. Generators
are independent software components, which can be evaluated independently of
a game. However, creating game activities requires making upfront choices in
terms of game design.

Game & Serious Game Design. Numerous methods, frameworks, and ap-
proaches exist to guide the design of games and serious games [1,7]. However,
the majority of existing works either concentrate on analysing existing games or
assisting in the overall design (i.e., high-level design/requirements specification)
of the game to be developed [11]. To our knowledge, none of these works ad-
dress the concept of adaptation to learners or players, nor explore the concept
of generation.

Adaptation in TEL. Adaptation can be implemented in various ways and
may have one or multiple targets (e.g., gaming preferences, learning content,
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difficulty). In our work, we focus on individualization/personalization®, which
can be defined as a means to cater to students’ specific skills or abilities, includ-
ing special needs, by providing learning progressions tailored to their needs [10].
Some works propose to adapt gamified platform and educational content [8,22].
However, adapting existent content and building adapted content are two differ-
ent tasks with different challenges. Other works address the design or aid to the
design of adapted game content. Natkin et al. [23] propose a quest recommenda-
tion system based on a user model. Marne et al. [20] presents an authoring tool
designed to assist educators in creating adaptive and non-linear game scenarios.
Bontchev et al. [3] propose a framework including a learner-player model for per-
sonalisation of labyrinthine serious games. These works share a common element:
they rely on models and learner results for adaptation. Even though, the forms
of adaptation differ, and the models used are context-specific, these approaches
serve as a valuable source of inspiration for defining one’s own models.
Generation in TEL & in Games. Content generation has been addressed
from three angles in TEL: non-adapted, tailored to the learner, and tailored to
the player. Diwan et al. [9] proposed a model to generate pedagogical paths from
open-sources resources. Carpentier et al. [6] proposed a three model-based ap-
proach (i.e., domain, activity, causality) to dynamically generate learner-adapted
scenarios (i.e., learners’ skills and pedagogical needs) in virtual environments.
Sehaba and Hussann [24] proposed a general architecture to generate learner-
adapted game scenarios based on several models: domain model (i.e., domain and
its relations), learner model (i.e., learner information, motivation, skills, etc.),
presentation model (i.e., structure of scenarios), and game model (i.e., game de-
scription and relations with pedagogical elements). Laforcade and Laghouaouta
[14] proposed an MDE approach, based on [24], to specify generators of activ-
ity sequences adapted to learners’ individual needs. Callies et al. [5] proposed
an adaptive model-based architecture aimed at generating adapted pedagogical
plans with adapted non-player character behaviour based on players’ actions.
Observations. Most of these works use structured data such as models or on-
tologies to adapt and generate content. Regarding the adaptation of educational
content, with or without generation, the main used structured data are: data
on the knowledge and learning content, data on the learner (e.g., knowledge,
skills), data describing the activity structure (to generate) and adaptation rules.
Regarding the adaptation of game content, with or without generation, the main
used structured data are: data describing the game, data describing the activity
structure, data on the player (e.g. game preferences, progress). Studies focusing
on generating adapted game content need to include details about how learning
and game elements are connected. However, these relations are often not clearly
specified in models and are in general directly incorporated into the generation
algorithm. Additionally, these models are usually specific to a certain didac-
tic domain, making them challenging to use in different contexts. Furthermore,
adaptation is typically approached from a singular viewpoint, where content is
adapted either to the learner or the player but hardly to both simultaneously.

! In this article both word are considered as synonyms.
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3 Research problem & Positioning

Building on our earlier observations, our research problem is: How to guide
the design of generators of varied and adapted game activities for
declarative knowledge training? From this, several questions arise: How to
propose an approach generic enough to address DK independently of a specific
educational domain? What is a varied and adapted game training activity? What
training and game elements these activities are composed of ¢ How can the game
and training elements be associated coherently? How to structure these elements
and their relationships to guide the generation of coherent activities? How to
specify this information computationally to build activity generators?

Working on DK opens up the potential to reuse models across various didac-
tic domains. In our context, training involves the repetition of various types of
questions about facts, which are repeatedly presented to learner-players. Thus,
the structure of an activity requires to identify a compatible game genre, i.e.,
capable of maintaining players’ engagement while offering repetitive but varied
gameplays. The Roguelite genre meets these requirements [19]. This genre is
primarily characterized by the procedural generation of dungeons with pseudo-
random content, permanent death (each avatar death requires the player to start
a new game), and limited possession of unlockable game elements (e.g., charac-
ters, objects, power-ups...) facilitating progression in the next run. Therefore,
a training game activity is a dungeon, a set of interconnected rooms that the
player explores with an avatar and in which the training takes place.

To reduce the feeling of repetition, activities must be varied and personal-
ized. Given that adaptation to both dimensions (i.e., educational and gaming)
is rarely addressed conjointly, our objective is to personalize considering three
perspectives: teacher (i.e., training strategy, pedagogical and didactic choices
for learners), learner (i.e., knowledge, progress/results in training), player (i.e.,
game preferences). Adaptation will consider various aspects, including encoun-
tered facts, question formulation, the quantity of facts queried, sequencing based
on the learner’s level or previous results, and training parameters defined by the
teacher. Moreover, Roguelites often feature a shop with a purchase/activation
mechanism of items, enabling players to make decisions that can impact the
generation of levels. Therefore, adapting preferences will involve focusing on the
ability to activate/deactivate equipments unlocking various gameplays that can
address the questioned facts, by directing or moving objects, for example. This
design choice allows players to disable gameplays that they dislike in the game.

In addition to adaptation, the variety of activities is necessary to reduce the
feeling of boredom generated by repetition. Roguelites are based on a procedural
generation mechanism with randomness, making each game level different in
terms of content (e.g., dungeon structure, elements and their positions in rooms,
etc.). In our context, our approach involves modelling elements (educational and
gaming) with a certain degree of variability. For example, facts are modelled so
that incorrect choices are defined with each dungeon generation. Alternatively,
gameplays are defined using abilities to allow for varying the selected game
elements with each dungeon generation. The objective is to enable the generation
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algorithm to pseudo-randomly choose, while maintaining the consistency of the
training and gaming elements in a dungeon.

A Roguelite-oriented activity generator for DK training is a software compo-
nent (i.e., software element intended to be incorporated as a detached compo-
nent) whose algorithm allows for the creation of diverse activities based on three
types of input data: information about training, information about the game,
and information about the learner-player. These software components output de-
tailed descriptions of activities (i.e., dungeon levels) tailored to learner-players.

Our proposition consists of a design and implementation framework of
Roguelite-oriented, adapted and varied activity generators for DK training.
This framework is a domain-specific extensible software infrastructure based on
a conceptual design approach [16] (i.e., captures common or generic elements,
while the extension mechanism guides the addition of domain-specific ones). Our
proposal fits into the context of a Model-Driven Engineering [12] approach.

4 Design Framework of Activity Generators

This section introduces the proposal: a software infrastructure to guide the design
and implementation of game activity generators for DK training.

4.1 Framework Overview

The proposed framework is a conceptual and software infrastructure composed
of a set of models and tools to guide the implementation of varied and adapted
activity generators. The produced generators are software elements that can be
considered as components of a DK training game in the Roguelite genre. These
generators enable the creation of a new training activity upon each request, i.e.,
a detailed textual description of a dungeon level for a given learner-player. These
descriptions must then be interpreted by a game player to provide a playable
game level to the learner-player.

This framework is divided into two parts: a set of generic components and
rules allowing extensions to specific didactic domains. In the context of an MDE
approach, the generic components comprise models, metamodels, and an algo-
rithm for generating varied and adapted activities based on these models. Later
on, we will elaborate on the fact that certain elements cannot be managed or
generated independently of the didactic domain. Therefore, the extension rules
enable the creation of domain-specific models, metamodels, and code necessary
for the generator. Figure 1 illustrates the components of the framework.

In the context of MDE, the generation algorithm functions as a model trans-
formation. Consequently, the generators expect input conforming to each input
metamodel of the framework (i.e., concrete data: knowledge to work on, avail-
able game elements, learner-player’s result /progression, etc.) and produce output
that conforms to a metamodel of the framework. These generators include source
code corresponding to the framework’s metamodels, enabling them to read and
utilize the data within the models. Additionally, they incorporate the generic
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Fig. 1: Design & Implementation framework overview.

activity generation algorithm (i.e., domain-independent) as well as the models
and facts generation algorithm developed during the framework extension based
on the didactic domain.

As mentioned earlier, the generated activities must be varied and adapted.
Furthermore, the framework should be domain-independent while still allowing
the specification of domain-specific knowledge. Consequently, both the frame-
work and the generators it produces must respect certain properties:

FP1 the framework must allow for the expression of various didactic domains
(extensibility);

FP2 the framework must allow for the consideration of teachers’ viewpoints on
the training of individual learners (pedagogical/didactic adaptation);

GP1 the generators must provide activities adapted to the level and results of the
learner in their training path (pedagogical adaptation);

GP2 the generators must provide activities adapted to the player’s game prefer-
ences (gaming adaptation);

GP3 the generators must provide varied activities in terms of training and game
elements (variety).

Research method. This framework was developed as part of an exploratory re-
search focused on the iterative design of an initial case study, involving a user
group and the participation of experts. Therefore, it is an inductive method
where the results obtained, related to the initial domain (i.e., multiplication ta-
bles), are generalized and re-evaluated in this domain, as well as in two other
domains, i.e., judo techniques/referee gestures and history-geography facts re-
quired for a French exam (Dipléme National du Brevet).

4.2 Models & Metamodels

As mentioned earlier, generation requires various structured information to pro-
duce varied and adapted activities. In previous work, we proposed a set of six
conceptual models necessary for generating Roguelite-oriented game activities for



Framework for Generators of Training Game Activities 7

DK training [16]. These models were designed to be generic (i.e., applicable to
every DK regardless of a specific domain). Consequently, certain models contain
extension points, i.e., parts to be extended based on the targeted domain.

KNOWLEDGE MODEL. This model encompasses all raw facts (i.e., knowledge)
that learners need to retain. Facts can take the form of textual information, like
“World War I happened between 1914-1918”, or visual information, such as the
position of a region in France. This model is entirely domain-dependent, as facts
rely on the specific didactic domain being targeted.

TRAINING MODEL. This model describes a training path for a learner through
objectives ordered by prerequisites relations, levels, and training tasks. This
structuring was defined with the help of experts as a continuation of an ex-
ploratory research initiated in [15]. Four generic task types were defined: Com-
pletion (i.e., complete facts with missing elements, e.g., 3 x 3 = 12); Identifi-
cation (i.e., identify if facts are correct or not, e.g., true/false: 3 x 5 = 127);
Membership Identification (i.e., identify facts that share a given property, e.g.,
{3,5,7,6} which are results of table 37); Ordering (i.e., ordering facts based on
a heuristic). A training path is defined by a teacher for a learner or a group of
learner (i.e., each learner have a training path = training progression defined by
the teacher specifically adapted to the learner).

Knowledge Training Relations

Metamodel Metamodel Metamodel
A

conforms with conforms with conforms with
i

Inut

Relations Model
Definition of links
between training

tasks and gameplays

facts targeted by training

Learner-Player
* Metamodel
Game
progress in
the training conforms with Metamodel
|

Activity
Metamodel Input
A

conforms with

in-game progress +
conforms with preferences

Game Model 1S

Iltems, Gameplays
descriptions..

\
\
\

e ted I elements
argeted learner of the T

dungeon

Generation output

Activity Model

Dungeon description

Fig. 2: Mlustration of the six proposed models for generating game activities.

GAME MODEL. This model describes every game elements available for the
generation algorithm, such as: gameplays, room types, game progression, game
elements (e.g., block to push, jar to move), etc. Game elements are described
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using abilities: behaviour of elements such a block can be pushed — pushable,
a chest can be open — openable. This allows the description of more variable
gameplays using abilities instead of static game elements.

LEARNER-PLAYER MODEL. This model describes the learner progress in
their training path (e.g., objective/level/task achieved), their results (e.g., ques-
tioned facts correctly or incorrectly answered, percentage of questions encoun-
tered, percentage of questions correctly answered), their current game level, and
their game preferences (i.e., items they can buy and activate/deactivate which
unlocks abilities) that are required to generate activities adapted to them.

RELATIONS MODEL. This model specifies the relations between training task
and gameplays. This model is used by the generation algorithm to build coherent
activities. DK training is often done through questionnaires and quizzes. There-
fore, we previously defined a systematic method, based on the use of digital
questionnaires formats as a pivot, to establish conditional relationships between
training tasks and gameplays [18]. Once the conditions are established, the re-
lations model can be specified using the generic task types (i.e., Completion,
Identification, Membership Identification, Ordering) independently of any di-
dactic domain. Therefore, this model only needs to be specified once.

AcTIviTy MODEL. This model describes the activity structure: a dungeon
= set of interconnected rooms that have positioned elements such as a game-
play, questioned facts/a task, etc. This model is specified by the generator each
time the game (i.e., independent component of the framework which calls the
generator for new levels) requires a new level.

These interconnected conceptual models defined, cf. Figure 2, were translated
into metamodels (i.e., computerized representation in a Model-Driven Engineer-
ing approach) using the Eclipse Modeling Framework (EMF) in order to be “in-
stantiated” into models (i.e., in conformance with the dedicated metamodels)
that can be interpreted for generation.

4.3 Activity Generation Algorithm

2 Objective 4 Facts Generation
selection & Selection
Selection of the objective/level Generation of questionable Selection of eligible curses based Instantiation of gameplays
pair based on the learner's facts* based on task on the learner-player's level with through the creation and
progress in their training path parameters, and generation of a probability of % placement of game elements in
questioned facts for each room the dungeon rooms.
with a question.
1 intalize #Obiective m SERmERRE m
1 Initialization 3 Task 5 Gameplays 7 Dungeon 9 Transformation
selection selection structure generation

Computation of the number Selection of tasks for each room  Selection of a compatible question or Construction of the dungeon structure Flattening and

of rooms with and without with a question using the trap gameplay for each dungeon (linear or labyrinthine). Definition of transformation of the

questions to be built appearance percentage defined in ' room. Selection of a set of game room coordinates. Selection of dungeon from XMI
the level. Specification of the elements compatible with the compatible room types based on the format to XML format.
tasks appearance order. chosen gameplay. selected gameplays

Fig. 3: Activity generation algorithm steps.
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The activity generation algorithm is implemented in Java and occurs in mul-
tiple incremental steps (similar to [14,24]). The algorithm is divided into four
parts, broken down into nine steps: 1) selection of all dungeon elements (i.e.,
steps one to six), 2) creation of the structure (i.e., seventh step), 3) instantiation
of the dungeon (i.e., eighth step), and 4) transformation of the dungeon (i.e.,
ninth step). Figure 3 outlines the nine steps of the algorithm.

First, it computes the number of rooms with and without questions. Next, it
selects an eligible objective/level pair from the learner’s training path based on
their previous results and progress. Objective/level pairs are eligible either out-
right or as soon as the prerequisites are satisfied (i.e., the learner’s results meet
the conditions of the prerequisites). Currently, a pair is selected randomly from
the set of eligible ones. However, a strategy, defined by teacher or experts for
example, could be implemented to select a pair [21]. Then, the algorithm chooses
the tasks for each question room in the future dungeon based on the selected
level (i.e., each level is described by a set of training tasks to complete). These
tasks are selected based on their percentage of appearance and learners’ progress
in their training path (i.e., once a task has been completed, it no longer appears
in the dungeons, and its percentage of appearance is distributed proportionally
to the other tasks). To continue, it generates the questioned facts (i.e., facts
to be questioned in the dungeon) for each room with a question in the future
dungeon. Questioned facts are build based on the parameters on the tasks. Cur-
rently, wrong choices are chosen randomly. However, heuristic or strategies could
be used [21] such as using previous learners’ wrong answers. After that, it selects
gameplays and corresponding game elements for each room. Since player’s pref-
erences consists of bought and activate/deactivate items that unlocks abilities
which describes gameplays, selected gameplays are restricted based on players’
preferences. Therefore, if players do not like a specific interaction, they can de-
activate the ability associated to that given interaction except for default ones.
Subsequently, it selects the curses based on the player’s level (i.e., a game me-
chanic often implemented in Roguelites, not detailed in this article). It then
proceeds to build the shape of the dungeon: labyrinthine or linear, room types,
etc. Based on every previously made choices, it follows by initializing the dun-
geon elements. Figure 4 presents a step-by-step example of the algorithm.

4.4 Extension rules

This framework needs to be extended at the level of metamodels, models, and
code to allow the design of a domain-specific generator. In the presented meta-
models, extension points are denoted by abstract classes (i.e., without concrete
subclasses). Three metamodels are targeted for this extension: the knowledge
metamodel, the training metamodel, and the learner-player metamodel. Facts
take on different forms depending on the didactic domain. Moreover, levels and
training tasks may have domain-specific parameters. Also, the missing element in
a completion task (i.e., operand/table/result for multiplications and events/date-
period for historical dates) depends on the domain.



10 B. Lemoine et al.

i I | ! I
1 I 5 i | 2 = | 3 f :
|2 | | 2 | | 2 |
| 2 Player Game | | £ Trainingpath  Learner | | = Selected Level Learner |
| game level progression | . | of the learner achieved OLs | | appearance % of tasks achieved tasks |
———————————— — Selection (eligible): ——————————————>» = B S
Nb rooms with question (NQ) = 2 (RQ1, RQ2) Objective = “Training on the table 2” Rooms with T1 = NQ/2=1
Nb rooms without question (N\WQ) = 1 Level = {T1[50%]: Complete missing operand, Rooms with T2 = NQ/2=1
(RwaQ1) T2[50%]: Identify true/false facts} Random selection: RQ1 = T2; RQ2 =T1
e N Y T T T T T T TR T T T e T | ————F T —— bl
| ! |
6 s * ° * & 4 |
| 8 I |2 1 | 2
| 2 Player  Game curses| | H Learner Relations  Gameplays | | 2 Rawfacts  Tasks Learner
| game level progression | L activated items Gameplay/Task & elements | | parametersachieved facts)
______________________________________________
Curses = {Labyrinthine (game level 4), Night mode Gameplays = {Open chest (OC), Move jar (M), Trap (T)} Generate every questions by task: 2x?=2,1x?=2,2x?
(game level 8), One life (game level 12), ...} Elements = {Chest (C), Display (D), Jar (3), Detector (JD), Fire (F)} =4,..;2x1=1,2x1=3 ..
Current game level = 1 Selection: RQ1 = OC with C, D; Select & Generate bad choices: RQ1 = {2 x ?
Random selection (eligible): None RQ2 = MJ with J, D, D; RWQ1 =T with F =6}[2, 3,4]; RQ2 = {2 x 5 = 11} [true, false]
\/
7 8 2x5=11
RQ1 true
Entry T . 022’ ?th D sty T a false
with C,|
A , 8
T T 3
RWQ1 RQ2 i" 2x .=6 6
TwithF  —+ Ti,Q2+M] |[—> % L“t - O 2 4
with D, J, JD B &gt & &
1 ]
T T
Exit Exit

Fig. 4: Step-by-step example of the generation algorithm. Puzzle pieces colours
correspond to Figure 2 and puzzle pieces with borders present data modified or
created by the algorithm.

Consequently, generating facts is also domain-dependant. In order to reduce
that dependency, our previous work [17] proposes a generic approach to model
questioned facts and a generic algorithm to map questioned fact and gameplays
(i.e., used in the step eight). Therefore, our framework guides the creation of
generic questioned facts based on domain specific raw facts using a template-
method design pattern. This pattern allows for a part of the fact generation
algorithm to be independent of the domain, with domain-specific extensions.

Finally, each piece of information must be declared in dedicated models con-
forming to each metamodel. Therefore, a model needs to be specified for each
metamodel, except the activity metamodel (as it is produced by the generator).

5 Application & Evaluation

Our proposed framework and the produced generators must respect some defined
properties (cf. Section 4.1). Accordingly, the evaluation involves validating the
compliance to the specified properties. The evaluation of FP1 and FP2 is carried
out through a proof of concept. To assess FP1, at least two extensions (i.e., two
didactic domains) need to be designed. In this regard, we extended the frame-
work to three didactic domains: multiplication tables, judo techniques/referee
gestures, and history-geography facts of the Brevet des Colléges, a French exam,
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(not presented in this article). To assess FP2, at least two training paths must be
defined by different teachers. Therefore, we asked two teachers to design training
paths. On the other hand, the generators must adhere to three properties. This
was evaluated through automated system tests (JUnit), which involves verifying
the adherence to a set of given intentions.

5.1 Framework properties evaluation

(¢) Reconstruction 1 task example (d) Identification task example

(e) Membership ID task example

Fig.5: Generated dungeons rooms (in french) for multiplication tables training
interpreted by the game engine.
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As part of an exploratory study started in 2021 [15], we defined with math-
ematics experts five training tasks for multiplication tables: Completion 1, i.e.,
complete a fact having a missing element (e.g., 3 x 7 = 15, 15 = ? x 5); Com-
pletion 2, i.e., complete a fact having two missing elements (e.g., 3 x 7 = 7 with
a set of given choices [3, 6, 5, 15]); Reconstruction, i.e., correctly replace every
element of a fact (e.g., 7 x ? = ? with a set of given choices [3, 6, 5, 10, 15]);
Identification, i.e., identify the correctness or incorrectness of facts (e.g., 3 x 5 =
15, true or false 7); Membership Identification, i.e., identify elements that share
a given property (e.g., [3, 5, 9, 14, 21] which are results of table 37).

In addition, we also defined parameters for the “levels” concerning the con-
struction of questionable facts, such as the form of constructing tables “operand
X table or table x operand”, the position of the equal symbol “on the left or
on the right”, and the min/max interval of the questioned multiplications (i.e.,
a teacher may want to work on the table of three only from 1 to 5: 3 x 1, 3 x 2,
3 x 3,3 x 4, 3 x 5). Following the extension rules, we specified the knowledge
model and developed the fact generators for each of the five tasks. Currently, we
have two training paths created by two teachers, for two different classes (CE1
and CE2, i.e., French elementary class groups), with average levels modelled.

As part of the AdapTABLES project, aimed at building a game for mul-
tiplication tables training, a game engine has been developed to interpret the
XML files produced by the generators and enable users to play. Figure 5 presents
generated dungeon rooms interpreted by the game engine.

5.2 Generators’ properties evaluation

Learner’s adaptation. The evaluation of learner adaptation involves verifying
that the generated activities align with predictions deducible from an analysis of
the learner’s associated training path. The conformity of the activity is based on
two levels of analysis: A) the selection of the objective/level pair to work on (i.e.,
selected objective/level must respect the progression describe in the learner’s
training path), and B) the tasks present in the dungeon must be consistent with
the selected level, learner’s progression, and the desired appearance percentage.
To evaluate A), we check that: the selected objective/level pair is eligible; for
150 generations, all eligible objective/level pairs have appeared at least once;
for 150 generations, none of the non-eligible objective/level pairs have appeared;
the levels with the achieved percentage of encountered facts and success are
considered eligible (and therefore never appear in the dungeons). To evaluate B),
we ensure that the repartition of tasks aligns with their appearance percentage,
considering the number of rooms in the dungeon, which is calculated based on
the player’s current game level.

Player’s preferences adaptation. The player’s game preferences are described
through purchasable and activable equipments. These equipments unlock abil-
ities, thus enabling the unlocking of new gameplays. Therefore, to evaluate
player’s preferences adaptation, we verify that: if the learner-player has made no
purchases, only default gameplays are present in the dungeons; if the learner-
player has purchased all possible equipment but has not activated any, only de-
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fault gameplays are present in the dungeons; if the learner-player has purchased
and activated all possible equipment, then all gameplays appear at least once in
a dungeon; if the learner-player has purchased and activated some equipment,
the gameplays associated with the purchased and activated equipment appear
at least once in a dungeon at some point, and the others never appear.

Activity variety. An interpreter or game player for the level of play (i.e.,
activities/dungeons) was developed. This interpreter allows: 1) translating the
generated XML into playable dungeons, 2) visualizing the dungeon maps, and 3)
playing. This interpreter allows visualizing a map in which each room is coloured
based on the associated task, and access between each room is defined by a small
line (i.e., distinguishing labyrinthine from linear dungeons). Therefore, an initial
evaluation consisted of a manual assessment, involving generating multiple dun-
geons for the same level and comparing their maps graphically. Figure 6 presents
two maps of dungeons generated for the same progression. Other automatized
tests were implemented to evaluate variety of gameplays, which showed that
various gameplays were chosen per task (not detailed here).

Fig. 6: Two dungeons maps (same objective/level pair & same learner-player).

5.3 Extension rules evaluation

An experiment has been conducted with an engineer with two main objectives:
1) evaluating the usability of the framework (i.e., can the framework be ex-
tended by an engineer independent of the project?) and 2) improving the clarity
of the provided guidelines (i.e., are the guidelines self-sufficient for creating an
extension). To that extent, the engineer was provided with the specification of
two tasks for solar system facts training? and had to extend the framework by
creating the necessary components (metamodel, models, facts generators). The
experiment was realised over a day and a half. Since our engineer had no no-
tions of MDE, an MDE expert was available to answer questions and guide the
use of the EMF. Encountered problems with the guidelines or incomprehension
were discussed directly. At the end, the engineer had to answer a short ques-
tionnaire about the difficulty of each step realised. Overall, the engineer found
the extension to be well guided and quite easy to realise. The required knowl-
edge of MDE was considered low. However, some necessary clarifications and

2 Since an engineer is not an expert in didactic or pedagogy our choice was to provide
the specification of data related to the didactic domain.
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improvements for the guidelines were highlighted during the experiment and the
debugging (i.e., understanding and correcting the errors created from the added
code). Currently, we dispose of a set of possible errors and their solutions that
will be added in the guide to facilitate that phase.

6 Conclusion

This article presented a framework for the design of a varied and adapted activ-
ity generator for DK training. It is an extensible (i.e., domain-independent but
extensible to specific didactic facts) Model-Driven software infrastructure that
targets activities for Roguelite-oriented games. The framework was extended to
build three generators for: multiplication tables, judo techniques and arbitration
gestures, history-geography facts.

Currently, the generator for multiplication tables is used in an educational
game. This game has been tested in ecological conditions. Additional experimen-
tation of the framework, involving engineers, is also scheduled for the future.
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