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ABSTRACT Lately, gamification (i.e., employing game-design elements and game principles in non-
game contexts) has gained massive popularity and widespread usage in various areas, including education.
However, gamification deployment in education in general and remote education in particular still faces
many challenges that mainly influence user quality of experience. These challenges include lack of
dedicated communication-based systems, potential additional load on teachers, absence of customization
and personalization for users, and no support for advanced technology-enhanced learning (TEL).
This paper investigates the use of gamification for networked delivery of science, technology, engineering
and mathematics (STEM) subjects. It proposes an innovative gamification framework, the NEWTON-
enhanced gamification model (N-EGM), which was designed as part of the European Horizon 2020 project
NEWTON. The paper also describes the proposed N-EGM model deployment in the gamification engine
of a real learning management system and its associated communication and networking solution. The
communication support provides easy-to-use gamification configuration functionality and efficient data
collection and processing in a heterogeneous technology context. Finally, the paper evaluates the proposed
N-EGM model as part of a NEWTON project pilot deployed in a Romanian school. The results demonstrate
the effectiveness of the proposed gamification solution in improving both students’ learning experience and
their engagement, while also increasing student knowledge gain.

INDEX TERMS STEM, Learning Management System, Gamification, TinCan API.

I. INTRODUCTION

Educators are very much interested in new ways of increasing
student motivation and stimulating learner engagement. A
better-engaged individual learns more and faster and re-
tains better the information learnt. Alongside proliferation
of learning technologies into classrooms, we have seen an
increase in game-based learning as a mechanism to bring
together an aspect that students love (e.g. playing video
games) with achievement of pedagogical objectives. The

understanding of game-based learning has evolved signifi-
cantly in recent years and the use of video games within
the classroom and beyond is now commonplace. Beyond
this, we are beginning to see how gamification, a novel
avenue of research, is employed in education. Gamification
is distinct from game-based learning and involves applica-
tion of game rules, game mechanics and game principles
in the learning process. When considering gamification in
a learning context, the interest is in exploring how ideas of
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accumulating points, setting and achieving targets, working
in competitive teams and receiving rewards can be utilised as
a mechanism to stimulate student engagement and drive up
the achievement of learning objectives.

In the current technology-enhanced learning (TEL) con-
text, and especially in these pandemic times, increasing num-
ber of learners are involved in some form of online learning,
whether part of formal classroom activities, or of massive
open online courses (MOOC), in in-formal or non-formal
learning settings. Many of these learning experiences are
managed through learning management systems (LMS).

Although gamification has been experimented in diverse
pedagogical contexts by some researchers, gamification was
implemented either by plugins to existing LMSs or manually.
This is highly inefficient and results in lack of support for
various types of TEL materials and situations. It is in the
axis between the learner experience with a LMS and the
application of gamification that the EU Horizon 2020 project
NEWTON1 (Networked Labs for Training in Sciences and
Technologies for Information and Communication) sits. One
of NEWTON project’s goal was to “gamify” the entire learn-
ing platform so that every learning experience (interactions
with traditional learning materials; interactions with various
TEL materials; quizzes; assignment submissions, etc.) can be
included in a gamified framework.

In this context, this paper makes the following four contri-
butions. First, it introduces the novel NEWTON-Enhanced
Gamification Model (N-EGM) which employs personali-
sation/adaptation, game-based learning and socialisation in
conjunction with gamification in order to generate a unique
social-personalized-gamified learner experience. This model
has been developed as part of the NEWTON project and
has been integrated into the NEWTELP Platform2 (NEW
Technology Enhanced Learning Platform), the project’s
newly designed LMS. N-EGM brings gamification to the
context of STEM teaching and learning and enables integra-
tion of gamification in a LMS. Crucially, the paper discusses
the outcomes expected from this integration process.

Second, this article describes a new gamification engine,
which provides easy-to-use gamification elements, mecha-
nisms and rules and enables efficient monitoring and applica-
tion of gamification rules during students’ learning process.

Third, the communication mechanism designed as a bridge
between gamification and various technology-enhanced
learning content in the NEWTELP Platform, including
2D/3D serious games, Virtual Reality (VR) applications
and adaptive multimedia/multisensory media content is de-
scribed. This mechanism provides an unified approach to
collect, process and distribute efficiently data to/from hetero-
geneous technologies across the NEWTELP Platform.

Last, the results from one of NEWTON project’s pilots
which investigated the effects of using the proposed gamifi-
cation framework in real life STEM education are presented.

1NEWTON Website. http://newtonproject.eu
2NEWTELP Website. http://newtelp.eu

II. GAMIFICATION IN STEM EDUCATION
A. GAMIFICATION FRAMEWORKS
The term “gamification” refers to applying game elements
and mechanisms in a non-game context. In many business
sectors, the user experience designers have already adopted
gamification concepts to maximize the engagement of users
during their personal experience. In this context, gamification
has also found a great application in the educational domain,
by creating a new paradigm of pedagogy where the use of
entertaining elements in the content and courses definition is
key to motivating the learners. Some known frameworks for
properly designing gamified experiences are: (i) Mechanics,
Dynamics, Aesthetics (MDA) [1], (ii) Design Six (D6) [2]
and (iii) Octalysis [3].

The MDA framework considers in conjunction the partic-
ular elements of a game (i.e. game rules), run-time behavior,
inputs and outputs (e.g. complete levels) and desirable emo-
tional responses sequentially. Two different MDA implemen-
tation perspectives are identified: design and player, inducing
or starting from player emotions, respectively.

The D6 framework introduces a six-step design process
which includes: defining business objectives, delineating
target behaviors, describing the players, devising activities,
including fun and deploying all required mechanics and game
components. D6 enables player actions based on his/her
own motivation and system feedback, while allowing user
progress in the game towards the final goal.

Octalysis uses eight core drivers when organizing the gam-
ification components in the system. They are: epic meaning
and calling, development and accomplishment, creativity and
feedback, ownership and possession, social influence and
relatedness, scarcity and impatience, unpredictability and
curiosity and loss and avoidance.

These frameworks helped advance gamification process
design, but have limited contributions to gamification mod-
els and employment of gamification-related aspects such as
personalisation and socialisation in the gamification process.
In this space, the proposed N-EGM model and its NEWTON
project platform deployment help advance the state of the art.

B. GAMIFICATION IN STEM EDUCATION
Empirical results of applying gamification in education in
general, and specifically in STEM education, have been
reported in many works. It is noted that the adoption of
gamification mainly happens in Computer Science (CS)-
related courses at third educational level, such as introductory
software courses [4], software engineering courses [5], [6],
machine learning [7], and multimedia courses [8]. Few cases
have involved STEM subjects at other education levels, for
example, applied mathematics in a secondary school (level
4) [9].

Gamification helps change the user behavior, convert-
ing a mostly passive viewer from the past, as reported in
[10] into an active player. This new behaviour makes the
player happy to interact with the system and engage with
other users, including indirectly using leaderboards and other
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gamification mechanisms. Among these various gamification
mechanisms, the most popular ones are badges, points, levels
and leaderboards [11], [12], [13]. In particular, [14] demon-
strated empirically that employing a leaderboard could be
very beneficial to students, if configured properly. In fact,
many research works confirm that gamification has positive
effects on teaching of STEM subjects if the mechanisms
are designed well and educational process was conducted
properly [11], [13]. Unfortunately, most existing gamification
implementations were built as plugins to already-designed
LMSs like the Blackboard [4], [5], Coursera [7], and Moodle
[8], facing diverse limitations.

There is important evidence that gamification effectively
boosts students’ interest and increases their engagement and
participation in courses [4], [5], [6], [7], [8], [9]. It was ob-
served that more students were attracted to, attended and got
actively involved with such gamification-enhanced courses
and study activities. Additionally, compared with previous
non-gamified courses, several works achieved improved per-
formance/scores [9] and also have attracted increased partic-
ipation in practical assignments, labs and research tasks [6].
Moreover, satisfaction surveys and feedback results indicated
that gamification improves students’ course satisfaction [5],
[6], [9]. Higher satisfaction could potentially help attract
more students to STEM subjects, so gamification is a positive
instrument in this regard.

Along with some promising starting works and inspiring
positive outcomes, there were also some not-so-satisfying
results. These results in the attempts of applying gamification
in STEM subject education call for future improvements
from various aspects [13], [15].

First, it was observed that poorly designed gamification
patterns influenced students’ satisfaction in relation to the
gamified course [4], [7], [9].

Second, as pointed out in [15], target users may have very
different motivation levels towards gamification and interest
in various gamification components. For example, some stu-
dents were not interested in games to begin with and therefore
did not accept gamified systems well [6]. Such results invoke
the need of a gamification solution that can accommodate
students’ preferences and motivations so that they could
receive treatment tailored to their specific situations.

Third, there is a lack of powerful yet easy-to-use support
solutions for gamification in existing LMSs. As a result,
high levels of computer skills and significant time overhead
are imposed on trainers during the set-up, maintaining and
monitoring gamification, as well as gathering and analyzing
results. This is one of the major reasons why the majority
of research works performed so far happened in CS-related
subjects [11], [13], [15]. This problem not only bottlenecks
the adoption of gamification in a wide range of subjects and at
various education levels, but also becomes a critical obstacle
for running large scale pilots to achieve more significant
results.

Moreover, the absence of system graphic user interface
(GUI) aesthetic appeal caused by poor design or developers’

lack of expertise in such an aspect or simply tight schedule
could also directly lead to failure of the application of gamifi-
cation [6]. These aspects have been considered when design-
ing the NEWTELP platform and its gamification component,
as part of the NEWTON project.

C. NEWTON PROJECT
The NEWTON project is a large EU Horizon 2020 Innova-
tion Action project which designs, develops and deploys in-
novative solutions for Technology-Enhanced Learning (TEL)
involving delivery of state-of-the-art STEM content to di-
verse learner audiences. The NEWTON innovative technolo-
gies include solutions for adaptive and personalised multi-
media and multiple sensorial media (mulsemedia) delivery
[16], Augmented and Virtual Reality (AR/VR)-enhanced
learning [17], Virtual Teaching and Learning Labs (Virtual
Labs), Fabrication Labs (Fab Labs) [18] and Gamification.
These technologies are used in conjunction with different
pedagogical approaches including self-directed, game-based
and problem-based learning methods. The NEWTON proof
of concept outputs have been tested in many pilots in 20
primary, secondary and third level institutions, including in
schools with students with special educational needs, across
six different EU countries. For example, [19] presented the
results of a NEWTON pilot that show how by utilizing Fab
Labs student learning experience is improved. The results of
a NEWTON pilot investigating the application of VR and
Virtual Labs technology among primary school students was
also presented. Finally, [20] presents in details the assessment
results in terms of different aspects, including learner experi-
ence, knowledge acquisition and usability.

III. GAMIFICATION AND THE NEWTELP PLATFORM
Existing LMSs such as Moodle3, Canvas and Open edX pro-
vide a rich set of features including multimedia integration,
mobile support and assessments, etc. However, they are un-
able to offer adequate support for most advanced innovative
technologies meant to enhance learning experience, for ex-
ample, augmented reality (AR), virtual reality (VR), mix re-
ality (MR) [21], multi-sensory media, fabrication and virtual
laboratories (Fab Labs/Virtual Labs), artificial intelligence-
based visualisation [22]. Moreover, although some of them
do have gamification features, their gamification functional-
ities are rather basic and offer no support for heterogeneous
technologies.

The NEWTELP Platform is a networked learning platform
specifically designed to provide integration, dissemination
and support for deployment and use of state of the art
innovative technology-enhanced learning methods and tools.
These technologies include AR/VR, Virtual Labs, Fab Labs
and, last, but not least important, gamification. NEWTON is
being deployed across Europe for formal, in-formal and non-
formal education.

3Moodle Pty Ltd., Moodle - open-source learning platform.
https://moodle.org/
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FIGURE 1: Gamification Module, Part of NEWTELP Architecture

Fig. 1 illustrates the module responsible for gamification
in the context of the NEWTELP platform architecture.

Course Management System is at the core of the
NEWTELP Platform and orchestrates all the other com-
ponents. Content Repository stores different learning con-
tent such as lessons, tests, etc, created inside the platform.
Learner Model maintains various user information such as
basic ùser profiles and their operational and pedagogical
characteristics to enable personalised learning experiences.
In particular, pedagogical information such as students’ mo-
tivation states, knowledge levels/gaps, average study times,
competency and learning styles could be utilized by teachers
when defining gamification rules and gamification paths.
Content Upload Tool allows teachers to upload learning
objects, lessons, tests, etc., created outside the platform and
make them available to the platform users. The content
upload can be performed from local computers or from other
external networked sources and is stored in the External
Content database. In their interaction with the platform, the
teachers can also create interactive content such as quizzes,
surveys and puzzles. The learning objects, and other content
pieces along with their associated permissions/accessibility
are stored in the Content Repository database.

The Gamification module has at its core a software Gam-
ification Engine which employs gamification elements and
rules in order to enable rewarding mechanisms and apply
these rewards to learner actions/activities. Teachers or admin-
istrators can directly configure the gamification elements and
rules, whereas learners are just affected by them, without be-
ing allowed to edit them. A set of specific APIs has been built
in order to communicate and interact with the Gamification
Engine and its rules and to associate learner actions/activities
with these rules.

In order to enable efficient gathering of learning
experience-related data during students’ learning process,
a Learning Record Store (LRS) along with Tin Can API
(xAPI)4 are adopted in the NEWTELP Platform. The Tin
Can API enables communication and exchange of a wide
range of online and offline gathered data through a set of
simple vocabulary terms. These terms describe user learning
experience aspects when using different technologies and
employing various devices, such as PCs, mobile phones, and
tablets. Depending on the nature of the learning content, data
concerning user activities such as progress, scores, comple-
tion time is sent to the LRS through secure statements in
JSON format in form of “actor, verb, object" with optional
details such as result, timestamp, authority. The main role of
the LRS database in the NEWTELP architecture is storing
learning records (i.e. Tin Can statements) sent by external
contents and the platform and retrieving relevant data when
requested by the LMS.

IV. THE NEWTON-ENHANCED GAMIFICATION MODEL
(N-EGM): A NEW GAMIFIED VISION
A. N-EGM OVERVIEW
In the context of technology-enhanced learning, an enhanced
gamification model N-EGM is proposed as a part of the
NEWTON project aiming at providing an easy-to-operate yet
powerful gamification solution for education. The basic idea
behind N-EGM is that it defines a new vision for gamification
where the student engagement is enabled not only by using
game-elements and mechanics, but also through the integra-
tion of different concepts such as personalisation/adaptation,
game-based learning and socialisation. These concepts are

4LLC Rustici Software. Experience api - programmable e-learning and
experience tracking. https://experienceapi.com/
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employed in conjunction with gamification in order to gener-
ate a social-personalized-gamified learning experience, eas-
ily integrated into LMS platforms. In this context, the benefits
of game/gamification mechanisms are provided according to
the profile of learners (i.e. interests, skills, learning style, etc.)
by leveraging on their most popular social motivations.

Many scientific studies, e.g. [23], discussed the applica-
tion of gamification in an education context using different
approaches and models, with particular focus on improving
motivation and engagement of students and providing teach-
ers a powerful methodology to improve learning outcomes.
Although our proposed framework is aligned with these sci-
entific studies, we offer something more: an interconnected
multi-layer model that includes the definition of the learning
experience as interactive (due to serious games), personalized
(due to profiling mechanisms) and shared (social network
interaction), driving up student satisfaction/engagement and
increasing effectiveness across learning modes.

There are very few existing gamification platforms which
provide management of gamification dynamics and char-
acteristics (i.e. definition of badges, levels, challenges),
as stand-alone services. These include Bunchball Nitro5,
Badgeville6 and Gametize7. However, these platforms lack
comprehensive and easy-to-use integration mechanisms with
other systems, including LMSs.

Furthermore, these solutions mainly focus on business,
targeting at improving employee or customer satisfaction.
Bunchball Nitro was the only solution deployed in a ped-
agogical case study involving free K-12 digital learning8.
It was designed to personalize instruction and drive student
ownership of learning via play-lists of educational content
customized to meet student needs. Apart from Bunchball
Nitro, none of the other solutions has been designed for or
has been applied in an educational context.

In order to address the above-mentioned problems, we
aim at strengthening the deployment of gamification in an
educational context. This is achieved by defining a unique
logical model that takes advantage of the main features of
gamification, technology-enhanced learning materials and
LMS and offering an overall solution that could become
a core-teaching tool, as it ensures increased interest and
participation of students.

By combining different elements like interactive narra-
tive, personalization, immediate feedback, fun elements,
“scaffolding learning” with challenges that increase mas-
tery in form of leveling up, progress indicators in form
of points/badges/leaderboards, social connections and player
control, it is possible to create “gamified” classrooms. This
complex combination aims at creating sustained engagement
because it not only considers the unique needs of the learners

5Bunchball. http://www.bunchball.com/
6Badgeville. https://badgeville.com
7Gametiza. https://gametize.com
8https://www.bunchball.com/customers/powermylearning-connect-

success-story

FIGURE 2: NEWTON-Enhanced Gamification Model (N-
EGM)

and use points and levels in order to motivate students, but
also really captures their interests.

B. N-EGM MODEL DETAILS
The NEWTON-Enhanced Gamification Model (N-EGM)
has been designed by extending the main featuring aspects
emerging from the different frameworks known in the litera-
ture, i.e. MDA [1], D6 [2] and Octalysis [3] and combining
them with socialisation in order to generate our specific
social-personalized-gamification. N-EGM is built as a multi-
layer integrated framework, illustrated in Fig 2. N-EGM
consists of 4 layers and each of them (L1, L2, L3 and L4)
implements one of the following physically disconnected, but
logically inter-operable and reusable concepts.

L1 - Gamification - this layer is in charge with the con-
figuration of game mechanics and rewarding rules to be
associated with the learning content in order to create the
basis for defining gamified learning experiences.

L2 - Game-based Learning - this layer defines the set
of serious games and/or game-based content consuming the
mechanics defined in L1. In particular, it implements the
classical game dynamics and aesthetics, enabling both static
(e.g. textual quiz) and graphical/animated (e.g. as a video-
game for a full immersive involvement) elements-based in-
teraction.

L3 - Profiling and Recommendation - this layer recom-
mends a personalized and adapted game-based learning ex-
perience taking into account the learners’ profile, i.e. their
interests, preferences, progress, requirements and run-time
behaviour. Learner data from L2 is collected by this layer
(L2-L3 bi-directional communication) to enrich user profiles
in order to better recommend next gamified learning content.

L4 - Socialization - this final layer enables classical social
elements to be used by each of the three previous layers.
L4 allows students to (i) suggest new ideas for the teaching
approach, (ii) help peers in the learning stages, (iii) share
own skills to solve complex problems within teams or groups,
(iv) perform basic social actions e.g. make comments, “like”,
etc., (v) directly communicate with colleagues and teachers.
Through this layer, the teachers can (i) create their private
social context to discuss about specific questions such as the
progress of students, (ii) join specific learners’ social groups,
(iii) reward students for their social activities regarding spe-
cific topics promoted by them. The social component is im-
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(a) Teacher View: Gamification Rule Configuration

(b) Student View: Gamification Achievements

FIGURE 3: The NEWTON Gamification User Interface

plemented as a virtual forum in which learners could interact
with their colleagues and/or teachers. Student actions could
be further gamified to better engage their social participation.

By applying N-EGM in education contexts related to
STEM subjects, the aim is to improve the learning experi-
ence, leveraging on the stimulation of intrinsic and extrin-
sic motivations, respectively, using game-based content and
gamification. Learners are expected to be motivated by the
chance to acquire awards and benefits from their progress,
can have personalized gamified learning pathways and satisfy
their actual attitudes through interacting with their classmates
in a social environment. Moreover, the teachers’ workload
could be mitigated since N-EGM provides a powerful tool for
monitoring learners progress (for instance via leaderboards),
elaborating new learning strategies based on defining appro-
priate rewarding rules, creating interdisciplinary personal-
ized lessons linked through the same gamification container
(single type of points, single leaderboard, etc.) and having a
common social context with the entire learning ecosystem.
Finally, each layer can also be used separately, implementing
specific learning use cases leveraging one or all available
concepts of the model.

The key strengths of the N-EGM model are:

• Ease of configuration. Gamification mechanics (i.e.
points, badges, leaderboards, etc.) can be easily config-
ured/managed by an intuitive graphic interface.

• Integration. The model is developed using techniques
that simplify integration with other modules by exploit-

ing service calls through APIs that allow access from
the outside to the contents and functions that the system
leveraging on N-EGM model offers.

• Event-driven. The implementation is event sensitive.
For each particular event that occurs within the system,
a gamification action arises (e.g., setting a specific point,
updating the leaderboard). Each action is thrown and
managed using ad-hoc APIs.

• Modularity. Each layer is composed of several modules
that interact in a multi-level architecture, while each
module has a specific task and works independently:
the database module takes care of storing the necessary
data; the front-end module deals with interaction with
users, i.e., it is responsible for acquiring the input data
and processing them in compliance to predefined and
invariant specifications; the back-end module allows
effective operation of these interactions; the engine
module allows users to configure gamification elements.

V. NEWTELP N-EGM GAMIFICATION ENGINE
The N-EGM Gamification Engine deploys the proposed N-
EGM model in the NEWTELP and instantiates it such as it
serves both teachers and students. From a teacher perspec-
tive, the engine provides easy-to-use yet comprehensive tools
to customize gamification journeys for their students. From a
student perspective, the engine supports the whole learning
gamification journey in the back-end and offers easy access
to gamification achievements.
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A. TEACHER SIDE - GAMIFICATION RULE
CONFIGURATION MECHANISM

In order to assist teachers to configure the gamification mech-
anisms, the Gamification Engine is implemented to allow
dynamic configuration of gamification elements and rules.

The interaction between teachers and Gamification Engine
has three stages:

1) Automatic generation of gamification rules: when the
teacher creates a new course on the NEWTELP plat-
form, a gamification container is automatically built by
the engine. The container includes default gamifica-
tion elements, rules and a leaderboard for this course.
Whenever a new material is added to the course in the
NEWTELP platform, a set of default gamification rules
associated with this material is automatically generated
and stored by the engine. There are different pre-set
default gamification rules defined for different types of
materials. For example, a default rule for a PDF teaching
material is to give a student 10 gamification points when
they open and view the file. This stage provides a basic
gamification realization and requires minimal efforts
from teachers.

2) Customization of gamification elements/rules: in order
to cater for teachers’ more sophisticated design of a
gamification journey and accommodate the need for
more flexible gamification realization associated with
TEL materials, including serious games, AR/VR ap-
plications, the Gamification Engine also allows further
flexibility. It enables teachers to modify existing default
gamification rules introduced in Stage 1 or add and con-
figure new gamification elements and rules via a specific
gamification interface integrated in the NEWTELP plat-
form. Fig. 3a illustrates the gamification user interface
which allows teachers to view or edit existing gamifi-
cation elements, mechanisms and rules associated with
a course. They can also add new gamification elements
and mechanisms, and configure new gamification rules
by setting conditions and rewards. As shown in the
figure, the gamification elements and rules supported
by the NEWTELP N-EGM-enhanced Gamification En-
gine includes points, levels, badges, leaderboards and
rewards.

3) Leaderboard view: during the period of a course session,
the Gamification Engine is responsible for applying
gamification rules according to student actions. This
will be explained in details in the following subsection.
While each student can have a detailed view of their own
gamification achievements of different gamification el-
ements, the teacher has access to the leaderboard of
the whole class. The leaderboard view is also obtained
through the NEWTELP gamification interface.

Fig. 4 illustrates this three-stage gamification-related
teacher-system interaction.

FIGURE 4: The three-stage teacher interaction with the
gamification engine (solid line, dash line and dash-dot line
represents stages 1, 2 and 3, respectively)

FIGURE 5: Student interaction with the Gamification Engine

B. STUDENT SIDE: N-EGM COMMUNICATION
MECHANISM AND RECORDS MAINTENANCE
To ensure effective collection of users’ learning experience
information and correct storage and update of their gamifica-
tion status according to the gamification elements and rules
set up by the teachers, a reliable communication mechanism
is established. Fig. 5 illustrates this mechanisms which en-
ables communication between for the external entities, LRS,
LMS and Gamification Engine.

First, a user enrolled in a course performs authentication
with LMS via a browser. After successful authentication,
the user accesses course content and downloads a content
application, which is stored in the External Content database.
Via the downloaded application, the system uses user cre-
dentials again in order to authenticate the application with
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FIGURE 6: GAM-LAB-Romania Pilot: Screenshot of Gamification Rules

FIGURE 7: GAM-LAB-Romania Pilot: Gamification Questionnaire Results

LMS. Upon success, an authorization is given to LMS, and
the following data is sent back to the application: 1) endpoint
URL to LRS; 2) user information in JSON format; and 3)
authorization token. The user can then begin to engage with
the application. During application usage process, the appli-
cation generates Tin Can statements that contain information
related to user’s progress and achievements, which are sent
to LRS through the URL obtained in the previous step. Upon
receiving such statements, LRS stores them.

LMS periodically queries LRS to retrieve the Tin Can
statements collected during the last period. The statements
are first pre-processed by LMS for collecting user informa-
tion and filtering. Then, LMS forwards them to the Gamifica-
tion Engine. Upon receiving these statements, Gamification
Engine checks the statements against the gamification rules
stored in its database. If a certain rule is triggered, the engine
updates the gamification status of the user, which is also
stored in its own database.

When a student wants to view their gamification status,
they can access their own gamification dashboard through the
NEWLTELP platform (and the browser). Upon receiving the
request to retrieve the gamification status, LMS further asks
for relevant data from the Gamification Engine, which when
received is then presented to the student through the platform
interface, as illustrated in Fig. 3b.

In summary, the proposed Gamification Engine realizes
the gamification functionality and deploys the mechanism
that keeps track of students’ learning activities in various
applications. A comprehensive communication mechanism is
also introduced to enable support for gamification. Minimal
effort is required from the students, as most operations are

conducted behind the scene. Students are able to view their
realtime gamification status whenever they want, following
one click of a button.

VI. N-EGM PILOT AND RESULT ANALYSIS
This section presents the evaluation of N-EGM, the proposed
gamification model and its supporting communication mech-
anism. The evaluation was performed in a real educational
setting, as part of the NEWTON project’s GAM-LAB pi-
lot. The pilot took place in Sf. Maria School, Bucharest-
Romania. The study included 40 secondary school students
with different degrees of hearing impairments. During the
pilot, students participated in several STEM courses in line
with their secondary school curriculum, i.e., the Atomic
Structure, Ceramics, and History Museum, each including a
Virtual Reality (VR) or a Virtual Lab (VL) application.

The courses were presented and gamified using the
NEWTELP platform. The gamification elements employed
include:

• Points: The students could earn different points when
they started and finished the applications as well as
when they finished knowledge tests. The points were
allocated according to their test results.

• Leaderboard: The students were ranked on a leader-
board based on their accumulated points.

• Badges: Badges were given to students when they
started the first course as well as during the Atomic
Structure course.

The Atomic Structure course application also utilized pro-
filing and recommendations. Inside the multi-stage applica-
tion, students were exposed to learning content at different
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difficulty levels according to their answers to questions on
personal management, desire for learning, self-control and
self-efficacy at the beginning of the application and their quiz
results in previous course stages.

Fig. 6 is a screenshot from the teacher’s account which
shows the list of some gamification rules configured during
this pilot. Fig. 3a illustrates the configuration of one rule
that assigns 15 points when students achieved a high score
(≥ 60 out of 100) in the test during the History Museum
course. Students could view their gamification achievements,
such as points, badges and positions on the leaderboard
under their profiles at any time. Fig. 3b is a screenshot from
a student account which shows this student’s gamification
achievements.

A. LEARNING EXPERIENCE EVALUATION
In order to evaluate the impact of the pilot, a rigorous
approach to pedagogical and motivational assessment that
was developed as part of the wider NEWTON project was
adopted and employed [24]. In particular, the degree to
which gamification features act as a motivational driver for
students were primarily looked at through a gamification
post-experience survey given to students at the end of the
pilot. The NEWTELP platform was employed.

Major results of the gamification post-experience survey
are illustrated in Fig. 7. Overall, the gamification deployed
by the NEWTELP platform received very positive feedback
from students. The majority of students agreed that gamifi-
cation is very interesting (over 88% agreed gamification was
really interesting, while barely any students claimed gamifi-
cation was boring). Around 80% students welcomed learning
with gamification while only around 5% were against learn-
ing with gamification. Vast majority of students were excited
when earned points (48% agree and 45% strongly agree) and
cared about their positions in the leaderboard (58% agree
and 30% strongly agree). Also, gamification was able to
encourage engagement in learning for 78% of all students.

B. KNOWLEDGE EVALUATION
Very important for the NEWTON GAM-LAB pilot was also
to assess the student knowledge gain. This is as the significant
improvement in terms of learner experience should not be
achieved at the expense of a decrease in the knowledge ac-
cumulated by students. Pilot-related knowledge assessment
tests were conducted through the NEWTELP platform before
and after the pilot, respectively.

The post-test scores (mean = 1.26, standard deviation
= 1.21) showed an improvement compared to the pre-test
scores (mean = 4.67, standard deviation = 2.76). The results
of a paired sample t-test confirmed the statistical significance
of the knowledge gain improvement between the two tests
with a confidence of 95% (α = 0.05, t = −7.76, p = 0.001).
This demonstrates the benefit of using the N-EGM gamifica-
tion model in terms of knowledge gain in comparison with a
non-gamified approach.

VII. CONCLUSIONS
This paper has introduced the N-EGM model, an innovative
gamification framework for future LMSs. N-EGM incorpo-
rates core game mechanics alongside socialisation elements
within an approach that can be readily adopted to existing
as well as new TEL solutions. The paper highlights the
challenges faced when accommodating the deployment of N-
EGM as part of a real life platform NEWTELP, including the
design of a communication mechanism that enables seamless
and efficient data exchange between various applications,
LMS and gamification engine.

The gamification-related assessment results from a NEW-
TON pilot which involved real life educational sessions in
a secondary school were presented, demonstrating the ben-
efits of the proposed N-EGM-enhanced gamification. The
post-experience survey results presented indicate how the
proposed framework is effective in improving students’ en-
gagement with the courses they attended and facilitates an
increase in students’ appreciation of their learning experi-
ence. Noteworthy is that the increase in learner experience
was achieved while also obtaining a statistical significant
improvement of the knowledge level accumulated by learners
during the gamified lessons.
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