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Abstract

High-immersion virtual reality (HiVR) offers engaging experiences to foreign language learners, and
numerous empirical studies support its effectiveness for language learning. However, implementation of
this technology in school-based language teaching is scarce and requires comprehensive teacher training
as well as pedagogical guidelines. Specifically, foreign language teachers need to develop their
technological pedagogical and content knowledge (TPACK) to align language pedagogy with the
affordances of virtual reality (VR) headsets and applications. Based on an approach to language teaching
with VR that is anchored in Technology-Mediated Task-Based Language Teaching (TMTBLT), this
qualitative study investigates (1) how the integration of HiVR into lesson plans combines language
pedagogy and technological affordances, and (2) how pre-service teachers’ TPACK develops through
participation in a university course with a focus on lesson planning. First, fifteen lesson plans were
analyzed qualitatively. Then, participants’ TPACK development was assessed through lesson plan quality
ratings and a thematic analysis of a pre-survey, reflection journals, and group interviews conducted after
the course. The findings demonstrate the importance of lesson planning and micro-teaching for the
development of a highly integrated TPACK, and alignment of HiVR-tasks with basic principles of
TMTBLT. The study outlines further directions for research and teaching with HiVR.
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Introduction

Virtual reality (VR) can transform foreign language (FL) learning through immersive experiences in
virtual worlds. VR applications allow FL learners to travel through space and time (e.g., National
Geographic Explore), interact with Al-based avatars (e.g., VirtualSpeech), and engage with literary and
fictional worlds (e.g., Wolves in the Walls) in the target language (Zirkel, 2025). Situated in the field of
Virtual Reality-Assisted Language Learning (VRALL), this study focuses on high-immersion VR
(HiVR). HiVR is defined as “a 360° virtual space, either computer-generated or created by 360° video
technology, that is perceived as spatially realistic due to the high immersion and embodiment provided by
a head-mounted device” (Kaplan-Rakowski, 2025), that is, a VR headset. The high level of immersion
sets HiVR apart from other extended reality (XR) technologies such as desktop VR, accessed on a 2D
screen, and augmented reality (AR), in which virtual elements are added to the real environment shown
on a screen (Kaplan-Rakowski, 2025). Empirical research demonstrates that HiVR can effectively foster
foreign language learning in multiple competence areas (Dhimolea et al., 2022; Kaplan-Rakowski & Ye,
2026; Yu & Duan, 2024). At the same time, costs of VR headsets have decreased in recent years, and the
number of available applications is constantly growing. It is for these reasons that Godwin-Jones calls VR
an emerging technology “on the cusp of breaking into mainstream use” (2023, p. 6).
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We distinguish VRALL in the sense of language learning in VR from language teaching with VR.
Language learning in VR refers to a learning experience that takes place entirely in VR. This has so far
been the focus of experimental studies in the field, which compare learning in VR to learning in analog or
2D media conditions (e.g., Bacca-Acosta et al., 2023; Kaplan-Rakowski & Gruber, 2023; Thrasher,
2022). Language teaching with VR refers to the purposeful integration of VR into a task, complemented
by other learning activities and (non-)digital materials. This approach considers the interaction between
medium and method, which is crucial for the effectiveness of HiVR in education (Makransky & Petersen,
2021). The first studies in VRALL that consider this underscore the importance of pre-training and
scaffolding before VR usage (Ye & Kaplan-Rakowski, 2024), and generative learning activities
afterwards (Y.-T. Chen et al., 2024) to facilitate effective language teaching with HiVR. Also, language
teaching with VR stresses the alignment of technology use with learning goals, which is particularly
important for the adoption of HiVR in schools (Thrasher et al., 2026).

However, there is a lack of pedagogical concepts for language teaching with HiVR, which are required if
this technology is to be widely implemented. Moreover, foreign language teachers lack the competences
to effectively use VR headsets in their classes and require training (Elhambakhsh et al., 2024; Kaplan-
Rakowski et al., 2023; Schnellbogl et al., 2025; Wiboolyasarin et al., 2026). In light of this, a university
course for pre-service teachers of English as a foreign language was developed for this study to
investigate (1) how lesson plans created in the course combine language pedagogy and technology
affordances of HiVR, and (2) how participants’ technological pedagogical and content knowledge
(TPACK, Koehler & Mishra, 2005) for language teaching with HiVR developed throughout the course.

Literature Review

Technology-Mediated Task-Based Language Teaching (TMTBLT) and HiVR

Our approach to language teaching with VR is grounded in Technology-Mediated Task-Based Language
Teaching (TMTBLT), an expansion of TBLT focusing on how technologies interact with pedagogical

tasks to leverage mutual synergies (Gonzalez-Lloret & Ortega, 2014). Building on research from TBLT,
Gonzales-Lloret and Ortega (2014) identified five key features of technology-mediated tasks (Figure 1).

Figure 1
Features of Technology-Mediated Tasks
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Confirming this redefinition of tasks by Gonzalez-Lloret and Ortega (2014), a research synthesis by
Chong and Reinders (2020) shows that technology-mediated tasks enable collaboration, increase
motivation, and support learner-centeredness. Their effective implementation requires thoughtful task
design and appropriate language scaffolding, which can result in developing both non-linguistic skills
such as digital literacy, and language learning (Chong & Reinders, 2020). The effectiveness of TMTBLT
for language learning is further supported by a recent meta-analysis (Bryfonski et al., 2025), while digital
skills development might be particularly important when working with emerging technologies such as
HiVR. Researchers are increasingly investigating how HiVR affordances such as immersion and
interaction could support pedagogical task design (Christoforou et al., 2024; Taguchi & Zhao, 2025). So
far, these studies have conducted pedagogical tasks entirely in HiVR, which they used to mimic real-
world situations, adopting an approach to language learning in VR. The results show positive learner
engagement but are mixed in relation to language learning outcomes (Christoforou et al., 2024; Couture-
Matte, 2025; Lee, 2025; Lee et al., 2024; Ogawa, 2026). Similarly, FL teacher education research on
TMTBLT with HiVR has focused on mimicking reality for language learning in HiVR and identified
useful design features such as interactivity and contextualization (Compagnoni, 2025; Liaw et al., 2025;
Wu & Chun, 2025). Contrarily, TMTBLT-based research adopting an approach to language teaching with
VR, in which the VR activity is complemented by other (non-)digital materials and learning activities, is
yet scarce (Taguchi & Zhao, 2025), as are guidelines for pedagogical task design and the required teacher
training.

Technological Pedagogical and Content Knowledge (TPACK) for HiVR

Language teaching with HiVR requires comprehensive teacher training (Thrasher et al., 2026;
Wiboolyasarin et al., 2026). Computer-assisted language learning (CALL) research widely conceptualizes
teacher competence as TPACK (Koehler & Mishra, 2005; Qin & Lai, 2025; Tseng et al., 2022), a model
according to which effective teaching with technologies requires teachers to integrate technological (TK),
pedagogical (PK), and content knowledge (CK; see Figure 2).

Figure 2
The TPACK Model
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Pedagogical content knowledge (PCK) forms a core domain for FL education, covering knowledge on
second language acquisition (SLA) and FL teaching strategies; technological content knowledge (TCK)
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describes how technology and language interact; technological pedagogical knowledge (TPK) is general
and not related to language; and, at the heart of the model, technological pedagogical and content
knowledge (TPACK) integrates these multiple knowledge domains and is specific for CALL.

In CALL, an effective approach to developing (pre-service) teachers’ TPACK is collaborative lesson
design (Tseng et al., 2022). While some courses involving lesson design have developed teachers’ general
TPACK, assessed with self-report questionnaires (e.g., Tai, 2015), others have targeted specific
technologies such as corpora (Crosthwaite et al., 2023) or chatbots (Lee & Jeon, 2024), and measured
TPACK by rating lesson plans using Harris et al.’s (2010) assessment rubric. Given these findings,
similar approaches likely apply to TPACK for HiVR though research remains scarce (Wengler, 2024).
Building on existing definitions of TPACK (Koehler & Mishra, 2005; Qin & Lai, 2025), this study
specifies TPACK for HiVR as knowledge on how to integrate HiVR into English language education for
various purposes. This includes knowledge of which language competencies can be fostered by HiVR,
knowledge of the affordances and challenges of various types of VR headsets and applications for English
language education, and how to support learners of English when using HiVR. TPACK for HiVR thus
requires an understanding of language learning in HiVR.

Research on FL learning in HiVR

Language learning in HiVR is facilitated through a sense of presence, that is “being there” in the virtual
environment (Ijsselsteijn & Riva, 2003), contextualization, and visual, linguistic, and kinesthetic
interaction (Chun et al., 2022). By highlighting the central role of authentic input and sociocultural
interaction in HiVR for linguistic, pragmatic, and cultural learning outcomes, Chun et al. (2022) expanded
upon general psychological research (Makransky & Petersen, 2021), and suggested a model for
languaculture learning in VR as an overarching framework for VRALL research.

Systematic reviews of empirical studies on FL learning in HiVR published between 2015-2025 conclude
that this technology has a high potential to foster multiple language competencies (Dhimolea et al., 2022;
Kaplan-Rakowski & Ye, 2026; Wiboolyasarin et al., 2026). Positive evidence of HiVR spans from the
acquisition of lexical items (Macedonia et al., 2023; Palmeira et al., 2020) and prepositions of place
(Bacca-Acosta et al., 2023), to productive skills of speaking (Chen & Hwang, 2022; Thrasher, 2022) and
writing (Ebadijalal & Yousofi, 2024), and receptive skills of listening (T.-Y. Tai, 2022; Ye & Kaplan-
Rakowski, 2024) and reading (Kaplan-Rakowski & Gruber, 2023). HiVR also influences affective
language learning factors: It can increase learners’ motivation (Kaplan-Rakowski & Gruber, 2023; Lin &
Wang, 2021), engagement (Nicolaidou et al., 2023), self-efficacy for writing (Lin & Wang, 2021), and
reduce FL speaking anxiety (Thrasher, 2022). Further, HiVR benefits transversal aspects such as learners’
intercultural competencies (DeWitt et al., 2022; Shadiev et al., 2021), by allowing learners to engage with
authentic, near-realistic contexts.

Aligning FL Pedagogy With HiVR Affordances

Contextualization, authentic input, and interaction are core elements of Chun et al.’s (2022) model for
languaculture learning in HiVR. Concurring with this model, several researchers have identified key
elements of how language learning in HiVR can be explained from the perspective of SLA. For example,
Lan (2020) argues that VR can leverage essential aspects of successful SLA, such as immersion, active
learner participation, social interaction, and authenticity. Likewise, Godwin-Jones (2023) states that VR
corresponds to holistic SLA approaches, which acknowledge the complexity and openness of the FL
learning process through open-ended interactions. More specifically, five pedagogical purposes of VR for
FL education have been identified (Lan, 2020; Lege et al., 2020): (a) enhancing FL learners’
entertainment and enjoyment, (b) providing visual experiences that inform learners about a topic relevant
to FL learning, (c) allowing FL learners to design and create own VR worlds, (d) facilitating social
interaction in the FL, and (e) enabling FL learners to actively operate VR applications.

These purposes align with TMTBLT principles. For example, HiVR applications focusing on language
interaction can promote authentic FL usage in a holistic way. Allowing learners to create virtual worlds
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can increase learner-centeredness and motivation. Also, visual experiences that inform learners, as well as
FL learners operating VR applications might provide opportunities to engage in meaningful scenarios.

Problem Statement and Research Questions

While HiVR bears high potential for foreign language learning, language teaching with VR requires the
development of HiVR-tasks that align with learning goals and TMTBLT principles. HiVR-tasks
purposefully integrate the usage of VR headsets and applications into a task that also involves further
(non-)digital learning activities and materials. Designing such HiVR-tasks requires (pre-service) teachers’
lesson planning skills as part of their TPACK (Koehler & Mishra, 2005; Tseng et al., 2022). Therefore, a
training course was developed for the purpose of this study.

The study addresses the following research questions:

1. In what way does the integration of HiVR into lesson plans combine language pedagogy and
technological affordances?

2. How does pre-service teachers’ TPACK develop through participation in a university course that
involves lesson planning and micro-teaching?
a. Which levels of participants’ TPACK are demonstrated in their lesson plans?
b. How does participants’ TPACK develop throughout the course?

Methods

Context

The university course consisted of five modules (see Figure 3) that implemented effective strategies for
teacher education with technologies (Tondeur et al., 2025; see also Tseng et al., 2022) with a focus on
systematic training of lesson planning skills (Farrell, 2013). The instructional content was based on our
literature review and included (1) an introduction to HiVR for FL education with practical exploration of
VR headsets and applications, (2) TMTBLT principles for lesson planning and their application in
collaborative lesson design, (3—4) two micro-teaching cycles with peers and learners of English, and (5)
guided reflection'. The course was taught collaboratively by both authors, and it included a broad range of
HiVR technologies, for example the stand-alone MetaQuest 3 with off-the-shelf software and
smartphone-based VR with the authoring tool AR2VR.

Participants

Twenty-four pre-service teachers of English as a foreign language for secondary (n = 17) and vocational
(n ="7) education participated in three editions of the course, conducted between April 2024 and June
2025. 15 participants identified as female, eight as male, and one did not disclose their gender. All
participants had completed introductory courses in FL pedagogy prior to the course. Most participants
(n = 16) had no prior experience with HiVR, some had tried out VR headsets once or twice (n = 6), and
two participants had VR headsets at home. Participants gave informed consent to take part in this study,
including the submission of different types of data (see below), which did not affect their grades and
completion of the course.

Research Procedure and Data Collection

Data was collected at several timepoints throughout the course (see Figure 3). Due to voluntary
participation in the study and occasional absence of some participants in individual sessions, some types
of data are incomplete. This study analyzes selected open questions of the pre-survey that assessed
participants’ TPACK for HiVR (n = 23) and a total of 15 lesson plans that were created in pairs (n = 9)
and individually (n = 6). Further, 18 learning journals were submitted, of which we analyze reflections on
the micro-teaching with learners of English. At the end of each edition of the course, a semi-structured
group interview was conducted to assess participants’ collective insights (Krueger & Casey, 2015) into



6 Language Learning & Technology

TPACK regarding HiVR. The group interviews contain data from 20 pre-service teachers who were
present in the final session of their respective course edition.

Figure 3
Structure of the University Course to Foster Pre-Service FL Teachers’ TPACK of Teaching With HiVR
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Data Analysis

Lesson plans were first analyzed based on principles of TMTBLT (Gonzalez-Lloret & Ortega, 2014) and
pedagogical purposes of VR (Lan, 2020; Lege et al., 2020), as well as the selected type of HiVR and
interaction forms. Then, each lesson plan was rated using an adapted version of the Technology
Integration Assessment Rubric (TTAR) (Harris et al., 2010; Appendix A) which has been used as measure
of FL teachers’ performance-based TPACK in previous studies (Crosthwaite et al., 2023; Kagar, 2022;
Lee & Jeon, 2024). The adapted TIAR consists of four categories: (1) the alignment of curriculum goals
and HiVR, (2) the degree to which HiVR supports instructional strategies, (3) the appropriateness of
HiVR selection or creation (with the authoring tool) given curriculum goals and instructional strategies,
and (4) the overall “fit” of content, pedagogy, and HiVR. In each category, the lesson plans were rated on
a scale ranging from one to four. All lesson plans were rated by the first author, and a random sample of
40% were also rated individually by the second author and then discussed to reach consensus.

The self-reported data from the survey, learning journals, and group interviews were analyzed using a
codebook thematic analysis in a deductive-inductive process (Braun & Clarke, 2022): First, statements
were deductively coded into three categories TPACK, TPK, and TCK for HiVR. After that, inductive
themes that capture core ideas were generated (Appendix B). Before analysis, the three group interviews
were transcribed verbatim (Dresing & Pehl, 2018) by Al software (aTrain) (Haberl et al., 2024) and
manually corrected.
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Results

Lesson Plan Analysis

To investigate how the integration of HiVR into lesson plans combined language pedagogy and
technological affordances (RQ1), we analyzed fifteen lesson plans created in the training course. We
outline key findings here, with a table of all features and HiVR applications included in Appendix C.

HiVR Technology

Seven lesson plans included VR scenarios created with an authoring tool (AR2VR) for smartphone-based
VR, five with Al-generated 360° scenes and two with 360° photos. Eight lesson plans were created using
stand-alone headsets (MetaQuest 3) with off-the-shelf applications.

Language Input

Most self-authored VR scenarios featured multiple types of language input, such as written texts, quizzes,
and audio. The selected applications for stand-alone headsets mostly offered auditory language input,
sometimes with optional subtitles in a variety of selected applications. One application (number 9, Nature
Treks) did not include any language input, as it served mainly affective learning goals.

FL Pedagogical Purpose of VR

Most lesson plans featured HiVR both to provide visual experiences that inform learners about a topic
(n = 14), and to have learners operate applications (n = 12), while three also aimed at entertainment, and
one lesson included FL learners creating own HiVR worlds (number 2).

Task Phase

HiVR was mostly integrated in the while-task phase, except for two lesson plans that used VR in the pre-
(number 1, 2) and post-phase (number 2).

Interaction Form

All smartphone-based VR lesson plans chose individual use of HiVR, sometimes complemented by note-
taking activities on a printed worksheet, so that learners take off the headset, take notes, and then put on
the headset again. For stand-alone VR, six lesson plans included pair work so that one partner wears the
headset while the other one guides them through the activity and/or works on a complementary task. A
reason for this might be the complexity of handling headsets and controllers. Only one lesson plan
(number 12) included group work with HiVR, using one headset per group and casting the experience to a
larger screen so that the other group members could participate.

TMTBLT Principles

All lesson plans included a focus on meaning, goal orientation, and learner-centeredness, whereas only
some featured holism in the sense of close to real-world, authentic language use and/or reflective
learning. The majority incorporated four (# = 7) or even all five (n = 5) principles outlined by Gonzalez-
Lloret and Ortega (2014).

Example Lesson Plans

Two lesson plans selected for their prototypical integration of smartphone-based and standalone HiVR
illustrate key features of our analysis. The first lesson plan (number 7) exemplifies the integration of
smartphone-based VR and focuses on learners’ literary competences with the example of acrostics about
nature taken from The Lost Words by Macfarlane and Morris (2017). In this HiVR-task, the pre- and post-
phase involved real classroom interaction, while VR served as individual exploration in the while-phase
(see Figure 4). The VR scenario (Figure 5) provided authentic language input for meaningful appreciation
of nature in VR and encouraged learners to create their own product in form of an acrostic on a self-
selected natural artefact for which they had to collaboratively reflect upon their feelings towards nature.
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Figure 4
Lesson Plan ‘The Lost Words’
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In the VR scenario, the pre-service teachers made use of interactive multimodal features of the authoring
tool AR2VR to immerse learners visually and auditorily, thus increasing their sense of presence and
agency (see also Wu & Chun, 2025). Further, a character voice and visual icons guided learners through
the scenario (see Figure 5, https://www.ar2vr.ai/en/vr/567) to prevent high cognitive load as suggested for
the design of VR for language education (Esteves et al., 2023; Mayer, 2014).

Figure 5
Screenshots of Two Scenes in the HiVR Scenario ‘The Lost Words’
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The second example (number 15) incorporated chapter one of the application MLK — Now is the time for
MetaQuest 3 in a task (Figure 6), in which users explore the topic of redlining and racial segregation in

the U.S. through first-person stories and interactive gamified elements (Figure 7).

Figure 6
Lesson Plan ‘Racial Segregation — Black Neighborhoods in the U.S.’
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% ® PowerPoint presentation with listeningcomprehension instructions
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pictures or explanations instructions

In this app, authentic oral language input is complemented by visual elements and interaction with objects
that facilitate comprehension. This task combined the HiVR experience with the collaborative creation of
short podcasts as meaningful outcome, in which learners reflect upon the app and their own stereotypes

(see Figure 6).

Figure 7

Screenshot of Chapter One About Redlining in the Application ‘MLK — Now is the Time’
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In conclusion, the lesson plans created by pre-service teachers show multiple ways of combining
language pedagogical principles of TMTBLT and technology affordances, such as experiential learning
through high immersion in visual experiences, active learning through agency, authentic language input,
and both individual learning in HiVR and real-life collaboration.

TPACK as Demonstrated in Lesson Plans and Teaching Materials

To assess which levels of TPACK for HiVR are demonstrated in the lesson plans (RQ2a), the plans were
rated in four categories based on the adapted rubric for technology integration on a scale from 1 (lowest)
to 4 (highest; see Appendix A; Harris et al., 2010). Participants’ total mean score across all lesson plans
was M= 3.22 (SD = .76; see Table 1), with the lowest mean score in the category of alignment of
curriculum goals and HiVR (M = 2.87, SD = .92), and the highest in the category of HiVR selection or
creation (M = 3.40, SD =.91). This might reflect the challenge for pre-service teachers when selecting off-
the-shelf applications that do not necessarily align with curriculum goals, as well as participants’ high
skills in creating own VR scenarios with an authoring tool. In line with previous studies (Crosthwaite et
al., 2023; Lee & Jeon, 2024), three levels of TPACK as demonstrated in the lesson plans were
categorized, resulting in two lesson plans with low TPACK (Mo < 2.5), seven with medium TPACK
(2.5 < Myt < 3.5), and six with high TPACK (Mo > 3.5). This distribution of TPACK levels in lesson
plans created by pre-service teachers is consistent with findings from previous studies with other
technologies (Crosthwaite et al., 2023; Lee & Jeon, 2024).

Table 1
TPACK Assessment Results of the Lesson Plans

No. Curriculum Instructional HiVR “Fit” Total Mean TPACK
Goals & Strategies & Selection / Score Level
HiVR HiVR Creation

1 1 2 1 2 1.50 low

2 3 3 3 3 3.00 medium

3 3 3 4 3 3.25 medium

4 2 3 3 3 2.75 medium

5 3 4 4 4 3.75 high

6 4 4 4 4 4.00 high

7 4 4 4 4 4.00 high

8 2 2 2 2 2.00 low

9 3 3 4 3 3.25 medium

10 3 3 3 3 3.00 medium

11 2 3 3 3 2.75 medium

12 4 4 4 4 4.00 high

13 2 4 4 3 3.25 medium

14 3 4 4 4 3.75 high

15 4 4 4 4 4.00 high

Mean 2.87 3.33 3.40 3.27 3.22

SD .92 72 91 .70 .76

Low TPACK Score: Low Exploitation of HiVR and Misfit With Learning Outcome

Of the two lesson plans with a low TPACK score, one (number 1) included a VR scenario created with
the authoring tool that made almost no use of interactive multimodal features, and the Al-generated
scenes did not visually support comprehension of the topic and learning goal. The other lesson plan with a
low TPACK score (number 8) used an application containing information about one topic but then asked
learners to write an argumentative text on a different topic in the post-task. Therefore, using the
application did not fit the outcome.
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Medium TPACK Score: Struggling to Align HiVR with Curriculum Goals

The main issue of medium TPACK lesson plans was difficulty aligning HiVR usage with curriculum
goals. For example, it remained unclear how the use of the selected application facilitated the acquisition
of linguistic elements necessary for the learning objectives. One reason for this might be the challenge for
(pre-service) FL teachers to work with applications that are initially programmed for other purposes

(e.g., gaming). While language teaching offers relative freedom to choose multiple topic areas, the
participants did not always find a plausible way of justifying their app selection based on language
learning goals.

High TPACK Score: Exemplary Alignment of HiVR with FL Pedagogy

Several lesson plans received a high TPACK score, demonstrating tasks in which HiVR supports learning
goals, instructional strategies, and outcomes. For example, one lesson plan with a smartphone-based VR
scenario (number 7) made highly effective use of multimodal interactive features by adding quizzes and
virtual characters that spoke to learners and closely adhered to VR design recommendations for FL
education (Esteves et al., 2023), while also aligning the VR experience with the learning goals (see
Figures 3 and 4). One example of a lesson plan with a high TPACK score that used stand-alone VR
incorporated the application MLK — Now is the Time and effectively aligned the linguistic input and visual
interactive experience with language learning goals (see Figures 5 and 6).

Pre-service Teachers’ TPACK Growth Throughout the University Course

To address RQ2b, how participants’ TPACK developed throughout the course, TPACK was assessed at
different time points: (1) At the beginning of the course, participants’ individual prior knowledge was
assessed with open-ended questions in a survey; (2) an analysis of participants’ individual reflections after
micro-teaching with learners of English provides further insights into their TPACK development; and, (3)
final group discussions conducted at the end of the course demonstrate the collective knowledge of the
participants.

TPACK Before the Course

Before taking the course, participants (» = 23) individually answered four open questions designed to
assess their prior knowledge. Aligning with our definition of TPACK for HiVR, we asked participants to
state potential benefits of HiVR for FL learning, and how to plan lessons and effectively integrate HiVR
in language pedagogy (Appendix D). The answers reflected rather general knowledge (Appendix B),
which seems natural due to the lack of experience with HiVR. We identified three themes from their
statements regarding TPACK, which remained vague and only rarely included explanations or examples.

Theme 1: HiVR allows for speaking simulations. A recurrent theme concerned
simulations for speaking practice in HiVR, with few specifications such as “shopping in England”,
“everyday conversations”, or “role plays”.

Theme 2: HiVR can foster vocabulary learning through gamification. This theme
includes statements about vocabulary games in HiVR that could benefit learning.

Theme 3: HiVR can convey knowledge about target cultures through virtual
traveling. This theme comprises the idea of learning about target cultures through virtual traveling in
HiVR, particularly to places that are not easily accessible.

TPACK Reflection During the Course

Participants’ reflections on the micro-teachings of their HiVR-tasks with learners of English in the
learning journals (n = 18) highlight the importance of this module in the training course for participants’
TPACK growth. Overall, participants rated the micro-teaching experience as rather important for their
professional development (M = 4.15, SD = .66 on a scale from one to five). We generated three TPACK
themes from their reflections, which were prompted by questions (Appendix E):
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Theme 1: Clear language learning goals are helpful to stay focused during
teaching with HiVR. Particularly detailed written lesson plans with a focus on language learning goals
of their HiVR-tasks were considered helpful guidance, while still allowing flexible teaching.

Theme 2: Learners require time to explore HiVR in the FL in an autonomous way.
Therefore, pre-service teachers stated that they would allocate more time for HiVR-exploration in future
lessons.

Theme 3: Clear task instructions and language scaffolding are needed for HiVR-
tasks. Participants repeatedly stressed the importance of clear task instructions and language scaffolding
so that learners stay focused on the HiVR-task and outcome.

TPACK After the Course

The group interviews aimed at capturing the collective knowledge of the participants gathered throughout
the course (see questions in Appendix F) and were conducted at the end of each semester. A total of 20
pre-service teachers participated in the interviews (respectively n = 7, 4, and 9 per semester). Compared
to the pre-survey, some common themes remained concerning TCK (e.g., knowledge of the possibility of
virtual travelling with a VR headset) and TPK (e.g., motivating learners with VR; see list of subthemes in
Appendix B). However, participants’ knowledge was much more integrated across the TPACK
subdomains after the course. Particularly in the core knowledge domain of TPACK, the analysis reveals
elaborate knowledge of participants on HiVR usage for FL pedagogy, as the following five themes
generated from the data demonstrate.

Theme 1: The power of Al-assisted HiVR as an authentic and safe space for
dialogic speaking practice. This theme concerned the power of high immersion and interaction with
Al-based avatars for individualized speaking practice. Due to the high degree of perceived realism and
individual practice, HiVR can reduce learners’ barriers to speak. This might be especially useful for
learners with FL speaking anxieties. In an interaction, the Al-based avatar can function as a role model
for authentic language input that learners can pick up during the conversation. Such applications could
therefore offer learners individualized practice. However, some participants stressed the need for further
development of Al-assisted apps to enable more natural, free-flowing conversations. Participants also
highlighted the importance of feedback, because “[learners] often underestimate their own abilities. And
when you then still get feedback that says ‘Hey, you’re not that bad’, then I think you just have more
confidence [to speak]” (B04, Interview 3, own translation). Thus, Al-assisted HiVR is a powerful tool for
dialogic speaking practice as it can provide an authentic and safe space for FL learners.

Theme 2: HiVR fosters receptive skills by embedding language in multimodal
experiences. Another central theme identified in the analysis explains how comprehension of linguistic
input (e.g., verbal user instructions or written text) in HiVR is facilitated by its embeddedness in
visualized contexts that are perceived as realistic by users and can be interacted with. Using a VR headset
and controllers, learners interact with the app, which facilitates embodied cognition and incidental
vocabulary acquisition. For example, one participant explained:

“The VR app instructs them, and they can perform the action even if they don’t understand [it] 100
percent. But they can inductively infer from the context what should be done. [...] Like, ‘grab the
book’ and they don’t know what ‘book’ means. But they see ‘Ah, this is a book, because it is right in
front of me” (B03, Interview 2; own translation).

Therefore, exposure to language is embedded in multimodal experiences where learners take an active
role, which facilitates comprehension.

Theme 3: High immersion and authenticity can be challenging for instruction
when teaching with HiVR. While high immersion and authenticity have many benefits for learning,
this theme describes challenges perceived by the participants when teaching with VR. First, it is difficult
to switch back and forth between wearing the VR headset and working with other material (e.g., printed
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worksheets). This challenge applies more to stand-alone VR headsets than to smartphone-based
cardboards. Second, current applications often lack the possibility to repeat specific sections. Given the
high cognitive load of many HiVR applications, learners may have difficulties remembering important
aspects, especially in a foreign language. To resolve this issue, participants recommended that learners
consolidate input from the VR experience (e.g., on a worksheet), which also allows for assessment of
comprehension. This is particularly important since, thirdly, the high degree of immersion creates
individualized experiences which neither classmates nor teachers can track, except for multiple-user
applications. Therefore, participants suggested complementary social interaction activities between
learners in in collaborative post-activities.

Theme 4: The potential of HiVR is highly dependent on specific app features. This theme comprises
participants’ elaborate understanding of how the potential of this technology for FL learning depends on
specific app features. Concerning stand-alone VR headsets, participants pointed out that the purpose of
the app (e.g., entertainment) necessitates pedagogical adaptations by teachers (e.g., scaffolding).
Moreover, applications organized in separate sections are easier to use for teaching in classrooms than
play-through applications. Also, guided experiences (e.g., Clean Energy Smart Home) are more focused
than open world applications (e.g., Ocean Riff), which facilitates time-planning for teachers. Regarding
the authoring tool AR2VR, participants appreciated the high flexibility to integrate multimodal content
(e.g., verbal/written instructions, scaffolding, quizzes), which needs to be well-planned. Participants
suggested that learners could learn about VR, Al, and practice writing by prompting Al-generated VR
scenes in the authoring tool. However, one participant raised the question of sustainability of teacher-
authored applications without technological support. In sum, the challenges and affordances of HiVR are
highly dependent on the specific features of the VR app or authoring tool.

Discussion and Limitations

The purpose of this study was twofold: The first aim was to investigate how teaching with HiVR can be
aligned with principles of TMTBLT. The second objective was to gain an understanding of how pre-
service teachers’ TPACK develops through participation in a university course that involves lesson
planning and micro-teaching. Our analyses show that experiencing meaningful authentic scenarios in
HiVR concurs with TMTBLT principles (Gonzalez-Lloret & Ortega, 2014), thus confirming previous
TMTBLT-informed research on HiVR (e.g., Christoforou et al., 2024; Couture-Matte, 2025). HiVR-tasks
for language teaching with VR can combine the technological affordances of specific applications with
further (non-digital) material and communicative learning activities in a meaningful task sequence as
demonstrated by lesson plans developed by pre-service teachers in our training course. In this context, our
analysis of HiVR-based lesson plans provides practical insights where previous research (e.g., Lan, 2020;
Lege et al., 2020) remained abstract. Thus, HiVR-tasks developed in our study can serve as examples for
a new direction in VRALL which is evidence-based and at the same time practice-oriented.

Future language teachers play a vital role in adopting emerging technologies. Our findings suggest that
pre-service teachers” TPACK for HiVR became more elaborate and integrated through a training course
that incorporated effective strategies identified in teacher training contexts with other technologies (Qin &
Lai, 2025; S.-J. D. Tai, 2015; Tondeur et al., 2025; Tseng et al., 2022). Collaborative lesson planning and
guided reflections contributed to participants’ development of an integrated TPACK by relating TMTBLT
concepts and HiVR affordances to practice. One participant stated that thanks to developing a lesson plan,
abstract and unrelated concepts of TMTBLT and HiVR had “somehow come together in my mind like a
jigsaw puzzle, so that I can now connect the dots” (B01, interview 1, own translation). Moreover, the
micro-teaching with learners of English positively impacted pre-service teachers’ self-perceived
professional development of teaching with HiVR, as they observed learners’ misunderstandings of
unclear task instructions or noticed needs for scaffolding. These findings are in line with prior research on
FL teacher training with HiVR (Liaw et al., 2025; Wu & Chun, 2025) and other technologies
(Crosthwaite et al., 2023; Lee & Jeon, 2024; Tai, 2015; Tseng et al., 2022). Thus, future TPACK
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interventions with emerging technologies should incorporate such learning activities.

The TPACK framework (Koehler & Mishra, 2005) provided a useful lens for the longitudinal analysis of
pre-service teachers’ knowledge on language teaching with HiVR, indicating that participants’ TPACK
evolved through the course: Before the course, participants were aware that HiVR allowed for speaking
simulations but were unable to explain why and how. After the course, this theme developed into an
elaborate understanding of how Al-assisted HiVR can foster dialogic speaking practice due to its
authenticity and safe space for learners. Other themes generated from the pre-survey concerned gamified
vocabulary learning in HiVR and learning about target cultures through virtual traveling. While no similar
themes could be identified in the post-course group discussions, participants were then able to explain that
HiVR can foster receptive skill development because language input is embedded in multimodal and
interactive experiences. Participants critically discussed the influence of specific app features and
challenges that teachers need to consider for language teaching with HiVR. For example, high immersion
and individual app exploration require complementary social interaction activities in class, an aspect
proposed as sixth feature of technology-mediated tasks by Gonzales-Lloret (2020). Moreover, participants
considered that relatively high cognitive load of HiVR apps may necessitate consolidation activities, if
cognitive load cannot be reduced by app design as suggested by Ogawa (2026). In a similar vein, Wu and
Chun (2025) stress the importance of balancing structured guidance, collaboration, and autonomous
exploration for language learning in HiVR, indicating potential for generalization across both approaches.
In this context, participants’ knowledge gaps on using HiVR for intercultural learning through the
embodiment of virtual avatars (e.g., Hein et al., 2023) or in virtual exchange settings (e.g., Gruber &
Wagner, 2024; Liaw et al., 2025) might reflect gaps in the course syllabus. Further, analysis of TPACK
reflections during the course suggests how participants gained an understanding of the importance of task
design for language teaching with HiVR.

Methodologically, our study triangulates diverse data sources, including individual open-ended self-
reports, lesson plans, reflections, and group discussions, thereby enhancing the richness and ecological
validity of our findings compared to studies that primarily rely on standardized self-reported TPACK
assessment. Challenges posed by incomplete data submission for research reflect the complexities of
studying real teaching contexts in an ethical way. Further limitations include the reliance on a
convenience sample without a control group, which prevents generalizations to a larger population, and
the reliance on conceptual analysis of lesson plans which could be expanded upon by experimental
studies or further complemented by observation of teaching practices and learning processes during
classroom implementations of HiVR-tasks. While focusing on language pedagogical aspects of HiVR-
tasks in this article, we also acknowledge the technological challenges related to using HiVR in classes
(e.g., handling Wi-Fi, charging headsets), particularly when using VR for the first time (Thrasher et al.,
2026). Introducing HiVR to FL classrooms in a meaningful way requires sound pedagogical task design
based on TMTBLT principles, which is why we recommend future research on teacher education in
VRALL to place a strong emphasis on TMTBLT for elaborate TPACK development.

Conclusion

While language learning in VR has been studied frequently, we argue that our approach to language
teaching with VR is promising for developing elaborate TPACK in teacher trainings with this technology,
a desideratum emphasized in previous research (Elhambakhsh et al., 2024; Kaplan-Rakowski et al., 2023;
Schnellbogl et al., 2025; Thrasher et al., 2026; Wu & Chun, 2025).

This qualitative study outlines a new trajectory in VRALL and teacher education in two major ways:
First, by proposing an approach to language teaching with HiVR aligned with TMTBLT, we present a
concept of HiVR-task design that could facilitate the widespread adoption of this emerging technology by
FL teachers; and, second, this study highlights the importance of micro-teaching, collaborative lesson
planning, and reflection in a training course as essential strategies for fostering a well-integrated TPACK
for HiVR among pre-service teachers of English. Despite these contributions, several limitations should
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be acknowledged. To this end, future research should investigate the actual classroom implementation of
HiVR-tasks by teachers, and explore similar training courses across different contexts, ideally identifying
particularly effective modules with a control group design.

Ultimately, this study demonstrates that future research on HiVR ought to cross boundaries of laboratory
studies by considering classroom-based language teaching and established principles of TMTBLT. When
integrated purposefully in tasks, HiVR can serve as a powerful innovative technology for FL education,
and (pre-service) teachers are crucial agents to advance its meaningful implementation in a post-digital
classroom (Forsler et al., 2025). We encourage researchers and practitioners in VRALL to build upon the
work put forth in this article for meaningful teacher education and language teaching with HiVR.
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Appendix A. Technology Integration Assessment Rubric Adapted for HiVR

Criteria 4 3 2 1

HiVR hardware and HiVR hardware HiVR hardware HiVR hardware and
application selected and application  and application  application selected

for use in the selected for use  selected foruse  for use in the
Curriculum goals & instmctionfdl plan are in the . in the . instmgtional plan are
HiVR strongly aligned with 1nstmct10nal plan 1nstmct1'onal plan not ghgned with any
one or more are aligned with  are partially curriculum goals.
curriculum goals. one or more aligned with one
curriculum goals. or more
curriculum goals.
HiVR use optimally HiVR use HiVR use HiVR use does not
Instructional §upp0rt§ §uppo¢s minimally supporF instructional
strategics & HiVR 1nstmcjuonal 1nstmcF10nal §uppo¢s strategies.
strategies. strategies. instructional
strategies.
HiVR hardware and HiVR hardware HiVR hardware HiVR hardware and
application and application  and application  application
selection(s) or selection(s) or selection(s) or selection(s) or
creation are creation are creation are creation are
HiVR exemplary, given appropriate, but  marginally inappropriate, given
selection / creation  curriculum goal(s)  not exemplary,  appropriate, curriculum goal(s)
and instructional given curriculum given curriculum and instructional
strategies. goal(s) and goal(s) and strategies.
instructional instructional
strategies. strategies.
Content, Content, Content, Content,
instructional instructional instructional instructional
“Fit” strategies and HiVR  strategies and strategies and strategies and HiIVR
(Content, fit together strongly HiVR fit HiVR fit do not fit together
pedagogy, and HiVR within the together within  together within the
together) instructional plan. the instructional somewhat within instructional plan.
plan. the instructional
plan.

Note. Adapted from Harris et al. (2010), adaptations are highlighted in grey.
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Appendix B. Codebook for Thematic Analysis of the Survey and Group Interviews

Domain TPACK
TPACK is knowledge of how to integrate HiVR into English language education for
various purposes. This includes knowledge of which language competencies can be
Definition fostered by HiVR, of affordances and challenges of various types of HiVR headsets and
apps for English language education, and how to support learners when using HiVR for
English language education.
For example, knowledge that HiVR speaking apps can help learners who struggle with FL
Fictive speaking anxiety, or knowledge that very detailed instructions and language scaffolding
examples are needed before using HiVR in a while-task, since learners cannot react as much to
further instructions while being in HiVR.
Dataset Themes n
Pre- HiVR allows for speaking simulat.ions ‘ . 24
e HiVR can foster vocabulary learning through gamification 12
HiVR can convey knowledge about target cultures through virtual traveling 8
. Clear language learning goals are helpful to stay focused during teaching with HiVR 16
Reflection o Ty .
. Learners require time to explore HiVR in the FL in an autonomous way 15
journals Clear task instructions and language scaffolding are needed for HiVR-tasks 14
The power of Al-assisted HiVR as an authentic and safe space for dialogic speaking
practice 18
Group HiVR fosters receptive skills by embedding language in multimodal experiences 15
interviews High immersion and authenticity can be challenging for instruction when teaching
with HiVR 12
The potential of HiVR is highly dependent on specific app features 20
Domain TPK
Definition TPK is knowledge of affordances of HiVR that can foster learning in general, and
challenges related to using HiVR in teaching.
- For example, knowledge that HiVR generally can raise interest and enhance users'
Fictive o oy e . . .
examples motlvathn to engage with different topics, knowledge on how to dea.l with motl(?n '
sickness in a class, and knowledge of classroom management strategies when using HiVR.
Dataset Themes n
HiVR is motivating and can raise learners’ interest in certain topics 10
Pre- . .
Siurvey H}VR can be used to vary teaching approaches 7
HiVR can allow for learner agency 5
G HiVR can rais.e learne'rs’ moj[ivation and interest 9
. . Learners require practical skills to use VR headsets 9
Interviews 7

Differentiation is required to include learners with motion sickness
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Domain TCK
. TCK is knowledge about how HiVR can represent language, and how HiVR might
Definition .
influence language.
- For example, knowledge that HiVR apps represent a type of text in a wide definition, and
Fictive . o ) . . .
the specific lexical items are needed to verbalize HiVR usage (e.g., cardboard, immersion,
example
boundary).
Dataset Themes n
Pre- HiVR can be used for virtual travelling through space and time 24
Survey HiVR makes it possible to experience certain topics 5
.Group. VR offers near-realistic and emotional experiences in virtual worlds 14
Interviews

Note. Definitions adapted from Qin and Lai’s systematic review (2025); n = coded segments.
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Appendix C. Features of HiVR Integration in Lesson Plans
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Appendix D. Open TPACK Questions in the Pre-Survey

English Translation

German Original

1.  Why and how do you think HiVR can be
beneficial for English language learning?

2. Which ideas come to your mind for English
lessons with HiVR?

3. Inyour view, what do you need to pay
particular attention to when planning an English
lesson using HiVR?

4.  How could HiVR be meaningfully integrated
into an English lesson?

Warum und wie kann VR Threr Einschétzung
nach forderlich fiir das Englischlernen sein?

Welche Ideen fallen Thnen spontan fiir
Englischunterricht mit VR ein?

Worauf muss man lhrer Ansicht nach besonders
achten, wenn man eine Englischstunde mit
Einsatz von VR plant?

Wie konnte man VR sinnvoll in eine
Englischstunde integrieren?

Note. In the German original, the abbreviation “VR” was used as it is more idiomatic, but participants were informed

that this term referred only to HiVR.

Appendix E. Reflection Journal Page on the Micro-Teaching Experience

English Translation

German Original

1. Which aspects of your lesson plan were helpful
for the micro-teaching in the workshop with
learners? Explain.

2. Looking back, which aspects of your planned
learning activity with HiVR would you like to
change? Explain.

3. Which aspects would you particularly consider
when planning a learning activity with HiVR in
the future? Explain.

4. Conclusion: How do you evaluate the workshop
experience overall in terms of your professional
development? [Rating of 1-5 stars]

Welche Aspekte der Unterrichtsplanung waren
hilfreich fiir die Durchfiihrung im Workshop mit
Lernenden? Begriinde.

Welche Aspekte wiirdest du im Nachhinein an
der Planung der Unterrichtsaktivitit mit VR2
verdndern? Begriinde.

Auf welche Dinge mdchtest du in Zukunft bei der
Planung einer Unterrichtsaktivitit mit VR
besonders achten? Begriinde.

Fazit: Wie fandest du die Erfahrung im Workshop
insgesamt fiir deine professionelle Entwicklung?
[Bewertung durch 1-5 Sterne]

Note. In the German original, the abbreviation “VR” was used as it is more idiomatic, but participants were informed

that this term referred only to HiVR.
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Appendix F. TPACK Group Interview Guideline

English Translation

German Original

1. What do you think are key benefits of HiVR for
language learning?

2. Which skills or competences of English language
education do you consider HiVR to be beneficial
for?

If unclear: This includes for example speaking,
listening, writing or intercultural competences.

3. In your opinion, how is it possible to integrate
HiVR activities into task-based lesson planning?

Why (not)? Please explain your statements.

Was sind eurer Einschitzung nach die zentralen
Vorteile von VR fiir das Englischlernen?

Im Hinblick auf welche Fertigkeiten oder
Kompetenzbereiche des Englischlernens schétzt
ihr VR forderlich ein?

Falls unklar: Damit sind Dinge gemeint wie
speaking, listening, writing, oder interkulturelle
Kompetenzen.

Wie funktioniert eurer Einschétzung nach die
Einbindung von VR-Aktivititen in
kompetenzorientierte Unterrichtsplanung?
Warum (nicht)? Bitte begriindet eure
Einschdtzungen.

Note. In the German original, the abbreviation “VR” was used as it is more idiomatic, but participants were informed

that this term referred only to HiVR.
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