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Introduction to the Manual

The AR Manual is a comprehensive guide to integrating Augmented Reality (AR) technology into
educational settings. This manual explores the benefits of using AR in enhancing learning experiences
and fostering creativity and innovation in the classroom. It presents the fundamentals of AR
technology, including its definition, types, and the benefits it offers in learning environments. In
particular, we focus on the intersection of AR and STEAM education. The manual also presents six
different scenarios that can be utilized in the Action Plan included in the STEAMinSDGs Handbook,
providing teachers with ready-to-use material and inspiration for creating tailored scenarios to meet
the needs of their classrooms. Additionally, we provide implementation strategies for planning AR
projects in the classroom, addressing technical challenges and limitations, and evaluating the impact
of AR on learning outcomes. Finally, the manual offers a curated selection of resources and tools for
AR integration to support educators in leveraging AR technology effectively in their teaching practices.

Augmented Reality (AR) in Education

What is AR?

Augmented reality (AR) revolutionizes our interaction with the tangible world by enriching real-world
elements with digitally crafted perceptual overlays. Its impact spans across a multitude of sectors
including education, entertainment, medicine, industry, and tourism, among others. However,
industry experts assert that we are merely scratching the surface of its potential, foreseeing a future
where AR applications become more advanced, cost-effective, and accessible (Qiao et al., 2019).

Moreover, the educational landscape has experienced a positive impact due to AR's integration. With
its successful deployment across various educational levels, and disciplines, AR has emerged as a
powerful tool, delivering manifold advantages to learners (Garzén & Acevedo, 2019).

AR serves various purposes, notably offering an immersive approach to acquiring knowledge and
information within educational settings. AR distinguishes itself from VR by its minimal hardware
requirements, making it accessible to a broad audience. A significant 73% of teenagers possess
smartphones, ensuring utilisation of AR (Lenhart, 2015). Consequently, this technology holds
significant promise, particularly when integrated with printed materials, such as textbooks featuring
AR-enabled illustrations that come alive on users' smartphones, fostering interaction and in-depth
exploration.
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AR Types

G

Augmented Reality (AR) can be categorized into several types based on the way it enhances the user's
perception of reality and the technology used to achieve that enhancement. Some common types are
presented below:

Marker-based AR: Also known as image recognition AR, this type uses visual markers, such as QR
codes or special patterns, to trigger AR experiences. When the device's camera recognizes the marker,
it overlays digital content on top of it.

Figure 1 Examples of marker-based augmented reality (source: https.//tinyurl.com/289gaov6)

Markerless AR: Also called location-based or position-based AR, this type doesn't require specific
markers. Instead, it uses the device's GPS, accelerometer, gyroscope, and other sensors to determine
the user's location and orientation and overlay digital content accordingly. Pokemon Go is a popular
example of markerless AR.

Figure 2: Location-based AR Example (source: t.ly/xI4Fb)
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Projection-based AR: In this type, AR content is projected onto real-world surfaces, such as walls or
tables, using projectors. The content interacts with the physical environment and can be manipulated

or controlled through gestures or other input methods.

Figure 3: Projected AR Examples (source: https://tinyurl.com/289gaov6)

Benefits of AR in Learning

The increasing use of AR in educational contexts has led to increased reflection on both its educational
advantages. Augmented Reality (AR) can improve students' learning experiences by delivering
supplemental information and making complex ideas easier to understand. AR applications are
frequently utilized to attract students' attention (Huang, Chen & Chou, 2016) and make challenging
subjects easier to understand (Sirakaya & Alsancak Sirakaya, 2022).

Through AR, students can benefit by developing skills that are challenging to develop in alternative
technology-driven learning environments (Squire & Jan, 2007), such as:

i.  Access to intuitive understanding of physical principles facilitated by AR capabilities
(Hornecker, 2012).

ii. Enhanced cognitive engagement and motivation (Cheng 2017), alongside improvements in
spatial reasoning (Martin-Gutiérrez et al., 2010).

iii. Favourable impacts on collaborative learning experiences (Alhumaidan et al., 2018).

iv.  Simplified visualization of abstract concepts (Arvanitis et al., 2009).

V. Enhanced learning experience that has an important impact in learning outcomes (Weng et
al., 2019).

In essence, AR's capacity to augment conventional learning materials with interactive digital content
opens up new avenues for engagement and exploration. By simplifying intricate concepts and
fostering collaborative learning experiences, AR enriches the educational process and augments
academic achievement. It not only redefines students’ perceptual understanding and interaction with
reality but also empowers them to cultivate essential skills. Its integration into pedagogical practices
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holds considerable promise for delivering a more engaging, immersive, and efficacious learning
experience.

Using AR in STEAM Education

STEAM

STEAM education represents an interdisciplinary approach to teaching, encompassing various subject
areas including science, technology, engineering, arts, and mathematics. Stemming from the
foundational principles of STEM education, which treated the sciences holistically rather than as
separate disciplines, STEAM incorporates the arts into its framework to foster interconnected and
comprehensive learning experiences (Meletiou-Mavrotheris, 2019). Integrating STEM and arts
disciplines is essential for nurturing authentic creativity and innovation. By encouraging learners to
think systematically and blend the ideas of scientists, technologists, and artists or designers, an
integrated STEAM curriculum facilitates the development of well-rounded skills and promotes
inventive thinking (Kim, 2012).

AR in STEAM Education

AR holds the potential to enhance activity-centered STEAM education by reinforcing learner-centered
activities and aiding students in acquiring scientific knowledge and grasping concepts effectively (Kim,
2012). A STEAM lesson ought to actively involve students in practical situations so as to pique their
curiosity (Zeid et al., 2014). These lessons necessitate teaching methods that effectively captivate
students and foster the growth of the essential skills and capabilities critical for careers in STEAM
fields.

When we refer to the use of AR technology in STEAM education, we are indicating its application to
subjects within the following domains: Science, Technology, Engineering, Arts, and Mathematics.
More specifically, common STEAM subjects include:

Science: Biology, Chemistry, Physics, Environmental Science, Earth Science, Astronomy, etc.
Technology: Computer Science, Information Technology, Software Engineering, etc.

Engineering: Mechanical Engineering, Civil Engineering, Electrical Engineering, Aerospace
Engineering, Chemical Engineering, etc.

Art: Visual Arts, Performing Arts, Digital Arts, Graphic Design, Photography, etc.

Mathematics: Algebra, Geometry, Calculus, Statistics, Trigonometry, etc.

Co-funded by
the European Union ﬂ ﬁ




~4

in

@ i

‘i

/
\
\
\

S

Challenges in implementing AR in STEM education

Implementing augmented reality (AR) in STEM education presents several challenges that educators
and institutions must navigate to ensure successful integration and adoption.

Technical Infrastructure: One of the primary challenges is establishing the necessary technical
infrastructure to support AR applications in educational settings. This includes ensuring access to
compatible devices such as smartphones, tablets, or AR glasses, as well as reliable internet
connectivity and sufficient processing power to run AR software smoothly. A significant challenge may
also be the restriction on using mobile phones at school. In some countries have strict policies
prohibiting the use of personal mobile devices during instructional time due to concerns about
distractions, disruptions, and inappropriate use. In this case, students can do these activities at home
and benefit from the use of AR.

Teacher Training and Professional Development: Integrating AR into STEAM curriculum requires
educators to acquire new skills and knowledge about AR technology and its educational applications.
Providing comprehensive training and professional development opportunities for teachers is
essential to build their confidence and competence in using AR effectively in the classroom. The case
studies and scenarios that are compiled in this manual are intended to serve as an inspiration for
educators who wish to create their own examples.

Curriculum Alignment: Ensuring that AR-enhanced activities align with existing curriculum standards
and learning objectives can be challenging. Educators need to carefully integrate AR experiences into
lesson plans while maintaining coherence with established educational goals and benchmarks. The
case studies and scenarios compiled in this manual are specifically designed to complement the
learning objectives of the respective Action Plans presented in the Handbook. Each case study is
designed to cater to educators with basic digital skills, thereby facilitating their seamless integration
into teaching practices.

Content Development: Developing high-quality AR content that is engaging, interactive, and
pedagogically sound requires considerable time, expertise, and resources. Educators may face
challenges in creating or sourcing AR content that effectively supports student learning across diverse
STEM subjects and grade levels.
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Case Studies in AR-Enhanced STEAM Education

STEAMINSDGs tackles these challenges by creating educational resources that integrate Augmented
Reality (AR) into STEM education. Six unique scenarios have been developed, designed for inclusion
in the Action Plans featured in the STEAMiInSDGs Handbook. These scenarios provide teachers with
ready-to-use materials for their lessons while inspiring them to design their own scenarios tailored to
their classroom needs. Each scenario includes a detailed activity description, a proposed case study
sheet, and an information sheet to guide implementation.

Scenario 1. eWaste: "The Journey of a Smartphone"
Scenario 2. Sustainable Fashion: Decomposition of clothing
Scenario 3: Flotability: Will it float...?

Scenario 4. Sustainable Bread

Scenario 5. Water Conservation: Every Drop Counts

Scenario 6: Greener Cities, Brighter Futures: Innovating Urban Spaces for Sustainability
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Implementation Strategies

Planning AR Projects in the Classroom

Planning augmented reality (AR) activities in the classroom requires careful consideration of various
factors to ensure successful integration and meaningful learning experiences for students. Basic steps
that may be considered when planning AR activities for educational purpose are outlined below:

Step 1: Define Learning Objectives

Start by clearly defining the learning objectives and outcomes you want to achieve through the AR
project. Consider the specific content standards, skills, and concepts you want students to learn and
demonstrate.

Step 2: Choose Appropriate Content

Select AR content that alighs with your learning objectives and curriculum. This could include
animations, simulations, or interactive experiences relevant to the subject matter being taught.

Step 3: Select Suitable AR Tools

Choose AR tools and platforms that are user-friendly and appropriate for your students' age and skill
level. Consider factors such as ease of use, compatibility with devices, and availability of educational
features.

Step 4: Design Engaging Activities

Develop engaging and interactive activities that leverage AR technology to enhance student
learning. This could involve interactive quizzes, videos, problem-solving activities, etc.

Step 5: Plan Implementation

Determine how and when the AR project will be implemented in the classroom. Consider logistics
such as device availability, internet connectivity, and classroom setup to ensure a smooth and
seamless experience for students.

Step 6: Provide Instructional Support

Offer clear instructions and guidance to students on how to use the AR technology and complete
the assigned activities. Provide opportunities for practice and troubleshooting to help students
become comfortable with the technology.

Step 7: Assess Learning Outcomes

Develop assessment methods to evaluate student learning outcomes and the effectiveness of the
AR project. This could include pre- and post-assessments, performance-based tasks, or student
reflections on their learning experiences.

Step 8: Reflect and Iterate

After implementing the AR project, take time to reflect on what worked well and what could be
improved. Gather feedback from students and colleagues to inform future iterations of AR projects
and improve overall effectiveness.
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Addressing Technical Challenges and Limitations

Addressing technical challenges and limitations is crucial when integrating augmented reality (AR) into
education. While AR offers tremendous potential to enhance learning experiences, its implementation
can be hindered by various technical obstacles that educators and institutions must navigate
effectively.

One significant technical challenge is ensuring access to the necessary hardware and software
infrastructure to support AR applications in educational settings. This includes providing students with
compatible devices such as smartphones, or tablets, as well as ensuring reliable internet connectivity
and sufficient processing power to run AR software smoothly. Addressing issues related to device
compatibility, connectivity, and performance is essential to ensure a seamless AR experience for
students and educators alike.

Another technical challenge is the development and availability of AR content tailored to educational
objectives and curriculum standards. Creating engaging and pedagogically sound AR experiences
requires expertise in content development, instructional design, and technology integration.
Educators may face challenges in sourcing or creating AR content that aligns with specific learning
objectives and subject matter while also addressing diverse student needs and learning styles.

Moreover, technical challenges related to data privacy, security, and ethical considerations must be
addressed to ensure responsible and ethical use of AR technology in education. Educators and
institutions must implement robust data protection measures, obtain appropriate consent from
students and parents, and adhere to relevant privacy regulations and guidelines.

Evaluating the Impact of AR on Learning Outcomes

Evaluating the impact of augmented reality (AR) on learning outcomes in education is a multifaceted
process that requires careful consideration of various factors and methodologies. While AR holds great
promise for enhancing student engagement and understanding, assessing its effectiveness in
improving learning outcomes requires rigorous evaluation and analysis.

One key aspect of evaluating the impact of AR on learning outcomes is identifying specific learning
objectives and desired outcomes for AR-enhanced activities. This involves clearly defining the
knowledge, skills, and competencies that students are expected to acquire or demonstrate through
AR experiences. By establishing clear learning goals, educators can effectively measure the extent to
which AR contributes to achieving these objectives.

Another important consideration is selecting appropriate assessment measures and methodologies to
evaluate the impact of AR on learning outcomes. This may involve a combination of quantitative and
gualitative assessment methods, including pre- and post-tests, surveys, interviews, observations, and
performance-based assessments. Quantitative measures can provide valuable data on changes in
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student knowledge, skills, and academic achievement, while qualitative methods can offer insights
into students' perceptions, attitudes, and engagement with AR technology.

Additionally, evaluating the impact of AR on learning outcomes requires considering contextual
factors such as instructional design, pedagogical strategies, and student characteristics. Educators
must carefully design AR-enhanced activities to align with instructional objectives and engage
students in meaningful learning experiences. Moreover, considering students' prior knowledge,
interests, and learning styles can help tailor AR experiences to meet their individual needs and
preferences.

Furthermore, assessing the impact of AR on learning outcomes may involve examining the effects of
AR on student motivation, engagement, and self-efficacy. AR has the potential to enhance student
motivation and engagement by providing immersive and interactive learning experiences that
stimulate curiosity and foster active participation. By measuring changes in student motivation and
engagement before and after engaging with AR activities, educators can gain insights into the
motivational benefits of AR technology.

Overall, evaluating the impact of AR on learning outcomes requires a comprehensive and systematic
approach that considers various factors, including learning objectives, assessment measures,
instructional design, and student characteristics.
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Resources and Tools for AR Integration

Recommended AR Apps and Platforms

When it comes to augmented reality (AR) apps and platforms for education, there are several options
available that cater to different needs and preferences. Some recommended AR apps and platforms
are presented below:

Zappar: Zappar is a versatile AR platform that offers tools for creating interactive AR experiences. It
provides a user-friendly interface and supports various content types, including 3D models,
animations, videos, and games. Zappar's AR experiences can be easily integrated into educational
materials and accessed through the Zappar app on mobile devices.

Explore Zappar further:

Official website: https://www.zappar.com/

Tutorial: https://docs.zap.works/studio/tutorials/

Assemblr: Assemblr is an AR platform designed to inspire educators in crafting immersive learning
experiences. Assemblr provides educators with the tools to bring their educational vision to life. From
designing historical reconstructions to creating virtual science experiments, Assemblr empowers
educators to engage students in meaningful learning experiences through augmented reality.

Explore Assemblr further:

Official Website: https://www.assemblrworld.com/

Tutorial: https://edu.assemblrworld.com/

Onirix: Onirix is an Augmented Reality platform that lets educators effortlessly build, host, and
distribute many types of AR online experiences. From building and customising scenes and projects to
publishing experiences that do not require coding or the use of mobile applications.

Explore Onirix further:

Official Website: https://www.onirix.com/

Tutorial: https://docs.onirix.com/
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These are just a few examples of AR apps and platforms that educators can explore and integrate into
their teaching practices. Each platform offers unique features and capabilities for creating immersive
and interactive learning experiences, making AR technology a valuable tool for enhancing student
engagement and understanding in the classroom.
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