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Abstract

This study examines the influence of artificial intelligence (Al) augmented mixed reality (MR)
technologies on the enhancement of technical English proficiency among engineering students in
the Gulf countries. The main aim of the research is to explore how the gap between foreign
language learning and domain-specific technical knowledge can be reduced by integrating the
immersive and adaptive MR environments with Al. The mixed method designwas used to evaluate
the effectiveness of Al-enhanced MR technologiesin a 12-week course. The sample size consists
of 300 students from the Gulf region. The treatment group used Al-enhanced MR technologies,
which simulated real-life engineering scenarios to facilitate content-based English learning. The
quantitative data from the pre-and post-tests revealed higher proficiency with the mean score of
72.5 to 80.3 that shows a medium-to-large statistically significant improvement. The qualitative
data indicated enhanced engagement, confidence, and understanding of technical vocabulary. The
study’s results suggest that Al-driven MR applications provide an practical pedagogical approach
for advancing English for Specific Purposes (ESP), particularly within a Science, Technology,
Engineering, and Mathematics (STEM) setting. Technical issues, usability problems, and
misalignment with culture were highlighted as challenges. Improving the technical support and
cultural appropriateness of the content would address these challenges. The study’s significance is
shown through its contribution to practical pedagogical strategies by combining Al and MR for
ESP instruction in the engineering context. It also reflects that these technologies can be effective
in other fields.
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Introduction

Teaching English, primarily inan English for Specific Purposes (ESP) context, has become
easier than ever because of the integration of artificial intelligence (Al)-enhanced and mixed reality
(MR) technologies, which are known for their innovative and interactive nature. It helps students
in the Gulf countries to deal with their two major issues of improving their English proficiency
and comprehending the complex disciplinary content by providing integrated solutions that
combine immersive, adaptive, and interactive learning experiences. Al-driven tools personalize
and tailor content delivery, adapting to individual learners’ needs, enhancing comprehension,
retention, and engagement. For instance, Al can evaluate dynamic ways of understanding, and it
changes instructional materials to meet the needs, applicable mainly in technical areas in which
students need to understand more of the terminology and concepts (Ai, 2024).

MR, based on augmented reality (AR) and virtual reality (VR), provides an immersive
environment that helps enhance learning results. MR allows for the simulation of engineering
scenarios, preparing students to practice and apply technical English within an authentic context.
This dual functionality supports both language acquisition and subject-specific understanding,
aligning with the cognitive demands of engineering education (Ai, 2024). This has been noticed
from multiple studies that Al-enhanced MR technologies support vocabulary acquisition,
particularly when used in ESP settings (Divekar et al., 2021). However, the use of Al and MR is
under-researched in the Gulf region for teaching English to engineering students. The available
studies mainly discuss the general English proficiency and technological adoption, but present
little findings on the contextual need of technical communication. Therefore, the current study
aims to answer the following research questions:

e \What is the effectiveness of Al-enhanced MR technologies in enhancing technical English

proficiency in engineering students in the Gulf region?

e What are the specific challenges and benefits of using Al-enhanced MR for teaching

technical English in engineering contexts?

e To what extent do Al-enhanced MR technologies influence students’ human-technology

interaction skills to understand and apply technical English in practical scenarios?

Literature Review

The phenomenon of Al and MR has received increasing attentionin educational research,
particularly in language teaching acquisition and technical education. This literature review
provides an overview of current research on the effect of Al-enabled MR technology on the
technical English proficiency of engineering students in the Gulf Region (Chen et al., 2021;
Strielkowski et al., 2023; Yannier et al., 2024).

Several studies have demonstrated how AI-MR integration supports second- or foreign-
language learners and enhances retention, motivation, and engagement. For example, AlSaleem
(2023) and Khodabandeh et al. (2025) show that augmented reality (AR) and Al-enhanced MR
can significantly enhance vocabulary teachingand learning in the ESP contexts. Further research
shows that Al-enhanced MR applications are excellent toolsto merge Al with MR, fostering both
language development and content mastery (Celik & Kara, 2024). Such applications, which
simulate authenticity and domain-specific experiences and tasks where language use is naturally
embedded, align with Content-Based Instruction (CBI) and ESP principles.

Al-enabled MR settings can create the effect of interactive classrooms where personalized
learning is delivered that adapts to the pace and needs of the student. During engineering and
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medical education, the integration of MR with Al can assist in developing models for complex
procedures, which may be helpful for students to practice in real-life scenarios with instant
feedback (Syahrin & Akmal, 2024). The studies from engineering, medical surgeries, fashion, and
retail industries (Aljuaid, 2024; Gil-Lopez et al., 2023; Hemphill et al., 2021; Kim, 2023; Kumar
etal., 2022; Luan et al., 2020; Tasdemir et al., 2025) show how these technologies can be used to
improve efficiency and effectiveness.

This study is guided by theoretical frameworks, including Cognitive Load Theory (CLT)
and Social Constructivism. It shows how an Al-enhanced MR model can be integrated in pedagogy
to support students in understanding of the complex educational challenges they face. A study by
Divekar et al. (2021) has used a similar kind of model focusing on the importance of personalized,
immersive, and culturally appropriate design to support language learning in authentic contexts.
Yannier et al. (2024) further support that these tools can be practical for providing students with
adaptive feedback and scaffolding complex tasks. The Cognitive Load Theory (CLT) states that
the use of instructional design load should be minimized on the learners so that the learns can focus
their working memory on core learning tasks. As Van Nooijen et al. (2024) explain, “Scaffolding
regulates the flow of information within the learner’sworking memory, thereby reducing cognitive
load” (p. 1). Al-enhanced MR environments reduce this load (Yannier et al., 2024). Moreover,
Social Constructivism theory supports the pedagogical rationale of the study, as it focuses on
learning as a socially mediated activity, where interaction and collaboration drive knowledge
construction. The research also addresses broader educational goals, including improved
engagement, adaptation to regional educational needs, and fostering human-technology
interaction. Aguayo and Eames (2023) justify the collaborative learning principles of the MR
environment by arguing that learningamong learners is because of socially mediated interactions:
“students, educators, and parent helpers were involved in spontaneous learning interactions during
the immersive snorkeling and visitor center experiences” (p. 69).

Methodology
Research Design

The convergent mixed-methods design of research was used by combining both the
quantitative and the qualitative methodologies as suggested by Creswell & Plano Clark (2017).
The learner’s performances were gauged by using pre-and post-tests in the quantitative part. To
explore students’ learning experiences, their engagement, and contextual factors, the study used
interviews, surveys, and classroom observations.

Population

The target population for this study is the undergraduate and postgraduate engineering
students from universities inthe Gulf region. A purposive stratified sampling strategy was used to
ensure proportional representation from each country and academic level. The final sample of 300
participants was distributed approximately equally across the countries and disciplines. The
following calculation shows the validity of the selected sample from the Gulf countries. It was
calculated using the population estimate of approximately 102,000 engineering students across the
Gulf region, at a 95% confidence level and a 5% margin of error. The recommended sample size
was 383 students. The following sample size formula is used for the population:
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B N x Z? xp x(1—1p)
T E2Xx(N-1x Z2 xp x(1—p)

n

Substituting the values:
102000 x (1.96)2 x 0.5 x (1 — 0.5)

n (0.05)%2 x (102000 — 1) + (1.96)%2 x 0.5 x (1 — 0.5) ~ 383
Instruments
Table 1 provides an overview of each instrument and data collection.
Table 1. Instrumental details
Instrument Description Purpose Data Type
Standardized Tests Pre- and post-tests to measure |Assess pre-and post- Quantitative
ESP proficiency. improvement in language
proficiency
Surveys Questionnaires include Likert{Capture students' perceptions, |Quantitative and
scale items and open-ended [challenges, benefits, and Qualitative
questions. satisfaction.
Semi-Structured One-on-one interviews Investigate human-technology |Qualitative
Interviews interaction
Classroom Observations |Real-time observations of Al- |[Evaluate student engagement, [Qualitative
enhanced MR integration in |participation, and learning
classrooms. dynamics.

Data Collection Methods

The researchers used research assistants from each of the six countriesto collect data. The
researchers mandated these assistantsto organize, follow up with various universities, arrange, and
facilitate video-conferenced focus group discussions and semi-structured interviews. The rubrics
used by them to train faculty focused on critical aspects of classroom dynamics, including student
engagement, use of MR technology, and interaction quality. These criteriaincluded the frequency
and quality of the student-teacher interactions in the MR settings, integrating technical English,
and the effectiveness of the technology in supporting learning outcomes.

Reliability & Validity Measures

Unified rubrics were used for the standardized tests developed. The surveys were designed
using standard questions and were piloted for validity and clarity by the experts. For the semi-
structured interview, the open-ended questions were matched with key aspects of human-
technology interaction. Lastly, the calibration sessions were conducted to use the classroom
observation rubrics.

Al-Enhanced MR Curriculum Module for Technical English in Engineering

Each teaching session integrated Al-powered features to personalize the MR experience
and lasted for 90 minutes a week. The Al algorithms analyzed students' interactions, provided real-
time corrections to their language use, and adjusted task difficulty. First week, reviewed the course
objectives and technology tutorial. Secondly, basic engineering-related terminologies were
introduced during this module. The second module, during weeks two and four, focused on
terminology related to core engineering disciplines. Additionally, MR was introduced to visualize
the engineering processes. The third module, during weeks five and seven, focused on materials
science and engineering methodologies. Moreover, MR activities were performed interactively on
material properties and testing procedures. The fourth module during weeks 8 and 10 covered
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research on engineering systems, i.e., HVAC or electrical grids. It also integrated MR exercises
for building or repairing systems. The fifth module during week 11 focused on health, safety, and
environmental standards. In the last module, the students prepared a small project to describe one
engineering solution using technical English. Lastly, peer and instructor feedback were provided
through MR-enabled sessions.

Results
Pre-and Post-test Quantitative Data

To evaluate the effectiveness of Al-enhanced MR technologies in improving technical
English proficiency, standardized technical English proficiency tests were administered before and
after using Al-enhanced MR technologies. Pre- and post-test scores were analyzed by a paired t-
test to evaluate significant differences and help decide on effectiveness. Table 2 below elaborates
on the descriptive statistics for the pre- and post-test scores.

Table 2. Pre-and post-test results

Metric Pre-Test Mean Post-Test Mean Change in Mean
Overall 725 80.3 +7.8
Saudi Arabia 70.0 78.2 +8.2
UAE 75.0 82.5 +7.5
Qatar 73.0 81.0 +8.0
Oman 715 79.0 +7.5
Kuwait 74.0 32.0 +8.0
Bahrain 72.0 79.5 +7.5

The t-test results showed a significant improvement in scores, with a p-value of 0.001, well
below the conventional level of 0.05. This outcome indicates that the intervention effectively
enhanced the students' technical English skillsand had a positive effect on student outcomes. The
effect size for this study was calculated using Cohen's d formula. For instance, with a mean post-
testscore of 80.3, a pre-testscore of 72.5, and a standard deviation of 10, the calculated effect size

is d = 222772 — 0,78, This value indicates a medium to large effect size, suggesting Al-
enhanced MR intervention significantly improved the technical English proficiency of students.

ANOVA result

Since the datawere collected from various Gulf countries, a one-way Analysis of Variance
(ANOVA) was conducted to evaluate the degree of improvement. The independent variable was
the country of origin. The dependent variable was the test score improvements, calculated as the
change in performance from the pre-test to the post-test. The analysis produced an F-value of 2.34
together with a p-value of 0.045. The F-value represents the ratio of variance between the country
groups to the variance within those groups. A higher F-value indicates a general likelihood of
differences existing between groups. The p-value of 0.045 is lower than the standard alpha
threshold of 0.05, which shows that the observed differences in improvement scores reach
statistical significance. Figure 1 below presents a boxplot visualization showing the distribution of
post-test score variation and central tendency across countries. Each box represents the distribution
of scores within a country, showing the median, interquartile range, and outliers.
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Figure 1. Variation and central tendency in post-test scores by country

The ANOVA test showed no significant difference among countries regarding the
effectiveness of the Al-enhanced MR technology: F = 1.58 (p = 0.17) for five groups and 377
degrees of freedom. The technology achieved successful results inall educational environments in
which it was used.

Survey Results

A quantitative survey was conducted to evaluate participants’ perceptions of Al-enhanced
MR technology. The survey contained four essential constructs, which used a 5-point Likert scale
to measure participants' ratings for ease of use, technical English confidence, engagement level,
and general satisfaction.
Table 3. Metrics discussion

Metric Mean Score Standard Deviation
Ease of Use 4.2 0.8

Confidence in Technical English 3.9 0.9

Engagement Level 4.1 0.85

Overall Satisfaction 4.0 1.0

Descriptive statistics on questionnaire data showed that, on average, students mainly
experienced the Al-enhanced MR technology as easy to use, at 4.2. Also, the student's confidence
level in technical English post-intervention was, on average, applicable at 3.9. Besides, the
technology considerably increased engagement in learning activities, as reflected by an average
score of 4.1 out of 5, indicating that students were more involved and active in the learning process
with the use of technology. Figure 2 below shows the average survey scores for three essential
areas: Ease of Use, Confidence in Technical English, and Engagement in Learning for a 12-week
course.

Figure 2. Survey scores over time
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Qualitative Results
Thematic Analysis

The open-ended items in the survey revealed several recurring challenges and perceived
benefits of using Al-enhanced MR for technical English instruction. Thematic analysis was
conducted following the steps of familiarisation, coding, theme identification, and refinement, as
proposed by Braun and Clarke (2006).

Semi-Structured Interview

The semi-structured interviews were analyzed to draw inferences from the qualitative data
and capture a rich understanding of participants’ experiences with Al-enhanced MR technology
for learning technical English. Verbatim transcriptions were first created for all interviews,
followed by repeated reading to familiarise the researchers with the content and identify emerging
patterns.

Theme Development

Codes were further aggregated under possible themes reflecting a distinct feature of how the
technology appears to aid learning in the engineering context. For “better understanding”, some
students reported "the visual and interactive nature of the MR environment made technical terms
more understandable.” For “Applicationin Real Life”, many instructors highlighted “students are
not just learning the terms; they are using them in context, which shows real learning progress.”
For “User Experience and Interaction”, some students commented, "The interface is user-friendly
most of the time, but because of occasional bugs, the sessions become frustrating.” For the
“Challenges and Barriers”, students commented, "Sometimes the content does not align well with
the local context”.

Classroom Observations

For the classroom observation, multiple factors were considered to see the application of
these technologies. It focused on the classroom setting and environment to determine the
implementation of Al-enhanced MR technologies. Moreover, it focused on students’ participation
during their learning process. It was noticed that the classroom setup was appropriate for MR
technology, and there were ample supplies for MR when needed in the session. In addition, MR
technology was frequently embedded into observed classroom activities, which are constantly or
frequently repeated within each lesson. The primary type of application used was subject-related
simulations and interactive lectures intended to clarify abstract ideas. Furthermore, the use of MR
technologies has resulted in a high level of engagement among the students during individual,
group-based, and class-wide activities. The most significant ones were peer-to-peer teaching
moments in which students taught one another concepts by using the MR applications' interactive
features. Finally, the use of MR technology fulfilled the learning outcomes established for the
sessions very successfully, showing significant gains in students' understanding and competency.

Discussion
Discussion on Quantitative Insights

The findings of this study strongly support the main research questions, which suggest that
Al-enhanced MR technologies significantly improve technical English proficiency and that
technology-integrated ESP and CBI models are effective in engineering education in the Gulf
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region. Additionally, the significant gains in pre- and post-tests, with medium-to-large effect size
validate that immersive Al-integrated learning environments can enhance students’ language
competencies in STEM settings. The results of the study also align with Cognitive Load Theory
(CLT) by reducing cognitive overload and supporting dual-channel processing, allowing students
to visualize complex engineering concepts (Hong & Guo, 2025). As noted in various other studies
(Khodabandeh et al., 2025; Parmaxi & Demetriou, 2020), these models appear to be efficient
primarily when there are high scores for usability and satisfaction.

Additionally, the study reports a 0.045 p-value in the ANOVA, which shows that these
scores were not the same across the Gulf countries. These findings show the importance of more
efficient technological integration and appropriate cultural contexts. The research should
determine particular country pairs through post-hoc tests, which include Turkey's Honestly
Significant Difference (HSD), to confirm their statistical differences.

The research results show that Al-based MR learning platforms achieve successful
outcomes, which work well across different cultural settings for teaching ESP. Additionally, the
absence of significant differences in the perceived effectiveness of geographical indicates the
universality of the technology-enhanced language learning when properly localized and supported.
The research validates CLT principles because student satisfaction depends on usability, which
CLT seeks to reduce unnecessary mental work for improved task achievement. The growing
learner confidence and participation levels follow CLT principles because students learn language
and technology skills by using digital tools in authentic ways.

Discussion on Qualitative Insights

The semi-structured interviews, open-ended surveys, and classroom observations produced
qualitative data that supported the quantitative results by documenting students' social interactions
and their opinions on system usability and the educational value of these technologies. The survey
results, interview data, and observational findings show that teachers found Al-enhanced MR
environments to be educationally beneficial for teaching technical and STEM subjects. The data
sources indicate that MR is a practical tool for teaching content-based language instruction. The
students repeatedly mentioned the benefits of the visual and immersive elements of these
technologies in making the complex ideas more comprehensible.

The qualitative results showed that learners obtained substantial learning advantages
through their work with authentic tasks and peer collaboration, and interactive feedback during
their activities. These results align with Social Constructivist theory, which supports the idea that
students learn better through social interaction and active engagement with real-world problems.
Students applied peer work during MR sessions to build their language skills and concept
knowledge through activities, which combined ESP vocabulary for effective learning. The
research evidence supports Shaddad and Jember (2024), who demonstrate that students learn
language skills by studying educational materials that teach academic content through meaningful
interactions and scenarios.

The qualitative data showed that students and instructors faced various technical problems,
which involved software failures, hardware problems, and unreliable internet connections. The
students encountered cultural differences, which created understanding challenges because their
backgrounds did not match. The system needs particular educational modifications at every
deployment location before implementation, and system-related problems require staff members
who specialize in technical support to overcome these challenges.
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Conclusion

This study investigates the effectiveness of Al-enhanced MR technologies in improving
technical English proficiency among engineering students in the Gulf region. A 12-week MR-
enhanced curriculum was implemented, where students engaged in context-rich, interactive
simulations that combined engineering content with targeted language use. Analysis of pre-and
post-test standardized data on the number of significant gains by students in their technical English
skills was then validated with paired t-tests and ANOVAs for all groups of participants, native
language, and previous experience with MR. Based on Cohen's d, the effect size was medium to
large, signifying that the MR technologies practically amplified students’ understanding and use
of technical English within engineering contexts. The class observations showed a relatively high
level of engagement and practical application of concepts learned in MR sessions. Qualitative data
revealed that students’ and instructors’ reception of MR technology was favorable, as the
immersive and interactive nature of the MR environment facilitated deeper conceptual
understanding and improved communicative competence. Nevertheless, the study also identified
several difficulties, such as technical problems, a steep learning curve, and limited cultural
contextualization in the MR scenarios. The study suggested more culturally relevant content and
better technical support. It concluded that Al-enhanced MR technologies represent a promising
instructional tool for English for Specific Purposes (ESP) contexts, especially in STEM education.
The study has implications for other disciplines where effective communication is also essential.
Future research and development need to be in place to update such educational tools and address
identified challenges with wider adoption in global education. Finally, ongoing research and
developmentare key to optimizing AI-MR platforms, ensuring they remain pedagogically sound,
technologically reliable, and inclusive across diverse educational settings.
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