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Abstract—As Virtual Reality (VR) hardware becomes increas-
ingly accessible, interest has grown among researchers regarding
its use in education. Immersion, however, comes at the expense
of multitasking and use of supplementary learning resources like
dictionaries. This is a major issue for language learners who
have to remove their goggles or switch applications to consult a
dictionary. In order to make dictionary use more immersive and
convenient for learners, we present in this doctoral colloquium
paper, VeRdict, a dictionary extension for VR learning applica-
tions that enables dictionary searches from within an application
using motion controls. Its client-server architecture allows for
the delivery of lexicographic content augmented with 3D object
data that can be dynamically added to the virtual world. The
dictionary supports manual vocabulary searches using a virtual
keyboard, and querying through labels applied to elements within
the scene. Additionally, 3D objects loaded from the dictionary
can be used as virtual ‘props’—unlocking new gesture-based
collaborative learning.

Index Terms—uvirtual reality, dictionary, language learning

I. INTRODUCTION

Virtual Reality (VR) refers to a category of motion-tracked
display and controller hardware technologies that create the
“illusion of participation in a synthetic [3D] environment” [1].
While rudimentary forms of the technology have existed since
the 1960s, the advent of recent consumer-level VR hardware
has increased the accessibility of VR [2] and drawn the atten-
tion of researchers seeking to unlock its educational potential
[3], [4], with applications ranging from history lessons [5] to
mathematics [6] and language learning [7], [8].

Different approaches to VR language learning are currently
under investigation, with some of the most compelling ed-
ucational uses of the technology involving VR social plat-
forms that allow language learners from around the world
to spontaneously meet and interact with speakers of their
target language. Within these virtual contexts, gesturing with
motion controllers and interacting with 3D props can provide
additional semantic context and help novice learners deduce
the meaning of unfamiliar words and phrases [9].

Inevitably, circumstances will arise in which interlocutors
cannot negotiate the meaning of a word and wish to consult
a dictionary, which is an important tool in the repertoire of
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any language learner [10], [11]. However, multitasking support
for current VR systems being limited, it requires users to
either remove their headset mid-conversation or to switch to
a separate VR application in order to use a dictionary. This
result in interrupting the learning activity and incurring a
significant context switch for the user, in addition to severing
his connection to others in the case of a group activity.

In this paper, we present VeRdict, a VR software extension
that can be integrated into existing VR applications to add
dictionary functionality. This ability to perform dictionary
searches from within the VR application addresses the need
among language learners to access lexicographic information
without the distraction of context switching between VR
applications or devices.

II. RELATED WORK

Howland et al. [9] present a learning game targeted towards
learners of Japanese that features a 3D environment in which
objects can be manipulated freely per the user. When the user
interacts with an object, its pronunciation and part of speech
are displayed with a translation into the player’s native lan-
guage— hence the application’s name “Sanjigen Jiten”, which
translates to “3D Dictionary” in English. The application
includes a function for creating vocabulary lists and reviewing
them. The software was tested on a group of students who
were asked to fill a survey after using the application for
retrieving vocabulary from the simulated environment. The
overall experience was rated as “good” by most participants.
An obvious limitation of the work is that despite its name, the
content is more akin to a lexicon: the number of words that
can be queried this way is small and limited to the objects
placed in the virtual world by the creator of the application.
By providing a software component that can be reused in other
applications, we allow developers of educational applications
to quickly and easily replicate the main functionality presented
in [9] without developing it on their own. In addition, since
the dictionary content is not embedded into the application, it
can be easily updated with more content.
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A randomized experiment regarding the effect of VR ap-
plications against a non-VR counterpart (video content) for
learning English is presented by [12]. The commercial ap-
plication used contains 5 scenarios modeled after real-life
situations such as riding a train or booking a hotel room.
Participants were administered a vocabulary test, along with
semi-structured interview and a questionnaire. The results
showed that VR users performed significantly better on the
vocabulary test than the control group. While most of the
learners (83.33% of 49 participants) stated the VR application
boosted their motivation, some had reservations about its value
as a vocabulary learning tool because the automatic speech
recognition (ASR) system performed poorly for them, or
because of gaps in their vocabulary. Moreover, ASR systems
are built on data from native speakers and often perform poorly
with learners. VeRdict solves the issue of speech recognition
by proving a way to query the dictionary via a textual interface.

Prior research in neuropsychology has shown that spoken
language and gestures are deeply integrated within the human
brain [13]. A recent investigation [14] found that pantomiming
with 3D props within a VR learning application increased
participants’ long-term recall of words in a foreign language.
In that study, the props and target vocabulary were pre-
selected by the researchers. With the server-client architecture
of VeRdict that dynamically loads 3D visual representations
of target vocabulary, virtual props could be applied to a wider
range of educational situations since more objects are available
and they are instantiated on user request.

A literature review made on two prominent journals on lex-
icography, International Journal of Lexicography and Lexikos
as well as the proceedings conferences of EURALEX and
eLex with the keywords “VR”, “virtual reality” and “réalité
virtuelle”(both Lexikos and EURALEX publish some articles
in French) did not yield any results. The work presented here is
thus a novelty as far as the field of lexicography is concerned.

III. SYSTEM OVERVIEW
A. Architecture

The project is made of two software components: a reusable
VR module providing dictionary services and a dictionary
server. The separation between the dictionary VR module and
the data (exposed by the server) allows to ship a single VR
component, regardless of the language(s) of the dictionary.

The VR component is implemented as a Unity assets
package that can be integrated into a VR application. The
component allows dictionary lookup to be performed in two
ways: (a) performing a manual search by typing keywords
through a virtual keyboard interface (see Section III-B), or (b)
interacting with 3D objects within the scene that have been
assigned a headword tag (Section III-C).

Fig. 1 illustrates the architecture of the project. When a
lookup query is sent (1) from a VR client [B], the dictionary
server [A] returns (2) the textual data associated with the result
of the query. If an entry is associated with a 3D object an
additional URL is provided from the client to download it. Not
every dictionary entry is accompanied by a 3D model: this is
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Fig. 1. Project Architecture.

akin to a paper or electronic dictionary for which illustrations,
when they exist, are present for a subset of the entries only.

The architecture is modular: in one hand an existing elec-
tronic dictionary can be extended to serve 3D models in
addition to its current content. On the other hand, an existing
VR application can be extended by a library implementing the
features described in this paper.

B. 3D Model Instantiation During Word Lookup

Participating in a typical a collaborative VR chat application
where a learner is exposed to authentic material would be
challenging without the help of a dictionary. To support this
use case, the dictionary can be queried directly with text input.
VeRdict provides a floating panel where text can be inputted
to search for a word, as illustrated by Fig. 2. Text input is
done via a virtual keyboard interface. English (qwerty) and
Japanese are included, and control is done with virtual laser
pointers controller via hand controllers.

Fig. 2. Dictionary Panel with Virtual Keyboard.

In addition to displaying textual information about the
queried word, such as part of speech and definition, our
software is able to instantiate in the virtual environment an
accompanying 3D model representing the word if one exists.
In Fig. 3, the dog was added to the scene after the dictionary
lookup has been performed by the user. Once instantiated,
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the 3D model can then be picked up via motion controls and
placed within the virtual scene as an educational prop.
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Fig. 3. Dictionary Entry and Associated 3D Object.

In a collaborative application, this consultation mode opens
up new communicative possibilities, such as allowing users
to explain to each other the specific parts of an object with
pointing gestures (e.g. gesturing to the neck of a turkey to
explain “wattle”), or explaining the meaning of verbs by
picking up a prop and pantomiming the action (e.g. lifting
up a rocket prop to explain “lift off™).

Fig. 4. Explaining Model Details via Hand Gesture.

C. Query from Tagged Objects

To use the dictionary feature with this mode, the developers
of an application must manually associate each object that
is expected to used to perform a dictionary search with a
headword. Then, when a given event is triggered in the
environment, a dictionary lookup is performed and the lex-
icographic data are displayed in the dictionary panel.

IV. DISCUSSION AND CONCLUSION

The project is currently in the prototypical stage, albeit
already functional. Immediate future work will be gathering
feedback about user interface and interactions in a pilot study.
Once feedback from the pilot study is integrated, it will be
possible to test VeRdict in an experimental setting. In the fu-
ture, a dedicated application such as a persistent world where a

learner could collect and organize objects and their definitions
could be implemented. Since the acquisition and curation of
the 3D models featured within the dictionary requires manual
intervention, it may be advantageous to crowd-source and vet
the models via a community submission system.

The educational landscape continues to evolve with the
release of new technologies, and the demand for virtual
reality applications in education is only likely to grow. Thus,
VR researchers and developers should seek to create virtual
experiences that provide novel educational experiences without
sacrificing the benefits of conventional learning tools. Given
the crucial role that dictionaries serve in the language learning
process, it is a software feature that ought not be overlooked
when developing social and/or language learning applications
for VR. In this paper, we presented VeRdict, a software solu-
tion that can contribute to this vision by allowing developers
to more easily integrate dictionary functionality into their VR
apps and experiences.
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