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Abstract: The software architecture is an important part of the process of design and development

of video games. Nowadays game developers strive to achieve a software architecture which enables

reuse, porting, extension, etc. Those architectures are centered on several key principles, service-

oriented games that use modular components and that can be independent of their inputs. In this

paper, we briefly present the Distributed Architecture for Serious Games (DiAS) that abides by

those principles. Furthermore, we demonstrate and discuss several concrete serious games that are

implemented on the top of that architecture. The main research is up to how both of these games

can be extended to work with different input-devices while keeping their internal logic (gameplay)

intact.
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1. Introduction

Education has gone a long way. One way to teach is the traditional – by writing
lessons on a blackboard, memorizing formulas, reciting passages from a book that
someone read. As our world evolves, however, our teaching methods need to evolve,
as well. Nowadays there are various opportunities to teach and learn – the Inter-
net, video lessons, mobile applications, presentation on multimedia projectors, using
interactive boards and video games. There are even special kinds of video games
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that focus on the educational part of play rather than the entertainment one. Those
games are formally called Serious Games (SG) [14]. SGs borrow many design prin-
ciples and ideas from mainstream video games, according to BinSubaih, Maddock
& Romano [4] and Van Nuland [21]. On the other hand, the sole purpose of SGs is
to train and simulate real-world experiences. Those games allow for a safe and, in
most cases, engaging and entertaining environment for learning and experimenting.
Even boring and frustrating fields – such as mathematics and physics, can be made
fun to learn by developing an appropriate serious game and its gameplay.

In this paper, we first present major tendencies in the field of serious games
architectures. Then, we briefly present an architecture – a practical blueprint for
designing serious games. The architecture is called DiAS [17] and it allows for the
decoupling of game logic from in-game content and input. The software architecture
itself is generic and can be used for designing serious games in various educational
domains. As we will demonstrate in later sections, there are several concrete exam-
ples of games, developed with the DiAS architecture in mind. One of those games
is the Virtual Simulator for safety crossing – a serious game that teaches young
students how to behave safely on and near the road [18]. Another implementation
example is the virtual floor platform called FluurMat [10]. It allows serious games
to be played on a projected “virtual” floor. In the paper, we will look at one such
game – Abra-Cad-Algebra. With it, teaching mathematics at school is no longer
boring but a rather fun and desirable exercise. Finally, we summarize the presented
results and draw conclusions.

2. Previous Research for Serious Games Architecture and Design

Serious games development is an active area of research. Some authors focus their
attention on architecture that is oriented entirely towards services [2, 6, 7]. Service-
Oriented Architecture (SOA) is a set of practices for architectural design of software
that exploits services as loosely coupled components orchestrated to deliver various
functionalities. The SOA paradigm is not well established in the Serious Games (SG)
domain, yet. The components provide independent services to other components of
the serious game or application. The key principles in this particular design are
modularization and re-use of functionalities. That concept in not new in the field
of computer science but is relatively rarely applied, yet, in the field of games and
serious games in particular. [16, 20]. Additional benefits of using services is the
lack of compile-time dependencies. Moreover, it is entirely possible to have the core
gaming as a service in a centralized server. But the biggest advantage remains the
re-use of components – shared user profiles, knowledge databases on learning topics,
natural language processing dialog services, gestures [19].

Other authors prefer to focus on the re-use of components and game assets. A
notable example is the collaborative project called RAGE [9]. It is an attempt toIn
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make interoperable game components that can be re-used in different games. A
component is not limited to a software class or interface but is more abstract “in-
tellectual content, independent of their physical embodiments” [8]. A component is
usually a game object with some functionality attached to it. An example would
be a vehicle asset that has its driving and steering logic implemented inside a com-
ponent. The main idea of RAGE is that such components can be developed once
and re-used by different game engines or architectures. Assets can be acquired or
purchased from a central repository, such as the Unity asset store or the Unreal
Marketplace. From software architectural point of view, the RAGE project adopts
the component-based development approach (CBD) [3, 11].

Recent years the large cloud providers such as Amazon, Microsoft and Google are
constantly introducing new services and improving the existing ones. This empow-
ers developers to create more powerful and feature-rich applications. Kyurkchiev,
Pavlov and Rahnev present a new architecture of the Distributed e-Learning Plat-
form (DisPeL) for the Cloud using Microsoft Azure [12]. Last but not the least
is the tendency for input independence and target platform [5]. Some authors –
Söbke and Streicher [15] note that a serious game should be independent of the tar-
get medium (platform) on which it is going to be played. Those platforms include:
mobile devices [13], Internet-based games, desktop and console. The authors also
include physical sensors (Kinect, Oculus rift) as typical input components and that
a game should not be tied to a specific input device or controller.

After reviewing recent trends and tendencies in the field of SG design, we pro-
posed an architecture that abides by those principles. We gave it the name Dis-
tributed Architecture Architecture for Serious games, or DiAS, for short. We present
the architecture briefly in the next chapter.

3. DiAS architecture overview

The Distributed Architecture for Serious Games (DiAS) is described in detail in
[17]. The first thing we notice is that there are several layers to this approach. The
first one is the initialization, where we determine different factors – the presence
or absence of sensors, the number (and type) of the output devices – monitors,
projectors, etc. That initial layer is an important one – it will decide how the
system will react from now on to the users interactions. In the next layer, we have
designed several interfaces for translating interactions from the user to the game
logic. Those include:

– a graphical user interface for responding to events, such as mouse and keyboard
clicks;

– a command line interface, that serves as a way of testing the game and forcing
it to different states;In
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– last but not the least – a natural user interface that takes human gestures as
input and translates them to certain in-game interactions.

The most common and well-known interface is the GUI. It consists of series
of graphical elements that are drawn on top of the game world – buttons, menus,
heads-up displays, progress bars, and texts. The player interacts with the game
by pressing a visual button (rendered on an output device), dragging around with
the mouse, or pressing a certain key from the keyboard. This interface is mainly
intended for use by educators and occasionally, by the players. The communication
with the game logic is event – driven. Each time the user interacts with a graphical
component from the GUI – for instance, pressing a button or opening a game menu,
an event is fired. We call this type of events system events since the operation system
takes care of firing them and they are not a responsibility of the application level.

The second interaction interface is the CLI. As we mentioned, it is a special
interface in the sense that it is intended for use by a system administrator or a QA
tester. The interface allows the user to enter pre-defined commands through the
in-game command line. Different commands trigger their respective functions or
group of functions in the game logic.

The third and probably the most interesting interface is the NUI. It is a way
of interacting with the game logic by capturing and processing gestures from users.
The gestures themselves can be pretty basic (clapping hands, shaking ones head,
jumping/walking on the spot, waving, etc.) or more complex – sensory inputs from
multiple haptic devices. Once captured by a sensor, each gesture can be processed in
two different ways – either as a custom event or as a generic system event. The NUI
has a calibration subroutine that takes care of aligning the sensors to the individual
hardware setup. The procedure has to be done only once per setup, which means
that once calibrated, the sensor or sensors cache their calibration parameters for later
use. Of course, if any hardware element of the system is repositioned, calibration
needs to be performed again.

The next layer is the game logic. This is de facto the actual game, removed from
its input and output devices. Having a distributed layered architecture allows us to
substitute one game for another, keeping the input and output devices and sensor
calibration intact.

Another layer is the output. By default, the output device in a PC configuration
is the monitor. However, with DiAS, one can easily plug in a projector. Even if
it may seem trivial at first, calibrating a projector (aspect ratio, color temperature
scheme, distance from the projected surface) is not that straightforward. Another
output possibility is plugging in a more complex device, such as a VR headset
(Oculus Rift or HTC Vive). For those kind of devices, there are certain number of
extra rendering steps that the software needs to perform. For instance, the framerate
needs to be doubled, in order to avoid motion sickness. If 60 FPS are considered
good-quality for a PC game [1], 90 or even 120 FPS are needed for VR headsets [5].In
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Certain rendering quality options, such as anti-aliasing (MSAA) need to be turn on
by default.

The last but not the least layer is the incorporation of 3rd party services into
the game logic. DiAS achieves that by using message brokers (eg., ActiveMQ [22])
in order to cache requests and results from API services on the cloud. Taking the
messaging out of the games logic makes the game run on lower-end hardware. In
addition, 3rd party request and response software modules can easily be put on a
server and scaled independently of the game logic.

4. DiAS implementations

We briefly described the theoretical framework DiAS and how its layers operate.
There are several concrete implementations of that architecture that include some
or all aspects of the proposed design principles. We will take a look at two of them
– the Virtual Simulator for safety crossing and Abra-Cad-Algebra – a game for a
virtual floor.

4.1. Virtual simulator for safety crossing

The virtual simulator [18] is a 3D game, set in an urban environment. Many details of
that environment were closely simulated – traffic lights, walkways, traffic with basic
artificial intelligence, the presence of schools, kindergartens and public buildings in
realistic size. In it, the protagonist – a male or female avatar, is presented with
different challenges that the player needs to overcome, while abiding street safety
rules and regulations. There are also challenges that put the player in a virtual
bicycle. For each challenge, there are a number of points the player can get. Abiding
the rules – crossing on a green sign, looking the correct direction before crossing a
street, walking a safe distance from the street, giving the correct hand signs (when
riding the virtual bicycle) gives the player positive points (Figure 1). On the other
hand, running on red lights, not looking around before crossing a street or unsafe
behavior takes away points.

Education with the virtual simulator is two – fold. First, the simulator teaches
children how to behave in an urban environment where street crossing is involved.
On the other hand, it subconsciously teaches students voluntary and involuntary
behavior. Our studies show that teaching in a virtual environment can play as
important role as teaching in the real world. For instance, by using a sensor, we can
detect whether the player has physically rotated his head to look left or right before
crossing a street. There are several advantages to this approach. First, it is safer
than teaching in the real world. Second, it saves time for the teacher. Third, it is
entertaining for the children since they are rewarded with higher scores for correct
street behavior. From an architectural point of view, the virtual simulator abides byIn
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Figure 1: The virtual simulator for safety crossing

several of the DiAS principles. First, the game is independent of its inputs. It uses
sensors (Kinect) but can be played with regular mouse and keyboard. For output
devices, we have experimented with a monitor, a projector and a VR headset. For
each of those experiments, the individual player experience was different. However,
the modularity and independence of the different design layers allowed seamless
flow between the possible setups. Since it was one of our first implementations of
the DiAS platform, we did not incorporate any 3rd party services into that game.
Nevertheless, adding real-time content and connecting to external AIP services is
still possible.

Parts of the research, presented in this paper were commissioned by our company
– “TRI Soft Ltd”. It was assigned to us and funded by a private Bulgarian company
– “Didasko Ltd”, specializing in education for safety on the roads. I would like to
thank our development team for the dedication they put into this project.

4.2. FluurMat and Abra-Cad-Algebra

The other platform, inspired by DiAS is called FluurMat [10]. It can host series of
games, designed to be played on a virtual floor. Due to the flexible architecture of
DiAS, those games can be played with traditional (mouse and keyboard) devices, as
well. The virtual floor itself is the projection of the in-game screen on the ground.In
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Figure 2: Configuration screen of Abra-Cad-Algebra

By adding a sensor to the hardware setup, we were able to catch and process player
interaction in real time, thus adding another layer of interaction with the game.
This approach is more coherent with DiAS – once calibrated, the virtual floor stores
its settings. Any game that has virtual floor support can re-use the saved values,
thus eliminating the need to calibrate the equipment each time.

We have developed several games for FluurMat but probably the most exciting
is the Abra-Cad-Algebra. It is a game about algebra and is appropriate for children
from 2nd to 4th grade. In it, simple equations are procedurally generated. In one of
the start screens, the teacher or examiner can configure how difficult the equations
are and what operations to include – addition, subtraction, multiplication, division
or all of the above (Figure 2). The time allowance for solving each equation is also
configurable. The equation is being projected on the ground, with 4 possible answers
(Figure 3). To solve it, a child has to step on the right answer, before the time runs
out. Stepping on a wrong answer does not reward any points. Stepping on the
right one however, gives the player extra time to solve the next equation. It is a
simple, yet effective design for teaching algebra in schools and kindergartens. Our
observations with participating students indicate that even a boring subject such as
algebra can be engaging and taught effectively.
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Figure 3: The Abra-Cad-Algebra game, designed for the virtual platform
FluurMat

5. Conclusion

We have presented a software architecture that serves as a guideline for creating se-
rious games, independent of their input. The DiAS architecture can employ services,
is easily scalable and extendable. Furthermore, we have demonstrated how differ-
ent games can be implemented in practice, following the design principles of DiAS.
One of those concrete implementations – the Virtual Simulator for safety crossing
only partially complies with the design principles, since it is a standalone product.
However, changing the input from Kinect to OculusRift VR with a controller is very
straightforward. The other implementation that we presented – FluurMat – follows
more closely the architecture principles of DiAS and is easily extendible with new
games, while keeping the same hardware and peripheral sensors intact. To summa-
rize, there is an untapped potential in teaching via serious games in school. Teaching
platforms, such as FluurMat are just beginning to emerge and help educators keep
the class interested and engaged in the process.
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