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Abstract. The possibilities that digital games allow in a didactic proposal are not
new, however, and in relation to the specific experiences of integration of digital
games in teaching and learning scenarios, a limitation is observed given by the adapt-
ability of them to specific contexts. Thus, it is important to advance in the search for
tools that are preferably free and open access that allow teachers to create their own
games or edit others created by third parties, based on profiles with different degrees
of programming knowledge. This work presents the results obtained from the search,
selection and analysis of tools, including web platforms, software applications, and /
or frameworks, which allow the creation of serious games, particularly those consid-
ered mobile, and which include interactions using augmented reality through QR
codes and / or user location, by users with different technical profiles.

Keywords: Serious Games, Authoring Tools, Frameworks, Augmented Reali-
ty, M-Learning.

1 Introduction

Michel & Chen [1] define serious game (SG) as a way of combining video games and
education, where the main objective is education (in any of its forms), and whose
main components are: objectives, rules, challenges and interaction. SGs enable anoth-
er mechanism to carry out teaching and learning, at the same time that it extends the
training objectives and generates not only conditions for the player (student) to learn
but also to apply and demonstrate what has been learned [1]. On the other hand, a
mobile serious game (MSG) is a SG that can be executed on a mobile device such as
cell phones or tablets or laptops, providing the player with the possibility of playing at
any time and place, that is, making possible the generation of less rigid, personalized
and ubiquitous learning environments [2,3]. In addition, the common elements of
these types of devices such as: cameras, gyroscopes, etc., give rise to the use of
emerging technologies such as augmented reality (AR), which allows enriching a
physical context with virtual information. AR is characterized by: (a) a combination
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of virtual and real objects in a real environment, (b) users interacting in real time, and
(c) an alignment between real and virtual objects [4]. There are different levels of AR,
depending on the element that is used as the trigger for it. Thus, level 0 uses QR codes
that only make it possible to link other content without any type of interaction or
monitoring, level 1 uses markers (quadrangular black and white images with schemat-
ic drawings) that allow recognition of 2D patterns and 3D objects. Level 2 includes
the recognition of images or objects and / or the positioning of the user giving rise to
other types of interactions and the superposition of virtual elements in the captured
physical world, and in the last level special devices such as AR lenses are used or
others, which allows a more complete integration between the physical and virtual
worlds and thus the experiences that can be generated are more immersive and per-
sonalized [5]. Regarding to its potential in the educational context, AR allows incor-
porating multimedia into the teaching-learning process, increasing the richness of the
physical context and thus, innovating in teaching practice from the design of educa-
tional activities that contribute to the understanding of abstract concepts, of spatiality,
student motivation and discovery-based learning, among others [3,5,6,7]. Hence, the
combination of AR and mobile devices together with the characteristics of the games
allow an instructional design that can help to achieve both affective and cognitive
learning outcomes [8, 9].

This article is an extension of a previous work [31] in which different tools that
can assist teachers with different levels of programming skills to produce their own
serious games were analyzed. This new version extends the analysis with new tools
that are considered, and it offers a richer discussion.

1.1  Serious Games Development

SGs development requires matching instructional design (ID) with game design
(game characteristics, mechanics, and playability), thus advancing in the development
of a SG requires knowledge of game design, learning theories and mastery of the
content to be addressed with it. By the ID, it is possible to define the contents, the
skills to be developed, the strategies that will be used to offer the contents and the
evaluation mechanisms, all based on the needs of the students, their characteristics
and the learning context of application [10]. However, although teachers have exper-
tise in ID, in many cases they do not have the technical knowledge, particularly in
programming, to allow them to advance in the development of a SG tailored to the
context of their teaching practice. At this point, in the literature [11,12,13,14,15] on
the subject some possibilities appear through the so-called authoring tools (AT) and
also frameworks that can assist in the design and development process of SGs with
little or no programming knowledge.

The term authoring tool (AT) is associated with the idea of software that enables
the creation and editing of learning content in multimedia format, so that it can be
used in teaching and learning proposals in different media, giving rise to processes of
e-learning and m-learning. In this sense, an AT is a software that facilitates the pro-
duction of applications, which can be used by profiles that do not necessarily have
technical knowledge. So, the software will be equipped with a set of functionalities



and characteristics (friendly interfaces, templates or models, tutoring systems, in-
teroperability with other resources, among others) that allow progress in this sense
[16,18].

From the point of view of software engineering [19], a framework represents a
skeletal abstraction of solutions to a series of similar problems. In a framework, the
steps or stages to follow to implement the solution are described without going into
details about the activities that will be carried out in each of the steps. In the specific
case of video game development, frameworks allow, with minimal or in some cases
without programming knowledge, to accelerate the development process by offering
predefined solutions with extension and / or customization possibilities. There are
frameworks such as the case of Construct2, which use the drag-and-drop system al-
lowing to create the game logic through pre-built scripts that are associated with the
elements of the game that is being built visually. Beyond ease of use, a desirable fea-
ture of a framework for SG development is, as Paiva [21] points out, the possibility of
changing the (learning) content by re-using the structure of the game, without having
to start from scratch.

This work presents a list of ATs and frameworks collected through a bibliographic
review process, as well as the criteria established for their evaluation. Then the results
achieved with the evaluation of those selected are described and, finally, a discussion
and the conclusions reached are presented along with future work. It is important to
highlight that this work was carried out in the context of a research project (PI-
UNRN-40C-750), accredited and funded by the National University of Rio Negro
(UNRN). The project seeks to generate knowledge about the design, development and
application of mobile educational games with augmented reality, in teaching and
learning context of medium and higher level of the UNRN.

2 Authoring Tools and Frameworks Selection

In the research project mentioned in the previous section, a bibliography review was
carried out with the intention of recovering authoring tools and frameworks that can
be used for the development of MSGs, in particular those that allow including interac-
tions using AR (where the trigger elements are QR codes and / or the geographic loca-
tion of the player). The review was limited to the period 2015-2019 and was focused
to answer the following questions:

» What technological infrastructure is necessary for its use?

* Do you require programming knowledge? What level?

* What types of games can be built with these tools?

* What level of AR can be implemented?

From this review process, the tools presented in Table 1 were collected, and they
have been categorized according to their type (AT or Framework), access form, plat-
form to which the developed game can be exported, type of element used to activate
AR, type of activities that can be included in the game using AR (ARAT), the lan-
guage in which the tool is available, and finally the country of origin.



Table 1. ATs and Frameworks collected.

Access Platform AR trigger ARAT Language Country
ARIS [19] Free (open source)  Mobile (i0S) QR Interactive tours. English United States
GPS Puzzles
ARLEARN [20]  Free (open source)  Mobile (Android) GPS Interactive tours. English The Nether-
Puzzles lands
I_learnTest[21] Free. User register Web No available Quizzes English Portugal
required Association
FISU[22] Free Mobile (Android, No available in Adaptive games, Portuguese Brazil
i0S) the actual ver- shooters, RPG
sion. Puzzles
MAGIS[23] Free Mobile ( Android, Fiducially Adventure English Philippines
i0S) markers, Interactive tours
GPS Puzzles
MOLE[11] Prototype Mobile ( Android, QR Interactive tours Spanish Argentine
i0S) Puzzles
SG Generator Prototype Multi-device Fiducially Rules Games, Spanish Mexico
from a base pro- markers, images Memory Games
ject in HTML5
[30]
TaleBlazer [29] Free. User register Mobile (Android, GPS Interactive tours English United States
required i0S)
U-Adventure[24]  Free Mobile ( Android, GPS Adventures Spanish Spain
iOS), Console QR Interactive tours
Puzzles
VEDILS[13] Free. User register Mobile (Android) Images, Fiduci- Interactive tours English / Spain
required ally  markers, Puzzles Spanish
text

The selection presents on Table 1 was filtered, taking into account the following crite-
ria: free access, possibility of exporting the game to be developed to mobile devices
with Android operating system, possibility of including activities with augmented
reality using QR codes and / or user location. Finally, it was important to take into
account the context of application (UNRN), the possibility of using the tool in Span-
ish language and / or in a visually way. This reduced the possibilities to the following
ATs: MOLE [11], SG Generator [30], U-Adventure [23], TaleBlazer [29], VEDILS
[13]. However the first two were discarded because at the time of the evaluation, the
tools were still in the version of prototype. On the other hand, in the case of [30] alt-
hough the tool is presented as a possibility to produce multi-device SG that include
AR interactions, it requires technical profiles with knowledge in HTML 5 to specify
the SG structure. In the case of frameworks, iLearnTest [21] and FSJU [22] have been
discarded for not presenting support for the development of games that include inter-
actions with AR.



2.1  Evaluation Criteria

For the evaluation of ATs, the criteria established in other investigations [15, 25, 26]
have been followed as well as others established by the authors of this work have also
been incorporated. The contributions of [15], allow to evaluate the characteristics of
the authoring tools for the development of educational materials that include aug-
mented reality. In other work [25], it is proposed to carry out the evaluation of author-
ing tools, from the perspective called Critical Success Factor (CSF), analysing factors
such as: infrastructure (technological requirements), user (levels, skills and
knowledge) and community (of practice), and other aspects such as learning strategies
and styles, teaching methods, social presence (interaction, engagement and realism),
the degree of commitment generated by the developed product and the fun provided
both from the point of view of the person who is carrying out the design and the end
user (in this context teachers and students). Based on this, Table 2 presents the eval-
uation criteria used to analyse the authoring tools and frameworks selected for this
study.

Table 2. Evaluation Criteria

Edition Tool Name

Analysis Criteria (ACX) Detail

ACx0 License Cost of access and use of the tool

ACx1 Technical Requirements Technical requirements (hardware, software, connectivity) required by the tool

ACx2 Shared and collaborative It is possible to edit the game in a shared / collaborative way
Edition

ACx3 User Profile Digital skills required to use the tool

ACx4 Templates Templates or models provided by the tool for the generation of games based on

them.

ACx5 Games Types Games types that could be generated by the tool

ACx6 AR level supported QR, fiducially markers, user location, images

ACX7 Augmented  information Supported augmented information types (images, videos, audio, 3D objects, etc.)
supported

ACx8 Accessibility The tool enables the development of games that can be considered accessible

ACx9 Content distribution Forms provided by the tool for the distribution of the developed game

ACx10 Analytics The tool allows to collect and record information about player interactions during

the execution game

2.2 Analysis and discussion of the selected ATs and Frameworks

The results of the analysis are described below.

U-Adventure. It is a SGs editor that is distributed and it works as an extension of
the Unity game engine, and according to its creators, the e-UCM Research Group of
the Complutense University of Madrid, allows the production of games to user pro-
files that do not necessarily have programming knowledge. The tool is built on the
basis of a previous version called e-Adventure [27]. So U-Adventure seeks to solve
problems of its obsolescence previous version, as well as to open the possibility to the



generation of multiplatform games [14]. Among the potentialities of U-Adventure, the
potential to include in the game interactions using AR both outdoor, through user
location and indoor using QR codes as triggers stands out (this last option was part of
the e-adventure version). Likewise, it is possible to define on which game events it
collects information during its execution, and then carry out an analysis of this as part
of the learning evaluation process. Regarding the generation of games for mobile
devices, although programming knowledge is not required, the process of exporting
projects to the Android operating system is not transparent for the user, since it re-
quires the installation and configuration of Android Studio. At this point, it is ob-
served that although the tool has the desirable features for an AT, it is necessary to
have different user profiles during the MSG production process. Table 3 presents the
results of the analysis of the tool based on the established criteria.

Table 3. U-Adventure analysis based on Table 2 criteria

Edition Tool

U-Adventure

Analysis Criteria (ACx) Details

ACx0

ACx1
ACXx2
ACX3

ACx4

ACX5
ACX6
ACX7
ACx8
ACX9
ACx10

Download, installation and free use from https://github.com/e-ucm/uAdventure. No user registration

required
Requires the Unity game development engine (version 2017.3) installed
No shared edition allowed

Although it does not require programming knowledge to use the tool, it is necessary to have technical
knowledge on how to link the U-Adventure with the Unity engine and it is also necessary to know how

to install and configure Android Studio to export projects in Android format.

A user manual and an installation guide are available through the site https://github.com/e-

ucm/uAdventure, which is currently in English.

Templates not available

Classical adventures

QR, user location

Images (jpg y png), videos( mp4), audio (mp3), web page links

The tool allows to include text and audio for greater accessibility in the development of projects.

Analytics are integrated into the tool through the Experience APl (xAPI), allowing its use both online

and offline [27]. It has a specific editor to select the events to be recorded.

TaleBlazer. It is an online and free platform accessible through any browser by
http://taleblazer.org/. It allows the development of educational games that include AR
interactions using the user's location both outdoors and indoors. The platform was
developed by MIT under the Scheller Teacher Education Program and has a game
editor that uses a block-based visual scripting language, similar to the Scratch lan-
guage. The TaleBlazer editor allows the user to create a game from scratch or remix a
game already created by the author himself or others.

A game developed with TaleBlazer involves the following elements: agents (char-
acters or objects that the player can interact with during the game execution), regions
(real-world locations where the game can be played), scenarios (allows generate dif-


https://github.com/e-ucm/uAdventure

ferent versions of the game based on the starting point selected by the player at the
start) and roles (refers to the character a player plays during the game execution). To
design the game’s elements, the editor consists of 6 tabs: map, agents, player, world,
configuration and beacons, through which the game is configured and built. It is im-
portant to note that the current version is available only in English language.

Once a game is created, it is stored in the cloud, and a code is generated that makes
it accessible to download and play from the TaleBlazer mobile application. This ap-
plication is available for mobile devices with operating system like Android 4.0 or
higher, and los 6.0 or higher. The platform has an emulator option, however in the
current version it is not enabled, so the developer can only test a game through the
mobile application.

An interesting aspect of the platform is the possibility of generating information
about the game regarding its recipients (age range), the type of difficulty involved and
the physical space that it intends to travel. This information is presented when down-
loading the game from the mobile application.

Through the mobile application it is possible to view other games developed with
TaleBlazer that are in locations close to the user, making it a very interesting possibil-
ity to share the productions of a work team. Regarding the possibility of collecting
and retrieving information about the player's interactions during the game, the func-
tionality is only available for special users (officially featured organizations).

Table 4. TaleBlazer analysis based on Table 2 information

Edition Tool TaleBlazer

Analysis Criteria (ACx)  Details

ACx0 Open-source, free, cloud-based platform. It can be accessible at http://taleblazer.org/.

ACx1 Internet connection. User register

ACx2 Shared edition not allowed

ACx3 Block programming knowledge required

ACx4 Allow create a game from scratch or remix games already created by the author himself or others. It
also has detailed documentation about the creation of different types of games

ACx5 Location based narratives

ACx6 Location outdoor e indoor

ACX7 Image(jpg, png, jpeg, gif), audio ( mp3, wma, m4a, wav, 3gp) and links (web pages or e-mail ad-
dresses)

ACx8 It does not present specific functionality

ACx9 Through code generation. It is transparent by the game developer

ACx10 Only available for special users (officially featured organizations)

VEDILS. It was developed at the University of Cadiz (Spain), and its authors [13]
define it as a visual environment that allows the design of interactive learning scenar-
ios, in which it is possible to include technologies such as AR among others. VEDILS
is based on MIT's App2Inventor development environment and enables the produc-
tion of augmented content for mobile devices (cell phones and tablets), through a
cloud platform, after registration and authorization for use. The tool, which is current-
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ly in version 1.6, is made up of two parts: one where you work on the design of the
application to be developed, and another called blocks where it is possible to define
the logic of the application using a visual language. At this point, the user of the tool
must have knowledge of programming using blocks, as indicated in other investiga-
tions [11]. VEDILS has a component called ActivityTracker that makes it possible to
collect information on the interactions that occur as part of the game execution, alt-
hough it must be taken into account that they are registered and processed using the
Google Fusion Tables and MongoDB services. Although using this functionality may
not be easy for a novel user, VEDILS offers videos and tutorials that can accompany
the component configuration process, as well as how to carry out the information
analysis process. Regarding the export of the project, it is transparent for the user and
can choose between exporting the project as APK (download it on the computer) and
then distribute it in the way that is convenient, or generate a QR code to access it, in
this case the code will last 2 hours. On the other hand, it is advisable to download the
generated projects since they can be removed from the platform for maintenance rea-
sons.

Tabla 5. VEDILS analysis based on Table 2 criteria

Edition Tool VEDILS

Analysis Criteria (ACx) Details

ACx0 Free cloud-based platform

ACx1 Internet connection. User registration required

ACx2 Not available

ACx3 Not programming knowledge required for interface design, but it is necessary have block programming
knowledge for define the logic interaction between game elements [11].

ACx4 Has many tutorials and step-by-step explanations of applications developed with the tool

ACx5 It is possible import others games (.aia) for use in a new one

ACx6 Puzzle

ACX7 QR, location, text and image recognition

ACx8 Images (.png and .jpg), videos( mp4), audio (mp3), 3D models ( obj, 3ds, mds)

ACx9 Allow include text and audio for a greater accessibility in the game

ACx10 Allow collect and register information on player interactions during the game execution. To do so, use a
non-proprietary service (Google Fusion Tables). Use this functionality maybe not be easy for a novel
user.

MAGIS. It is a framework designed and created by a group of researchers from the
Ateneo de Manila University in Philippines. The framework is an extension of the
Unity engine and, seeks to simplify the design of narrative-based games that use the
player's location, such as historical or museum tours. [23] Game development using
MAGIS implies the creation of scenes where for each one of the objects included in
it, a script is generated in the form of a script based on the framework's own com-
mands (and not in the C# language) and with the format TSV (Tab Separated Values)
and the extension .txt. On this point, as the authors themselves point out, creating this
type of files manually can be complex and prone to errors, and to avoid this they have



developed a free access AT, which tries to automate the task, however it presents an
interface that it's not visually friendly, which can be daunting specially for an
inexperienced user. Likewise, the generation of fiducial markers that can be used to
activate AR must be generated with other applications such as Vuforia. Regarding the
possibility of recording and processing the information that occurs as part of the play-
er's interactions, its authors indicate that it has an analysis subsystem that can be acti-
vated in two ways: through the events that take place during the game (i.e., scanning a
scoreboard) or through the scripts that define the game logic using the specific
@analytics commands. The game stores the collected data in cache and then sends it
to the analysis server, where it is recorded for later viewing and analysis. At this
point, the MAGIS user guide does not provide specific information.

Table 6. MAGIS analysis based on Table 2 criteria

Edition Tool

MAGIS

Analysis Criteria (CAX) Details

ACX0
ACx1
ACXx2
ACx3
ACx4
ACX5
ACXx6
ACX7
ACx8
ACXx9
ACx10

Free under GNU license

Unity 5 (2016)

Not available

Knowledge programming required

Has a framework user’s guide and an scripting guide on creating game engine scripts using the AT

Location based adventures

Markers, Location

Images (png), audio (0gg), 3D models (FBX)

Audio could be used as a resource to provide accessibility

Using the functionalities provided by Unity personal version it can be distributed as APK

It has an analysis subsystem, but its use is not specified in the user manual

3 Conclusion and perspectives

The possibilities offered by the MSGs into learning activities are varied and allow to
attend to different aspects: cognitive, emotional and motivational among others, and
in the particular case of those games that include interactions using AR, these possi-
bilities allow to take advantage of the physical environment in which they are carried
out, giving rise to contextualized learning and discovery. However, existing games
are not always adapted to the needs of the application context, so there is a need for
tools that enable teachers with different levels of technical knowledge to advance in
the development and subsequent re-use of SGs. In the case of the tools that were ana-
lyzed in the previous section, TaleBlazer and VEDILS are presented as an alternative
that allow to edit from the cloud, from scratch or based on other games, and where the
distribution of the game developed is carried out in a transparent way for the user,
however it will be necessary to have knowledge of programming using blocks. About
TaleBlazer, although it presents a more limited set of supported augmented infor-
mation, it has tutorials that not only facilitate and guide the use of the platform, but
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also allow to understand the process of design a serious game. Here, an obstacle to
overcome, may be in some cases the AT language.

In the case of U-Adventure and MAGIS, both are presented as alternatives for user
profiles with technical knowledge (configuration in the case of the first and program-
ming in the case of the second) that allow them to advance with the use of a genera-
tion game engine like Unity. In the case of MAGIS, the language used to script the
game scenes can be confusing for a novel user.

Regarding the possibility of having specific functionalities to carry out learning ana-
lytics about the interactions that take place during the game execution, any of the AT
and frameworks analysed, requires an extra effort by the user, although in the case of
U-Adventure having a specific editor integrated into the tool, may be of support for
the process.

Any of the cases analyzed requires an extra effort by the user, to use the functionali-
ties that allow to retrieve information about the interactions that occur during the
game execution (learning analytics), but in the case of U-Adventure, having a specific
editor integrated into the tool, may be of support for the process.

In conclusion, so that teachers can advance in the production of MSGs that include
interactions using AR, it will be necessary not only to have knowledge of instruction-
al design but also technical knowledge that allows to maximize the use of tools
(whether ATs or frameworks) and put them at the service of the pedagogical proposal.
Although the tools analyzed in this work, improve the possibilities of intervention for
development of MSGs by non-technical users, we agree with recent research [29] that
points out the need to advance in the development of tools that improve usability. At
this point it is fundamental the access and use of the tools do not became in a tech-
nical problem.

It is proposed as future work, to approach the design and production of a MSG with
one of these tools, analyzing the roles and interventions of a team in which teachers
with different technical profiles have an active participation in this process.
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