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Abstract: Extended realities (XR), encompassing virtual , augmented , and mixed reality (MR),
offer transformative learning opportunities through interactive experiences. However, the
concept of interactivity within XR remains ambiguously defined. This work reviews
interdisciplinary definitions of interactivity and constructs a conceptual definition,
operationalized using Schulmeister’s (2003) hierarchical model. From this, the paper presents
a taxonomy of interactivity, clarifies its role as a key learning affordance, and offers a
framework for analyzing and designing XR experiences. By exploring XR's unique capabilities
for learning, this work guides the development of immersive environments and proposes
recommendations for advancing the field. These insights set the stage for future empirical
studies examining the relationship between interactivity, affordances, and learning outcomes,
ultimately helping developers and educators maximize XR's potential for effective learning.

Introduction

The affordability and prevalence of Extended Reality (XR) technology, encompassing virtual, augmented, and
mixed realities has led to an increased interest in how this technology can be used for learning in both training
and education. If properly implemented, XR can be a potent training tool that simulates real-world experiences,
provides learners with an interactive multimedia environment, and allows them to practice complex skills and
procedures through experiential learning (Kaplan et al., 2021; Radianti et al., 2021). In addition, XR offers a safe
and cost-effective way to engage in learning activities that may be too dangerous or expensive to perform in the
real world (Kaplan et al., 2021). Studies suggest that XR can improve learning outcomes and provide at least
comparable results to traditional training methods (Kaplan et al., 2021; Radianti et al., 2021). However, exploring
the relationship between XR and learning is a complex, multifaceted endeavor, with scholars highlighting several
key affordances of the technology, including immersion, presence, agency, embodiment, and interactivity
(Johnson-Glenberg, 2018; Klingenberg et al, 2024; Makranksky & Petersen, 2021, McGowin et al., 2023,
McGowin & Fiore, 2024). McGowin and colleagues recently developed a broad-based theory of I-VR learning
affordances, grounded in the cognitive sciences framework of 4E cognition. For this paper, we draw upon their
prior research and concentrate on the relationship between interactivity and extended cognition. Interactivity is
frequently cited as an important feature in existing literature on XR and learning. However, in the XR learning
literature, it is generally underdefined and underexplored (e.g., Andreasen et al., 2021, Petersen & Makranksy,
2021; Klingenberg et la., 2024). This paper reviews various definitions of interactivity across multiple domains,
presents a taxonomy of interactivity derived from existing literature, and illustrates, through examples, how
interactivity can be applied in the diverse technologies within extended reality. Additionally, it offers a set of
recommendations to further advance research and development in the learning sciences.

Interactivity

Over two decades since McMillan noted, “interactivity means different things to different people in different
contexts” (McMillan, 2002, as cited in Moreno & Mayer, 2007, p. 163), the field still struggles with a coherent
and concise conceptualization, creating multiple definitions within and across domains. For context, Powell and
Leary (2021) conducted a content analysis of interactivity (in the context of learner-content interaction) in which
they examined 107 articles to identify how constructs of interaction are used. They found that from the 107
articles, 113 separate measurement tools were used for interactivity, indicating the substantial range of
measurement tools related to interaction. They further noted that most of the tools were not generalizable and
were unique to each study context (Powell, & Leary, 2021).

Early definitions from the communications literature described interactivity as “an expression of the
extent that in a given series of communication exchanges, any third (or later) transmission (or message) is related
to the degree to which previous exchanges referred to even earlier transmissions” (Rafaeli, 1988, p. 111). Steuer
(1992) expanded on this idea, placing interactivity in the context of a mediated environment (ME) and defining it
as “the extent to which users...can [modify] the form and content of a mediated environment in real time” (p. 14),
consolidating Sheridan’s (1992) and Zeltzer’s (1992) models into a single dimension centered on user control.
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Steuer (1992) outlines three aspects of interactivity, namely speed, range, and mapping. Speed relates to
the concern of real-time interactions, range covers the actions a user can perform, both in temporal and spatial
ordering, as well as in intensity (e.g., loudness, brightness) of the ME. Mapping captures how user interactions
are ‘mapped’ onto the virtual environment (VE), on a continuum from completely arbitrary, to completely natural,
or also referred to in some literature as ‘congruence’ in gesture or sensory-motor representation (e.g., Johnson-
Glenberg, 2018; Kilteni et al., 2012).

In terms of multimodal learning environments, Moreno and Mayer (2007) define interactivity in relation
to the responsiveness of the system to the learners actions (i.e., multidirectional communication between the user
and the mediated environment) with the purpose of fostering learning. Hence, a single direction (i.e., passive)
multimedia learning experience presented in a linear fashion would not qualify as ‘interactive’. From this, they
provide five forms of interactivity for mediated learning environments: dialoguing, controlling, manipulating,
searching, and navigating. Dialoguing is the question and answer, or feedback, provided from the system (i.e., a
learner can ask a question about a topic and receive a predetermined response from a virtual agent). Controlling
is relegated to pace and order that information is presented to the learner, somewhat aligning to Makranksy and
Petersen’s (2021) definition of agency. Manipulating encapsulates both setting simulation parameters and control
of viewpoints (i.e., zoom in/out, rotation of 3D objects). Searching allows a learner to find and select information.
Navigating encompasses moving through different menus to display different content.

When conceptualizing varieties of interaction, Wu et al. (2005) describe a set of differences between
cognitively and perceptually mediated models, with the underlying distinction about mode of control. Here, we
can use Steuer’s (1992) continuum of arbitrary to natural user input as a frame of reference. Cognitively mediated
models are controlled via arbitrary interactions (e.g., mouse and keyboard) whereas perceptually mediated models
rely on ‘natural’ or visuomotor control, such as physical/direct manipulation (Barret et al., 2015).

Schwier (1992) has a three-pronged approach to interactivity, labeling the components reactive,
proactive, and mutual. Reactive is a two-way interaction between the learner and the ME, such that the system
displays a stimulus to the learner in the forms of questions or information, and the learner ‘reacts’ to said stimuli,
by selecting an answer or navigating to a new area of content. Proactive focuses on the generative processes of
learning that go beyond just selecting or navigating and is focused on “elaborations beyond designer-imposed
limits” (p.5). Finally, the highest level of interaction is mutual interaction. This level is the home to both artificial
intelligence (AI) and virtual (and by extension, extended) reality (Schweir, 1992). Here the learner and system
have a recursive and mutually adaptive (e.g., system in systems) relationship, with the main point being that the
system/learner interaction is capable of essentially unlimited dialoguing (i.e., an unlimited conversation between
the human agent and the machine agent). These levels are not mutually exclusive and often work in tandem, but
they are hierarchical. Schwier (1992) outlines how these concepts are interconnected stating “when learners
generate new questions and approaches (proactive) they can...be used by the system to formulate new
conversations (mutual). Similarly, when learners generate their own strategies (proactive) they are responding to
existing stimuli at a sophisticated level (reactive)” (p. 6).

Schulmeister (2003) offers a different perspective with his taxonomy of interactivity, presenting a six-
level continuum. This framework ranges from minimal interactivity in a mediated environment (Level I) to
constructing content and receiving intelligent feedback (Level VI). To contextualize this continuum at its first
level, learners can pause a video or select a text prompt. At the other end of the continuum is the ability to create
or manipulate the medium and receive meaningful feedback (See Appendix 1 for the continuum of interactivity
and examples of both traditional and XR learning environments). Despite predating much of the theoretical and
empirical work, Schulmeister (2003) still provides the most comprehensive hierarchical model of interactivity,
and the one that encompasses many elements of the others. Thus, we base our operational definition of
interactivity on Schulmeister’s (2003) work. With this, we synthesize other definitions to distill them into both
conceptual and operational constructs. Our conceptual definition for interactivity is as follows: Interactivity is the
multidirectional exchange of related information between two or more agents (i.e., persons, system, virtual agents)
(Rafaeli, 1988), which can be characterized by the degree of modification, malleability, and recursive feedback
between agents in a mediated environment (Schwier; 1992; Steuer,1992; McGowin et al., 2023). This definition
encompasses multiple levels of interactivity, from a person reading a book or viewing an animation to a recursive
dynamical system providing virtually unlimited dialogue or feedback. For our operational definition of
interactivity, we build off the works of Schulmeister (2003), Stalph and Heravi (2021), and McGowin et al., (2023)
(see Appendix 1 for additional details). Next we provide a more in-depth examination of the continuum of
interactivity including concrete examples across various XR learning environments.

Level I: Viewing and receiving content
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To illustrate, consider reading a book: the reader gains information and interacts minimally, mainly by turning
pages or choosing a section. Similarly, this level of interactivity is comparable to watching videos where the
viewer either passively watches or actively skips to different parts of the video (i.e., skip to location, but no pause
function). In an XR environment, such as VR, Level I could manifest as passively viewing immersive videos or
exploring 360-degree photo environments. Here, interaction is primarily limited to navigating one's viewpoint
around the virtual space and occasionally selecting specific locations or sequences, such as deciding the order in
which to view exhibits in a virtual museum.

Level Il: Watching and receiving multiple representations

This level can include multiple streams of information to elaborate on what the learner is consuming, such as a
GIF providing supplemental information about a process in which the learner is engaged. In XR, this level of
interactivity (IT) allows users to engage with multiple types of media or informational overlays within a VE. They
can control not only the timing of their interactions, (e.g., pause, skip, select), but also customize the placement
and display of information streams. For example, users might engage an AR display to view additional
architectural details on one side of their visual field while simultaneously accessing historical facts or on the other,
possibly enhancing their sense of presence and learning experience. Note that the component representation does
not allow anything beyond watching/listening/reading and only serve for illustration or information.

Level Ill: Varying the form of representation

At this level, users control how information is presented without altering its content. They can rotate, scale, or
cross-section objects, fostering active engagement. For example, a user may switch between first- and third-person
views of a carbon molecule, but this does not change its structure or properties (e.g., it remains a carbon molecule
and does not become another structure such as graphene). In XR, this interactivity (III) enables users to manipulate
objects in three dimensions, enhancing understanding through direct interaction. Users can pick up, rotate, and
resize virtual artifacts, examining them from multiple angles without changing their properties. For example, in
an MR/AR archaeology application, a student could view a digital artifact overlaid on a physical table, rotate it
for detailed examination, or resize it to match a real-world reference. These interactions mimic real-world
exploration, reinforcing understanding and making abstract concepts more tangible and concrete.

Level IV: Manipulating the component content

Learners can generate non-predefined outputs by selecting relevant inputs and entering them into the system. This
is the first-time users are ‘creating’ content through their interactions with the system. For example, in an
educational software application, students might input different variables into a simulation to observe how
changes in these variables affect the outcome of an experiment, creating unique scenarios based on their choices.
For XR, level IV interactivity empowers users to actively manipulate content within the virtual environment. This
level involves more than simple object manipulation; it includes the ability to alter environmental conditions,
change the course of events, or interact with complex systems that react dynamically to user decisions. For
example, users might adjust lighting and weather conditions to see how they affect a virtual ecosystem, or they
could solve problems that alter the storyline in an interactive narrative. These changes directly impact the virtual
world, providing immediate feedback on their actions (i.e., users ‘see’ the output of the manipulations).

Level V: Constructing the object or representations from user input

At this level, learners are able to interact with the system to create new objects with the help of a comprehensive
toolset developed specifically for this purpose (i.e., created by the developer of the system). For instance,
platforms like Roblox, Minecraft, and Second Life provide these types of opportunities by allowing users to design
and construct intricate virtual structures and environments from scratch via an expansive toolset. In XR, level V
interactivity is distinguished by the extensive creative freedoms provided by advanced toolsets. These tools could
allow users to design, construct, and even program objects or environments from scratch. For instance, users could
design the architecture of an entire virtual building, sculpt intricate artworks, or engineer complex machinery, all
within the confines of a virtual or mixed space. This level of interactivity not only fosters creativity but could also
enhance practical skills such as spatial reasoning, architectural planning, and artistic expression.

Level VI: Constructing the Object or Contents of the Representation and Receiving

Intelligent Feedback from the System through Manipulative Action

This highest level of interactivity integrates Al—whether real Al or algorithmic feedback—to enhance learning
across all lower interactivity levels. Adaptive learning platforms exemplify this by analyzing student interactions,
adjusting task difficulty, recommending personalized learning paths, and delivering targeted feedback. In XR,
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Level VI interactivity similarly leverages Al to refine skills and modify learner behaviors within complex
simulations. For instance, an AR or VR surgical training program could analyze a trainee’s technique, provide
real-time corrective guidance, and dynamically adjust task difficulty. This ensures personalized, contextually
relevant feedback that directly informs and enhances the learner’s actions.

Appendix 1 provides a series of concrete examples of how interactivity can be applied to both XR and
more traditional learning environments (i.e., non-XR).

Recommendations

R1 - Metrics for interactivity in XR

Building on Schulmeister’s (2003) hierarchical model of interactivity, future research should focus on creating
standardized tools and methodologies for quantitatively and qualitatively assessing interactivity across different
levels in XR environments. While Schulmeister’s work outlines the conceptual framework for interactivity, there
is a gap in how these levels can be practically evaluated. Developing assessment metrics would bridge this gap,
enabling researchers and designers to evaluate how varying degrees of interactivity (e.g., passive viewing vs.
manipulative actions) are integrated into XR experiences and their impacts on learning outcomes. These metrics
would allow for a more systematic exploration of the relationship between interactivity and learner engagement,
supporting the advancement of XR research and the effective design of immersive learning environments. By
further operationalizing Schulmeister’s framework, such tools would provide a consistent approach for evaluating
interactivity in XR across various applications and learning contexts.

R2 - Interactivity and XR affordances

Interactivity does not exist in isolation but interacts dynamically with other XR affordances such as immersion,
agency, and embodiment. Future research should investigate these interactions to identify how they collectively
influence learning outcomes. For instance, how does the degree of interactivity impact a learner's sense of
presence, or agency, and how do these affordances enhance (or detract) from the learning experience? Studies
should focus on identifying the optimal balance of these factors for different types of learning tasks, such as
procedural training versus conceptual or declarative understanding. Experimental designs could manipulate each
affordance with corresponding levels of interactivity to begin to isolate their individual and combined effects on
engagement, knowledge transfer, and skill acquisition. This line of inquiry will provide deeper insights into how
XR environments can be fine-tuned for specific pedagogical and andragogical goals.

R3 — CPD and Interactivity

As XR environments increase in interactivity, they offer immersive learning experiences that engage users in
novel ways. However, the complexity introduced by greater interactivity may also increase Cognitive Processing
Demand (CPD), an umbrella term that encompasses various dimensions, including cognitive load and mental task
load, and refers to the cognitive/mental demands placed on learners, which may hinder the learning process
(McGowin et al., 2024). At a high-level, CPD theories suggest that excessive cognitive demands diminish the
ability to process and retain information effectively. Thus, future research should explore how the increasing
interactivity of XR environments affects CPD factors. For example, how do task complexity and learner expertise
intersect with XR interactivity to influence learning outcomes? An open question is whether adding more
interactive elements in XR, especially for novice learners, leads to excessive cognitive load that detracts from
learning, or at the other end of the expertise spectrum, can expert learners effectively manage these increased
demands without negative consequences. Additionally, research should focus on adaptive strategies for managing
CPD in XR environments (e.g., dynamic scaffolding and fading) to balance task challenge with learner ability.
By examining how interactivity levels interact with CPD, we can gain insight into 'optimal' levels of interactivity
for diverse learning contexts and learner characteristics.

Conclusion

Schulmeister’s (2003) levels of interactivity outline a progression from passive content consumption to active
manipulation and intelligent feedback. This paper demonstrates how XR can enhance learning by leveraging these
interactivity levels, with future research needed to standardize interactivity metrics, investigate the relationship
between interactivity and XR affordances, explore Al-driven feedback, and examine how cognitive processing
demand interacts with different levels of interactivity. Adapting frameworks like Schulmeister’s can help establish
a shared understanding of interactivity in XR, enabling more effective collaboration, systematic design, and
impactful learning experiences.
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Appendix 1
Levels of Interactivity with Examples of Both Traditional and XR.; adapted from Schulmeister (2003), Stalph
and Heravi (2021), and McGowin et al., (2023).

Level of Description Traditional (Non-XR) XR Example

Interactivity Example

Level I Viewing content (i.c., Reading a book or In a museum experience, users passively
watch, read, listen). watching a video with  view 360-degree recordings of historical
Minimal to no interaction. ~minimal interaction. events or virtually tour exhibits with

limited interactivity beyond looking
around.

Level IT Watching and receiving  Viewing a GIF or In an educational sim, users can display
multiple representations supplemental supplemental content like diagrams or
— with or without control ~ information alongside videos alongside the main virtual or real
over pacing (i.e., multiple  the main content. environment, controlling when and
information streams). where it appears in their view.

Level Il Varying the form of In a computer-based A VR-based chemistry lab allows
representation — (e.g., anatomy lesson, learners to manipulate molecular models
rotating, scaling, or cross-  learners manipulate by scaling, rotating, and cross-sectioning
sectioning an object to 3D body models— them. They can observe reactions at
change the perspective or  rotating, zooming, or  various levels (e.g., atomic, molecular,
viewpoint, without dissecting them to macroscopic), toggling between
altering the content itself)  explore internal infrared, ultraviolet, and X-ray views to

structures from explore structural and energetic changes.
various angles.

Level IV Manipulating the Inputting different In a physics simulation, users can adjust
component content - variables into a variables like mass, velocity, or force
create non-predefined simulation to observe  vectors and observe how these changes
outputs by selecting and how they affect the impact the behavior of virtual objects,
entering relevant inputs outcome. effectively creating new scenarios
into the system within the simulation.

Level V Constructing the object  Representative In a world-building app, users generate
or representations from  examples include the  unique VR landscapes, buildings, and
user input - able to use of Roblox, objects. These can be projected into the
generate non-predefined Minecraft, or Second  physical world via AR, enabling
outputs by selecting Life to design and manipulation of scale and orientation.
relevant inputs and construct virtual AR-VR integration merges digital
entering them into the structures and design with physical interaction, which
system. environments from may support creativity and spatial

scratch. understanding.

Level VI Constructing the object  An adaptive learning A surgical training program that

or contents of the
representation and
receiving intelligent
feedback from the
system through
manipulative action -
Users construct objects or
content within a system
and receive real-time,
context-aware feedback.
Dynamic interaction
enables adaptive
exchanges between user
actions and system
responses.
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platform that
analyzes student
interactions, adjusts
task difficulty,
recommends
personalized learning
paths, and provides
targeted instructional
feedback.
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analyzes the trainee's technique,
provides real-time corrective advice, and
adjusts the difficulty of the procedure
based on analysis of learner
performance is an example of the
adaptive and responsive nature of the
AlL
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