Augmented Reality Design for Literacy Development
Chang, Y. K., Burkland, J., Lim, J.
To address the need for a systematic design, research, and implementation of Augmented Reality (AR) for literacy development, the study conducted a systematic review to develop a rubric of AR design principles for literacy development. Previous research shows a bias in the types of literacy behavior supported through AR and AR design principles explored for literacy development. This bias calls for a more systematic and purposeful integration of AR design principles to support a wider range of literacy skills.
The Need
Augmented Reality (AR) refers to technology which superimposes digital elements (such as images, sounds, or text) onto the video or pictorial representation of the real, physical world (Santi et al., 2021), with technological affordances which allow multimodal representation and interaction, personalization, and transfer between virtual and physical world. AR is also widely explored in diverse fields and purposes such as entertainment, architecture, tourism, as well as to support learning (Radu & MacIntyre, 2014). AR was found to support better comprehension and retention of knowledge, physical task performance, collaboration, and motivation across diverse learners and disciplines, such as STEM, language, and visuospatial learning (Dunleavy, 2014; Garzón et al., 2020; Hidayat et al., 2021; Kerawalla et al., 2006; Law & Heintz, 2021; Sommerauer & Müller, 2018); however it may also pose added challenges such as lack of attentional control, difficult usability, and integration into existing curriculum.
While AR-enhanced books may provide added support for literacy development by augmenting book content with alternate presentation (Panchenko et al., 2020) or with interactive activities (Grasset et al., 2008), there is a need to systematically define AR design principles which support diverse literacy development. Literacy is an important and foundational skill developed from the beginning of an educational journey which sets a foundation for academic and lifelong learning. Understanding when and how to implement AR design principles to support certain literacy skills is necessary to guide designers developing learning technologies to support literacy development, educators to select and integrate appropriate tools for their classroom, and researchers to make systematic approaches to inquiry. This study asks: “What are the AR design principles found to be effective in specific literacy development?”

Conceptual framework and methodology
The study conducted a systematic review of empirical literature to identify AR design principles found to be effective in supporting domains of literacy development. Peer reviewed empirical studies were searched using keywords "AR" or "Augmented Reality", combined with "design principles", "language learning", "reading engagement", and/or "systematic review". A total of 24 articles were reviewed to develop a rubric to map AR design principles with literacy development.

AR design principles, or prescriptive, imperative, and context-specific guidelines which enable designers to leverage AR functionalities and affordances to optimize desirable learning outcomes, were categorized into AR affordances: reducing cognitive load; enhancing multi-modal engagement; increasing transfer of knowledge; and increasing positive affect and motivation (Hughes et al., 2011; Sommerauer & Müller, 2018). Literacy was defined as literacy skills, or, the ability to deconstruct and comprehend written and multimodal language consisting of print concepts, phonemic awareness, phonics, fluency, vocabulary, comprehension (NRP; 2000), and literacy behavior consisting of reading motivation and engagement (Baker & Scher, 2002; Coddington & Guthrie, 2009; Davis et al., 2018, p.123; Gottfried, 1990; Rimm-Kaufman et al., 2007; Shapiro, 2011).
Findings
Finding 1: Rubric of AR design principles for literacy development
A rubric (Table 1) was constructed based on a systematic review of AR principles found to be effective in developing reading skills, motivation and engagement. For each literacy development (columns in Table 1), the number of observations where the AR design principle (rows in Table 1) was found to support literacy development was mapped as the number of observations. The rubric provides evidence for AR design principles that are found to be effective in supporting specific literacy development, while identifying the gap in current understanding.

Table 1
Rubric of AR design principles for literacy development
Note. Reading skills: print concepts (S1), phonemic awareness (S2), phonics (S3), fluency (S4), vocabulary (S5), comprehension (S6); Reading motivation: interest (M1), value (M2), self-efficacy (M3); Reading engagement: attentional control (E1), depth of engagement (E2), duration and repetition (E3) 
Note. Reading skills: print concepts (S1), phonemic awareness (S2), phonics (S3), fluency (S4), vocabulary (S5), comprehension (S6); Reading motivation: interest (M1), value (M2), self-efficacy (M3); Reading engagement: attentional control (E1), depth of engagement (E2), duration and repetition (E3)Literacy DevelopmentS1S2S3S4S5S6M1M2M3E1E2E3Reduce Cognitive LoadAR Annotation1-4-3444015111454Non-distractive Design--3-2533115111344Attention Guidance--3-2533115111134Conceptual Visualization1-3-2433114111034Enhancing Multi-modal Multimodal Synchronicity--1-2122913101034EngagementCollaborative Enhancement--1-172281210734Gestural Communication--1-172271110734Embodied Interaction Facilitation--1-172271110734Increasing MotivationNarrative Learning--1-16227119524Gameful Learning--1-16227118424Engagement Maintenance--1-12220106323Fantastical-Real Balance--1-12219106323Anthropomorphic Balance--1-12218106323Presence--1-12218106323Increasing PersonalizationAdaptive Progressive Learning--1-12217106323Age-Appropriate Interactivity----1021682322Progressive Challenge----921471222Explorative Learning----721371222Role-Based Perspectives----4275111-Multi-Environment Integration----4275-11-Increasing Transfer of KnowledgeContextual Learning----4274-11-Spatial Interaction----4144-1--Environmental Lensing----4113-1--Pictorial Realism----4--3-1--Practitioner Observation----1--3----Subject-Specific Design----1--3----Total Observations20240324494592301361165061


Finding 2: AR affordances for literacy development
Certain literacy skills, behavior, or AR affordances were more frequently observed (Table 1) which serve as evidence to which design principles are effective in supporting a particular literacy development.
Reading interest was most extensively investigated in previous studies followed by vocabulary, value, self-efficacy, and attentional control in the decreasing order of observations. A significant amount of literature has focused on exploring AR design principles to reduce cognitive load in support of reading interest, vocabulary, as well as value, self-efficacy, and attentional control. Furthermore, enhancing multi-modal engagement were found to support reading interest, vocabulary, value, and self-efficacy. AR design principles to increase motivation were found to be supportive of reading interest (M1), vocabulary (S5), value (M2), and self-efficacy (M3). In other words, these design principles not only directly influenced literacy motivation, they also indirectly influenced the learning outcome, specifically vocabulary learning. More traditional literacy skills such as print concepts (S1), phonics (S3), comprehension (S6), depth of engagement (E2), and duration and repetition (E3) were little, if at all, found to be supported through AR. This may also be due to a lack of exploration. What is interesting is there is no differentiation in how certain AR design principles and affordances were integrated for different literacy skills or behavior. In other words, the most commonly observed AR design principles were applied to most commonly supported literacy behaviors and skills.
In terms of AR affordances, reducing cognitive load, increasing motivation, and enhancing multimodal engagement were the most common AR design principles found to be supportive of literacy development. AR affordances to increase personalization and transfer knowledge were relatively unsupported, which may be due to lack of exploration.

Finding 3: AR functionalities for literacy development
23 of 24 studies integrated interactive elements, where a strong correlation was found with interest in literacy behavior. Interactive element derives from detecting user interactions and processing these to generate and position virtual objects within the real-world context for interaction. Enhancing real world visuals was implemented in 19 studies and had a moderate correlation with improved interest in literacy behavior. This functionality recognizes patterns, shapes, or markers to align virtual content with real-world imagery. Sound augmentation was integrated in 5 studies where sound was captured and processed to match visual augmentations. Lastly, synthetic reality display was mentioned in 2 studies, relying on the recognition of images to associate real environments with virtual objects that no longer exist or virtual environments with real objects that were part of an environment which no longer exists. The last two functionalities were minimally supportive of literacy behavior.

Conclusion
Augmented reality (AR) can be effective in addressing some of the known challenges in literacy education, such as personalized support, multimodal and multiple representations, and interactions (Murnane et al, 2012). A systematic review of empirical studies was mapped to a rubric of AR design principles along the categories of literacy development to support educators to determine which AR books to integrate into their classroom based on their design, learning technology designers to implement effective AR design, and for the researchers to explore design principles that are yet examined for literacy support.
We observed a gap in exploring diverse AR design principles for literacy development. Previous studies frequently explored AR to reduce cognitive load. There was little, if any focus on integrating AR designs to support more complex information processing such as personalized learning and transfer of knowledge. This may be due to a bias in how designers and researchers perceive the benefit of AR, with concentration on visual augmentation to guide perception and initial processing of information. Also, previous research mostly focused on increasing literacy motivation (such as increasing interest and value), attentional control, and vocabulary demanding for more wider exploration of diverse AR design principles in relation to literacy skills and behavior as been explored with e-books (López-Escribano et al., 2021). Often AR is discussed for its affordances to support situated learning, connecting the physical world with the virtual representation of knowledge (Dunleavy & Dede, 2014), allowing for deeper information processing, comprehension, and transfer for knowledge. Studies on AR-based literacy development have underexplored such affordances of AR. With known challenges and demands in literacy development where children should learn to construct and transfer complex and multimodal literacies into diverse contexts and affordances of AR to support these needs, limited exploration of AR design limits our current understanding of when and how AR could support literacy development.
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