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Abstract
Augmented reading is increasingly situated in phygital learning
systems where learners frequently transition between printed ma-
terials and digital devices. Yet, evaluating and modeling reading in
these cross-media environments remains methodologically under-
specified. Unlike traditional computer-based learning environments,
interaction logs in phygital reading are inherently fragmented, i.e.,
the trace data is captured primarily during on-device actions, while
a significant reading (or interactions) occurs off-device on paper,
producing “partial traces” that are difficult to interpret. This paper
synthesizes prior work to surface open questions for modeling aug-
mented reading processes in XR–LLM systems. We emphasize two
core bottlenecks: (1) reliable data logging that can operationalize
augmented reading as temporally orchestrated states across paper
and device, and (2) comprehension assessment approaches that re-
main feasible at scale in hybrid settings and can detect process-level
disruptions such as conceptual roadblocks.
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• Human-centered computing→ Human computer interac-
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1 Introduction
Reading is the foundational skill upon which academic achievement
and lifelong learning are built. It is a complex process of meaning-
making that evolves from the early elementary stage of “learning
to read”(where decoding and fluency are paramount) to the critical
“reading to learn” phase, where students learn to extract, integrate,
and critique information from increasingly complex texts [5]. With
the technological advancements and integration in learning envi-
ronments, reading has moved from print to digital screens, and
more recently, to environments augmented by Extended Reality
(XR) and Generative AI (Gen-AI). While early research focused on
the “screen inferiority effect”, which involved comparative anal-
ysis of the comprehension outcomes between paper and digital
displays [18, 36], the current era of augmented reading involves
augmentation using Augmented Reality (AR) [8, 12, 24] and LLMs
[41]. Technologies in-scope for this transition range from mobile
AR applications that synchronize physical annotations with digi-
tal notes [24, 30], augment printed texts [33], etc. to mixed-reality
assistants that provide on-demand summarization and definition
overlays [16, 39]. Despite the proliferation of these systems, a criti-
cal bottleneck (in the context of education) remains, which is, the

analysis of reading process for multi-artifact cross-media (Phygital)
systems. Unlike the digital learning environments (also referred
to as Computer-based learning environments; CBLEs [28]) where
every scroll and click can be logged for the measurement of dif-
ferent constructs like cognitive load, affect, etc. [14], augmented
reading in Phygital systems often results in a “partial trace” where
the user interactions are split between a physical artifact (printed
learning material) and a digital device. For instance, in a AR-based
learning environment, the learner actions within the app (such as
navigation, typing, etc.) can be logged as timestamped trace data,
whereas the interaction with corresponding physical artifacts, like
a paper card, is recorded as scanning actions [15]. Furthermore,
the learning analytics approaches for AR-based systems primarily
involves device-based data logging as the evaluation method, which
again is affected by the hardware (like smartphones, head mounted
displays, etc.) thereby curtailing the ability to model the learning
process [37]. Consequently, this paper discusses open questions
aimed at modeling of reading in XR-LLM phygital learning systems
using Learning Analytics based approaches. We point to two key
aspects, a) Reliable logging of data from such systems, and b) As-
sessment of comprehension form the data obtained from the user
interactions.

2 Background
2.1 Medium effects on comprehension
Investigations into the impact of medium on comprehension yield a
layered understanding [17, 18, 32]. While numerous studies suggest
that reading performance is equivalent across mediums when time
constraints are removed [18], meta-analyses frequently point to a
“screen inferiority effect”, particularly for informational texts [17]
(also applicable for reading long form expository texts). Proponents
of print media argue that paper supports better comprehension ow-
ing to its affordances namely, the physical, tactile, and spatiotempo-
ral fixed cues that allow readers to build a coherent mental map of
the text [21, 35]. These supports mechanisms fostering deep reading,
which is characterized by sustained attention and linear processing,
whereas screen environments often induce "F-shaped" scanning
patterns, frequent task-switching, resulting in superficial strategies
like skimming [18, 19]. Digital media however has the potential to
provide unique affordances through the interface design [20, 38],
which results in interactions to support active reading and com-
prehension. Recently, augmentation by Gen-AI are claimed to be
useful for enhancing reading efficiency and strategic processing.
Systems like TreeReader and Marvista demonstrate that LLM-based
summarization and hierarchical restructuring can improve deep
reading performance [7, 41]. Furthermore, intelligent texts utilizing
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