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Abstract

Despite the rapid growth of Al-based digital language learning platforms, prevailing ap-
proaches to vocabulary instruction have remained relatively unchanged. Flashcards, trans-
lation drills, and isolated quizzes continue to dominate, and while they may support short-
term retention, they tend to strip away the contextual, physical, and spatial dimensions that
research identifies as important for durable language acquisition. This paper proposes spa-
tial experiential vocabulary learning as a pedagogically grounded alternative. Drawing on
situated learning theory, embodied cognition, and experiential learning theory, it argues
that lasting vocabulary acquisition may depend not only on repeated exposure but also on
learners engaging actively with language in meaningful, spatially situated contexts. The
central theoretical contribution is the EARR framework, a four-phase learning cycle com-
prising Encounter, Act, Respond, and Reuse, in which vocabulary is embedded within ob-
ject-rich spatial environments that invite purposeful interaction rather than passive recog-
nition. The paper develops this framework theoretically and draws out its implications for
platform design. It concludes by identifying priorities for future empirical research and by
considering how digital language learning environments might be redesigned to better sup-
port the conditions under which vocabulary acquisition appears to occur.

Keywords: vocabulary acquisition; spatial learning; embodied cognition; situated
learning; experiential learning; digital language learning; EARR framework; object-based
learning; immersive environments

1. Introduction

Language learning has become one of the most commercially active areas of educational
technology. Platforms offering Al-driven instruction, adaptive feedback, and gamified prac-
tice now reach hundreds of millions of learners worldwide. What the research literature has
been slower to examine is whether the vocabulary instruction methods underlying these plat-
forms are genuinely suited to how words are learned and whether they are well matched to
what vocabulary acquisition actually requires. For many learners, particularly those without
access to formal instruction or sustained immersive exposure, a digital platform may be the
primary means through which they engage with a second language. That makes what these
platforms do, and what they do not do, a matter of some consequence.

The technological sophistication of these platforms has not been matched by compa-
rable progress in their instructional approaches. Vocabulary is widely regarded as foun-
dational to language proficiency, yet the methods dominating digital instruction today
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bear a strong resemblance to those that predated the smartphone. Flashcards, translation
drills, and recognition-based quizzes remain the default, not because they are well-sup-
ported by the acquisition literature but because they are scalable, measurable, and easy to
gamify (Godwin-Jones, 2014; Lan, 2020). These methods may generate short-term reten-
tion gains that look encouraging in product analytics, but there is good reason to question
whether they produce the kind of word knowledge that allows learners to actually use a
language (Nation, 2022; Webb, 2008).

Nation’s (2022) account of vocabulary acquisition is useful here. He argued that du-
rable word knowledge develops through repeated encounters across varied contexts, en-
counters that build up a rich and flexible understanding of how a word behaves rather
than a simple form-meaning link. Acquisition, in this view, is a gradual process that de-
pends on contextual variety, active engagement, and meaningful use. Current digital
methods tend to provide little of this. They present words in isolation, demand recogni-
tion rather than production, and concentrate practice into massed sessions that may work
against the very memory mechanisms that support long-term retention.

This paper takes those limitations as its starting point. It proposes spatial experiential
vocabulary learning as an alternative and develops a conceptual framework for how such
learning might be designed. The argument draws on situated learning theory, embodied
cognition, and experiential learning research. Together, these traditions suggest that vo-
cabulary acquisition may depend on learners engaging actively with language within spa-
tially structured, object-rich environments rather than passively encountering words on a
screen. The framework proposed here, called EARR, organizes this kind of learning across
four phases: Encounter, Act, Respond, and Reuse.

The paper addresses the following question: how might spatial, experiential environ-
ments be designed to support vocabulary acquisition in digital language learning con-
texts? Section 2 reviews current vocabulary instruction methods on digital platforms and
identifies their principal limitations. Section 3 develops the theoretical foundations of the
proposed approach across four bodies of research. Section 4 introduces the EARR frame-
work and explains how each of its phases is grounded in that literature. Section 5 draws
out the implications for platform design. Section 6 summarizes the argument and identi-
fies directions for future empirical work.

2. Vocabulary Learning in Digital Language Platforms
2.1. Typical Vocabulary Learning Approaches in Language Apps

Digital language learning platforms have expanded considerably over the past dec-
ade in both reach and technical capability. Many now offer personalized feedback, adap-
tive content selection, and Al-driven conversational practice (Godwin-Jones, 2014; Lan,
2020). What has changed far less, however, is the underlying logic of vocabulary instruc-
tion. Across most major platforms, the approach follows a consistent pattern: words are
introduced, matched to translations or images, and rehearsed through repetition until the
learner achieves a target score.

This pattern is not difficult to explain. As Reinders and Wattana (2015) observed, dig-
ital language education has tended to prioritize activities that are easy to build, track, and
scale over those that are pedagogically richer. Flashcard systems and multiple-choice
quizzes fit that description well. They generate measurable outcomes and lend themselves
to gamification. The concern, articulated at length by Nation (2022), is that what they gen-
erate may be a thin form of word knowledge: the ability to recognize a form and retrieve
a rough equivalent, rather than the deeper understanding needed to use a word produc-
tively in real contexts.

Nation’s (2022) distinction between shallow and deep vocabulary knowledge is
worth dwelling on. Shallow knowledge amounts to recognizing a word when it appears
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and matching it to a translation. Deep knowledge involves understanding how the word
behaves across contexts, what it collocates with, and how to deploy it accurately in speech
and writing. The success metrics most platforms rely on, including completion rates, daily
streaks, and quiz scores, are designed around shallow knowledge. They measure recog-
nition, not use.

2.2. Decontextualized Vocabulary Learning

One structural feature common to most digital vocabulary instruction is the presen-
tation of words in isolation. Nation (2022) argued that genuine acquisition requires re-
peated exposure across varied contexts because it is through varied encounters that a
learner builds up a full picture of how a word behaves. A learner who has reviewed a
word dozens of times on a flashcard may still struggle to use it in conversation, not from
a failure of effort, but because the flashcard encounters never supplied the contextual in-
formation that productive use depends on.

Webb (2008) showed that the depth of vocabulary knowledge grows through en-
counters that vary in both context and cognitive demand. Seeing the same word in the
same format repeatedly may do relatively little to deepen understanding beyond the first
encounter. Schmitt (2008) arrived at a similar conclusion, finding that how encounters are
distributed over time matters as much as how many there are. Massed practice tends to
produce weaker long-term retention than spaced exposure embedded in contexts that re-
quire learners to process a word’s meaning rather than simply recognize its form.

2.3. Limitations of Screen-Based Interaction

The limitations described above are not only a matter of instructional method. They
may also reflect something about the medium itself. Dede (2009) was among the first to
make this argument clearly, drawing a contrast between the learner’s relationship to a
screen and to an immersive environment. On a screen, the learner is an observer of con-
tent. In an immersive environment, the learner is an inhabitant of a context. The difference
is not cosmetic. It changes what kinds of experience are possible and, as a consequence,
what kinds of learning can occur.

Mayer and Moreno (2003) established that the spatial arrangement of information
affects how efficiently it is processed and retained. Lan (2020) and Godwin-Jones (2014)
both noted that while language learning technology has diversified considerably, the
screen has remained the default interface. Makransky and Lilleholt (2018) offered empir-
ical support for the potential of alternatives: learners in immersive virtual reality environ-
ments showed stronger motivational engagement than those using screen-based tools,
and motivation is among the more reliable predictors of long-term vocabulary growth.
Taken together, these findings suggest that the screen is not a neutral surface for deliver-
ing instruction. It carries affordances and constraints that have shaped what digital vo-
cabulary learning has been able to be.

This structural contrast can be more easily understood through the schematic repre-
sentation shown in Figure 1. As illustrated in Figure 1, traditional approaches are struc-
tured around input and recognition, whereas the approach proposed in this paper organ-
izes vocabulary learning as a cyclical process involving interaction, retrieval, and reuse.
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Figure 1. Comparison between traditional vocabulary instruction and the EARR framework.

3. Theoretical Foundations of Experiential Vocabulary Learning
3.1. Vocabulary Acquisition and Contextual Learning

The research on vocabulary acquisition converges on a view that runs counter to how
most digital platforms operate. Nation (2022) documented extensively that word
knowledge is not fixed at a single encounter but develops gradually through repeated
exposure across varied contexts. Webb (2008) traced this development along a continuum,
from shallow receptive recognition to deeper productive command, and showed that pro-
gression along that continuum depends on the quality of encounters as much as their
quantity. Schmitt (2008) made the same point from the perspective of instructed learning,
arguing that spaced, contextually embedded exposures are more effective than concen-
trated drills.

Roediger and Karpicke (2006) added a further dimension to this picture by demon-
strating that actively recalling information produces substantially stronger long-term re-
tention than passive review. Cepeda et al. (2006) showed that distributing retrieval prac-
tice over time amplifies this effect considerably. The practical implication is that what mat-
ters most in vocabulary instruction may not be how much time a learner spends with a
word but the nature of that time: whether it involves active engagement, distributed re-
trieval, and contextual variation.

This may raise the question of how such conditions might be created within digital
learning environments. Recent studies have suggested that immersive virtual reality en-
vironments can support vocabulary acquisition by enabling learners to engage in lan-
guage in context-rich, interactive settings (Alfadil, 2024).

3.2. Embodied Cognition and Action-Based Language Learning

Mainstream accounts of vocabulary instruction have tended to treat language as a
cognitive and symbolic matter, something that happens in the mind and is expressed
through the mouth or the hand. Embodied cognition takes a different view. It holds that
meaning is not stored as abstract propositions but is grounded in sensorimotor experi-
ence, in the perceptual and motor states that accompany encounters with the world. Un-
derstanding a word, on this account, is not simply a matter of retrieving a definition. It
involves a partial simulation of the experiences associated with what the word refers to
(Barsalou, 2008).

Barsalou (2008) developed this argument in detail, proposing that conceptual
knowledge consists of multimodal simulations constructed from the sensory, motor, and
affective traces of prior experience. If this account is correct, then vocabulary instruction
that bypasses the body may be working against the mechanisms through which meaning
is formed. Wilson (2002) extended the argument by showing that even the kind of cogni-
tion that seems most detached from the body, such as reading or mental imagery, draws
on sensorimotor systems that were originally engaged in direct interaction with the world.

https://doi.org/10.3390/educsci16071171


https://doi.org/10.3390/educsci16071171

Educ. Sci. 2026, 16, 1171

5 of 16

Glenberg and Kaschak (2002) provided a well-known empirical demonstration of this
through the action-sentence compatibility effect, showing that understanding sentences
about action activates the motor systems involved in performing those actions. More re-
cently, Lindgren and Johnson-Glenberg (2013) found that learners who enacted scientific
concepts through physical movement in mixed-reality environments retained more than
those who observed the same content without moving. For vocabulary instruction, the
implication is that words may be most durably learned when the learning context engages
the body as well as the mind.

3.3. Situated Learning and Spatial Context

Situated learning theory, as Lave and Wenger (1991) developed it, holds that
knowledge is not a portable abstraction that a learner carries from one context to another
but something that is tied to the situations in which it is acquired and used. Learning, in
this view, is a process of becoming progressively capable of participating in the practices
of a particular community or setting. It is driven not by the transmission of information
but by engagement with authentic tasks that have genuine purpose in a real context.

For vocabulary learning, this perspective has a direct implication. A word encoun-
tered in a meaningful spatial context is not merely easier to remember. It is learned in a
different way. When a learner comes across the word “shelf” while reaching for an object
on one, the word arrives already connected to a spatial relationship, a physical action, and
a situation in which its meaning matters. Brown et al. (1989) made a related point in argu-
ing that knowledge is fundamentally situated and that effective learning environments
should reflect the conditions under which knowledge will eventually be used. Most cur-
rent language platforms do not approach this standard. Words appear on screens with no
surrounding environment, no objects to interact with, and no purpose that gives meaning
beyond the next quiz item.

Recent reviews have further suggested that immersive, interactive environments
may support the kind of contextualized language use emphasized in situated learning
theory (Huang et al., 2021). These environments may allow learners to engage in settings
that more closely resemble real-world contexts, which may help bridge the gap between
exposure and use.

3.4. Experiential Learning Theory

Dewey (1986) argued that experience is not a backdrop to learning but its primary
medium. What distinguishes educative experience from mere activity, in his account, is
whether the learner reflects on what has happened, draws meaning from it, and carries
that meaning into subsequent situations. Kolb (2014) gave this insight a more formal struc-
ture through his experiential learning cycle, which describes learning as moving through
four stages: concrete experience, reflective observation, abstract conceptualization, and
active experimentation. Genuine understanding, on Kolb’s account, requires the full cycle.

Applied to vocabulary acquisition, this framework points to something most digital
platforms do not provide. A learner who sees a word, perhaps hears it pronounced, and
answers a multiple-choice question has passed through something like the first stage.
What follows in a typical app is more of the same: another word, another prompt, another
answer. There is no action that puts the word to use, no feedback that connects it to a
meaningful outcome, and no later context in which it must be retrieved under different
conditions. Reinders and Wattana (2015) found that game-based language tasks incorpo-
rating these experiential elements produced stronger vocabulary outcomes than conven-
tional drill activities, lending empirical weight to what the theory suggests. Durable learn-
ing, it appears, depends on purposeful action, meaningful feedback, and varied re-en-
gagement over time.
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4. The EARR Framework for Spatial Experiential Vocabulary Learning
4.1. Spatial Learning Environments in Digital Platforms

Spatial learning environments are settings in which the physical or virtual arrange-
ment of space contributes meaningfully to the learning experience. Mayer and Moreno
(2003) established that how information is spatially organized affects how it is processed
and retained. Uttal et al. (2013) showed through meta-analysis that spatial reasoning is
trainable and transfers across academic domains, raising the possibility that navigating
and interacting with spatially arranged objects may recruit cognitive processes that sup-
port deeper encoding.

The potential of immersive environments for language learning has attracted grow-
ing attention. Makransky and Lilleholt (2018) found that learners in virtual reality envi-
ronments showed stronger motivational engagement than those in conventional screen-
based settings. Lan (2020) and Godwin-Jones (2014) both documented this turn toward
immersive and interactive contexts in the research literature. At the same time, Parong
and Mayer (2018) found that immersive environments did not consistently outperform
traditional instruction and, in some conditions, produced weaker outcomes. This is an
important qualification. Spatial environments are not inherently superior to conventional
ones. Their value depends on how they are designed and whether spatial features are
genuinely connected to learning objectives rather than added for their own sake.

4.2. Object-Based Vocabulary Learning

A consistent finding across vocabulary research is that words connected to concrete,
manipulable objects tend to be acquired more readily than abstract terms. Barsalou (2008)
offered a theoretical explanation grounded in embodied cognition: object-related words
are well suited to experiential learning because the objects themselves invite perceptual
and motor engagement, producing richer conceptual representations than those formed
through symbolic study alone. A word learned through interaction with its referent is
theoretically expected to be encoded with more associative depth than one learned from
a definition, though direct evidence for this in digital vocabulary learning contexts re-
mains limited (Parong & Mayer, 2018).

Glenberg and Kaschak (2002) extended this reasoning by showing that understand-
ing words about physical objects involves simulating the actions those objects afford. Plass
et al. (2015) found empirical support in the context of multimedia learning, showing that
environments incorporating interactive object manipulation supported vocabulary reten-
tion more effectively than static image and word pairings. The interactive quality of the
encounter, not merely its visual richness, appears to be what matters. For platform design-
ers, this suggests that placing learners near objects is less important than giving them
something meaningful to do with them.

4.3. Action-Based Interaction and Vocabulary Retrieval

Contextual encounter is a necessary starting point for vocabulary acquisition, but it
is not sufficient on its own. What converts an encounter into durable learning depends
substantially on what the learner does in response. When a learner interacts with an object
in a spatial environment, performing an action that the target vocabulary describes or re-
fers to, the word is encoded not only as a linguistic form but also as part of a sensorimotor
experience. That kind of encoding tends to support stronger retrieval than one built on
visual exposure alone, consistent with embodied cognition accounts, though the extent to
which this holds in digital spatial environments specifically remains an open empirical
question (Glenberg & Kaschak, 2002).
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Wilson (2002) suggested that memory for language is not stored independently of
the bodily states that accompanied its acquisition. Retrieving a word may involve recon-
structing something of the original experience, drawing on motor and perceptual traces
that remain available even when the learner is no longer in the learning environment.
Lindgren and Johnson-Glenberg (2013) found evidence for this in the context of aug-
mented reality, where learners who had enacted concepts physically retained them more
strongly than those who had only observed. If retrieval works in part through embodied
memory, then instruction that creates richer embodied encoding during initial learning
may yield stronger retrieval later. This points toward an instructional principle: the ac-
tions learners perform in a spatial environment should not be incidental to the vocabulary
being taught. They are most likely to be effective when they make the meaning of target
words physically and functionally concrete.

4.4. The EARR Framework

The theoretical perspectives reviewed in this paper converge on a view of vocabulary
learning that differs in important ways from what current digital platforms typically pro-
vide. Building on the theoretical perspectives discussed above, this paper proposes the
EARR framework as a structured four-phase model for vocabulary acquisition in spatially
situated digital environments. The framework is intended as a theoretically grounded
proposal rather than an empirically validated model. Its claims about learning outcomes
await direct testing under controlled conditions. As illustrated in Figure 2, the EARR
framework consists of four phases: Encounter, Act, Respond, and Reuse, which together
form a cyclical learning process.

Encounter Act Respond Reuse

Contextual Embodied Retrieval & Transfer &
expasure interaction feedback reinforcement

Figure 2. The EARR Framework for Spatial Experiential Vocabulary Learning.

It is worth situating EARR in relation to prior frameworks. Kolb’s (2014) experiential
learning cycle is the most obvious reference point, and the two frameworks share an em-
phasis on active engagement and iterative experience. The differences are substantial,
however. Kolb’s cycle is a general model of experiential learning that applies across do-
mains and does not address the specific mechanisms of vocabulary acquisition. EARR, by
contrast, is developed specifically for vocabulary learning in spatially situated digital en-
vironments, and each of its phases is grounded in research on how words are encoded,
retained, and retrieved. Existing work on immersive language learning has focused pri-
marily on motivational and affective outcomes (Makransky & Lilleholt, 2018). EARR is
oriented toward the cognitive and sensorimotor mechanisms through which spatial, ob-
ject-based interaction may support durable word knowledge, drawing on embodied cog-
nition and situated learning theory in ways that prior frameworks have not brought to-
gether for this purpose.

The first phase, Encounter, provides the perceptual and situational grounding for
what follows. In a spatially situated environment, a learner comes across a word because
they are in a place where its referent exists and where its meaning is available from the
surrounding context. Following Lave and Wenger (1991), this situational arrival is quali-
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tatively different from seeing a word introduced on a screen. The word comes with a set-
ting already attached to it.

Act, the second phase, is where embodied learning takes place. The learner does
something with the word, like picking up the object it refers to, performing the action it
describes, or using it to accomplish a goal within the environment. Drawing on Glenberg
and Kaschak (2002) and Lindgren and Johnson-Glenberg (2013), this kind of action may
recruit the same motor systems involved in the described activity, encoding the word with
sensorimotor depth that passive reading or listening cannot produce.

Response is the retrieval and feedback phase. The environment reacts to what the
learner has done, providing a signal that connects the word to a meaningful consequence.
This operationalizes the retrieval practice principles documented by Roediger and Kar-
picke (2006) in a spatially grounded context. The learner is not simply exposed to the word
again. They receive feedback that makes its use consequential in a way that a correct an-
swer on a quiz cannot fully replicate.

The fourth phase, Reuse, asks the learner to encounter and use the word again in a
different context. Following Kolb (2014), learning may not be complete until understand-
ing has been applied in a new situation requiring genuine retrieval rather than recogni-
tion. The spatial environment is what holds the four phases together and gives them co-
herence. A learner who moves through all four phases repeatedly, in varied settings, may
reach a point where a word is no longer retrieved with effort but is simply available as a
tool. That represents a meaningfully higher standard than what recognition-based instruc-
tion is typically designed to achieve. These four phases constitute a structured framework
for both designing and evaluating vocabulary learning in spatial environments.

4.5. Illustrative Example of the EARR Framework

In order to make the EARR framework more concrete, a brief example of how a single
vocabulary item may be learned within a spatially situated environment is presented in
this section.

When a learner enters a virtual living room and encounters a lamp placed on a table,
the word “lamp” is not introduced as an isolated item but appears in direct relation to the
object within its environment. It is supported by auditory input and minimal text cues. In
this initial encounter, the learner does not only see the word but also encounters it as part
of a meaningful situation.

The learner is then guided to interact with the object. They may turn on the lamp,
move closer to it, or adjust its position. Through these actions, the learner engages directly
with what the word refers to, allowing the word to be linked to a physical experience
rather than remaining a detached form. This stage reflects the role of action in strengthen-
ing the connection between language and experience.

Following this interaction, the environment provides feedback that requires the
learner to retrieve and use the word. The learner may be prompted to describe the action
they have just performed. For example, the learner produces a simple sentence such as “I
turned on the lamp”. At this point, the word must be actively brought to mind and applied
in context, moving the learner beyond recognition toward meaningful use.

At a later stage, the word reappears in a different setting. The learner may encounter
a similar object in another room or be required to use the word in a new task involving
lighting. Because the situation has changed, the learner must draw on prior experience to
use the word again under different conditions, strengthening the flexibility and durability
of their knowledge.

This example shows how vocabulary learning can unfold as a sequence of related
experiences in which meaning is built through interaction, reinforced through use, and
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extended across contexts. Through repeated engagement of this kind, the word gradually
becomes available for use rather than remaining something that is only recognized.

The framework applies equally across different spatial contexts and vocabulary
types. A second example scenario illustrates this in a virtual grocery store. Upon entering
the space, the learner encounters the word “aisle” as they navigate between shelves, with
the word appearing alongside the object it refers to and supported by a brief audio
prompt. In the Act phase, the learner is asked to find a specific item by following spoken
directions that use the word in context. For example, “Please find the cereal in the third
aisle on your left”. The environment responds when the learner reaches the correct loca-
tion, confirming the action and reinforcing the word’s spatial meaning. In a later task, the
same word reappears in a different form. The learner must give directions to another char-
acter, requiring them to retrieve and produce the word independently rather than simply
respond to it.

A third example scenario extends the framework to a professional context. In a vir-
tual office environment, the learner encounters vocabulary associated with workplace
tasks. The word “agenda” first appears during a meeting room scene, where the learner
sees a printed agenda on the table and hears it referenced in a spoken prompt. In the Act
phase, the learner is asked to distribute copies of the agenda to colleagues seated around
the table, performing a purposeful action that connects the word to its functional role.
Feedback follows in the form of a colleague’s response acknowledging the action. The
Reuse phase then asks the learner to prepare a simple agenda for a new meeting, requiring
them to apply the word in a productive rather than a receptive context.

These example scenarios illustrate that the EARR framework is not tied to any single
environment or register. What remains consistent across contexts is the underlying struc-
ture where the word arrives with a situation, the learner acts on it, the environment re-
sponds, and the word reappears under different conditions. The spatial setting changes,
but the learning logic does not.

5. Implications for Language Learning Platforms

The design principles proposed in this section follow directly from the theoretical
perspectives developed in Section 3, and the connection between them is worth making
explicit. Situated learning theory (Lave & Wenger, 1991) implies that learning environ-
ments should present vocabulary within authentic, purposeful contexts rather than in iso-
lation, which translates directly into the first design principle that the environment should
do pedagogical work. Embodied cognition (Barsalou, 2008; Glenberg & Kaschak, 2002)
implies that meaning is constructed through sensorimotor engagement, which translates
into the requirement that learners act on objects rather than observe them. Experiential
learning theory (Kolb, 2014) implies that learning is completed only when the full cycle of
encounter, action, feedback, and reuse has been traversed, which translates into the prin-
ciple that all four phases of the EARR cycle must be consistently delivered. The cognitive
load considerations raised by Mayer and Moreno (2003) and Parong and Mayer (2018)
serve as a constraint on all three principles. Spatial richness, object interaction, and cycle
delivery must each be calibrated so that the cognitive demands of the environment do not
exceed the learner’s available processing capacity. A spatially rich environment that over-
whelms working memory is not an implementation of these principles but a departure
from them.

5.1. From Screen-Based Learning to Spatial Learning

The argument developed in this paper has a specific implication for how language
learning platforms are conceived. The dominant model positions the learner as an ob-
server who receives and responds to content delivered on a screen. Dede (2009) framed
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the alternative in terms of a shift in the learner’s fundamental relationship to the learning
environment. In a spatial setting, the learner is an inhabitant of a context rather than a
viewer of a display. This is not a distinction of degree. An inhabitant encounters situa-
tions, makes decisions, performs actions, and experiences their consequences. Those are
closer to the conditions under which language is actually used, and, according to situated
learning theory, the conditions under which it is most durably learned.

Godwin-Jones (2014) and Lan (2020) both noted growing recognition in the field that
language learning technology may need to move toward environments that support gen-
uine, purposeful interaction rather than simulated engagement. Uttal et al. (2013) added
a cognitive perspective, showing that engagement with spatially rich environments may
develop reasoning capacities that transfer across academic domains. The shift from
screen-based to spatial learning is, in this sense, not primarily a technological matter. It is
a pedagogical one, requiring a different set of assumptions about what learning environ-
ments are for and how they can be designed to support the conditions vocabulary acqui-
sition appears to require.

5.2. Advantages of Object-Based Experiential Vocabulary Learning

The potential advantages of spatial experiential vocabulary learning are cognitive ra-
ther than motivational, though the two are not entirely separate. The most fundamental
concern is the quality of encoding. Nation (2022) and Webb (2008) both showed that what
drives progress along the vocabulary knowledge continuum is not the number of expo-
sures but the richness and variety of the encounters. Object-based interaction in a spatial
environment may provide exactly that: an encounter encoded with sensory, motor, and
situational information that a flashcard or a multiple-choice prompt cannot supply. Plass
et al. (2015) found support for this, showing that interactive object manipulation in multi-
media environments produced stronger retention than static image and word pairings.

A second potential advantage concerns the accessibility of words during retrieval.
Words learned through embodied interaction may be connected to a broader network of
associations that provide more retrieval pathways than words learned through visual
pairing alone. The object is not a cue for the word; it is the context in which the word first
acquired its meaning. That said, Parong and Mayer (2018) are a useful reminder that spa-
tial richness does not translate automatically into learning benefit. Environments that pre-
sent too much at once can impede learning rather than support it. Design quality is likely
to be at least as important as the choice of medium.

5.3. Implications for Future Language Learning Platforms

Three design principles follow from the argument developed in this paper. The first
is that the learning environment should do genuine pedagogical work. Many attempts to
build richer digital environments have added spatial or interactive features without re-
considering the instructional logic that underlies them (Godwin-Jones, 2014; Lan, 2020).
A spatially designed vocabulary learning environment should be one in which objects,
locations, and tasks are chosen because they make target words meaningful and memo-
rable, not because they are visually engaging or technically impressive.

The second principle concerns cognitive load. Spatial richness and cognitive demand
are in tension, and that tension requires careful management. Parong and Mayer (2018)
showed that immersive environments can overwhelm the cognitive system when they
present too much at once. Makransky et al. (2019) found that high-immersion conditions
can paradoxically reduce learning by increasing extraneous load. Good design in this con-
text means calibrating the complexity of the spatial environment to the learning demands
of the vocabulary being taught so that the spatial features direct attention toward meaning
rather than away from it. The third principle concerns the integrity of the EARR cycle. A
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platform built around this framework should ensure that learners move through all four
phases, not just the first two. Encounter and Act may be relatively straightforward to de-
sign for. Respond and Reuse require more deliberate attention: feedback must be timely
and consequential, and vocabulary must reappear across varied contexts and tasks over
time. A platform that delivers the first two phases without the latter two may produce
richer initial encoding than a flashcard system while still falling short of the spaced, varied
retrieval practice that supports durable acquisition.

Adopting the EARR framework in practice presents challenges that are worth ac-
knowledging directly. Building spatially rich learning environments requires considera-
bly more design investment than producing flashcard-based content. Educators working
without dedicated development support may find the resource demand prohibitive, par-
ticularly in contexts where content must be regularly updated or adapted for different
learner groups. Platforms that offer integrated authoring tools can reduce some of this
burden, but they introduce their own learning curve and do not resolve the underlying
design challenges of ensuring that spatial features serve learning objectives rather than
simply adding visual complexity.

A further challenge concerns proficiency calibration. The EARR framework assumes
that learners can engage meaningfully with spatial tasks, but the appropriate level of lin-
guistic and cognitive demand will vary considerably across proficiency levels, games, and
learning contexts. An environment designed for adult beginners in a workplace setting
may look quite different from one designed for younger learners acquiring everyday vo-
cabulary. Designers will need to make deliberate decisions on how to scaffold the Encoun-
ter and Act phases for learners who may lack the linguistic resources to engage with com-
plex spatial prompts, without reducing those phases to the kind of simplified recognition
tasks the framework is intended to move beyond.

Finally, ensuring that all four phases of the EARR cycle are consistently delivered
requires sustained attention across the full arc of a learning sequence. Encounter and Act
are relatively tractable design problems. Respond requires feedback mechanisms that con-
nect word use to meaningful consequences rather than a binary correct or incorrect signal.
Reuse requires a content architecture that tracks what vocabulary a learner has encoun-
tered and surfaces it again across different contexts and tasks over time. These are not
insurmountable problems, but they are non-trivial, and platforms that address them only
partially may capture some of the benefits of spatial experiential learning while falling
short of what the full cycle is designed to produce.

The OnTwins platform (www.ontwins.com) offers one example of how these princi-
ples might be realized in practice. OnTwins is an integrated content generation and de-
ployment platform that combines document-based knowledge, spatial environment defi-
nition, and Al-driven scripting to produce immersive educational content across multiple
execution environments, including VR headsets, AR systems, mobile devices, and desktop
interfaces. The overall architecture of the platform is illustrated in Figure 3.

The platform operates as a coordinated pipeline. Educational materials and natural
language prompts enter through a user input interface, where learning objectives, diffi-
culty levels, and interaction styles are specified. A spatial definition module then estab-
lishes the virtual environment, drawing on 3D assets and interface scripts that determine
how learners engage with objects in the space. The logical structure of each learning se-
quence is governed by a script definition module, which manages learning stages, condi-
tional branching, and feedback delivery. These components come together in a central
authoring tool that coordinates Al-generated content with human review and refinement.
The resulting content is stored in a repository supporting version control and reuse and
rendered through Unity, Unreal, or WebGL depending on the target device and context.
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Figure 3. The OnTwins platform pipeline.

Figure 4 illustrates how this sequence is realized within the OnTwins environment,
using the target word “lamp” as an example. In panel (a), the learner encounters the word
in a virtual living room where the lamp is present as a physical object, with the word
displayed and read aloud simultaneously, grounding it in its spatial context before any
task is introduced. The learner is then given a purpose: panel (b) shows the prompt “It’s
a bit dark. Turn on the lamp”, which asks the learner to do something with the word rather
than simply recognize it. Panel (c) shows the environment responding to the learner’s ac-
tion with immediate confirmation, making the consequence of using the word visible
within the space. In panel (d), the learner is asked “Is the lamp on?”, turning what began
as an instruction into a question that requires the learner to bring the word back to mind
on their own terms.

<Mission _ PHelp . = Save&Exit S <Mission 7 Help

lamp %) It's a bit dark. Turn on the lamp.

<D e

< Mission = Save & Exit ? Help = Save & Exit

Is this lamp on?

That's right! The lamp is on!

1
o« & [ > repiey W vves W xno

Figure 4. Screenshots from the OnTwins illustrating the EARR (target word “lamp”): (a) Encounter:
The learner approaches the lamp and the word “lamp” is presented in text and sound. (b) Act: The

helper encourages the learner to turn on the lamp. (c¢) Respond: Immediate feedback is provided
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after the learner turns on the lamp. (d) Reuse: The word “lamp” is reused in a new prompt to assess

understanding in context.

For the purposes of this paper, what matters is how this architecture relates to the
conditions the EARR framework identifies as important. The spatial definition module
and 3D object library support the Encounter phase by embedding vocabulary within ob-
ject-rich environments rather than introducing words on a flat screen. The interaction
logic in the interface scripts supports Act, giving learners something purposeful to do with
the objects and situations that target words refer to. The feedback structures in the script
schema address Respond, connecting word use to a meaningful consequence rather than
a simple correct or incorrect signal. And the content repository, through its support for
scenario variation and reuse, provides the infrastructure for the Reuse phase, ensuring
that vocabulary reappears across different contexts over time. OnTwins is not a test of the
EARR framework. It is an attempt to build a platform whose architecture takes seriously
the learning conditions the framework describes.

The script definition module plays a particularly important role in operationalizing
the Respond and Reuse phases of the EARR cycle. Within the Respond phase, the module
governs the feedback logic that connects a learner’s action to a meaningful consequence.
Rather than delivering a binary correct or incorrect signal, the script schema allows de-
signers to specify conditional response pathways. If a learner selects the correct object, the
environment responds with a contextually appropriate confirmation, and if the learner’s
response is incorrect or incomplete, the schema triggers a scaffolded prompt that redirects
attention without simply repeating the original instruction. The feedback architecture is
what distinguishes Respond from mere assessment. In the Reuse phase, the script defini-
tion module coordinates with the content repository to determine when and how a previ-
ously encountered word reappears. The module tracks the vocabulary a learner has en-
countered across a session and surfaces the same word in a new scenario with different
task demands, ensuring that reuse requires genuine retrieval rather than simple recogni-
tion of a familiar prompt.

Dede (2009) suggested that the most significant obstacle to realizing the potential of
immersive learning environments is not technological but conceptual. The platforms most
likely to advance vocabulary instruction are those built by designers who understand
what acquisition requires and are willing to let that understanding guide their decisions,
even when it runs against simpler alternatives.

6. Conclusions

This paper has argued that the dominant approach to vocabulary instruction in dig-
ital language learning platforms is unlikely to produce the kind of durable word
knowledge that acquisition research describes. Flashcards, translation drills, and recogni-
tion-based quizzes are well-optimized for measurability and engagement, but they tend
to present words in isolation, demand recognition rather than use, and provide little of
the contextual variety and active retrieval that the literature consistently identifies as im-
portant for lasting learning.

In response, the paper has proposed spatial experiential vocabulary learning as an
alternative and introduced the EARR framework as a structured approach to its design.
The framework draws on four bodies of research: vocabulary acquisition research, em-
bodied cognition, situated learning theory, and experiential learning theory. Each pro-
vides a different piece of the argument. Vocabulary research establishes what durable ac-
quisition requires. Embodied cognition explains why physical engagement with language
may matter. Situated learning theory shows why context is not incidental but constitutive
of what is learned. Experiential learning theory provides a model of the cycle through
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which knowledge is built and consolidated. EARR integrates these perspectives into a
framework specific to vocabulary acquisition in spatially situated digital environments,
distinguishing it from prior models that have addressed these themes separately or in
different domains.

The most immediate priority for future research is empirical. The theoretical case for
spatial experiential vocabulary learning is supported by converging evidence from mul-
tiple traditions, but the direct effects of EARR-based instruction on vocabulary outcomes
have not yet been tested under controlled conditions. The framework makes specific pre-
dictions that are, in principle, testable. It predicts that learners who move through all four
phases of the EARR cycle will show stronger long-term retention than those exposed to
equivalent vocabulary through conventional screen-based methods; that the Act phase
will contribute to encoding depth in ways that passive encounter alone cannot; and that
the Reuse phase will support retention durability beyond what massed practice produces.
Each of these predictions corresponds to a body of existing evidence, but none has been
tested directly in the context of spatially situated digital vocabulary instruction. Several
research designs would be appropriate for this work. Pre-post vocabulary assessments
comparing EARR-based instruction with matched conventional instruction across equiv-
alent learner populations and vocabulary sets would provide an initial test of the frame-
work’s central claims. Delayed post-tests, administered weeks or months after instruction,
would be particularly informative given the framework’s emphasis on durable acquisition
rather than short-term retention gains. Eye-tracking studies could examine how spatial
environments direct learner attention during the Encounter phase, testing whether object-
grounded encounters produce different patterns of attention than screen-based word
presentation. Think-aloud protocols and behavioral logs could shed light on how learners
engage with the Act and Respond phases, providing process-level evidence to comple-
ment outcome measures. Equally important is research on which design features of spatial
environments support learning and which impede it, building on the work of Parong and
Mayer (2018) and Makransky et al. (2019). Questions about how the EARR framework
applies across different proficiency levels, learning contexts, and target vocabulary types
also remain open. The framework offered here is intended as a starting point for that work,
not a conclusion.

One limitation of the EARR framework as currently formulated deserves explicit
acknowledgement. The framework is most naturally suited to vocabulary that refers to
concrete, spatially situated objects and actions. Words like “lamp”, “aisle”, or “agenda”
have clear physical references that can be represented in a spatial environment and inter-
acted with directly. Abstract vocabulary, including terms such as “justice”, “ambiguity”,
or “perseverance”, does not lend itself to the same kind of object-based encounter and
action. This does not mean the framework is inapplicable to abstract vocabulary, but it
does mean that the Encounter and Act phases would need to be designed differently, per-
haps through metaphorical spatial representation, narrative context, or dialog-based in-
teraction rather than direct object manipulation. Future work should address how the
EARR cycle can be adapted for abstract vocabulary types and whether the embodied and
spatial grounding that supports acquisition of concrete words translates, in modified
form, to more abstract registers.
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