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Abstract— Plastic recycling has been a global issue for many
years. Thus, it is important to provide education to the young
generation with current knowledge. However, designing an
efficient learning resource for primary children (ages 5-6) is
challenging for various reasons, such as their engagement and
the efficient delivery of the learning content. Web3D and
WebXR are used in many educational applications. This
research proposes a system that supports the combined use of
Web3D and WebXR technologies to include elements of both
Virtual Reality (VR) and Augmented Reality (AR) interactions
to raise awareness about plastic recycling. This paper explains
how Web3D and WebXR was used in this learning resource and
how the mixed XR interaction was used to facilitate the game-
based learning design. The results indicate that the learning
session was successfully delivered within a classroom setting.
Nevertheless it point to the need for further data. This project
provides a case study on how to mix the use of Web3D and
WebXR to enhance the engagement of pupils in primary school
learning.
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l. INTRODUCTION

Globally, there is a growing awareness of the impact of
human activities. Plastic pollution is one such world-wide
problem that has been identified by the UK government as
requiring immediate direct action [1]. Researchers
recommend that it is important to educate the younger
generation about the benefits of recycling and prepare them
for sustainable living [2]. The Let’s Go Green (LGG) project
introduced in this paper aims to use recent digital media
learning materials to engage with a younger audience (primary
school) to increase their knowledge about plastic recycling.

Research shows that by blending the virtual world with
reality, computer-simulated 3D virtual environments can
enhance learning by providing richer learning resources with
fewer limits in a safe learning environment [3]. The fast
development of Web technology such as web-based 3D
content (Web3D) and Web Extended Reality (WebXR)
makes it possible to produce cross-platform and affordable 3D
virtual learning content [4]. Web3D technology is reported to
be beneficial for delivering learning content in some early
research [5]. However, Extended Reality (XR) is a more
recent term used to describe all immersive technologies
including Virtual Reality (VR), Augmented Reality (AR) and
Mixed Reality (MR). Therefore, compared with other digital
media types, XR can blend virtual information with real 3D
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information naturally [6]. In other words, XR technology is
capable of creating playful learning scenes while still
engaging the children with the real world [7]. WebXR
provides Application Programming Interface (API) for
delivering XR content through web browsers [8]. With a
promise of simplification and unification of cross-platform
XR development and access. WebXR may bring a “real
revolution in multimedia content for education” [8, 9].
Therefore, there is a potential that Web3D and WebXR based
learning materials can be used to help the children to learn
about plastic recycling.

Although some research [9-14] demonstrates the benefits
of using Web3D and WebXR, it is still a challenging task to
design and implement such a system especially for primary
school children [15-19]. There is very little research about
mixed used of XR (for example, by using both AR and VR)
interaction with WebXR content and Web3D content within a
classroom setting. Therefore, it is significant to explore
learning content that contains a combination of media types,
which then presents a research question: How to design and
implement a system that can be scaled to a typical primary
school classroom that supports the mixed use of Web3D and
WebXR?

This paper presents a practical way to use Web3D and
WebXR to create learning content. The project aims to resolve
the problem of delivering content on sustainability to primary
school children in the classroom. The project successfully
delivered a personalised learning experience within a typical
classroom (as opposed to one-to-one testing in a lab) using a
combined Web3D and WebXR learning materials.

Il. BACKGROUND AND LITERATURE REVIEW

A. LGG project Challenge

For the LGG project, children in the age range 5-6 years
old were chosen. Children aged 5-6 are curious about
exploring new tools which allows more effort to be put on
designing the learning engagement using new technology.
However, a disadvantage of using this age group is that they
are generally very active and easily distracted. It could be
challenging to maintain their engagement during the learning.
Initially, it can be used in a classroom with a group size of 20-
30 children. Aside from the characteristics of the children,
there are also challenges with the learning content design and
the technologies available. For example, which XR
technology should be used and how to present the learning
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content so that the children are engaged with the learning
materials. A further challenge would be how to make use of
the school hardware, software and IT support that is available.

Web technology provides a good solution to most of
these? IT challenges. However, when combined with XR
interactions, there are other questions to answer. For example,
how to select the XR technology and present the learning
content so that the XR technology will engage the children
with the learning materials. Therefore, such these problems
need to be considered during the design phase.

B. XR technology for children’s education

Other researchers have proposed or tested XR educational
systems made for primary school children [17, 18, 20-25]. For
example, marker tracking AR interaction is used to support
children with Special Educational Needs and Disability
(SEND) [24], earthquake training [25], waste management
[26], recycling [27] and other learning content [23]. GPS
based AR is used in recycling education [28]. Some
researchers found that although there is not a significant
difference in the knowledge gain between AR games and non-
AR games, the AR games showed a positive impact on
attitude and behaviour [27]. Some researchers found that VR
can potentially be used to enhance people’s interest and
knowledge for environmental issues [29]. Most research,
including this project found that it is beneficial to add game
elements to the design [27-29]. However, unlike this research,
most designs used mobile AR, which requires extra steps to
work such as downloading specialist applications which can
normally only be executed on mobile devices. Furthermore,
other differences are that most researchers only focussed on
one type of XR technology (either AR or VR). Moreover,
some applications can only be used within a certain location
[28]. Finally, since most AR and VR applications, for both
computers and mobile devices, normally require specific
development tools, it can be expensive to implement different
XR technologies in to one application.

However, WebXR provides scalable and affordable
solutions for XR applications. Many researchers have adopted
Web3D and WebXR for education and training in areas such
as science [9], engineering [10], history [11] and medical
education [12]. It also supports different types of XR
technology such as AR [7] and VR [11] interaction. This type
of technology can be used on mobile devices which provides
an affordable and scalable XR experience, including Head
Mounted Displays (HMDs) [13]. Also, the web technology is
sufficiently powerful to support more complicated user
applications such as multiple user XR interaction [14] through
a simple web browser. Therefore, WebXR provides a solution
to overcome most project challenges and also provides
support for different types of XR technology without
involving new software and potentially complicating ICT
provision.

C. Game-based learning theory

Some researchers highlighted that XR interactions (such
as AR interaction) are naturally playful, but it requires the XR
elements to be integral to the learning objectives to make it
benefit to the learning [7]. In terms of learning designs, there
have been some research about using XR in children’s
education [7, 15-19]. However, most research is still at an
early stage of applying XR to primary school education. This
means there are very few guidelines on how to design and
implement educational resources using XR technology [19].

Nevertheless, it is popular to use games with XR technology
to make the learning processes engaging [21, 23, 27-29].
Therefore, “game-based learning” theory [30] can be used to
guide the design process. Game-based learning theory is based
on the premise that knowledge can be obtained through a
game play space provided [31]. Plass et al. suggests that
game-based learning requires the designer to manipulate the
game rules and activities to help achieve the learning
objective(s) rather than simply applying game elements to the
activities. A simple game-based learning loop includes
“challenge”, “response” and “feedback” which is linked
through game play. Game design features are put at the centre
of the learning experience to create a playful character for the
learning experience [31].
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Fig. 1. Sample of storytelling with human avatar and different views in
Activity 1

I11. METHODOLOGY

A. “Challenge” design

Three “challenges” are designed, using the “hide and
seek” game rules. Each challenge can be implemented as
learning activities that allow the children to learn while
playing the game. The children are challenged to find all the
hidden information to be able to progress. learning objectives
for each activity are described below:

Activity 1 aims to help the children explore the current
problems with plastic recycling. Allowing them to access
information about where to find plastics and why it has
become a problem.
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Fig. 2. The design of applying WebXR VR interaction to Activity 2

Activity 2 aims to introduce different types of plastics and
the associated plastic symbols. Allowing them to access



information about what the different types of plastics are and
if they can be recycled.

Activity 3 aims to introduce examples of where to find
plastic recycling symbols on product packaging. Allowing
them to practise the recycling skills and assess their
knowledge on plastic symbols.

Through this process they discover important information
related to plastic recycling. They also develop problem-
solving skills related to the environment. Visual game
elements are used to stimulate the children’s interest to
exploring the learning content. A story telling style
introduction using a digital human avatar helps to guide the
game narratives through the learning challenges. For example,
a video with a human avatar (Fig. 1. a) was made to introduce
the game tasks.
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Fig. 3. The design of applying Web3D and WebXR AR interaction to
Activity 3

B. “Response” design — interaction design

All three challenge activities require the learner to find the
information through a set of game interactions. The final
interaction design is described below:

Activity 1 uses screen-based 3D interaction. Fig. 1b, 1c,
and 1d demonstrates some samples of different views in
activity 1. The interactions include screen click and movable
3D models (Fig. 1c and 1d). Once a numbered hotspot is
clicked on, a dialog box opens with the learning content (Fig.
1b). Audio recordings were made available to help read the
materials. It also gave the learners a chance to learn and get
used to on screen interactions with 3D objects.

Activity 2 uses mobile VR interaction. Fig. 2 demonstrates
the design of applying WebXR VR interaction to the activity.
The interaction utilises the built-in gyroscopes in the mobile
devices and allows the children to explore a 3D space by
moving the device around. There were seven flash cards with
plastic symbols floating around in the 3D space. Centre gaze
control (fixed in the middle of the screen) is used to trigger the
hotspot flash cards containing the plastic symbols. Once the
gaze control overlays with the flash card, the dialog box with
learning content pops out to show the hidden information.

Activity 3 uses Simultaneous Localization and Mapping
(SLAM) AR interaction. Fig. 3 demonstrates the design of
applying Web3D and WebXR AR interactions to Activity 3.
Initially, the learner can load the 3D view of the object. Using
click and drag to rotate the object (Fig. 3 3D view). Once the
AR button is clicked, the learners can use the mobile device
camera to scan an available space (such as a desk or floor

surface), the digital 3D model is placed on the scanned surface
as if it was put there in the real world (Fig. 3 AR view). After

that, the learner is able to observe the object from different

angles (move around in the physical location) to look for the
plastic symbols. Once the observation is finished, the learner
can return to the main screen and complete the quiz. The
correct answer will lead to the next question. Once the final
question is completed it will end with a celebration page to

finish the learning journey.

C. “Feedback” design
Instant multimedia feedback can be triggered as soon as

the learner interacts with the application in all three activities.

For example, in Activity 1, the learner can get different 3D

views by rotating and moving the Web3D models or clicking

on the hotspots. In Activity 2, if the screen centre gaze control
is over-laid on to a flash card, it will trigger an animation of
card disappearing. In Activity 3, the AR 3D model can be
observed from different angles once it is anchored to a
physical location. Apart from 3D models, rich multimedia
content including audio, video and expressions of reward are
also added to the learning journey to help give feedback to the
learner. For example, at the beginning of each activity, there

was an audio summary of the last activity and the new tasks in

the current activity with hints. In Activity 3, instant quiz
feedback will be delivered through audio recordings.
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Fig. 4. System Architecture

IV. SOFTWARE SYSTEM DESIGN AND IMPLEMENTATION

One of the challenges for the system is how to integrate
the required WebXR technologies together, instead of simply
connecting them with hyperlinks. The design needs to reuse
the resources and maintain use and user data. The project is
based on a previous project [32] and most of the Web3D
functions have been reused. However, as this project needs to
integrate more media types, the framework was extended to
facilitate video streams and WebXR content. The detailed
design is shown in Fig. 4. The high-level architecture design
is based on a Client-server model and the final results are
Web3D and WebXR content. There are three layers aimed at
building different functional stacks to achieve the systems
goals. From the top to the bottom, these layers are called
“Systems service layer”, “Media service layer” and “Client
layer”.

The “System service layer” is the basic layer that contains
all sharable functions that can be re-used by all the media
applications on the “Media service layer”. For example, audio
controller controls the audio resources that load at the
beginning of every activity scenario. The view elements are a
set of multimedia resources that can be used by the web



application to deliver content to the users. In Fig. 4, the white
boxes represent the function blocks that use server-side
functions such as database connections, and the blue boxes
represent reusable client-side functions.

The “Media service layer” is a layer where all function
modules are implemented for different Web3D and WebXR
content. It currently consists of three different modules. The
“Web 3D content Module” provides functions to generate web
3D applications. The detailed structure is explained in a
previous paper [32]. The VR content Module provides
functions to generate VR interaction content. It implements
frameworks that support scenarios that require the mobile
gyroscope. The AR content Module provides functions to
support the AR interaction. It implements frameworks to be
able to use the mobile camera and sensors to render the AR
content.

Existing WebXR software packages such as Aframe VR
and Google Model-viewer are used to render the XR content
in Activity 2 and Activity 3. Aframe VR allows the VR
content to be rendered on mobile devices and it uses the
mobile gyroscope sensors to allow the users to explore the 3D
panorama. Model-viewer allows the user to use the AR
function ARCore-supported Android devices and ARKit-
supported iOS devices. Both technologies can be embedded
with existing software frameworks using HTML, CSS and
JavaScript code. The web application is deployed on a
windows server and two databases are implemented. One
database (SQL) maintains all user information, and another
database (No-SQL) is used to collect the interaction data.

TABLE I. TEST HARDWARE AND SOFTWARE LIST
Hardware Software Usage
Used by the children to load
the programe. One iPad is used
iPad i0S, Safari browser |for demonstration
Laptop with big in Microsoft, Used by the teachers to give
classroom monitor Microsoft Edge Software demonstration
Server Microsoft server  |Web application content host

Fig. 5. Test environmetn in classroom settings

V. TESTRESULT

The research had ethical approval and followed ethical
guidelines [33]. The experiment was conducted in 2022 with
17 recruited participants. All participants were aged 5 - 6 years
old and from the same year group (Year 1) and same primary
school in the UK. They were asked to participant in a lesson
in their usual classroom. The learning environment was set up
as shown in Fig. 5. A classroom with good lighting was used.

Small groups (4 to 6 children) were setup and sufficient space
was provided around the groups for each child so that they
could walk around and observe the 3D objects using XR
interaction. A few books were put on the table to make the
WebXR tracking work better. All the main devices used in the
experiment are explained in Table I. The session was
successfully delivered and the learning activities took
approximately 50 minutes. Their classroom teacher and the
two researchers supported the process. Three students left for
short period during the experiment, but the other children
remained engaged throughout the whole process.

Prior to the session there was communication with the
school ICT staff to check the school devices supported
WebXR. Once compatibility was confirmed there was little
ICT involvement as the learning content was online and only
the latest Safari browser was required to render the content. At
the start of the session there were a few settings to change,
such as manually logging in to the system and turning off
screen rotation permissions.

VI. CONCLUSION AND FUTURE WORK

Applying XR technology to teach about the environment
related topics is not new and has been shown to have a positive
impact on the learners’ attitude and behaviour. However,
applying the XR technology, especially WebXR, to primary
school level children is still at an early stage. The challenges
faced included:

o lack of design guidelines

e lack of consideration of scalability for school
classrooms and

e a lack of research on the mixed use of XR
interaction.

This paper contributes to this area of research by
introducing a learning system which supports different 3D
based media content, including Web3D and WebXR
(including both AR and VR interactions). The system is used
to implement the learning content designed for plastic
recycling for children in year one, UK (5 - 6 years old). This
paper introduced the LGG project as well as the project
methodology, learning design and overall project process. The
learning design is guided by game-based learning theory. The
system software design focused on using reusable modules to
facilitate the Web3D and WebXR learning content. The
implementation chose web technology which is proven to help
the project scalability and provide better reuse of existing
school resources. The session was successfully delivered in a
UK primary school classroom. There was very little ICT
involvement apart from the need of some pre-session settings
on the tablet.

However, future work is required to evaluate the system
using the data collected during the process. Detailed data
analysis such as pre-session and post-session test and
questionnaire data is required to find how the use of Web3D
and WebXR affected the young learners’ engagement level
and learning outcomes, especially when using mixed use XR
interactions. Further research is also required to obtain
evidence from a larger sample size with a wider age range and
over a longer time period. For example, this project can be
scaled up to other age groups in the future. Meanwhile, further
work is needed to improve learning content design, interaction



design and system design based on the feedback from this
research.
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