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Abstract

:

Advances in visualisation techniques provide new ways for us to explore how we introduce complex topics like remote sensing to non-specialist audiences. Taking inspiration from the popularity of augmented reality (AR) apps, a free, mobile digital AR app titled SatelliteSkill5, has been developed for both Androids and iPhones in Unity AR. SatelliteSkill5 helps users conceptualise remote sensing (RS) theory and technology by showcasing the potential of datasets such as multispectral images, SAR backscatter, drone orthophotography, and bathymetric LIDAR for tackling real-world challenges, with examples tackling many of the United Nations’ Sustainable Development Goals (SDGs) as the focus. Leveraging tried and tested pedagogic practices such as active learning, game-based learning, and targeting cross-curricular topics, SatelliteSkill5 introduces users to many of the fundamental geospatial data themes identified by the UN as essential for meeting the SDGs, imparting users with a familiarity of concepts such as land cover, elevation, land parcels, bathymetry, and soil. The SatelliteSkill5 app was piloted in 12 Irish schools during 2021 and 2022 and with 861 students ranging from 12 to 18 years old. This research shows that both students and teachers value learning in an easy-to-use AR environment and that SDGs help users to better understand complex remote sensing theory.
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1. Introduction


Sustainability, its different components, and the tools used to achieve it are difficult concepts to convey to students. But it is recognised that the United National Sustainable Development Goals (SDGs) are a suitable instructional framework [1] to help students understand sustainability and to ensure that they become “informed, active citizens who take action for a more sustainable future” [2]. The UN SDGs, 17 inter-linked global goals, designed to be a blueprint to achieve a better and more sustainable future for all, are already largely incorporated in many third-level programmes in Ireland [3]. However, the inclusion of SDGs in the curriculum at a secondary level is at an early stage.



As remote sensing specialists, and as practitioners and/or educators who work with spatial data, we know how important this data can be to achieve each of the SDGs. We can also identify the added benefit to teaching and learning that accrues from knowing a little about how the data are collected and what they can be used for. In addition, we are firm advocates for mandating that a ‘location’ is attached to data (i.e., making it ‘spatial’), because we understand that seeing something in its real-world position can further help students digest complex topics and relate what they learn to their real-world experiences. We also know that doing this well can enthuse students about the types of technology that we are lucky to work with, such as satellite imagery, and how we maintain that initial fascination [4]. Moreover, research suggests that integrating spatial data in lessons can have a ‘significantly positive impact compared to conventional teaching methods in enhancing participants’ intrinsic motivation’ [5].



Integrating even fundamental remote sensing concepts in a lesson involves greater complexity than the more typical references to spatial data (e.g., point, polygons, and basemaps). The challenge would then be to ensure that the lesson does not become fixated on what spatial data are rather than what they are used for, but to demonstrate that this is productive knowledge, rather than an inert, and highly specialised knowledge with limited applications [6]. A move to emphasize real-world applications still runs the risk that the technical aspects will dominate, such as the original sensor, the operational characteristics (e.g., satellite, airborne, or terrestrial), and the form the data might take (differing outputs, whether captured through active or passive techniques). The danger of over-complication is equally present when preparing teachers to teach this content. Many of the challenges and technical issues regarding teaching remote sensing have already been clearly identified and articulated in this Special Issue [4], including challenges involved when designing RS content to foster interdisciplinary thinking [6] and coping with limited instructor time [7]. But, in Ireland, as in other countries such as Germany, Switzerland, and the U.K. [8], students have already been exposed to aerial imagery or other digital geo-media at a young age in different core curricula, for example during image interpretation or looking at satellite images in classes on climate change. The question then, is how can students’ prior knowledge be developed to encompass techniques for imaging the Earth using energy measured across the broader EM spectrum, or expanded into the third dimension for understanding height, without over-complicating a lesson?



There are many excellent online satellite education resources available, including the Sentinel Playground [9], which provides students with access to the full Sentinel and much of the NASA archive. This platform offers dedicated education-focussed resources. The discipline of ‘geo’ has also benefited from many early [10,11] and more recent [12,13,14] education and capacity-building initiatives, including those led by established societies such as the International Society of Photogrammetry and Remote Sensing. However, the spatial data literature (and our own experience) highlights that teachers consistently mention the following challenges when teaching: time constraints when learning new software and developing new materials; technical aspects of the software; lack of infrastructure and technical support within schools; and lack of teaching materials and resources [15,16,17,18]. New teacher- and student-friendly tools are therefore critical for introducing remote sensing to school students, to support teachers in incorporating this new content into lessons and, most importantly, to align it with the existing leaning outcomes within the curriculum, without unnecessarily over-crowding it [15,16,17,18,19]. The potential to achieve this lies in the more student-led elements of the curriculum. For example, in Ireland, in the 2015 reforms of lower secondary-level curriculum (Department of Education and Skills) [2] sought to reduce the dominance of summative assessment, introducing various formative assessment practices throughout the three years of lower secondary-level education [20]. These classroom-based assessments (CBAs) are introduced in different subjects at pre-defined times in a school year and provide students a lot of leeway, in conjunction with support from the teacher [21], to choose topics that interest them. The reformed curriculum is also underpinned by a set of key skills [22] that we, as remote sensing specialists, can readily identify in our standard workflows. For example, organising and analysing data, problem solving, and spatial thinking are common skills taught in geography, science, and mathematics classes [23]. We see an opportunity to build on this by encouraging an inquiry-based approach, which is a common instructional strategy in science teaching using spatial data such as satellite images. Such an approach offers ways to utilise remotely sensed data to promote student-led learning; support them in developing their own scientific arguments using spatial data, and support them as they learn to identify meaningful patterns in the images. In this paper we propose and introduce an augmented reality app titled SatelliteSkill5, designed to achieve the following key objectives:




	
Introduce students to fundamental remote sensing concepts in an easily understandable manner.



	
Develop a new, user-friendly and engaging medium.



	
Frame the remote sensing data against real world issues using the UN SDGs to reinforce learning.



	
Develop a tool that is easy for a teacher to use and meaningfully embed in lessons to achieve the pre-determined learning outcomes of the curriculum at a lower second level across a number of school subjects.








This paper will first introduce the educational concepts applied during the design stages, including active and game-based learning, along with other pedagogical principles. This will then be followed by the core remote sensing technical information and datasets that are incorporated in SatelliteSkill5, introducing each of the fundamental geospatial themes incorporated in the challenges that make up the activities users engage in. The software development/design of the tool will then be described using the processed data in Section 3 (including the environment and work in progress). Finally, an informal evaluation of the app, performed in a series of real-world class environments, is provided and discussed in Section 4 and Section 5.




2. Materials and Methods


The Departments of Geography/Education in Maynooth University, Ireland, are leading a collaboration initiated in 2019 with the Ordnance Survey Ireland (OSi is the Irish National Mapping Agency, now rebranded as Tailte Éireann-Surveying), the Society of Chartered Surveyors Ireland (SCSI), Esri Ireland, and the School of Surveying and Construction Innovation at Technological University Dublin to showcase satellites and survey data to students. ‘5*S: Space, Surveyors, and Students—STEM and the Sustainable Development Goals’ is a science, technology, engineering, and mathematics (STEM) outreach project that builds on two existing national school-based programmes that target a national audience. It is funded by Science Foundation Ireland (SFI), the statutory body in Ireland with responsibility for funding basic, oriented, and applied research in the areas of STEM with a strategic focus and co-funded by the Irish branch of the European Space Education Resource Office, ESERO Ireland. The two existing national programmes are Esri Ireland’s award winning, ‘ArcGIS for Schools’ programme and the SCSI ‘Day in the Life’ recruitment programme. A collaboration between these two programmes presented the opportunity to combine a national network of volunteers with an existing data and training infrastructure. 5*S has two main work packages (WP): The first of these is a ‘top-down’ approach, in which very specific remote-sensing-focused content has been developed for and delivered to classes in the Junior Cycle (lower secondary level) of science, geography, and history. All content is made available to students through ArcGIS StoryMaps with interactive components scattered throughout to pique students’ interest and keep them engaged. Including the Department of Education in Maynooth University in the 5*S partnership has also opened the initiative to student teachers on both the concurrent (Bachelor of Science Education) and consecutive (Professional Master of Education) initial teacher education programmes at Maynooth. Moreover, it has resulted in the co-creation of lesson plans that can be adapted by teachers for different subjects and age groups. The focussed, StoryMap-centric WP has been extensively reported on [24] and its benefits for teacher agency have been demonstrated. This paper, however, is focussed on the second WP, in which a ‘bottom-up’ approach resulted in the creation of an augmented reality app that aims to empower students and encourage their autonomy in learning.



2.1. Project Structure and Workflow


This ‘bottom-up’ WP was designed to promote active, student-led learning. Encouraged by the success of augmented reality (AR) apps such as Pokémon Go, the 5*S team developed a free AR app titled SatelliteSkill5 (pronounced “Satellite Skills” where a 5 replaces the final S to echo the 5*S project title). Using a phone or tablet device, the app not only introduces students to satellite data, but it highlights their use in charting the impacts of climate change. It simulates real-world applications of remote sensing and other survey and satellite datasets, and by linking the app’s activities or challenges to specific SDGs, it helps them grasp the concept of sustainability with reference to local and national contexts (Figure 1).




2.2. Pedagogic Principles


As previously discussed, the 5*S team identified an opportunity to highlight how spatial and remotely sensed data can become integral in sustainability education. We considered several pedagogic principles during the initial design and development stage. The following three requirements were specified as mandatory:



Gamified Education: Initial development began early in the COVID-19 period, and we were determined to offer an app that would promote a self-directed, active learning approach. This would not only lead to higher levels of engagement and motivation, but would encourage self-paced, self-directed learning that was ideal during COVID-19 because it could provide immediate feedback and spatial skills’ development in the absence of the usual classroom context (Figure 2).



High level of immersion and interactivity: The app should offer a detailed learning experience, but also make it easier to visualise and understand complex topics to increase motivation. An easy-to-use interface would be essential to ensure intuitive use (again, possibly when no teacher was present) and help walk students through each part with some minimal guidance and text.



Empower the students: Makes use of real-world data for real-world challenges: flooding, oil spills, forest fires, etc. Engages students and demonstrates the real-world application of remotely sensed data with a focus on SDGs, namely one of the key objectives of our study introduced in Section 1.



The SatelliteSkill5 method is underpinned by both constructivist and connectivist learning theory. A constructivist approach favours students being more active in their learning [25]. By puzzling out a resolution to different challenges in the app, students are not passively receiving information, but must engage responsively, drawing on their experience of, and in, the real world. They must also create meaningful links between these scenarios as they learn about SDGs in the process. SatelliteSkill5 shows how remote sensing data can help students develop their thinking and data literacy skills [26], and it highlights the complexities of the ‘real world’. The students are given a series of challenges to complete, requiring them to interpret each of the different datasets, thereby enhancing multiple skills in the process. The competitive, gamified approach is achieved by a digital trophy being awarded for every successfully completed challenge, allowing students to ‘collect’ different awards during the engagement with the SatelliteSkill5 app. The technology-focused nature of remote sensing also encourages a connectivist approach. Particular examples are where students can act as a ‘citizen scientist’ [27]. Citizen science, which has seen a surge in popularity in recent times, provides students with the opportunity to support decision making and/or participate in environmental reporting and monitoring [28], and, for example, the SatelliteSkill5 app has already been incorporated in a use-case for the European Space Agency ‘Climate Detectives’ Programme.




2.3. Satellite Imagery and Other Remote Sensing Data Incorporated


SatelliteSkill5 prioritises multispectral and SAR satellite data from Copernicus, but also introduces several other remotely sensed datasets, including sonar and aerial orthophotography. The challenges are designed to focus on SAR data covering backscatter or other derivative datasets such as flood polygons from the Copernicus Emergency Mapping Service or the Ocean Wind Field Component derived from Sentinel 1. The multispectral data are introduced both in terms of the visible proportion of the spectrum, but also further into the infrared, briefly introducing the user to SWIR for hotspot detection and the concept of band ratios. Table 1 introduces many of the datasets incorporated into the different challenges, each of which is designed to introduce the user to a small selection of the wide range of datasets that can be derived from Sentinel satellites and similar programmes, without overwhelming them.



Satellite orbits and hardware principles are also introduced (Figure 3), showing how SAR can ‘see’ through clouds. In this challenge, students learn about the principle of satellite orbits, push-broom scanning methods, orbital swaths, and revisit time. Here, the student must ‘become’ the satellite and complete the mapping of the Earth to unlock the next challenge. Students are also introduced to elevation datasets derived from space platforms such as the shuttle RADAR topography mission (SRTM) and night-time imagery of urban areas from NASA’s SUOMI satellite.




2.4. The United Nations Sustainable Development Goals


Governments, businesses, and individuals in Ireland are mobilising efforts to achieve the United Nations’ Sustainable Development Goals (SDGs) by 2030. Universal, inclusive, and indivisible, this far-reaching plan calls for action by all countries to improve the lives of people everywhere. Students place the environment, climate change, and a sustainable future as among their most pressing concerns, if not their ultimate top concerns. Ordnance Survey Ireland, another 5*S partner, has played an active role in the United Nations Global Geospatial Information Management (UN-GGIM) Committee of Experts since 2012, and its work, in collaboration with the Central Statistics Office, has resulted in the development of Ireland’s SDG data platform. The SDG platform (irelandsdg.geohive.ie) was developed on ‘GeoHive’, the State’s geospatial data hub, and provides authoritative information and focussed content on Ireland’s progress against SDGs for citizens, business, and policy makers. 5*S highlights the role of satellite data for Ireland’s reporting on SDGs and raises awareness among the general public. As explained in Section 1—we used many of the SDGs as the ‘hook’ in SatelliteSkill5 to introduce students to remote sensing (Table 2).




2.5. Data—Key Skills, Spatial Data, and the UN GGIM fundamental Geospatial Data Themes


The final component is the focus on key skills in the Junior Cycle Framework referred to in Section 1. Eight key skills are linked to learning outcomes for each subject and are intended to guide teaching and student learning [29]. Being numerate, literate, communicating, and creative, and managing information and thinking are the most relevant of these key skills identified by the 5*S project. These key skills clearly bridge the geography and science curricula, both of which are core subjects for 5*S and where there is a clear focus on different data types. This concept is further expanded for spatial data, which includes the different datatypes represented by raster images (binary and threshold maps, greyscale, pseudo colour, and false colour composite images). Standard cartographic or geodetic principles and best practice (including latitude and longitude, datums, map legends, and colour ramps) are all included as relevant content throughout the activities. In SatelliteSkilll5, these are indicated to the student by a clickable lightbulb that opens a numbered note titled ‘Data Did You Know’. These notes, illustrated in Figure 4 and detailed in Table 3, were introduced to draw clear links between traditional data and its spatial representation. Feedback in our other WP indicated this link was not always clear to non-geographers, where ‘spatial data’ were often regarded as being ‘just maps’.



To further reinforce the link between remote sensing and real-world issues that are encountered on a daily basis (whether satellite, airborne, or terrestrial), students were also introduced to the concept of the UN Fundamental Geospatial Data themes during their sessions on the app. This effort further enhanced work at an international level, where OSi collaborated with the Irish Central Statistics Office and many international peers on the development of 14 fundamental geospatial data themes. The role of satellite data in sustainability is often overlooked by the general public as well as students (Figure 5a). The 5*S project aims to communicate the role of satellites and Earth observation in helping achieve SDGs. One 5*S partner—OSi—has played an active role in the United Nations’ Global Geospatial Information Management (UN-GGIM) Committee of Experts since 2012 and many of the UN GGIM fundamental geospatial data themes have also been introduced in this app (Figure 5b). This element of SatelliteSkill5 feeds back into the scientific method and inquiry approach, where students should carry out their own study. This is the game or ‘unlocking’ element of the development of SatelliteSkill5; in each case, each challenge also unlocks an open dataset. These form a curated list of spatial data aligning with each of the 14 GGIM themes, chosen by the 5*S team and specifically selected to be of use for a student beginning a research project. The 5*S partners OSi and Esri Ireland developed an automated unlocking element, where the student ‘collected’ (once again following a gamified learning approach—Figure 5c) data of relevance to their topic of interest, and this appeared in their ArcGIS Online account after the challenge was completed. The SatelliteSkill5 app can be used as a learning tool, or proceed further via this route and, for example, be used to carry out GIS analysis on some data for their locale. The 5*S team also provided STEM outreach sessions and training for schools on these datasets.





3. Technical Development of the SatelliteSkill5 App


This section introduces the technical development of the SatelliteSkill5 app, the design, and the platforms and environments.



3.1. Development Engine


Unity is a powerful, versatile, and popular game development engine that provides a sandbox environment for the creation of immersive and interactive 2D and 3D experiences. Unity (versions 2019–2022.3 used during development) offers exceptional cross-platform capabilities, including mobile devices, consoles, and desktops, and it supports emerging technologies such as AR (e.g., [30,31,32,33]) and VR, which were used by the SatelliteSkill5 app; many of these AR examples were carried out with public engagement [34,35] or education and capacity building [36,37] in mind. The user interface that Unity provides significantly simplifies the game development process without the developer needing extensive coding knowledge. Unity’s scripting system, primarily based on C#, also provides a powerful and flexible framework for game development. Users can create complex interactions between the spatial datasets and other game assets by making use of Unity’s excellent physics and simulation tools.



Each of the SatelliteSkill5 challenges is highly curated to provide the users a bespoke experience, but do not yet offer the possibility to view satellite data at their immediate location. These were designed for both indoor or outdoor use and were created using individual Unity scenes; the central element in each scene consisted of a map containing 3D data of somewhere in Ireland, including multispectral, radar, and topological satellite data; spatial data; and other datasets. A unique set of sub-challenges were then built around this map, where the users were asked to move around the map, explore it, and perform some directed action. Significant effort went into the prompts to guide users through each section with accompanying text, and with different visual and audio stimuli, considering many of the key skills referred to above. A gamified approach, with digital trophies to mark the completion of different challenges, intended to provide encouragement to students and the impetus to consider opportunities for further learning offered within the app. As the user progresses through each sub-challenge, the difficulty increases as they grow more comfortable with the 3D environment.




3.2. Accessibility—Smartphone and Tablet Compatible


The near ubiquitous availability of smartphones among young people provided the scope for students to oversee their own learning using this technology. We prioritised it for its familiarity; convenience to users; and multiple modalities for video, AR, and download capability. Integrated development environments (IDE) serve a crucial role in mobile app development by providing a comprehensive set of tools and features that streamline the development process. In this project, they allowed for the development of a parent app to house the Unity challenges. These were built using Android Studio 2022.3 for Android and X-Code 15 for iOS. Android Studio is the official IDE for Android app development. It offers a rich set of features tailored specifically for building Android applications, including code editing, debugging, performance profiling, layout design, and emulator support. Xcode is the official IDE for iOS, iPadOS, and macOS app development. It provides a complete set of tools for developing, testing, and debugging apps for Apple platforms. With Interface Builder, debugging tools, simulator support, and App Store distribution capabilities, Xcode is an essential tool for iOS developers. These programs also allow for straight forward publishing to the Google Play and Apple App Stores. By having a parent app, it was possible to provide a nice introduction to the app that would inform users about what each satellite challenge was about, what they would learn, and it would allow them to keep track of their progress through each challenge. It also provided them with external learning opportunities. The programs also allowed for the collection of crash analytics, which helped ensure a high quality of user experience through fixing any bugs that arose.




3.3. Hosting and Distribution


Google Play and Apple App Store are the two primary distribution platforms for mobile applications on the Android and iOS platforms, respectively. These online stores allow developers to publish and distribute their applications to a wide audience and allow them to be easily available for school outreach sessions. Developers can create a developer account, submit their apps for review, and once approved, make them available for download on Android and iOS devices. They also provide features for beta testing and staged rollouts. Developers can release their apps to a limited number of users or specific regions before making them available to the broader audience, allowing for testing and gathering feedback. They also include content policies that are in place to ensure the quality, security, and appropriateness of apps. Developers are required to adhere to these policies, which include guidelines for app content, user data handling, and app behaviour. Both Google Play and Apple App Store were used as central locations to distribute the app to the students in the schools we worked with, while also being available for others to find and use it.




3.4. Interacting with the Environment


Each challenge level in the SatelliteSkill5 application was a manually created game level built in the Unity game engine. Every level design started off with a 3D map, which acted as a central starting point for the challenge. External assets such as 3D models, animations, and sounds were then manually added and programmed to create the user experience that users needed to complete in order to successfully complete the challenge. All 3D models in the scene were stored according to the cartesian reference frame present within Unity. The user camera on their mobile device served as the ‘eye’ through which the user interacted with the game level. The app used the device camera and AR software development kits of ARCore 5.1.0 and ARKit 5.1.0 (developed by Google and Apple) to detect flat surfaces in the user’s vicinity. Once detected, users could anchor the challenge level 3D models onto the flat surface. This exact ‘real-world’ point acted as the origin for the digital model to attach to. All other 3D models existed in relation to that position. Users then interacted with the 3D model using Raycasts. Raycasts are narrow invisible beams that shine out in a straight line from the device’s camera. If the beam interacted with a specific object, it triggered an event that prompted the user to perform some action.





4. Results


This section introduces the process of evaluating the SatelliteSkill5 app, where we use an informal rather than instrumental evaluation approach. We will also present the results of our teacher questionnaires.



4.1. Teacher Opinions as a Proxy for Student Experience


Post-event questionnaires incorporated a combination of both Likert scale rankings and free-text comment boxes to elicit participants’ insights and personal responses. These questionnaires were designed to measure teacher satisfaction with the SatelliteSkill5 app for the three core topics after a 5*S event, namely satellites, SDGs, and spatial data. Following a series of workshops, 12 teachers were used as a proxy to measure the level of engagement of the 861 students who attended these sessions. In Phase 1 of our project, no direct student feedback could be incorporated. The time required to secure the appropriate ethical approval (Tier 3) for research involving young people meant it would not have been feasible in this first-time award (i.e., from the notification of the award, through the ethical preparation submission, subsequent revision, and to the approval). Early surveys were therefore carried out under Tier 2 approval, hence our evaluation responses came from teachers only. Over half of the teachers surveyed taught multiple subjects (Table 4) on the curriculum and therefore were ideally placed to spot cross-curricular links. All of the teachers surveyed taught across multiple years at a secondary level (some had classes with two year groups, others taught classes in all year groups from first to sixth), so the data were derived from the experience of the app among a very varied range of student cohorts. Despite the predominance of Android phones on the Irish market, the vast majority of students used either an iPad or iPhone for these lessons; this was due to the prevalence of iPads for teaching in Irish secondary-level schools.




4.2. Results of Teacher Questionnaires


Feedback on the training was collected from teachers via a poll conducted using MS Forms. Each question was a five point Likert scale ranging from ‘strongly disagree’ to ‘strongly agree’. We first asked the following six questions (Figure 6) to gather feedback about a SatelliteSkill5 session:




Q1: Is the SatelliteSkill5 App relevant for teaching your subject?






Q2: Is the SatelliteSkill5 App a useful tool for introducing students to space, satellites and survey data?






Q3: Do you think your students enjoyed their session with the SatelliteSkill5 App?






Q4: Can students use phone/tablets in the classroom?






Q5: Did you get a better understanding of the Sustainable Development Goals through this App?






Q6: Is the App an effective way of teaching students about the SDGs?





Microsoft Forms provides analysis-ready results in terms of both bar charts and pie charts, as well as word clouds and summary insights, where clear trends appear in a dataset. The results for Q1 indicate that teachers clearly saw the relevance of the SatelliteSkill5 app for teaching their subjects, with 100% agreeing (75%/25% split between agree and strongly agree, respectively), which reinforced the cross-curricular nature of both spatial data, satellite images, and SDGs for teaching. Teachers were also unanimous in Q2 (100% agreeing, 50/50 split between agree and strongly agree) that the tool was useful and they saw its potential for introducing their students to satellites and survey data. The teachers were similarly very positive in Q3 about the experience for their students, with 58.3% of them agreeing the students had enjoyed it and 33.3% strongly agreeing. Only one teacher was non-committal. All of the teachers who tried the SatelliteSkill5 app agreed, in Q4, that the students could use tablets and/or smartphones in their classes. This may seem self-evident, as they would not have requested a workshop if they could not use the technology, but a theme encountered in some schools is that students may be allowed to use school digital media, but there is a strict ‘no phone’ policy in place, which is often applicable to the use of any personal devices. This strongly positive result was therefore interesting, as it suggested certain schools were very open to the use of digital media, whereas others had a blanket ban. Another interesting finding was around SDGs. As explained in Section 1 and Section 2, the SatelliteSkill5 app was designed to use SDGs to help teach about satellite data/spatial data, but teacher opinion in both Q5 and Q6 was equally split on this, with the majority being non-committal (50%), with 42% agreeing and one teacher disagreeing. This highlights the clear potential for improvement, and was something that was subsequently immediately implemented, to encourage the students to think in more detail about SDGs via an AR scroll wheel at the end of each challenge. We report briefly on this in Future Work in Section 5.




4.3. Free-Text Insights


The SatelliteSkill5 app and 5*S sessions were also evaluated through a series of free-text comments to elicit further information and detailed suggestions from these experienced teachers. Teachers were invited to comment in more detail on the following questions, with no word limit:




Q7: What is the toughest part of your subject to teach that AR can help with?






Q8: How was your experience with the SatelliteSkill5 app?






Q9: Do you have any comments on how the students found the SatelliteSkill5 App?






Q10: Any other comments?






Q11: If we did a follow-up project, is there anything from the SatelliteSkill5 app that you would like to see expanded upon?





These free-text comments from the teachers confirmed that they found the SatelliteSkill5 content very useful, in particular that it made them more confident teaching space and/or satellite components in their curriculum (for example the Earth and Space strand on the Science curriculum). They particularly valued the method of combining the satellites and SDGs, as it helped relate technology to real world examples. This was noted as positive, and clearly aligned with such learning objectives as Physical World No. 4 on the Irish secondary-level curriculum, for the student to, ‘Research and discuss a technological application of physics in terms of scientific, societal and environmental impact’. The teachers repeatedly recognised the potential for AR to engage students and capture their attention. When surveyed, the teachers also identified four areas of relevance for AR-assisted teaching, including visualising spatial data, map work, understanding height, and linking to space parts of the curriculum, as illustrated in the word cloud highlighting some key terms from teacher feedback in Figure 7.



The final comments from teachers confirmed the potential for the cross-curricular application of satellite and spatial data, and they suggested links to other topics and expressed a desire to learn more about spatial data and GIS in their schools via our parallel StoryMap offerings. Almost all (98%) teachers indicated they would use the SatelliteSkill5 app again in their teaching, and that they would recommend it to a colleague. These insights, along with the strong improvement in teachers’ confidence teaching relevant satellite and space-themed material, indicate that students will be offered further opportunities to engage with remote sensing material through their teachers and the use of further 5*S material.





5. Discussions and Future Work


5.1. Summary of Findings


The role of satellites and other RS datasets are relevant to many topics across the curriculum at a secondary level. However, making this relevant to every subject requires linking to many different learning outcomes, and partially (i) undersells what satellites and other remote sensing data and hardware can do, (ii) as well as relegating these to a secondary role, where the range of datasets (encompassing both their richness but also their complexity) may be largely diluted or even lost when the focus is on the curriculum or a specific learning outcome.. This also emerged in the work of the other 5*S programme offering school content [24]. The SatelliteSkill5 app was therefore developed to offer a less rigid, more creative, and game-based learning approach to help introduce students to the role of satellites and other remote sensing data outside of any one curricular subject. The popularity of this offering was evident, and enjoyed a particularly timely launch during COVID-19, when teachers were looking for free online and digital offerings for students. Teacher feedback was almost unanimously positive and the results across the different schools, as well as verbal feedback from students, as reported to us by the teachers, reinforced our confidence in their positive opinion of the SatelliteSkill5 app. The use of AR and remote sensing data as a teaching tool is therefore promising, and we used the feedback to add new content into later iterations of the app, which are now available to download.




5.2. Limits of the Evaluation


Student feedback was one of the key pieces of information that needed to be incorporated, and we were since awarded Tier 3 ethical approval, which will be brought to Phase 2 of the project, which began in March 2023, and will be reported on in a subsequent paper. Tier 3 approval will allow us to incorporate student questionnaires during outreach events and recordings of metrics and performance measurements in the SatelliteSkill5 App during challenges. Another important aspect is that the project can be easily modified in several ways in order to make it even more attractive to students, for example through a use case we provided that aligns with the ESA Climate Detective programme. It is also important to note this is not only a tool suited for secondary level, as it has been trialled over a number of years on the remote sensing modules on the BSc in Geospatial Surveying at Technological University Dublin, on the remote sensing undergraduate module at Maynooth University, and for the MSc in GIS and Remote Sensing at Maynooth; it was deemed as a useful exercise and informative tool for each cohort. Our hope is that the work we began with the SatelliteSkill5 app will inspire the next generation of students to consider RS or GIS courses at both secondary and tertiary levels.




5.3. Technical Limitations of the App


All IT projects are prone to their own specific series of software and hardware issues. Although overwhelmingly successful and offering a solid, robust software release that has stood the test of over five thousand users at end of 2023—technical issues are occasionally present. These can be summarised as follows:



Data loading: Because of data size, it was not possible to store the spatial data used in the app directly in the app itself. Data were stored externally and needed to be downloaded to the device before they could be used. Therefore, a good internet connection was essential for its use. Poor data speed could result in some or none of the map being downloaded, which impacted the user experience. This was also exacerbated by the fact that school students did not always have access to school Wi-Fi and/or had basic phone plans that limited internet access.



Device Storage: Storage could be a factor for users, as the app needed plenty of device space to operate. The scale of the maps that users had access to had to be reduced to help alleviate this, which reduced the amount of 3D map users could explore. Every effort was made to compress and reduce the size of the assets used in this app. Students had a wide variety of mobile devices and many of them were older models, so it was important to make sure the app could run effectively on as many devices as possible.



AR Limitations: While the ARCore and ARKit software developmental platforms were very powerful and flexible, they did not work on every mobile device for a variety of reasons (insufficient RAM, old CPU, or other features). Google and Apple retain control over the list of devices they support so there is no remedy if a device is not supported to use AR.



AR Tracking: The AR tracking capabilities of ARCore and ARKit are very powerful, but are prone to their own bugs; sometimes items placed in the AR scene will drift away if errors occur in the tracking software. These bugs have been reduced over the years as these platforms have matured, but they do still appear.




5.4. Future Work


Future work includes improving learning related to SDGs, by moving from a simple ‘question and answer’ at the end of each challenge to a scroll wheel in the AR environment, where the student must take more time to reflect and consider what SDG this challenge can help address. We will also explore the potential of dynamic data updates for the user location. In early versions of SatelliteSkill5, we explored this and implemented a mix of in-classroom-based challenges and location-based challenges. These location-based challenges made use of user GPS locations to provide a more personalised challenge depending on the immediate surroundings. These were phased out during testing, as we did not want to send users to geographical hazardous areas when carrying out an AR challenge where they look at their device screens while being near dangerous environments (e.g., river banks linked to flood events). There were also child protection issues around personal GPS locations that were important to address and communicate with users. Location-based challenges were, however, a common request from users and teachers, and should be considered for later iterations of SatelliteSkill5.





6. Conclusions


In this manuscript, we presented our rationale for developing an augmented reality app, introducing students to satellites and remote sensing through the Sustainable Development Goals in a fun and interactive manner. The SatelliteSkill5 app utilises many pedagogic principles such as active learning and game-based learning, and it targets cross-curricular approaches. It has incorporated multiple different remote sensing technologies, ranging from active to passive and focussing on spaceborne, airborne, and marine data. We then introduced the development environment and the technical components of each part of the challenge. The app was trialled by over 860 students at 12 schools and we presented our informal evaluation method. These offerings were evaluated by eliciting teacher opinions through a combination of both closed Likert scale questions and free-text responses. This study concluded that a digital AR tool is welcome and it was found to be easy to incorporate in the classroom. Teachers recognise the potential for AR as a teaching resource for a variety of cross-curricular topics, ranging from glaciers to map reading. The SatelliteSkill5 app itself was also successful in its goal of introducing students to complex topics like satellite and other remote sensing data in an engaging way, and SDGs were recognised as a valuable theme for introducing each of the technologies. However, it was also proposed that SDGs could be introduced in more detail, a suggestion that has been incorporated along with other useful feedback for ‘future work’.
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Figure 1. Schematic for the SatelliteSkill5 app. A series of challenges in the app encourage students’ self-directed learning in an AR environment for smartphones or tablets. Different SDGs are a guiding theme for each topic, helping students relate the ‘what’ of RS technology to the ‘why’ of understanding the real-world benefits. 
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Figure 2. Flowchart of a typical challenge: many iterations of the design have resulted in not only reducing the over-reliance on text to convey complex terminology, but also in maximising screen space to create a fun, engaging experience. A given topic is first presented, accompanied by a basic introduction to a particular RS approach and the student is then encouraged to explore the dataset for a real-world location in the AR environment (e.g., in this case, a coastal SAR backscatter dataset). 
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Figure 3. Examples of some of the datasets that students are introduced to in the SatelliteSkill5 AR environment: (a) Copernicus EMS flood-derived polygons from SAR overlaid on vector mapping with a height map; (b) Copernicus EUDEM for a glacial valley in Ireland and related to an elevation datum; (c) near-polar low-Earth orbits where students ‘become’ the satellite. 
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Figure 4. Imparting key skills: (a) students are encouraged to explore their environment. Motivated students will seek out and investigate the lightbulb icons to learn more about the data. (b) Each challenge helps students to learn a new ‘key skill’, such as data literacy. Each ‘data did you know’, represented by the light bulb relates to a different remote sensing data type. 
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Figure 5. SDGs and student-led learning: (a) at the end of each challenge, students must think about what SDG the challenge best helps target; (b) the challenges are also linked to many of the fundamental geospatial data themes defined as essential for meeting SDGs; (c) students can ‘unlock’ data to help them with classroom-based assessments (CBAs). 
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Figure 6. Results for the teacher questionnaires for the 12 teachers; the app is used by 861 students. Responses are given on a Likert scale ranging from ‘strongly disagree’ to ‘strongly agree’. 
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Figure 7. A word cloud highlighting many of the areas that teachers identified as being particularly suitable for learning through an AR environment such as SatelliteSkill5. 
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Table 1. SatelliteSkill5 introduces students to multiple RS datasets in real-world locations. These have been selected under several themes including SAR (both backscatter and derived datasets such as the Copernicus EMS flood polygons) and multispectral (including the visible and NIR/SWIR). They also learn other valuable contextual information using hardware in the satellite orbits and spatial data.
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	No.
	RS Dataset
	Challenge





	1
	Intro
	Learn about analysing data in its real-world location.



	2
	Backscatter (SAR)
	Interpret areas of high/low backscatter from Sentinel 1a to find an oil slick and candidate polluting ships in a coastal bay.



	3
	Flood Polygons (SAR)
	Utilise Copernicus EMS polygons to find all the flooded and unflooded schools after a real-world flood event.



	4
	Ocean Wind Speed (SAR)
	Optimise the site location for a windfarm using MBES bathymetry and Sentinel 1a wind data and other criteria.



	5
	SWIR (MS)
	Find hot spots using the Sentinel 2a SWIR band and direct responders to these locations to extinguish potential resurgent fires.



	6
	Burn Index (MS)
	Prioritise areas for replanting post fire event based on the severity of the burn. NDBI created using S2a.



	7
	Orthophoto (RGB)
	Identify old crop marks in post-drought event RGB imagery and compare them to boundaries on historical mapping.



	8
	Night-time Imagery (RGB)
	Relate night-time view of the Earth to infrastructure and population centres using NASA SUOMI imagery, links to social equality.



	9
	Topography (3D)
	Explore Copernicus DEM elevation data for planning recreational hikes, flood scenarios, and to understand forming after glacial events.



	10
	Satellite Orbits
	Discover low-Earth near-polar orbits using the Sentinel 2 constellation, then examine global data using a biomass example.










 





Table 2. Each dataset is introduced for a real-world application, the user must see if they can use the data to fulfil one of the SDGs. These are not limited to the usual ‘climate action’ role of satellite data, but rather students are encouraged to think about how the data can be used for many different challenges, such as reducing social inequality, protecting life below water, etc.
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	SDGs Incorporated
	How Satellite Data Helps in the Challenge





	2: Zero hunger
	Seeing changing patterns on the land during periods of drought.



	3: Good health and wellbeing
	Mapping our natural environment through satellite to encourage biodiversity and active pursuits.



	6: Clean water and sanitation
	Interpreting areas of high/low backscatter From Sentinel 1a to find an oil slick and ships in a coastal bay.



	7: Affordable and clean energy
	Exploring how satellites and other RS technology is used for measuring sea depths and wind speed.



	9: Industry innovation and infrastructure
	Using night-time imagery to identify urban areas and explore issues with societal inequality.



	11: Sustainable cities and communities
	Utilising Copernicus EMS polygons to find all the flooded schools after a real-world flood event.



	13: Climate action
	Tackling wildfire with multispectral imagery.



	15: Life on land
	Learning about near-polar orbits and how satellites help map the world around us.










 





Table 3. Each challenge is designed to introduce students to a different data type: spatial data can be represented in many ways, and the pixel value or simil