
DESIGN OF AN EASY-TO-USE MOBILE AUGMENTED 

REALITY LEARNING SETTING BY MEANS  

OF A CONJECTURE MAP 

Luca Moser 
University of St.Gallen, Switzerland 

St. Jakob-Strasse 21, CH-9000 St.Gallen, Switzerland 

ABSTRACT 

Despite the positive effects of mobile augmented reality (MAR)-tools for learning, MAR-tools are not commonly used in 

classrooms. The scientific discourse identified a lack of concepts that guide the practical application of mobile augmented 

reality (MAR)-tools in education. Teachers often feel insecure when designing and applying digital learning settings and 

therefore need tools and concepts to support them. The present contribution outlines how to develop an easy-to-use 

mobile augmented reality learning setting (MARLS). Thus, a MARLS to foster artificial intelligence (AI)-literacy is 

developed and studied to explore what makes MARLS easy-to-use. AI-literacy serves as an exemplary topic. It appears to 

be suiting because MAR-technology is based on AI-systems and hence allows students to experience a positive form of 

human-AI-interaction first headedly. The educational design research is conducted by means of a conjecture map to 

enable the concurrent investigation of learning, teaching and its interdependence. Derived from the high-level 

conjectures, (I): AI-literacy is a set of competences, (II): a digital learning environment is crucial to foster it, (III): a good 

MARLS considers usability, user centeredness, conscious application, basic learning theories and cognitive load, the 

MARLS is developed. The MARLS and its conjecture map lay ground for the yet to follow measure and improvement of 

the learning design. 
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1. INTRODUCTION 

Mobile augmented reality (MAR)-applications are increasingly discussed in the field of education (Akçayır 

and Akçayır, 2017; Pedaste et al., 2020). Like other augmented reality (AR)-tools, they are designed to 

“supplement the reality” with virtual elements (Azuma, 1997) and create an augmented environment where 

physical and digital features complement each other (Davies, 2004; Milgram and Kishino, 1994). Distinct 

about MAR-tools is that they can be applied with any mobile device (smartphone or tablet computer). Most 

upper secondary students own a smartphone (Cano and Sevillano-Garcia, 2018; Suter et al., 2018), what 

makes MAR-tools particularly cost-effective, as no further hardware has to be acquired. Hence, MAR-tools 

are potentially easier to distribute on a big scale than other AR-tools (Akçayır and Akçayır, 2017). 

Furthermore, the most comprehensive meta-studies on the subject identified significant potential for  

MAR-learning settings (MARLS) to increase learner engagement, motivation, learning effects, and the 

quality and quantity of interaction (Akçayır and Akçayır, 2017; Altinpulluk, 2019). MARLS enable 

authentic, interactive, and learner-centred learning experiences (Bacca et al., 2014), deeper knowledge 

acquisition, and better application of acquired knowledge in different contexts (Radu, 2014).  

Despite the potential scalability and the considerable positive effects, MAR-tools are not regularly used in 

classrooms (Wang et al., 2018). A possible reason for the scarce practical use might be that many teachers 

still feel insecure when it comes to developing or applying digital learning settings in classroom (Fraillon  

et al., 2019; Seufert et al., 2019). Although several design principles for creating MAR-tools exist, a lack of 

principles illustrating how MAR-tools can be effectively used to design complete learning settings has been 

noted in scholarly discourse (Kerr and Lawson, 2020; Kourouthanassis et al., 2015). While little  
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MAR-research has been conducted for the primary and tertiary levels of education, there are even less 

concepts and empirical data for the secondary level of education (Hedberg et al., 2018). 

Consequently, a MARLS is designed that enables teachers to foster Artificial Intelligence (AI)-literacy in 

upper secondary practice and contribute to the research on design principles of easy-to-use MARLS.  

AI-literacy, the competence to use smart machines effectively and consciously (Davenport and Kirby, 2016; 

Long and Magerko, 2020), serves as an exemplary topic. It appears to be suiting because, even if there is 

consensus that the effective and conscious handling of AI should be fostered at school (Pedro et al., 2019; 

UNESCO, 2019), in educational practice AI-literacy is still insufficiently addressed (Holmes et al., 2019; 

Luckin et al., 2016). Additionally, MAR-technology is based on AI-systems such as image recognition (Sahu 

et al., 2021) and hence allows students to experience a positive form of human-AI interaction whilst using the 

application. 

Two project goals are pursued: 1) the development of a MARLS that enables teachers to foster  

AI-literacy in practice; 2) the contribution to the scientific discourse on the effective design of easy-to-use 

MARLS. The Main research Question derives from these goals:  

 

How to design an easy-to-use mobile augmented reality learning setting (MARLS) for upper secondary 

education by means of conjecture mapping? 

 

The content of the paper is structured as follows: the next section elaborates why the conjecture map is a 

favourable tool to design the MARLS and explains the applied educational design research method; the third 

section provides an overview of the findings: 1) the MARLS design principles 2) the conjecture map and the 

created learning design; and the last section concludes the paper by discussing the results and providing 

recommendations for future research. 

2. METHOD 

Design Research allows to pursue the two goals at hand: the development of innovative practical solutions 

and the advance of theoretical insight on how to do so (Dunning, 2011; Seufert, 2014). The applied 

educational design research (EDR) developed by McKenney and Reeves, consists of three phases that are 

conducted iteratively (McKenney and Reeves, 2018; Wozniak, 2015): 

1. Analysis and exploration (phase 1): In order to be able to plan and design suitable measures for 

teachers, the required skills initially have to be discussed and formulated (Sandoval, 2014). The most 

extensive literature review to conceptualize the competences related to AI-literacy was conducted by Long 

and Magerko (2020). Their four dimensions “What is AI?”, “What can AI do?”, “How does AI work?”, and 

“How should AI be used?” and the 16 related competences are therefore applied in the outlined EDR-project. 

Furthermore, a systematic literature analysis on the construction and application of MAR-tools for 

educational purpose is conducted to condense the scientific findings to MARLS-design principles. The 

results of the literature analysis and development of the design principles are presented in detail in (Moser, 

2020). However, the most important results are outlined in this contribution to clarify the design principles 

that build the foundation of the designed AI-literacy MARLS. 

2. Design and construction of the learning setting (phase 2): To develop the MARLS, conjecture 

mapping is used. Conjecture mapping is a proven method to design digital learning settings (Wozniak, 2015). 

It forces the designers to explicate the main set of assumed relationships (conjectures) and thereby helps to 

render the applied rationale transparent. The main advantage of the conjecture map is that it puts the focus on 

the different levels of conjectures that require studying (Sandoval, 2014; Wozniak, 2015) and hence guides 

phase 3 of the EDR. The conjecture map illustrates three different types of conjectures of the created learning 

design. The high level conjectures (1) are the basic assumptions – concept of learning goals and 

understanding of learning and teaching processes. Derived from the high level conjectures, the materials, 

tasks, and participant structure – the embodiment – is developed. Design conjectures (2) reveal how the 

embodiment is supposed to induce the observable mediating processes – student artefacts and  

interactions – which should help to achieve the learning goals. The theoretical conjectures (3) illustrate how 

the mediating processes are supposed to lead to the desired outcomes (Sandoval, 2016). The research of 

teaching and learning as isolated processes cannot grasp the complexity of the subject (Deng et al., 2019). 
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The Conjecture map allows to conduct research that includes the learning and the teaching dimension and its 

interdependence in a given learning design (Prensky, 2011) and is therefore a valuable tool for the purpose at 

hand. The second phase of the EDR process constitutes the main part of this contribution.  

3. Evaluation and reflection (phase 3): The conjectures, have to be evaluated and, if necessary, to be 

adjusted in order to increase the maturity of the design knowledge (Gregor and Hevner, 2013). Additionally, 

the evaluation of the conjectures allows to improve the MARLS-design. A mixed method-approach will be 

applied to study what factors contribute to the acceptance and easiness to use a MARLS. To capture the 

acceptance and willingness of students to use MARLS, a questionnaire that follows the unified theory of 

technology acceptance and use (Venkatesh et al., 2012) is deployed. Qualitative data contextualizing and 

enhancing the evaluation is captured in the same survey, to make up for the limited number of participants. In 

addition, user data from the platform will be included in the analysis. This paper does not address the third 

step of the EDR process, for the necessary data has yet to be collected. In October 2021 the data of the first 

100 students that will have worked with the AI-literacy MARLS, should be available. This will allow to 

refine the MARLS, the conjectures, and thereby enhance the theoretical understanding of  

MARLS-development. 

3. RESULTS 

3.1 Identifying MARLS design principles (phase 1) 

The literature review, presented in Moser (2020), focused on the pedagogical and technical aspects of MAR 

for education. 77 articles entered the analysis but only twelve studies proposed design principles or 

frameworks for the construction or application of MAR-tools for educational purposes (Table 1) that also 

consider pedagogical aspects. The 54 proposed design principles were clustered to five design categories that 

summarize the main pedagogical and technical challenges when designing easy-to-use MARLS (Figure 1). 

 

 

Figure 1. MARLS Design Principles. Moser, 2020 

Fundamentally, it seems to be important to design learning settings that fulfil the needs of students and 

teachers alike. By not only respecting technological design principles and basic learning theories but also 

including possibilities for a lean classroom-management it seems possible to reduce the cognitive load of 

both students and teachers (Cuendet et al., 2013). 
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3.2 Design and Conjecture Map of the AI-literacy MARLS (Phase 2) 

To ensure a save digital learning environment, the Xtend platform and the associated application Xpanda 

(https://www.augmentedreality.ch) will be used for implementing the MARLS. The company has 

successfully supported several educational projects in Switzerland and guarantees data protection. 

Furthermore, the mobile application supports iOS and Android and can be downloaded by the students for 

free. A registration or identification in the application is not necessary. The developed MARLS and the 

rationale behind it, is outlined along the conjecture map, displayed in Figure 2.  

Desired Outcomes: The desired outcome of the learning setting regarding the students equals their 

learning in the realm of AI-literacy as described by Long and Magerko (2020). The effectiveness of the 

MARLS regarding the learning effect is a prerequisite for the teachers’ acceptance and further use, as it 

effects the perceived usefulness that has repeatedly shown to be relevant for technology acceptance 

(Venkatesh et al., 2012). However, the focus of this research project lies on the question of how to design a 

MARLS that is easy-to-use and accepted by students and teachers alike. Therefore, an objective measurement 

of AI-literacy is not part of the MARLS. 

High level conjectures: Combined with the applied notion of AI-literacy (I.) (Long and Magerko, 2020) 

and the awareness that a digital learning environment (II.) is necessary, the five design principles outlined in 

chapter 3.1 embody the high-level-conjectures that guide the development of the MARLS. To ensure a 

decent usability (III.) and reduce the cognitive load (VII.) of students and teachers alike, the easy-to-use 

application Xpanda will be used for implementing a marker-based MARLS. User-centeredness (IV.) 

regarding the teachers’ needs is further ensured by developing a complete learning setting that includes a 

slide set and a booklet entailing all the necessary information to use the MARLS in class. User-centeredness 

(IV.) regarding the students and conscious application (V.) is implemented through an inquiry-learning 

approach (Pedaste et al., 2015) where students work in groups of 3-4 on a AI-Map. Marker-based-MAR has 

shown positive effects in combination with inquiry- or exploration-based learning (VI.) in multiple studies 

(Billinghurst and Duenser, 2012; Bower et al., 2015; Puja and Parsons, 2011). Also, MAR-enhanced learning 

appears to be valuable for intensifying interaction with the learning material and between members of 

learning groups (Akçayır and Akçayır, 2017; Altinpulluk, 2019). 

 

 

Figure 2. MARLS Conjecture Map 
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Embodiment: Because of the teachers’ insecurities (Fraillon et al., 2019) a complete MARLS (1) is 

provided and additional material for an easy implementation in class is provided. To ensure an efficient 

design (2), after a brief introduction to AI and the MAR-app, the students start to work with the posters to 

complete their AI-Map (3). In addition to basic theories and applications about smart machines and AI, they 

explore which AI-systems are necessary for social robot ‘Lexi’ to work properly. To enable the students to 

learn in an inquiry- and exploration-based setting, open and collaborative tasks (4)(5) are formulated. When 

scanning the picture-based markers on the AI-Map and the posters (see Figure 3), students activate quizzes, 

videos, readings and visualizations experiencing the underlying relationships in the field of smart machines, 

to enhance their AI-literacy. In groups of 3-4, the students enhance their knowledge and awareness about 

smart machine applications –  e.g. the topic of natural language processing and translation is explored by 

actively deploying "DeepL" and “Google Translate”. Earlier projects with digital learning settings (Moser  

et al., 2020; Moser et al., 2021) indicate that students and teachers might both appreciate and profit from an 

active involvement (6) and support of the teacher in the students’ digitally supported learning process. 

Mediating processes: Students collect the physical markers provided as stickers on the posters and 

contribute to the groups AI-Map (c.) by discussing (d.) the potentials and possible dangers of the respective 

applications, they should engage intensively with the learning materials. By building basic knowledge and 

gaining practical insights, the students are enabled to build a reflected opinion and shape their attitudes 

(Ingram, 2015; Zan and Di Martino, 2007). Furthermore, the Xpanda platform allows the teacher to monitor 

the students’ activity and interaction with the learning materials and thereby to monitor the rate of discovery 

(a.) and the rate of correct responses (b.). This information facilitates the teacher to take an active role and 

support the learning processes of the students when they are looking for help (e.) or need help but do not 

approach the teacher on their own. 

 

 

Figure 3. AI-Map and Lexi-poster with AI-supported applications 

4. CONCLUSION 

Limitations: The outlined EDR-cycle is still in its first iteration. The MARLS-evaluation is yet to follow. 

Furthermore, in order to increase the overarching validity, compromises in terms of reliability and validity of 

isolated effects are made and have to be respected when interpreting and discussing the results. Previous 

projects studying digitally enhanced learning processes (Moser et al., 2020; Moser et al., 2021) indicate that 

considerable novelty-effects are a further challenge for the validity of studies regarding innovative learning 

settings. Only the repeated use of MARLS really allows to control for these novelty effects. Further 

investigations have to clarify which findings can be transferred to other MARLS and other educational levels. 
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Another important limitation is the fast evolvement of MAR-technology (Cuendet et al., 2013) and the 

increasing capacities of the smartphones the average students possess and use to learn with MARLS. The 

technical possibilities are likely to change, how a conscious application (Tuli and Mantri, 2020) can be 

achieved. Despite these numerous limitations, the present project may contribute to the further exploration on 

how to facilitate the transfer of scientific innovation into practical learning environments. 

Theoretical and Practical Implications: The MARLS is designed as an open educational resource and can 

therefore be used in classrooms by any interested teacher and student. Feedbacks from and interviews with 

further participants may produce more theoretical insight and practical improvement of the work with 

MARLS in the second and third EDR-cycle. The need to empirically study the perceptions and competence 

levels of students, concerning AI-literacy, identified by Long and Magerko (2020) could also be addressed in 

future research using the developed AI-MARLS.  

For the practical application and dissemination of MARLS, the availability of simple development tools 

will probably be a relevant factor. Considering the amount of new digital learning solutions and approaches 

that are developed (Brooks et al., 2020), it appears crucial to intensify the scientific discourse about how to 

allow educational innovations to enter the classrooms more easily. The ongoing research on MARLS might 

contribute to do so. 
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