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Abstract. This paper advocates the claim that Open Licences and Open Source
Software are not enough to overcome the barriers to adoption of technologically
innovative Open Educational Resources for educational institutions like schools.
The paper analyses the case of the 4Ts game, a game to support the training of
learning design skills of teachers, to exemplify how four different facets of Open-
ness could be dealt with. These are the Format, Content, Software and Hardware
facets. In fact, OERs for schools need to be flexible in terms of Format and easy
to amend in terms of Content. Software should incorporate built-in features for
personalization and localization that do not require coding skills. Hardware
should be cheap and/or commonly found in schools.

Keywords: Open Educational Resources (OERs), Teacher training, Game
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1 Introduction

Research about openness in educational research can be dated back to the beginning of
the ‘90s, when the first database of so-called “Units of Learning Material” was con-
ceived and designed in the context of the ESM-BASE European project [1]. At the time,
the central idea was to build archives that would make self-consistent chunks of reusa-
ble educational material easily retrievable and accessible by instructional designers and
teachers, in such a way that they could be reused and repurposed for different contexts.
The need addressed was to make multimedia development easier, increase its quality
and, at the same time, widen the target audience.

However, it was only during the subsequent decade that the concept Open Educa-
tional Resources (OER) attracted widespread attention because the world-wide-web
gave a global dimension to the words “accessibility” and “reuse” [2], and many curated
repositories of OERs, such as MERLOT?, were created. The important features of these
repositories is that they allow to retrieve material by discipline, language, school level
and other features and that the open license of such material specifies the extent to

! https://www.merlot.org/
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which anyone can reuse, revise, remix and redistribute the resources (the “4Rs” of
OERs) [3]. In addition, in most cases the quality of the resources is somewhat warranted
by the institution in charge of the repository. Hence, teachers do not need to reinvent
themselves as multimedia developers and students themselves can search and take ad-
vantage of material that satisfies their learning needs, provided they are self-regulated
enough.

Research on OERs has shown that students using OER perform as well as or better
than those using traditional materials [4,5,6]. In particular, Tlili and colleagues’ meta-
analysis [5] found that their use has a positive significant (yet negligible) effect on
learning outcomes, moderated by several variables, like subject, level of education and
others. In addition, OERs (compared to traditional material) can reduce educational
costs for students and institutions [7]. Finally, OERs hold a promise for promoting eq-
uity in education by providing access to learning material regardless of geographical
location or socioeconomic status. However, research has pointed out the need for con-
sidering diverse cultural and linguistic contexts in the development and dissemination
of OER to ensure their relevance and accessibility on a global scale [2].

Research has also addressed concerns about the quality and sustainability of OER
by proposing quality assurance mechanisms for OER repositories and exploring models
for sustaining OER initiatives over time [8,9]).

In spite of these efforts, OER adoption is not as widespread as we could expect and
much of it takes place “below the radar” [10,11]. Hence, researchers explored factors
influencing faculty adoption of OER and their perceptions towards these resources [12,
13], while international organizations like UNESCO promulgated recommendations
[14] concerning national policies that could foster OER adoption. In a similar vein, the
European Commission (EC) is also promoting the Openness of EC-funded projects re-
sults by encouraging and in some cases requiring that their outputs are issued with an
Open copyright license, in line with the Open Science principles. This is also true of
educational material produced within the framework of the Erasmus+ Programme?
(whatever its format). In spite of these important policies, [15] commentary “calls for
a wider discussion to remove a number of barriers to mainstreaming OER in teaching
and learning and argues for a rethinking of the idea of ‘open’ to make it more inclusive
by redefining the concept” ([15], p.369). In line with this call, in this paper, we propose
that we should be as flexible as possible when developing OERs to anticipate problems
that might prevent OERSs uptake.

Against the above-described backdrop, this paper discusses a number of different
nuances that the term Open can take when the OER is a complex innovative resource
comprising tangible, software, hardware components intended to be used in schools.
The discussion will revolve around the case of a game developed to support groups of
teachers while designing collaborative teaching/learning activities for their students,
called the “4Ts game” [16, 17,18]. We will maintain that, when schools are the target,

2 https://erasmus-plus.ec.europa.eu/programme-guide/part-a/important-characteristics-of-the-
erasmus-programme#:~:text=Erasmus%2B%200pen%20Access%20Require-
ment%20for%20educational%20materials&text=The%20materi-
als%20should%20be%20easily,Educational%20Resources'%20(OER).
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extra caution is needed if the aim is to make sure that the teachers will be able to use a
resource, even before they can reuse it. Hence, in the following, we will first describe
the game, and then illustrate the different facets of Openness that were dealt with to
make sure it can be used in different educational contexts. Finally, we draw some con-
clusions concerning the importance of making OERs as flexible as possible, to mini-
mize the effort needed by the teachers who want to reuse them.

2 The 4Ts Game

The “4Ts game”® has been developed since 2015 and tested (based on a user centered
design approach) with different cohorts of teachers, comprising two international co-
horts participating in two different Erasmus+ projects: PLEIADE* and SuperREDS,.
Both projects shared the need to develop the competence of European teachers in the
design of collaborative learning activities for their students, so the game was at the core
of the related teacher training interventions.

The game is based on the 4Ts theoretical model [19], framing the design of collab-
orative learning activities as a complex decision making process concerning four vari-
ables: the TASK (what students are asked to do); the TEAMSs (how students will be
grouped to perform the task together), the TIME (phases and schedule for accomplish-
ing the task), and the TECHNOLOGY (the technological tools and resources needed to
do it).

According to the 4Ts model, designing a collaborative activity means making deci-
sions concerning these four variables in order to achieve the learning aims in the edu-
cational context at hand. As choices concerning any of these variables have an influ-
ence on the others, the design process is iterative and may require several rounds to
fine tune the design in an optimal way. According to the literature on collaborative
learning, designers’ decisions can be made in accordance with well-established tech-
niques [20]), that is, content independent patterns that provide a structure to the col-
laborative activity. To clarify the concept, Fig.1 shows an example of technique,
namely the peer review, and a schematic representation of how it can be implemented
according to the 4Ts model.

3 https://sites.itd.cnr.it/4TsGame/
4 https://pleiade-project.eu/
5 https://www.superred.eu/
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PHASE |
Individual learners are asked to study
selected study materials. Then, individually,
or by interacting in pairs or small groups,

they are asked to produce an artefact on

the studied topic {one week).

PHASE Il
Each learner or pair or small group
(same group size as in Phase 1)
comments on the artefacts that their
peers have produced in Phase |, to
provide suggestions on how the

artefact might be improved.
Comments can be provided using a
text editor; if in pairs or small groups,
interactions can occur via forum.

PHASE Il
Learners produce a new version of
their original artifact based on the
feedback received in Phase IL. If in
pairs or small groups, they interact

f2f or via forum. At the conclusion,
they present their work to the
others in a synchronous plenary
session, f2f or vi oconf.

TASK= Studying
TEAM=individual learners
TECHNOLOGY= selected study material

TASK= Commenting on someone
else’s work
TEAM=small groups
TECHNOLOGY= text editor

TASK= Producing an artefact
TEAM=small groups
TECHNOLOGY= materials and tools
for practice

TASK= Producing an artefact
TEAM=small groups
TECHNOLOGY= materials and tools for
practice

TASK= Presenting work

TEAM=plenary
TECHNOLOGY= projector

Fig.1 How the peer review can be represented according to the 4Ts model.

The 4Ts game is a board game engaging groups of teachers in an interactive, reflec-
tive decision making process centered around the four variables (the 4Ts) of the model
and their inter-relationships. The four variables, in the game, are represented by four
decks of cards (blue cards for techniques, red cards for tasks, yellow cards for teams,
green cards for technology) containing indications on how they can be combined on the
board. The board represents the timeline of the activity being designed. The first version
of the game [18] is paper-based and can be played by groups of teachers standing
around a table where the board lays. Playing the game entails that teachers make their
decisions about the 4 variables by reading the cards, discussing among themselves what
card combination is most desirable for the activity at hand, choosing the agreed cards
from the four decks and positioning them on the board, as in fig. 2. In this version of
the game, a tutor is needed to assist teachers during gameplay and provide feedback
about their choices.
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Fig.2 Teachers playing with the paper version of the 4Ts game.

Once this version of the game was fine-tuned based on a number of real-life experiments [22],
the development of a digital and hybrid version of the game started, in order to do without the
assistance of the tutors while making sure the teams of designers receive instant feedback on their
moves in the game. These versions of the game also allow users to save a persistent configuration
of the board, so that gameplay can be easily paused and resumed after a significant lapse of time
(this was not so easy with the paper version).

The digital version of the game reproduces the board on the screen of an Interactive White
Boardand provides groups of teachers, standing around it (fig.3), with virtual decks of cards from
which they can choose which cards they wish to put on the board (fig.4). The software provides
feedback whenever a card that is not compliant with the board configuration is played (fig.5) and
provides suggestions about what cards can be played upon request. Upon request, the digital
game also indicates whether the technique representation is complete (fig.6).
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Fig.3 Teachers playing with the digital version of the 4Ts game

PREPARING A LIST

3. these might ba posed. o
eper

SUGGESTIONS

Fig.4 Choosing from a deck of cards in the 4Ts game. Clicking the suggestion button one sees
only cards that are compliant with the state of the board.
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STUDYING

CONTEXT
my contex

SELECTED PRESENTATION
STUDY
MATERIALS
GOALS
my goals

CONTENT
my contents

Fig.5 Feedback when a wrong card is played consists in the red triangle (indicated by the ar-

row).
=4
el

STUDYING PRODUCING AN

CONTEXT ARTEFACT
my cortex

GOALS
my goais

CONTENT

y corterts

Fig.6 The completeness check indicates the next board slots to be filled in.

The hybrid version (fig.7), finally, allows teachers to play with the physical board and decks
of cards like in the paper version and, at the same time, receive automatic feedback as in the
digital version. To this end, both the board and the cards are featured with ArUco Markers QR
codes that allow a camera, hanging above the board, to detect the cards as soon as they are placed
on the board by the teachers. The camera informs the software component of the game of the
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moves of the players, and the software activates the same type of feedback as in the digital ver-
sion, displaying it on a PC where the board configuration is replicated. A more detailed descrip-
tion of the digital and hybrid versions of the game is provided in [16].

Fig.7 Teachers playing with the hybrid version of the 4Ts game

The digital and hybrid games can be played with three increasing levels of difficulty. When
the level increases, the degrees of freedom in the choices that teachers can make progressively
increase and the guidance provided by the system decreases. Further details of the digital game
functionalities and architecture are provided in [21].

As mentioned above, game development was carried out through a user-centered
approach, entailing sessions of use with different samples of teachers during several
training interventions. The whole process has involved, so far, more than 100 teachers
from six different European countries (Italy, Bulgaria, Cyprus, Greece, Spain and Bel-
gium). These real-world experiments with the game allowed to assess game acceptance,
ascertain the effectiveness of its approach, and compare both of these aspects across the
different versions of the game. These qualitative and quantitative data are provided and
discussed in previous publications concerning the game [22, 23] and have informed
game design choices up to now. However, the focus of this paper is not on game ac-
ceptance or effectiveness, but rather on ways to facilitate its uptake by teachers working
in different contexts. Evidence of success in this regard can only be collected in the
long term, well after the end of the two projects that provided the conditions for its
development. At the time of writing, we can only say that, for the teachers involved,
customising the game to their local context was rather quick and easy, as discussed in
the following.

3 Facets of Openness of the 4Ts Game

As mentioned in the introduction, this paper aims to propose the authors’ reflections
concerning a number of facets of the term Open, as it has been interpreted during the
development of the 4Ts game. Clearly, this particular OER is a complex one, not just
because it is a game, but because it is a complex and cutting-edge piece of technology



Facets of Openness in a serious game 9

intended to be used in teacher professional development, possibly in schools or in
teacher training institutions, with or without the support of a teacher educator.

As [15] posits it, the original thinking behind OER was “to create universally avail-
able educational resources that can improve the quality of teaching and learning”
(p.369). The expression “universally available” also means “universally usable”, where
the concept of “usability” must relate to the typical contexts of use, by the typical users.
If an OER features clash with the needs and affordances of the operational contexts of
prospective users (in our case, teachers and their schools), endowing them with an open
license is useless as the risk that usability barriers prevent adoption prevails.

In the case of the 4Ts game, there are at least four facets that should be considered
in order to make sure the game can be (re-)used by teachers in schools, teacher training
institutions and the like: the format, the content, the software and the hardware.

3.1 First Facet: Format

As mentioned above, the 4Ts game has been developed in three formats. The paper
format offers the possibility to manipulate the cards and to “see” the design being pro-
duced on the board to all the teachers of the team working on it. From our preliminary
experiments with the paper version of the game [24], it was soon clear that teachers
welcomed the possibility to use the cards as mediating artefacts of their discourse
around the design choices. The game stimulated collaboration among the teachers
around the design and this is per se an interesting result, given that designing for stu-
dents’ learning is all too often an individual task. The collaboration, in turn, triggered
reflection on the content of the cards, that is, the way Tasks, Teams, Technology can
be combined among each other and laid on the board, to form a coherent collaborative
technique.

In terms of user-friendliness, this format of the game is the easiest to use, because it
does not require any complex technological setting and there is no interaction envisaged
with the technology.

However, the usability of the paper format can be limited by the need for the pres-
ence of a tutor who provides feedback and advice on the teachers’ choices. Besides, the
persistency of the setting is generally limited to a game session. In the context of the
above-mentioned projects where the game was tested, the game was to be used by
teachers in different European countries and its usage could not be bound to the constant
presence of a teacher trainer. Hence the decision to implement the digital and hybrid
versions, capable of providing feedback when a card is put in the wrong position of the
board and advise the teachers when they are stuck and do not know how to proceed.

Both these formats have their affordances and limitations, in terms of usability.

As mentioned above, to play the game in its full-digital format an Interactive White-
board is strongly desirable, because playing the game on a PC would hardly trigger the
desired collaborative dynamics. Interactive Whiteboards are frequently found in many
European schools and teachers can gain access to them in their spare time (this, at least,
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was the case in the two European projects where the game was tested®). In our experi-
ments with the hybrid and digital version of the game [16], the usability of the digital
version was judged positively by teachers. However, the full-digital version does not
offer the “mediating artefact” power of the physical cards and board.

The hybrid version, instead, takes the most from the technological affordances of the
digital one (like the possibility to receive feedback from the system), along with the
advantages of manipulating the physical cards and positioning them on the paper board.
The technological component, in fact, only serves the purpose of providing real-time
feedback or suggestions on a laptop close to the board (fig. 3). In terms of usability,
although in our experiments [16] also the hybrid game was evaluated positively, this
was regarded as slightly more cumbersome in respect to the digital one, due to some
difficulties caused by the setting, which sometimes turned out to be ‘delicate’ (e.g. due
to accidental collisions with the camera or the table).

The availability of three formats of the game allows teachers to choose the one more
fitting with the facilities available in the specific context / school at hand, thus poten-
tially widening its adoption.

3.2  Second Facet: Content

As said, the 4Ts game cards contain a text with prompts /indications on how the card
(be it a Technique, a Task, a Team or a Technology card) can be combined with the
other cards on the board in a coherent manner. Teachers are expected to read these
indications and make their choices accordingly. For example, if the task students are
expected to carry out is to “debating”, then the card is preferably combined with groups
of any size (Team made up of one person cannot carry out this task) and videoconfer-
encing systems (or face-to-face settings), while if the task is to “study”, individual work
is deemed preferable (although in the game studying in pairs or in group is also possi-
ble) and the technology needed consist in the resources to be studied (and communica-
tion technology when the task is carried out in groups). These “rules of the game” are
made explicit on each card but also incorporated in the digital component of the game,
so that feedback is built upon them (see section “Third Facet: Software” below.

As in many countries teachers are not necessarily fluent in English, the cards content
(originally in English) can be easily translated into other languages. This is allowed by
the fact that the text of cards is not embedded in the game code, but rather it is separately
stored in a Google sheet. We experimented this feature during the above-mentioned
projects, as in these contexts the need clearly emerged to have the cards in different
languages (particularly in Italian, Greek and Bulgarian). The cards were easily trans-
lated by some English-fluent teachers who volunteered to do so for their colleagues.
This task did not require any coding skills, but only respect for the positioning of the
text in the spreadsheet cells and strict adherence to the original text, as well as adoption
of a coherent terminology. This way, one of the frequently mentioned barriers to the
adoption of OER, that is, the lack of resources in languages other than English [24], can
be overcome.

6 The schools involved were located in Belgium, Spain, Italy, Bulgaria, Greece and Cyprus.
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Moreover, it should be noted that the degree of flexibility provided by this simple
expedient has much more to it than just allowing easy translations. In fact, it provides
the possibility to overcome cultural barriers as well (for example, aspects of content
that are unsuitable in one culture can be changed instead of being just translated) and
some non-trivial repurposing can also be done. For example, in response to the needs
of the two projects where the game was used to focus also on inclusive pedagogical
approaches, the content of the cards was more significantly modified by adding to the
text a number of “inclusion tips” concerning the inclusive potential of each card. These
tips are intended to explain how each Technique, Task, Team or Technology should be
used in an inclusive manner. An example of card with “inclusion tips” is provided in
fig.4. Thus, thanks to this feature, the content of the cards can be easily customized,
according to the specific needs of the contexts. This allows for further adoption even in
training contexts that address different issues.

TASK

COMMENTING ON SOMEONE ELSE'S
WORK

Providing feedback about the work of
others, with suggestions about how that
work might be improved. It often follows and
is followed by a production task, e.g.
“Writing a text”, “Producing an artefact”,
“Preparing a Presentation”, because it aims
to improve the product. It can be carried out
individually (one-to-one feedback), in pairs
or in small groups (group-to-group
feedback) and can be reciprocal or cyclic.
The feedback may be produced using a text
editor or a wiki software and provided
asynchronously in a forum, or
synchronously in f2f settings (no
technology).

This task requires a minimum of one week.

Inclusion Tips

This is a tricky task inclusion-wise. In providing the
feedback, some students need to learn to be
diplomatic, others are not 100% honest. Some are not

prepared to accept criticisms from peers. The social
skills involved in this task are essntial to preserve a
peaceful, friendly and collaborative atmosphere,
without which inclusion cannot be be achieved.

Fig.4 An example of Task card with related “inclusion tips”

In addition, there is another form of Open content actually embedded in the game:
the so-called collaborative techniques. These are fully fledged “design patterns” [26,
27] that, once understood and appropriated by a teacher, can be reused in a number of
different educational contexts by changing the learning aims and disciplinary contents.
For example, the well-known technique of Peer Review can be used by a teacher to
engage students in a three-phases collaborative pattern of activity whereby two groups
of students produce two artefacts working in parallel, then, in a second phase, one group
provides feedback to the other group to help them improve their artefact and vice-versa,
and in a third phase each group changes their original artefact based on the received
feedback. This technique can be used in all disciplines, provided the teacher apply it
appropriately. It is like applying the same algorithm in different software applications,
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by changing the input data to which it is applied. This practice, according to some au-
thors, can be termed an Open Educational Practice [28].

3.3  Third Facet: Software

As far as Open software is concerned, the Open Source paradigm [29] is worldwide
embraced and adopted by several software developers’ communities. This paradigm is
underpinned by principles that are similar to those sustaining open education.

Specifically, the architecture of the digital and hybrid 4Ts game comprises three
layers [17].

The top layer, i.e. the user interface, handles the board and the cards, and although
it is implemented in Unity™ (a proprietary game engine), its code is Open Source. To
implement the augmented features of the hybrid version, the OpenComputerVision li-
brary of ArUco markers was used’. These are synthetic square markers composed by a
wide black border and an inner binary matrix that determines its identifier. Basically,
they work like QR codes, but they are smaller and openly available.

The middle layer is in charge of the business logic: system initialization, persistence
management, syntax checks, output formatting, etc. This layer is implemented in C#,
whereas queries and responses returned to the business logic are expressed in XML
syntax.

The bottom layer implements the rules describing how the cards can be combined
on the board and performs all the checks needed to identify errors in gameplay. This
layer is the game “knowledge base” and it is implemented in SWI-Prolog. The code is
Open Source and hosted on GitHub. The knowledge base is located in a separate net-
work node (a server in the cloud) and can serve in parallel different interface clients.
Prolog programming competence is needed in order to add cards or change the rules of
the game.

The game runs on macOS or Windows with the latest OS and with at least 8GB of
ram. The complete User Guide is provided in [30]. Moreover, in Appendix 2 of [31]
the complete technical documentation for developers with all the information needed
to customize the game software is provided. All code is released under a General Public
License.

As said in the introduction, the Open Source requirement of all project outputs is
certainly in line with the principles of equity and democratization inspiring the whole
Open Education movement. However, few teachers possess the competence needed to
amend or customize a complex software system like the 4Ts game. Hence, personal-
izable features have been built in the system, at least for those aspects that our experi-
ments revealed as potentially in need for personalization or localization. So, similarly
to what has been done with the card content (see section above), in the game a number
of “Jolly cards” was included, that users can fill in with whatever Task, Team, Tech-
nology or Technique they wish to add to the list of pre-defined cards. This allows teach-
ers who do not possess programming competences to significantly customize the game.

7 The “OpenComputerVision” library of ArUco markers by Oleg Kalachev can be found here:
https://github.com/okalachev/arucogen)
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3.4  Fourth Facet: Hardware

As far as hardware is concerned, again, the game developers made an effort to meet the
needs of their target, i.e. primary or secondary schools, bearing in mind that in general
they cannot count on expensive equipment and facilities.

As far as the paper game is concerned, of course there is no hardware required, only
the board and cards need to be printed. They are freely available online in PDF format
and can be easily downloaded from the game website®and then printed. Cards can be
printed by any printer usually available in schools (and then be cut out with scissors).
The board too can be printed ‘in house’ using A4 papers, but in this case A4 papers will
need to be ‘assembled’ to form the whole board. As an alternative, a more long-lasting
board can be printed with relatively low cost by a professional printing service, which
can also use cardboard, fabric or Low Density Polyethylene Cardboard.

As far as the digital version of the game, as already mentioned, the game is expected
to run on an Interactive Whiteboard (usually available in schools) or on smart TVs,
possibly with touch screens.

Regarding the hybrid format, while the cards and board need to be printed exactly in
the same way as for the paper version and then laid on a table, the setting also requires
a camera (an inexpensive model is allowed, because high precision is not needed) and
a stick to fix the camera above the table (it can be a cheap microphone holder, that can
be bought on the internet for less than 30€).

Thus, while in principle all the three versions of the game can be adopted even in
schools with limited resources, each school is free to choose the setting which fits better
with its own aims, equipment and facilities.

4 Conclusive Remarks

A plethora of studies has focused on OERs, their definition as well as enablers and
barriers to their adoption in all educational contexts. In parallel, research agencies fund-
ing projects at national and international level have adopted policies intended to foster
Open Education practices [32]. While there is no disagreement that adoption needs to
be encouraged [33], “Open education often does not live up to its own vision: in prac-
tice, unequal access to communications technology, unequal distribution of basic study
skills, and unavailability of resources in certain languages mean that open approaches
can act as a force for exclusion rather than inclusion” [25].

In this contribution, we discussed the approach adopted in developing a serious game
intended for use by school teachers during training which has been developed in the
framework of two Erasmus+ projects. The belief behind this approach is that when
developing advanced technological tools for use in schools, Open Source software and
intellectual property licenses are not enough. Uptake should be facilitated with a very
pragmatic approach by developing material which has built in features for localization
and adaptation to different contexts, and do not require unrealistic equipment or facili-

8 https://sites.itd.cnr.it/4TsGame/
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ties in the context of use. It is well known that not all schools have plenty of technolog-
ical and economic resources and face different difficulties in terms of educational chal-
lenges. For this reason, both the digital and the hybrid versions of the game described
in this paper were developed to be run on operating systems with basic requirements
and relying on hardware that is likely to be already part of any school facilities or can
be purchased with limited budget. In particular, as far as the hybrid version is con-
cerned, an alternative solution could have been implemented relying on digital tabletops
or touch tables, but this was avoided on purpose considering that these technologies are
usually not part of a typical school equipment. As we have mentioned, the resulting
setting of the game presents some weakness, so we believe further research should be
conducted to find solutions that strike the balance between providing cutting- edge
technological tools and ones that can realistically be adopted in schools on a large scale.

Besides, computer science competences are not frequently part of teachers’ skills.
Hence, even before making sure that the software can be amended, it is important that
the tools proposed are flexible in terms of format, content, software and hardware re-
quirements in order to make use and adaptation possible with little effort and average
teachers’ competences.
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