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Abstract. This paper outlines an intervention utilising digital game making as a
teaching delivery method for curriculum-based learning. Research has demon-
strated that digital game making can provide a powerful means of engaging learn-
ers by leveraging the popularity of video games and can be particularly effective
at engaging the unengaged, including those with learning difficulties. Past work
has tended to focus on smaller scale, specific evaluations and not examined the
potential of digital game making in subject based teaching in real settings. This
work seeks to address this gap by defining a digital game making intervention
that utilises game templates to teach United Kingdom (UK) based curriculum
topics. Four schools were recruited who provided seven classes of students
(N=157) to take part in the study; these included mixed ability classes and two
classes comprised of learners with Special Education Needs and Disabilities
(SEND). In conjunction with teachers, digital game making sessions were scaf-
folded around game templates. These were implemented into teaching practice
to deliver a curriculum topic taught over an eight-week period. An evaluation
strategy was developed that utilised a mixed methods approach to evaluate
learner engagement, collaboration and inclusion across sessions. This included
quantitative data captured using an in-class observation tool, and teacher inter-
views yielding qualitative data analysed using Thematic Analysis (TA). This pa-
per demonstrates that digital game making can be used to teach a number of top-
ics outside of computing. Findings from analysed data demonstrate that such ap-
proaches provide more engaging and inclusive learning experiences in the class-
room.
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1 Introduction

The application of digital game making in teaching is experiencing wider adoption and
implementation due to the proliferation of Visual Programming Languages (VPL); for
example, Scratch (Resnick, Maloney, Monroy-Hernandez, Rusk, Eastmond, Brennan,
et al., 2009) and Create@School, an Android based version of Pocket Code (Slany,
2014) developed for schools (Catrobat, 2017). Such applications leverage the popular-
ity of video games to provide learning pathways, and their multi-modal nature allows
varying modes of interaction. For example, digital game making has an obvious focus
on logical programming but also on asset creation. Indeed, Kangas (2009), suggests
that the construction of game artefacts leads to the construction of knowledge in learn-
ers when co-creating games. Digital game making can therefore provide multiple ave-
nues to engagement, either by developing the game itself or by designing appropriate
assets for use in the game.

Game play in general can improve learning inclusion; Malinverni et al. (2016), sug-
gests that for learners with autism, games can provide opportunity for therapeutic treat-
ments. This is due, in part, to video games being foundational to young people’s hob-
bies and interests and therefore it can be powerful means to stimulate curiosity for
learners with special needs (Griffiths, 2002). Furthermore, work by Gabriel and Vienna
(2008) suggest the introduction of game creation in school-based learning can posi-
tively influence engagement and persistence in education. This is partially due to stu-
dents having a greater degree of ownership over the work gained through the develop-
ment process. However, relatively little work focusses on digital game making as op-
posed to gameplay as a means to encourage inclusive learning, particularly for learners
with Special Education Needs and Disabilities (SEND) and those learners identified as
“at risk” of exclusion who are situated in mainstream education. Furthermore, digital
game making can be difficult to implement, requiring specific teaching skills in pro-
gramming and tailoring to the complex needs of students with a wide range of abilities.
Such is the focus of this paper that presents data from a trial of digital game making
using game templates delivered as a teaching intervention across a mix of primary,
secondary and special schools. Game templates are specifically explored as a means of
reducing barriers to access for both teachers and students as they are readily deployable
frameworks for making digital games.

This paper is organised as follows. The following section outlines the benefits of
using digital game making for learning and highlights the work still to be done. Next is
an overview of the pedagogical implementation that uses game templates in the Cre-
ate@School VPL application. An outline of the methods and data collection instru-
ments is provided that detail the protocols followed. Quantitative data analysis exam-
ines any potential differences in digital game making sessions compared to appropriate
controls and qualitative data collected from teachers further explores the intervention
implementations. Conclusions and recommendations for further work are then made.



1.1  Digital Game Making and Educational Benefits

The use of VPL offer new methods of fostering learning and promoting key skills de-
velopment. Past work has demonstrated that the use of languages such as Scratch can
promote the development of scientific knowledge in young learners by focusing on the
process of asset creation and thus making programming a “need-to-know” construct
(Baytak and Land, 2011). Visual programming and game creation in Scratch has also
been shown to increase a positive disposition towards mathematics in 64 students who
took part in a 6-week long intervention of two VPL sessions per week (Ke, 2013).

Scratch has also been shown to be a potential means of improving problem solving
skills (Kalelioglu and Giilbahar, 2014; Fesskis, Gouli & Mavroudi, 2013), though these
studies did not identify statistically significant results or include comparative measures.
Where such measures have been used (Kalmpourtzis, 2019), there is some evidence
that game creation can positively influence problem solving skills. However, such ap-
proaches require appropriate teaching interventions such as proposed and described in
our work. Furthermore, Lye and Koh (2018), utilised a series of case studies demon-
strating the use of Scratch is effective in teaching computational thinking in elementary
school children.

A number of studies, as shown in a meta-analysis, have also focused on the role of
game creation using VPL in improving engagement with, and ability in, computational
and systems thinking (Werner et al., 2014). Craft-based approaches with tangible out-
puts can broaden participation in computing; interestingly, however, the need for scaf-
folding in how the challenges are structured was highlighted (Kafai et al., 2014; Silan-
der et al., 2020). This highlights the need for structured approaches to using such tech-
nigues such as game templates. Similarly, Akcaoglu and Green (2019), demonstrated
an improvement in design skills and systems analysis through a quasi-experimental ap-
proach where the treatment utilised game design techniques. Similarly, Bulut et al.,
(2022) utilised a pre-and-post-test measure of creativity to observe the effect of educa-
tional game design on young learners. Findings suggest improvements in general crea-
tive thinking ability. This was focussed on game design itself and not as part of any
particular curriculum-based teaching activity.

While these studies demonstrate the transferable skills in computational thinking
that can be developed using digital game making, we ask if such techniques can foster
the development of curriculum centred knowledge found outside of computing pro-
grammes of study and what should such approaches look like?

Where groups at risk of exclusion are concerned, improvements in computational
thinking for students on the autism spectrum when using a Scratch based intervention
were observed (Munoz, Villarroel, Barcelos, Riquelme, Quezada, & Bustos-Valen-
zuela, 2018). Furthermore, research has demonstrated that collaborative game design
can improve digital competencies in both in and out of school activities (Laakso,
Korhonen & Hakkarainen, 2021). This can also provide learners with an opportunity to
take differing perspectives from their own during the design process if instruction is
appropriately scaffolded (Dishon and Kafai, 2020). While Denner (2011), found that
not only did game creation positively influence computational thinking but was partic-
ularly effective for female learners who typically experience exclusion in such sessions.



This is mirrored in work by Fisher and Jenson (2017), who suggest that game making
reduces barriers for girls to education as they gain tangible ownership over their learn-
ing through construction of their own subjectivities, thus promoting engagement.

Hence, several works promote the power of game making in encouraging engage-
ment for learners that may be seen as at risk of exclusion.

Indeed, digital game making using VPL has been highlighted as a means of “engag-
ing the unengaged” (Thumlert, de Castell & Jenson, 2018), through its use of a produc-
tion pedagogy that enables students to learn through the process of creating artefacts
and assets that have value to them as individuals. Maloney et al. (2008), for example,
found that the Scratch’s simplified, multimedia-based approach was effective in in-
creasing engagement in programming for urban youth. Where SEND learners are con-
cerned, engagement is noted as the single most important indicator of learning (lovan-
none, Dunlap, Huber & Kincaid, 2003) and has been used as a measure for assessing
teaching impact for SEND learners in related work (Hughes-Roberts et al., 2019).

Such constructionist approaches allow learners to better connect to each other and
address issues of access. It is also suggested that the focus of research should be on the
role of collaboration in the game making process as opposed to examining only the
benefits to learning coding (Kafai and Burke, 2015). It is suggested that digital game
making can create a more collaborative learning environment that better connects learn-
ers through shared interests. Furthermore, there is evidence that learners with SEND
can improve their social skills when utilising digital game making, as observed in an 8-
week study with autistic students engaging with Scratch (Eiselt and Carter, 2018).
Meishar-Tal and Kesler (2021), suggest that improvements can be made across a
number of learning skills including cognitive and emotional skills when using tools that
generate games for learning. However, as noted by the authors, this small-scale study
requires further case studies and interventions to confirm their findings.

The potential benefits of digital game making appear to be well presented in re-
search. However, research prioritising a long-term perspective, and which examines the
benefits of digital game making in achieving curriculum learning objectives across a
variety of subjects outside of STEM is lacking. Indeed, it has been noted that past stud-
ies often have a lack of clarity in their methods and require a longer-term application
in their interventions (Standen & Brown, 2014; Denner et al., 2019). Furthermore, typ-
ical classrooms are often made up of cohorts of mixed abilities, including students clas-
sified as at risk of exclusion due to their individual learning needs. Given that digital
game making has been used to engage the unengaged, it may also be well-suited to
improving inclusion with learning for students with SEND. As pointed out by Meisher-
Tal and Kesler (2021), studies tend to focus on improving computational skills and
more work is required that generalises game making across a variety of subjects in
school learning and does so through a longitudinal intervention-based trial.

Past work (Hughes-Roberts et al., 2020; Boulton et al., 2020) has provided some
demonstration of the promise that digital game making holds for classroom teaching in
lessons outside of computer science or information technology. Here, digital game
making was implemented within lessons focussed on history and life skills, and find-
ings suggested that this approach was at least as engaging as traditional teaching meth-
ods and, in some cases, more engaging while fostering greater opportunity for



collaboration. However, this pilot study lacked longitudinal approaches across more
diverse test centres and suggested the need for formally defined templates that allow
focus on a range of curriculum subjects rather than primarily learning to program.

There is a need, therefore, for a longitudinal trial of digital game making within
classroom teaching in order to validate the apparent benefits it provides. Furthermore,
given the complex nature of digital game making from a skills-based perspective, sound
pedagogical designs and learning approaches are required that enable its deployment
across a range of curriculum subjects.

Applications such as Create@School provide opportunity for developing such tech-
niques. Create@School offers a simple to use VPL designed to facilitate digital game
making. Its availability on the Android platform affords a low barrier to entry for
schools (Catrobat, 2017). Furthermore, it allows integration of pre-made game tem-
plates which can scaffold activities based on teacher requirements as noted as important
in the literature. Game templates allow the focus to be maintained on the content and
learning material, while still utilising the benefits of a digital game making teaching
method (Speiler et al., 2018; Hughes-Roberts et al., 2020). They also provide a means
of scaffolding sessions, making the created games “objects to think with” (Dishon and
Kafei, 2020). Furthermore, these templates also improve access for teachers, particu-
larly for those without the necessary skillset to implement or troubleshoot the more
advanced game programming concepts. Related work using Create@School mirrors
these results where evaluation of its use has found increases in student creativity and
enthusiasm for learning (Spieler et al., 2018).

1.2 Research Aims

This study aims to evaluate digital game making in both special education and inclusive
classrooms using game templates to scaffold the activities of students with learning
disabilities. A within-subjects experimental design is utilised that deploys digital game
making as a teaching intervention. In this design, baseline measures are taken from
normal curriculum-based teaching and compared to curriculum-based teaching that
uses game templates to scaffold digital game making activities. This study therefore
explores the following research questions:

RQ1. What is the impact on learners when utilising digital game making and game
templates, and what impact can it have on fostering an inclusive classroom? This paper
proposes a novel teaching framework utilising digital game making and game tem-
plates. Related work suggests that digital game making can improve engagement for
learners at risk of exclusion and promote collaboration through shared interests. There-
fore, this research sees engagement and collaboration as indicators of inclusive learn-
ing, and we seek to validate wider research findings though a full trial exploration.

RQ2. What are the outcomes, benefits and challenges to using such approaches in
classroom teaching? As well as deploying a longitudinal trial, there is a need to evalu-
ate digital game making using a mixed-methods approach to provide rich recommen-
dations for its use in the real world. As such, teachers form part of our group of partic-
ipants and are asked to take part in qualitative data collection sessions.



This study differs from others in its implementation of the intervention within real
classroom settings taking the place of real curriculum-based teaching outside of com-
puting-oriented subjects. All students across each site therefore experience typical cur-
riculum teaching and then suitably comparable sessions delivering curriculum-based
teaching with digital game making.

This study formed part of the Horizon 2020 (No 645215) project No One Left Be-
hind which “sought to allow children to use a non-leisure gaming ‘toolkit’ to develop
digital games on mobile devices — with the aim of enhancing their abilities across all
academic subjects, as well as their logical reasoning, creativity and social skills” (No
One Left Behind, 2017).

2 Research Model

As pointed out in the literature, there is a need for full trial interventions of digital game
making in teaching to validate research results. As such, a mixed method approach was
deployed consisting of a longitudinal trial where digital game making techniques scaf-
folded teaching sessions. Quantitative data was collected through in-classroom obser-
vations and qualitative data collected from participating teachers at the trial conclusion
using semi-structured interviews and thematic analysis.

The study utilised the Create@School visual programming environment, an en-
hanced and accessible version of Pocket Code tailored to the educational domain within
the EU H2020 No One Left Behind project (Catrobat, 2017). This version added an
implementation of the Global Public Inclusive Infrastructure (GPII) which allowed a
degree of personalisation. For example, allowing accessibility for students with special
educational needs, such as bigger sizes of text for easier reading, the use of symbols as
an alternative to text, appropriate colours and contrast for those with visual impair-
ments. This was designed following an extensive evaluation of the software within an
educational setting (Gaeta et al., 2019). A suitable curriculum topic was selected by
teachers and a module of teaching material using Create@School was co-designed with
them. The module of teaching took place over the course of a school term of around 8
weeks. This included the development of individual lesson templates incorporating the
previously developed game templates to achieve session learning outcomes. Game tem-
plates were used to structure the sessions. These provided teachers with accessible
teaching material, so sessions would not have to be created from scratch, nor require
more than basic programming knowledge. Furthermore, the templates allowed learners
to focus on content creation, whilst preventing the complexity of game programming
concepts from becoming a barrier to the inclusion students with a range of cognitive
impairments.

Sessions were delivered by the usual class teacher supported by a researcher trained
in the use of Create@School. A research assistant was also in both control and inter-
vention sessions, carrying out data collection through observation.



2.1  Outcome Measures

Outcome measures included engagement and collaboration, where data was gathered
through direct observation during real teaching sessions, and via interviews with teach-
ers at the end of the study. As such, methods were derived that affected these sessions
as little as possible and were as unobtrusive as possible. An observation protocol pro-
vided a means for recording learner state based on seven observable behaviours.
Broadly, these behaviours represented a state of off-task (not engaged), on-task (en-
gaged) and on-task with others (collaborating); examples of such behaviour which
guided the observer are found in table 3 below. This tool was built on the observation
tool developed in Hughes-Roberts et al., (2020) which was modified from the STROBE
classroom observation tool (O’Malley, Moran, Haidet, Seidel, Schneider, Morgan et
al., 2003). A trained research assistant sat in all intervention and control sessions and
using a time sampling technique coded the observable student behaviour; this is out-
lined in detail later in the paper.

To validate the observation data and to add to the emerging learning behaviours that
cannot be easily quantified, a semi-structured interview was used with subsequent the-
matic analysis.

2.2 Procedure

Prior to the start of the study teachers attended a training session in the use of Cre-
ate@School including using the App to facilitate digital game making in the interven-
tion sessions and a grounding in basic programming concepts for those unfamiliar. A
summary of courses, topics and accompanying game templates can be found in table 1.
Following the training, teachers selected appropriate modules of teaching that would
suit the implementation of digital game making as a teaching method. A timetable for
the sessions was devised that fitted with each school’s typical teaching expectations.
Each session was designed using a suitable game template with the focus on the learn-
ing objectives that would otherwise have been taught for that module of curriculum
content. The sessions took place over a normal school teaching term and consisted of
up to eight, one-hour classroom sessions taking place once per week. In instances where
the module of teaching required less time, fewer intervention sessions were utilised.
Teachers proposed suitable control conditions from sessions that were available in the
teaching timetable. Identification of controls was based on the similarity of the learning
objectives and teaching methods to proposed intervention sessions. The measurement
for the control sessions were taken prior to the intervention sessions being carried out.
Each class provided their own control teaching sessions for comparison with the inter-
vention sessions using game templates.

We do not compare amongst classes across the different test centres due to the in-
herent variability in learner characteristics (see Table 2).

Table 1. — Test Centre Session Overview

School Topic Course Game Tem-
plate




Centre la Anglo-Sax- History Quiz
ons
Centre 1b Space Science Adventure
Centre 1c Food from Geography Puzzle
around the
world
Centre 2a Work  and Work and life Adventure
Life skills skills, literacy,
IT
Centre 2b Work and Work and life Adventure
Life skills skills, IT
Centre 3 Atoms, ele- Science Action
ments and
compounds,
energy
Centre 4 Life cycles Geography Action

An example intervention session for Centre 1a would include a game template con-
taining a single scene and the programming logic for one multiple choice quiz question
with answers represented by appropriate media (images, sounds etc.). Following some
didactic content delivery on the topic, learners would complete the quiz by compiling
appropriate questions and content. Those comfortable in doing so could then expand
the program by adding more scenes and gamified elements, e.g. scores, timers and so
on. An equivalent control session would mimic the process but using paper and pencil
derivatives for content production as the students would typically. To provide a further
example, the adventure template would provide a scene of a story which can be ex-
panded with content that adds characters, scene assets, narrative choices etc. An equiv-
alent control included a derivative of the process, using storyboarding techniques akin
to creating comic strips.

The project was fully ethically approved by the Nottingham Trent University Joint
Inter College Ethics Committee and parental consent gained from each participant. Par-
ticipating teachers also signed their consent to their project involvement including data
gathering from interviews. Each session was attended and observed by a trained re-
searcher where the observation protocol was utilised to determine participant engage-
ment through the time sampling method.

2.3  Research Context

A number of schools provided case studies for the intervention implementation. Case
studies followed a within-subjects experiment design where typical teaching sessions
were observed as controls to gain baseline measures of engagement and collaboration
for later comparison to intervention-based sessions using the same participants. Session
learning outcomes and lesson plans were co-developed with the teacher responsible for
each class of participants. Teachers were also asked to identify appropriate sessions to



utilise as control conditions where learning outcomes and level of challenge matched
the intended intervention sessions. All sessions were delivered by the teacher as usual;
intervention sessions were co-delivered alongside a trained researcher versed in digital
game making using the Create@School App. Each session was observed on site by an
evaluation researcher who gathered quantitative measures of engagement and collabo-
ration to evaluate research question 1. Following the trials, semi-structured interviews
were utilised to gather data on the use of digital game making as an inclusive teaching
tool and to capture nuanced data on issues such as other learner outcomes that were not
quantified through the observation protocol (research question 2).

Participants were recruited from four schools within the UK: two primary schools,
one special education school and one secondary school. One of the primary schools and
the special education school provided several year groups. These sites were chosen as
they provided participants that matched the target profile of the study as all schools
contained classes of mixed ability students with several identified as at risk from ex-
clusion. The special education school, in particular, provides for needs of children and
young people who have severe, profound and complex learning and physical difficul-
ties and disabilities. Certain pupils may also have associated needs in the areas of emo-
tional/social and communication and interaction such as autistic spectrum disorder
and/or speech and language difficulties. These are always in addition to the primary
learning need. The study design, where the participants acted as their own control, ac-
counted for the heterogeneous nature of the sample where a paired control would be
difficult to identify and achieve, and highlighted as an appropriate experimental design
in technology related projects involving such pupils (Hughes-Roberts et al., 2019).

2.4  Research Sample and Participants’ Detail

Participation was voluntary and teachers nominated specific classes to take part in the
study to meet the inclusion criteria for the study. Participants within each class fell
within the age range defined by their year group and each class catered for a range of
abilities typical for the school and age range. Full details of participants can be found
in table 2.

Table 2. — Participant Overview

Test Cen- Year Stu- School Learner Characteris-
tre (anon) Group dents Category tics
Centre la Yr6 30 Primary Mixed Ability, including

students: with moderate
learning disabilities, with
low literacy levels

Centre 1b Yr5 30 Primary Mixed Ability, including
students: with moderate
learning disabilities, with
low literacy levels
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Centre 1c Yr4 30 Primary Mixed Ability, including
students: with moderate
learning disabilities, with
low literacy levels

Centre 2a Yrll 12 Special All students have severe
learning disabilities

Centre 2b Yr12 5 Special All students have severe
learning disabilities

Centre 3 Yr8 27 Secondary Mixed Ability, including

students: on SEN register,
with low literacy levels,
with below average cogni-
tive test scores

Centre 4 Yrs 23 Primary Mixed Ability, including
students: on the SEN regis-
ter, with moderate learning
disabilities, on the autistic
spectrum

Note for mixed ability classrooms, around half of the class would be at a below av-
erage learner level for their age group either due to the reasons outlined in the table or
their general cognitive development.

2.5 Instruments

The observation protocol was based on the STROBE classroom observation tool
(O’Malley et al., 2003; Kelly, Haidet, Schneider, Searle, Seidel & Richards, 2005)
which sought to capture target behaviour over fixed intervals (Alessi, 1980). Using this
tool, a trained researcher selects a participant from the sample population and over a
twenty-second window observes their behaviour. The behaviour exhibited at the end of
the window is then recorded using the behaviour codes found in table 3. This momen-
tary time sampling technique was chosen, as it is more likely to capture changes in
behaviour compared to partial sampling (Rapp, Colby-Dirksen, Michalski, Carroll &
Lindenberg, 2008), where the behaviour simply has to be observed at any point during
the sampling window. Partial sampling is not suitable for this study as engagement
should be a persistent behaviour. This process was repeated every five-minutes for the
duration of the session; and each five-minute window included a sample of five partic-
ipants. Other behavioural measures were taken concerning the teacher behaviour and
overall class behaviour.

Table 3. — Behavioural Observation Codes

[ Code | Learner Behaviour
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1 Off-task — engaged with another behaviour e.g., looking at phone or
other material.

2 Off-task — disruptive to peer or peers.

3 Reading, writing, typing, listening — could be following the session
but difficult to determine, could be waiting for the next instruction.

4 Following along with instructor or with learning material — e.g., off
slides, from a book, in response to a request for help etc.

5 Receiving personal tutoring or interacting with teacher; demonstrat-
ing work to them etc.

6 Demonstrating work to another student. Receiving demonstration
from a peer.

7 Working with another student or groups of peers to solve problems.

8 Wanting to participate/speak/demonstrate (arm raised) or actively
participating — answering questions or demonstrating work to the class.

Data from the 8-point behaviour scale was then recoded to determine broader in-
stances of engagement and collaboration; for example, codes 1-2 demonstrate no en-
gagement, any other code engaged (3-8), and codes 6-8 engaged with collaboration.
After all sessions had been observed and coded using the observation protocol, the Sta-
tistics Package for Social Sciences 20 (SPSS) was then utilised for further analysis. As
noted, this approach was developed during piloting phases of the study, details of which
can be found in a separate publication (Hughes-Roberts et al., 2020).

It should be noted that a limitation of this approach is the potential to under-represent
behaviours where behaviour is shorter than the observation window (Ary and Suen,
1983). As stated, however, learning behaviour, specifically engaged and collaborative
behaviours, should not have this issue as they represent persistent, longer lasting states.

At the end of the testing cycle, each participating teacher took part in a semi-struc-
tured interview; focus groups were used in schools that had several participating teach-
ers. Interviews were recorded and transcribed verbatim following the sessions. The-
matic analysis (Braun and Clarke, 2006) was used to analyse the interview data to de-
termine emerging themes. The interview sought to explore the following issues with
particular relation to RQ2:

e Teachers’ perceptions of digital game making in their teaching sessions.

e Student learning outcomes that the quantitative observation protocol could not cap-
ture.

o Any potential barriers or facilitators to the widespread adoption of digital game mak-
ing in traditional curriculum-based teaching.

The full interview protocol can be found in the appendix.

2.6 Create@School and Design of Game Templates

Create@School is derived from a pre-design version known as Pocket Code which
added enhanced accessibility features and is available from the Google Play store. As
with any VPL, the interface defines a series of pre-defined bricks that represent modules
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of code which, when joined together create a complex program. Through the use of
game templates, students can focus on asset creation to design simple games or ani-
mated stories, or use traditional programming concepts to create fully fledged games
and mechanics. This flexibility allows learners of varying skill to engage with the ses-
sion. A companion application, Pocket Paint, allows the creation of assets and ensures
game templates are easily integrated and shared amongst users.

Several studies previously discussed highlighted the importance of asset creation in
improving subject knowledge in learners when engaging with digital game making. It
is vital that the complexities of programming do not get in the way of this process,
particularly for low ability students who may become disengaged with sessions when
faced with too much complexity. An evaluation of Scratch’s usability for students with
SEND demonstrated barriers to engagement, where some of the more abstract concepts
were beyond the understanding of such students (Zubair et al., 2018). To overcome
these barriers this project developed a series of pre-made game templates to structure
sessions whilst retaining focus on subject learning required in the curriculum. Further-
more, these templates scaffold the digital game making activities for the lower ability
students who are not yet able to fully engage with the required programming concepts.

This study utilised four game templates to structure the digital game making sessions
chosen by teachers for the intervention. A typical intervention session would involve
students developing a game using these templates, to scaffold their game making activ-
ities depending on their level of skill and ability. By the end of the course of the inter-
vention sessions, students will have created a game demonstrating their level of learn-
ing and understanding for that topic. The templates are designed to enable “enhance-
ments by users”, which detail the minimum additions that can be added or edited to-
wards the development of a full game. More competent learners can, however, modify
any element of the template, from the addition of assets through to the manipulation of
game mechanics should they be able to. Their use outlines a dynamic, flexible and po-
tentially more inclusive means of engaging with non-computing related content.

Figure 1 illustrates the first of these templates, a multiple-choice quiz game. Here
students can modify the template by adding content to questions in terms of assets and
modifying the logic to increase the number of questions.
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Create@School game
created:

Description: Question/answer with text and images
(audio). Provide content per the
questions.

Gameplay: Tap on one of the answers (1, 2 or 3).
After answering the question, you get
additional content. Switch to the next
question by tapping.

S L ELEE LSS Add looks and more questions.
by users:

EEETGILR[EIBY Define  questions to a  certain
subject/topic.

Fig. 1. - Quiz Game Template

Figure 2 illustrates the adventure game template. Here, asset creation can focus on nar-
rative elements including additional sound files and additional levels defined through
modifying the programming logic.

You ses the rocket in front of
you. You are a little bit scared,
but also excited

Do you getinta the rocket -
Yes or No?

Create@School game created:
ID: 9995

Description: Storytelling with linear choices.

Gameplay: Listen to a guestion and decide “Yes”
or "No”. It is a linear game so one
question will also lead you to the end

of the game.
Enhancements Add content and sound files. Define
by users: more levels.
Learning goal: For retelling a book. E.g. Help the

characters to escape to a safe place
(refugee stories) or answer subject
related questions during the
adventure.

Fig. 2. Adventure Game Template

Figure 3 outlines the puzzle template allowing learners to add additional puzzles and
game elements (scoring, timers etc.) as well as adding relevant subject content.
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Description: Odd one out, skill game.

148

Gameplay: Tap on the curtains to open them.
Tap on the one icon that does not fit
with the others (odd one out).
Attention: Time is running out — you
only have 3 seconds to choose, or
your score will decrease!

LLELE N EIEES Add looks and adjust the code.
by users:

Learning goal: Logic challenge. Learn about a topic.

Fig. 3. - Puzzle Game Template

Finally, the action game template (Figure 4) provides a more traditional game-based
mechanic to collect the correct objects relevant to the subject being delivered. Students

can add additional objects and modify game objectives.

2.7

et iioal paie Gradta:

I
asked question. Attention: Objects can

997
also reduce the score.

Gameplay: Tap on correct objects. The
correct/incorrect objects depend on the
question. The HUD-elements also
include a timer with 30 seconds, a high
score display and your current score.

O LGELLE LSRN Add correct and  incorrect  objects.

by users: Define an overall question.

ETGIGEREIRS Learn about a certain  topic e.qg.
deoxygenated and oxygenated blood
cells by tapping on the objects.

Tap on screen and get points per the

Data Analysis

Fig. 4. - Action Game Template

Data were analysed using SPSS 20. The observed behaviours were re-coded to gain
broader learner states of off-task, on-task and collaborating. As this data is nominal, a
Chi-Square test was used to evaluate for difference to the control sessions, i.e. are sig-
nificantly more engaged states observed in intervention sessions compared to the con-
trol? Each test site’s intervention sessions are compared to that group’s control sessions.
All quantitative data are expressed as a percentage value of session length due to vari-
ation in session length (all around 1 hour).
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Interview transcripts were analysed for emerging themes using a thematic approach
to qualitative analysis; a number of themes were identified for further exploration.

3 Results Summary

Following the completion of the testing cycle, the number of intervals and student
observations were summarised and can be found in table 4. There were 603 observation
intervals spread across 48 intervention-teaching sessions. This provided 2,022 individ-
ual student observations. For comparison with the controls, there were 595 discrete
student observations to provide comparison data for each class. Data is only analysed
per test site and not as a complete group due to the inherent variation in age ranges and
learning needs between different classes in different schools.

Table 4. - Data Collection Overview

Cen-
tre la

Cen-
tre 1b

Cen-
tre 1c

Cen-
tre 2a

Cen-
tre 2b

Cen-
tre 3

Cen-
tre 4

Inter-
vention
Sessions

8

5

7

8

Inter-
vention
Intervals

131

122

54

75

100

63

58

Inter-
vention
student
observa-
tions

486

447

235

269

357

242

204

Con-
trol Ses-
sions

Con-
trol In-
tervals

28

16

24

24

18

23

13

Con-
trol  stu-
dent ob-
serva-
tions

109

64

120

86

72

92

52

3.1 Results: Impact on Engagement

The total percentage of observed behaviours for engagement are summarised in table
5. Results show, for example, that in test site 1a, 90.1% of observed behaviours can be
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classed as engaged, as a summary of all intervention sessions. For all test sites bar one
of the special school classes, there is a significant difference when comparing interven-
tion sessions to control sessions using a Chi-Square test for association.

Table 5. - Engagement Data Statistical Analysis

Intervention Control Chi-Square
En- Not en- En- Not en- | Value
gaged gaged gaged gaged
Centre 90.1% 9.9% 73.2% 26.8% P<0.0001
la
Centre 87.5% 12.5% 78.1% 21.9% P=0.042
1b
Centre 95.1% 4.9% 81.5% 18.5% P<0.0001
1c
Centre 80.3% 19.7% 72.1% 27.9% P=0.108
2a
Centre 89.6% 10.4% 75% 25% P=0.001
2b
Centre 82.2% 17.8% 70% 30% P=0.015
3
Centre 93.6% 6.4% 82.7% 17.3% P=0.012
4
3.2 Results: Impact on Collaboration

A summary of observed collaborative states can be found in table 6. Unlike the engage-
ment data, only two groups exhibited significant differences when compared to their
control sessions: Test Centre 2b in the special education school and Centre 3 in primary
education school.

Table 6. - Collaborative Data Statistical Analysis

Intervention Control Chi-Square
Collab’ Not- Col- Not- Value
Collab’ lab’ Collab’
Centre 14.3% 85.7% 13.4% 86.6% P=0.794
la
Centre 16.6% 83.4% 20.3% 79.7% P=0.454
1b
Centre 11.9% 88.1% 6.5% 93.5% P=0.151
1c
Centre 4.1% 95.9% 3.5% 95.6% P=0.794
2a
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Centre 9.8% 90.2% 0% 100% P=0.006
2b

Centre 16.9% 83.1% 0% 100% P<0.0001
3

Centre 21.1% 78.9% 21.2% 78.8% P=0.991
4

3.3 Results: Summary of Themes from Teacher Interviews

Following the trial, three qualitative data gathering sessions took place; one for each
test centre other than centre 4, where a subsequent interview could not be organised due
to conflicts with the school’s timetable. Where multiple teachers were involved in a
single test centre, a focus group was used instead of the one-to-one interview but using
the same protocol.

Thematic analysis of the interviews/focus groups produced six emerging themes.
Themes were informed by the previous literature review which dealt with concepts of
engagement, collaboration, inclusion and accessibility. Furthermore, data analysis was
informed by previous work which suggested further exploration of these areas as war-
ranted (Hughes-Roberts et al., 2020). -These themes are summarised in table 7.

Table 7. - Interview Themes

Themes Description

Engagement Dealing with the level of learner engage-
ment/focus within classroom sessions and in
other sessions as a result of the project.

Inclusive Classroom/Collab- Dealing with the degree to which the class as

oration a whole provides an inclusive environment for
learning through improved peer interactions.

Inclusive Classroom/Indi- Dealing with changes to individual partici-

vidual Learning pants that enable them to better engage with their
learning within the classroom or beyond.

Knowledge and Skill acqui- Dealing with the ways in which Cre-

sition ate@School enabled or perhaps improved a
learner’s ability to gain new subject knowledge
or skills.

Accessibility Dealing with the ways in which Cre-
ate@School overcomes issues with usability and
accessibility.

Barriers Dealing with the potential issues preventing
the long-term use of Create@School within eve-
ryday teaching and learning.

These themes and the data that produced them are used as the basis for structuring
the following analytical discussion.
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4 Analysis and Discussion

The observation data suggest benefits for student learning when using game templates
as part of digital game making. All classes, except one, demonstrated significant dif-
ferences in engagement with a greater number of instances of engaged behaviour in
intervention groups. Two classes showed significant differences in collaboration and
others held no significant difference suggesting that digital game making is at least as
effective in encouraging collaboration as traditional methods. This would agree with
wider research which suggests making games better connects learners to each other
thereby fostering collaboration (Kafai and Burke, 2015; Ugras et al., 2022). This result
is also likely to be more heavily influenced by the teaching techniques employed in
each session than engagement is, i.e., there is less scope to foster collaborative behav-
iours when utilising certain teaching templates.

The interview data is therefore used to explore these results further, shedding light
on the findings from the observations and expanding on emerging findings from these
data. As such, the themes that emerged as part of the qualitative analysis are used to
structure the following discussion of the study’s outcomes. Selected quotes are used to
illustrate each theme as a basis for discussion of issues pertinent to each test centre, (Cn
to indicate test centre, and a teacher code Tn).

4.1 Engagement

The teachers’ perceptions appear in line with the quantitative data, namely that the dig-
ital game making sessions increased engagement observed in learners for the most part.
This validates the wider research explored in the literature review that suggested some
of the positive outcomes game making can have for learners, e.g., Breien and Wasson
(2021). Teachers across test centres noted:

“They are very engaged in it aren’t they? They are desperate to get the tablets out
and do work on them” [C1, T2] and “They are all really keen. Sometimes we have to
say, “put your tablets on the table and listen a minute”, because they all want to get on
with it. But it’s really lovely to see though, because in other sessions, I’m going “come
on, let’s get on with our work’” [C2, T1]. Note, this latter quote deals directly with the
class (students with severe learning disabilities) that did not hold significantly different
engagement compared to their control session. Teachers’ feedback here would suggest
that their students exhibited a more engaged attitude; hence, this discrepancy in statis-
tical outcomes may be due to the observation tool not being sufficiently nuanced to be
able to capture more intangible behavioural outcomes, for example, general attitude and
learner persistence. Indeed, it may be harder for evaluation researchers to classify the
engagement states of students with severe learning disabilities compared with classify-
ing the corresponding states of students with special education needs. It is plausible that
students with severe ID may appear disengaged based on behavioural definitions yet be
cognitively or emotionally engaged. For example, a student may not be able to physi-
cally interact with materials but be processing the information and enjoying the learning
activity (Hollingshead, Carnahan, Lowrey & Snyder, 2017 in Hollingshead, William-
son and Carnahan, 2018).
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However, teachers did note the importance of using an appropriate game template in
relation to the learning goals of the session in ensuring an engaging learning experience:

“There was a game where you had to bounce from level to level, which was pretty
good because it actually felt like a game, which is what they wanted. Whereas they’ve
had other ones where they’ve just had to add photos to a slideshow kind of thing. I think
there were less into that because it felt less like a game, more like a piece of work™ [C3,
T1].

The importance of asset creation as a learning activity has been highlighted earlier.
However, this would suggest that the tangible game outcomes are more successful in
encouraging engagement when they exhibit traditional game mechanics. As noted in
the literature review earlier, engagement is important in fostering further learning par-
ticularly for students who are at risk of exclusion due to their individual learning needs.
The idea of play is central to this for such students (Lombardi, 2022), results here sug-
gest that engagement is encouraged through the game design process and rewarded
through something to play with at the end. Again, engagement is the single most im-
portant indicator of learning where SEND students are concerned and is therefore es-
sential in inclusive teaching/learning as it is the first step to deeper learning (lovannone
et al., 2003).

4.2 Inclusive Classroom/Collaboration

While the observation data suggested improvements in collaborative behaviour in two
test sites, the teachers’ perceptions support the use of digital game making in encour-
aging flexible learning, which can be collaborative:

“I think it is really good in showcasing their work, because they want to show each
other what they know” and “they tend to go to each other before they go to the adults
in the room. To try problem solving and debug their program” [C1, T2].

For students who are of a higher ability, digital game making gives an opportunity
for peer support by asking them to tutor their co-learners:

“Today I was getting him to explain to the other students how to do something so
that he wasn’t on his other games, so that he was doing something productive in the
session” [C2, T2].

These perceptions would suggest that the observation protocol may not be granular
enough to identify more complex student interactions and appropriate mixed method
approaches are more suitable for measuring subjective learning benefits. However, the
broad teacher observations are in line with those found in related work (e.g., Meisher-
Tal and Kesler, 2021) where such results were also found in the action research derived
from teacher diaries.

4.3 Inclusive Classroom/Individual Learning

As well as apparent impact at a classroom level, teachers noted that digital game mak-
ing appeared to influence a number of students on an individual level, which included
their general attitude and the approach to learning. This is in line with research suggest-
ing that such approaches can engage the unengaged (Thumlert, et al., 2018). As
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mentioned in the student characteristics in table 1, the test centres used in this study
were mixed ability with a number of students exhibiting challenging learning needs. It
was on these students that teachers perceived the most surprising effect:

“[Name redacted], he tends to struggle to hold his attention in a lot of lessons. But
this is something he has really excelled at” [C1, T2] and “I barely get him to do any
work, yet he will sit there, and won’t get out his seat. And that is the thing with him,
he’ll constantly get out his seat looking for distractions. Yeah, he’s just sat there fo-
cused, getting on and actually he’s one of the lowest abilities in the class and yet he’s
still doing the things” [C2, T1].

It appears that more students are not only able to engage with their learning but also
exhibit improved behaviour, and as such wider inclusion is more likely throughout the
cohort. Rangvid (2018), presents empirical evidence that to be properly included in
school, it is not sufficient that students are placed in class with their regular peers — to
learn at their best they must be engaged.

Interestingly, teachers reject the notion that such change may be due to the device
rather than the software:

“That’s not just the tablet, that must be Create@School, because we tried him with
typing on the tablet and other work on the tablet which didn’t go particularly well. So,
it is a lot because of Create@School that he’s doing during those lessons” [C2, T1].

Similarly, in the test centres 2a and b, the participating teachers attempted a paper-
based version of the game and noted:

“He was not engaged and finding it quite tricky to look and decide what it is exactly
he was doing. Then we put an iPad [sic] in front of him, he was really engaged at look-
ing at the board and waiting and really engaged by what’s happening and he was match-
ing it straight away” [C2, T1].

4.4  Knowledge and Skill Acquisition

Teachers noted that the use of digital game making not only allowed a greater focus on
the learning material by embedding it into the game templates, but also promoted com-
putational thinking skills through programming for the higher ability learners. This
again validates wider research, (e.g., Lye and Koh, 2018; Durak and Giyer, 2022), and
builds on this by offering a flexible means of deploying such techniques through the
use of game templates.

“... what’s great about that from a teaching point of view is that you have got all the
right subject matter in there. You are actually showing that a lot more than you might
in a writing task” and “I think actually they are taking coding to an incredibly advanced
level, aren’t they? Some of the things they are doing are well beyond what ever I’d
expected them to do in primary school” [C1, T1].

The game-based nature of the work appeared to provide context that encouraged
understanding of what teachers usually see as quite advanced skill sets:

“These students are generally quite weak academically, yet they have a certain de-

gree of computational thinking or creativity where they can just do things so quickly”
[C3, T2].
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It has been noted that game design can often allow students to “think through” games
about the subject matter at hand, even when they have little design or academic back-
ground (Glas, Vught and Werning, 2022). However, the importance of appropriate
game templates that provide a balance between subject focus and programming skill is
highlighted; otherwise, there is the possibility of too much time spent on developing
computational skills:

“But that is more they’ve learned how to program more than they have Science, I’d
say” [C3, S1].

45  Accessibility

Given the target population for this study, students of mixed ability, including those
with moderate and severe learning disabilities, autism, and those on the SEND register,
it was important that the implementation strategy encouraged an inclusive classroom.
The software therefore had to be accessible, and the game templates were created to
provide pathways that cater for the variation in the sample. To an extent, this seems to
have been provided with the increased engagement observed in the intervention ses-
sions. Indeed, teachers stated:

“And it doesn’t require handwriting which is a thing he really struggles with. It is
nice to see him grow in confidence because of that” [C1, T3].

Furthermore, the teaching and learning approach described offers something even
for students who struggle:

... I think she has found it really difficult. I’m sure she enjoys it, but is not able to
access it, apart from the drawings, she really likes the drawing” [C1, T2].

Although, the student appeared to struggle with the material and sessions aims, there
was still aspects that she was able to engage in which otherwise would not be evident
in the session.

Similarly, the dynamic content presentation styles allow learners to approach inter-
action in a way that suits their level of understanding:

“Things like you know when you get to this screen here [shows tablet] having dif-
ferent colours, because sometimes if you could say “click on the purple ‘explore button”
it is easier than saying “click on ‘explore’” because a lot of them can’t read” [C3, T1].

Here, the colour coding of the programming blocks provides a layer of instruction
that suits students at the lower levels of ability and allows engagement with the session.
It would appear that the described pedagogical approach provides a multi-modal teach-
ing activity. This approach is easily scalable to the cognitive level of the learner without
wholesale changes to the overall session outline. Individuals in mixed ability classes
can therefore engage with the elements that suit them, and still gain from the sessions
that otherwise may have excluded them.

4.6  Barriers to Long Term Use

Finally, teachers highlighted a number of potential barriers to wide-scale adoption and
long-term use of digital game making as an everyday mode of teaching. Specifically,
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the level of programming knowledge to design and troubleshoot sessions was of the
most concern:

“Whilst I would say that I am digitally literate, when it comes to using specific pro-
gramming tools I just get lost in the ether. It can become quite frustrating” [C3, T1].

Technical difficulties are a well observed aspect where game design techniques in
the classroom are concerned (Durak and Glyer, 2022). The developed game templates
were an attempt to address this barrier. They offered a framework of pre-existing code
that required only assets to be created that aligned with the teaching topic being imple-
mented. Only minor changes in logic were needed to add more questions or additional
levels to the games being made. Teachers did highlight the effectiveness of these tem-
plates and suggested that a larger bank of pre-made templates would be required going
forward:

“...could almost do with like a catalogue of simple programs, and three or four dif-
ferent ideas of activities that could accompany those” [C1, T1].

As mentioned earlier, templates allow the focus to be on course topics as students
can tailor the content to suit. This gives them ownership of a tangible learning outcome
and provides avenues for further work for the higher ability students:

“... so that the stuff the kids did were basically add-ons or added their own photos
to it or adding their own levels to it, or whatever, like their own points scoring” [C3,
T3].

5 Conclusions

This paper represents a comprehensive review of digital game making that is grounded
within everyday classroom teaching across multiple school types. In relation to the re-
search aims outlined earlier, digital game making utilising game templates provides an
engaging teaching and learning experience for mixed ability and special education
classrooms. We have outlined a novel approach to deploying such teaching methods
within subjects which are not computing focused and provided validation for its use
through a mixed methods trial.

RQ1. What is the impact on learners when utilising digital game making and game
templates, and what impact can it have on fostering an inclusive classroom? Observa-
tion data showed a significant difference in engagement across all the groups that took
part in the study except one group in the special education school. Despite this, teach-
ers’ views across all test centres where very positive where impact on engagement Was
concerned. Furthermore, teachers highlighted the benefits they observed in individual
learners that validated the quantitative data findings.

Observation data suggested that digital game making was as effective as traditional
methods in fostering collaboration among peers and in two test centres significant in-
creases were observed. Teachers also observed instances of collaboration in their clas-
ses, particularly in higher ability students helping those who had difficulty. This study
did not examine instances of other student emotive outcomes (e.g., satisfaction or pride)
but teachers appeared to note a clear impact on learner behaviour. Future studies should
include these outcome measures in their evaluation strategies, as well as considering an
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assessment of persistence in learning. The observation tool could be expanded to cap-
ture these, and future work should seek to advance such an instrument. This also high-
lights the importance of adopting a mixed methods approach in capturing the nuances
of learning in real settings and the challenges this represents.

Increases in engagement would suggest a generally inclusive environment, as more
students were able to engage with aspects of the lesson. Indeed, teacher responses sug-
gest that students who typically struggled in sessions were able to engage in at least
some aspects of the sessions due to the multi-modal nature of the pedagogical practice.
The game templates allowed less able students to focus on content creation rather than
complex programming concepts. Session learning outcomes were the focus of the con-
tent created and the tablet devices provided multiple avenues for the development of
assets (camera, paint applications, etc.)

RQ2. What are the outcomes, benefits and challenges to using such approaches in
classroom teaching? As noted in the RQ1 discussion above, teachers highlighted a va-
riety of benefits from digital game making that they observed. These include increased
motivation to learn, and an apparent persistence to learn particularly in those students
who typically appeared at risk from social exclusion. However, there is a need to find
a balance between the intended curriculum delivery and programming within sessions.
Teachers highlighted a need for a larger bank of game templates and the accompanying
material to utilise them within sessions such that only a small amount of session time
is spent debugging code. The programming knowledge of teachers is still a concern and
a potential barrier for wider scale adoption of digital game making in non-computer-
based subjects.

This work has validated some of the benefits suggested by related work where digital
game making is concerned and demonstrated through a comprehensive trial the im-
provement it can provide for learners across diverse classrooms in terms of providing
an engaging and inclusive learning experience.

Future studies should focus on exploring the wider impact on learner characteristics.
While this paper demonstrates evidence for impact on engagement and collaboration,
teachers highlighted the need for more nuanced observations (of learning and behav-
iour) of their students in the sessions. For example, students appearing calmer or less
disruptive during class. Future studies should expand observation protocols to gauge
wider impact and perhaps consider elements of learning persistence; i.e., changes in
general attitude toward learning outside of digital game making sessions.

In summary, this paper provides value through a comprehensive mixed-methods ap-
proach gathering data from a long-term pedagogical intervention across multiple, var-
ied test centres providing evidence for the benefits of utilising VPL, facilitating digital
game making in non-computing subjects. The use of game templates reduces barriers
to adoption and maintains focus on curriculum learning outcomes rather than on learn-
ing to use the digital game making tools based on VPL. Further work is required to
expand this utilisation of templates, continue to reduce barriers to wider implementa-
tion and adoption, and investigation of more nuanced learner behaviour change.
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Appendices

7.1  Appendix A

Teacher Interviews

Following completion of a significant amount of intervention sessions, the follow-

ing interview protocol was implemented to explore teacher perceptions and progress
within the project.

Overview of Teacher Interview Questions
Semi-structured — interesting points should be explored further but without too

much deviation from the script.

Can you summarise how Create@School is currently/has been used in your class-
room?

How would you assess the impact it has had on the student’s learning experience?
Have you noticed any changes in the way the students learn within sessions driven
by Create@School?

Have you noticed any changes in student attitudes within sessions driven by Cre-
ate@School?

Have you observed any changes from the previous two points within other sessions
since taking part in Create@School sessions?

Can you give any examples of particular students that have particularly reacted to
Create@School sessions?
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https://doi.org/10.1016/j.ijcci.2021.100441

28

Interviewer note: positively or negatively if requiring some prompts but avoid
leading questions.

Would you feel confident employing Create@School driven sessions in the future,
without the support of the NOLB project team?

If so, where do you see yourself using Create@School in the future?

Can you give an overview of how you might introduce it?

Interviewer note: subject area, general outline of sessions — why was this example
chosen could be an interesting area to explore if possible.

If not (from question 6), what support do you think you would require to become
comfortable working with Create@School independently?

Is there anything else that would make the introduction of Create@School long
term difficult?



