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CLIL ELEMENTS IN A TECHNICAL UNIVERSITY:
INTEGRATING LANGUAGE OBJECTIVES
INTO POWER ENGINEERING COURSES

Annotation. This article examines the integration of language objectives into
Power Engineering courses through Content and Language Integrated Learning
(CLIL). Drawing on a two-semester study of 73 students at Vinnytsia National
Technical University, it explores how specific discursive functions and scaffolding
strategies enhance technical reasoning. The results indicate that aligning linguistic
tasks with engineering content significantly improves both conceptual clarity and
professional fluency. This study provides a robust methodological framework for
developing globally competitive engineers capable of navigating the complex
international energy sector.

Key words: CLIL, language objectives, educational technologies, discursive
competence.

Anomauia. Y cmammi pozensoaemvcsi inmeepayis MOSHUX Yileu y Kypcu 3
enekmpoenepeemuxu 3a memoouxorw CLIL. Ha ocnosi 0socemecmposozo
0ocnioxcenHs 3a yyacmiwo 73 cmyoeHmie Binnuybkoeo HayioHanbHO20 MeXHIiUHO20
VHigepcumemy aHAaNi3yEMvbCs, K cneyugiuni OucKypcueni ¢yukyii ma cmpameeii
niompumku (scaffolding) noxpawyroms mexuiune mucnenns. Pezynomamu ceiouams,
WO Y3200M4CeHHSI MOBHUX 3A80AHb (3 IHICEHEPHUM 3MICIMOM CYMMEBO NIOBUULYE

KOHYenmyauvHy uYimkicmoe ma npogheciiiny einbHicms. Poboma npononye
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Memooono2iuny 6a3y 01  Ni020MOBKU  KOHKYPEHMOCHPOMOJICHUX — THOICEeHeDIs,
30amMHUX NPAYIOBAMU Y MIHCHAPOOHOM) eHepeemU4HOM) CeKmopi.
Knrwuosi cnosa: CLIL, moeui yini, oceimui mexHoN02Ii, OUCKYPCUBHA

KoMnemeHuyis.

Introduction. Engineering education today operates in a fundamentally different
world than it did even twenty years ago. Two forces have reshaped technical
universities across Europe and beyond: the relentless push toward internationalisation
and the increasingly global nature of engineering expertise itself. Nowhere is this more
evident than in Power Engineering, where practitioners routinely encounter technical
documentation, safety protocols, and cutting-edge research — almost exclusively in
English. The old model of keeping content instruction and language development in
separate compartments simply no longer works.

This i1s where Content and Language Integrated Learning (CLIL) offers a
compelling solution. CLIL allows us to pursue two objectives simultaneously:
deepening students' mastery of their discipline whilst developing the English
proficiency they need for international collaboration. For technical universities, this
dual focus is not merely advantageous — it is essential. Our students must grasp
complex thermodynamical principles and grid management strategies, but they must
also be able to communicate these concepts effectively in professional settings.

Of course, integrating linguistic objectives into a rigorous power engineering
curriculum is far from straightforward. The challenges range from cognitive overload
— students are already working hard to master difficult technical material — to the
practical difficulties of fostering genuine collaboration between engineering faculties
and language departments. These are not trivial obstacles.

This paper examines how we can systematically embed language learning
outcomes into technical modules without diluting the scientific rigour that is the
hallmark of engineering education. By analysing the intersection of technical

terminology and academic discourse skills, we aim to provide a practical methodological
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framework that prepares future engineers for the linguistically diverse realities of
modern industry.

The energy sector itself is evolving rapidly. The transition to renewable sources
and the digitisation of smart grids have fundamentally altered what it means to be a
power engineer today. Technical proficiency alone is no longer sufficient for a
successful career. Modern engineers must navigate trans-border professional discourse,
participate in international teams, and contribute to global innovation networks.

Technical universities face a clear challenge: the gap between students’
conceptual understanding of engineering and their ability to articulate that knowledge
in globalised contexts continues to widen. The traditional approach to education
exacerbates this problem. Language training is often confined to isolated modules,
disconnected from the practical realities of the engineering laboratory or power plant.
When technical curricula and language objectives operate in silos, we produce
graduates who, despite their scientific competence, struggle with international
knowledge transfer. This is a systemic issue that demands a systemic response.
Addressing this problem serves several critical goals within contemporary education
and industry.

First, it enhances human capital in the energy sector. By integrating language
objectives into technical programmes, universities directly support the Strategic
Research and Innovation Agendas outlined in European and global engineering
frameworks. This ensures that the next generation of engineers can lead international
projects and meaningfully contribute to global climate goals.

Second, it advances CLIL methodology itself. While the general benefits of
integrated learning are well-documented, we lack robust empirical evidence about its
effectiveness in highly specialised technical domains such as high-voltage
engineering or thermal power systems. This research addresses that gap.

Third, it promotes the standardisation of English for Specific Purposes (ESP) in
engineering education. This involves developing practical pedagogical tools that allow
trade lecturers to assess linguistic development alongside technical accuracy — creating

an interdisciplinary learning environment that reflects real-world engineering practice.
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The primary objective of this article is to show how English language
instruction can be meaningfully integrated into Power Engineering modules — not
bolted on as an afterthought, but embedded within technical content itself. We
identify the specific discourse skills students actually need (explaining grid systems,
evaluating renewable protocols, presenting technical findings) and demonstrate how
these can be developed alongside core engineering concepts. The result is a practical
framework that other technical programmes can adapt to better prepare their
graduates for international professional practice.

Analysis of recent research and publications. The academic discourse
surrounding Content and Language Integrated Learning (CLIL) in technical higher
education has transitioned from general advocacy to a focus on disciplinary-specific
implementation and technological synergy. In the period between 2020 and 2025,
scholars have increasingly argued that the «dual-focused» nature of CLIL is the only
viable response to the rapid internationalisation of the engineering sector.

A pivotal study by Ellederovd and Denysenko (2025) examined the shifting
attitudes within interdisciplinary programmes, specifically «English in Electrical
Engineering». Their findings underscore [1] the role of English as a lingua franca
(ELF) in science, noting that while students recognise the professional necessity of
linguistic integration, the primary barrier remains the high cognitive load required to
process complex electrical systems in a second language. This aligns with the work of
Ruiz de Zarobe (2025), who emphasizes [2] that for CLIL to be successful in high-
stakes technical environments, it must move beyond incidental language acquisition
towards «structured scaffolding» and «multimodality», utilizing visual and digital
tools to bridge the comprehension gap.

In the context of the evolving European Higher Education Area, Voronova,
Gerasymchuk, and Gubareva (2026) have proposed [3] a conceptual model for CLIL
implementation that specifically addresses the needs of technical universities in
Ukraine. Their research highlights that pedagogical agility and «technological

readiness» are essential precursors to integrating language objectives into engineering
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curricula, particularly during periods of geopolitical instability where digital and
remote learning become primary modes of instruction.

Furthermore, Coyle and Meyer (2021) have advanced the theoretical «4Cs
framework» (Content, Communication, Cognition, and Culture) by introducing the
concept of «Deep Learning» in CLIL. They argue [4] that engineering students
require specific «cognitive discourse functions» (CDFs) — such as explaining
processes, hypothesising results, and evaluating risks — which are often neglected in
traditional ESP (English for Specific Purposes) courses. This is complemented by
Mahan (2022), whose research into scaffolding in CLIL settings identifies the critical
role of the technical lecturer in mediating both the subject matter and the linguistic
structures required to articulate it.

Despite these advancements, several significant gaps remain in the scientific
literature, which this study intends to address.

1. Specialisation Gap in Power Engineering. While there is substantial research on
CLIL in IT and General Engineering, there is a lack of empirical data regarding its
application in Power Engineering. The specific discursive demands of high-voltage
systems, grid management, and renewable energy protocols require a unique linguistic
framework that has not yet been standardised.

2. The «Hard CLIL» Assessment Dilemma. A recurring unresolved issue, noted by
Thi Thu Hien (2022), is the duality of assessment [5]. There is currently no widely
accepted methodology for evaluating a student’s performance when technical accuracy in
a power systems simulation is high, but the linguistic delivery is flawed, or vice-versa.

3. Instructional Synergy and Curriculum Design. Although the need for
collaboration between engineering faculties and language departments is established, the
practical «mechanics» of this synergy — specifically the design of a 9-week integrated
module for technical courses — remains [6] an area of «low empirical visibility»
(Meletiadou, 2021).

By focusing on these specific elements, this article aims to provide a robust

methodological framework for integrating language objectives into the core modules of
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Power Engineering, thereby bridging the gap between theoretical CLIL pedagogy and
industrial engineering practice.

Presentation of the main material of the study. The transition from theoretical
pedagogical frameworks to practical application within a technical university requires a
nuanced understanding of both engineering complexities and linguistic structures. The
empirical phase of this research was conducted at Vinnytsia national technical university,
focusing on 73 students from the faculty of power engineering and electromechanics
over the duration of two academic semesters. This longitudinal approach allowed for the
observation of cognitive and linguistic development in real-time. In compliance with
ethical research standards, all participants [7] provided informed written consent for the
publication of anonymised findings. All data is treated with the utmost confidentiality,
and no personal identifiers are disclosed, ensuring the privacy of the students while
providing a transparent view of the educational outcomes.

The implementation of the CLIL (Content and Language Integrated Learning)
framework at VNTU was designed to move beyond the superficial acquisition of
technical vocabulary, focusing instead on the cognitive discourse functions that are
inherent to the professional life of a power engineer. During the first semester, the
integration focused on foundational technical modules, where the primary objective was
to align linguistic output with conceptual accuracy. By the second semester, the
complexity increased to include evaluative argumentation and complex diagnostic
reporting. The following cases illustrate the practical application of this methodology
within specific technical contexts.

In the study of Smart Grid Architectures, students were required to move beyond
simple definitions to provide [8] comprehensive discursive descriptions of system
transitions. For instance, when explaining the shift from traditional unidirectional
power flows to modern bi-directional decentralised grids, students were encouraged to
use complex logical linkers of contrast. Rather than stating that «smart grids are
different», students learned to articulate that «whilst traditional grids rely on a
centralized generation model, smart grids facilitate a bi-directional flow of both

electricity and data, thereby enabling real-time modulation of demandy. This required
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the simultaneous use of technical terms like load balancing and distributed generation
alongside linguistic structures of comparison. We observed that when students used
phrases such as «conversely», «in stark contrast to», and «whereasy, they were more
likely to accurately identify the architectural differences in their technical diagrams,
suggesting that the linguistic effort to contrast two ideas clarified the engineering
concept itself.

The second application focused on Renewable Energy Systems, where the
pedagogical goal was to master the language of evaluative argumentation. Students
were tasked with conducting a comparative analysis of the Levelised Cost of Energy
(LCOE) for wind, solar, and hydroelectric power. The linguistic focus here was on
modality and hedging, which are essential [9] for expressing scientific caution. For
example, instead of making absolute claims, students were taught to use structures like
«the data suggests a potential reduction in LCOE», or «it is highly probable that the
efficiency of photovoltaic cells will increase under specific climatic conditions». By
incorporating adverbs of degree and modal verbs like might, could, and should,
students demonstrated a more sophisticated understanding of engineering feasibility. In
classroom discussions, this was manifested [10] when students debated the viability of
offshore wind farms, using phrases like «taking into account the intermittent nature of
the source» and «provided that the grid infrastructure is sufficiently robusty, which
showed a bridge between technical knowledge and professional communicative
nuance.

The final case involved Power System Fault Analysis, where the objective was the
production of objective technical reports. In this module, the linguistic focus shifted to
the use of the passive voice to maintain objectivity and the use of causal connectives to
explain incident chains. When diagnosing a simulated grid failure, such as a cascading
outage triggered by a high-voltage transformer fault, students practiced writing sentences
like «the failure was initiated by a transient overvoltage, which subsequently triggered a
series of relay operations». This forced them to de-personalise the technical event,
focusing on the mechanical and electrical variables [11] rather than the observer.

Detailed examples included the description of «roof cause analysis», where students had
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to link events using «stemming fromy», «resulting in», and «leading to the eventual
disconnection of the load». This approach significantly reduced the ambiguity in their
diagnostic path, as the structured technical English provided a clear, logical map of the
electrical malfunction.

The results obtained from the 73 participants at VNTU provide a compelling
justification for the systematic integration of language objectives into power
engineering courses. The data suggests that the CLIL method does not merely
improve English proficiency but actively enhances the quality of technical reasoning.
By requiring students to articulate complex thermodynamical or electrical processes
through specific discourse functions, the pedagogical framework creates [12] a «dual-
processing» environment. This environment forces a more rigorous mental
engagement with the subject matter, as the student must understand the engineering
concept deeply enough to translate it into a structured, second-language output.

One of the most significant findings was the reduction in cognitive load over
time. Initially, the simultaneous processing of language and content was perceived as
challenging; however, as students became accustomed to the «scaffolding» provided
by the lecturers — such as technical glossaries and sentence starters — their ability to
handle complex engineering problems increased. The scientific results indicate that
linguistic precision acts as a corrective for technical vagueness. For instance, a
student who can [13] correctly use causal connectives is more likely to correctly
sequence the events in a power system failure. Furthermore, the transition to «Hard
CLIL» fostered a professional identity among the students, making them feel more
like members of the international engineering community. The quantitative data, as
shown in the table below, confirms a marked improvement in both technical accuracy
and linguistic fluency compared to the traditional, isolated teaching methods used
prior to this study.

The following table summarises the mean performance scores of the 73 students

before and after the two-semester CLIL intervention (Table 1).
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Table 1

Comparative results of the CLIL implementation

Metri
(scal: lr-l;()()) Pre-CLIL mean Post-CLIL mean | Improvement, %
Technical accuracy 68.4 82.7 +20,9%
1n reports
Linguistic fluency
. . . 54,2 76,5 +41,1%

(discursive skills) i

f professional
Use9 professiona 61.0 85.3 +39,8%
terminology

it

Conceptual .clarl y 59.5 79.2 +33,1%
1n presentations
Perceived
cognitive load 74,0 62,0 -16,2%
(lower is better)

Source: created by author.

Conclusions. The findings of this study demonstrate that the systematic
integration of language objectives into the Power Engineering curriculum at
Vinnytsia National Technical University represents a significant advancement in
technical pedagogy. The longitudinal observation of the 73 participating students
confirms that Content and Language Integrated Learning (CLIL) serves as more
than a mere linguistic supplement; it acts as a critical cognitive framework that
enhances [14] the depth of technical understanding. By aligning specific discourse
functions with engineering concepts, such as using causal connectives to describe
grid failures or modality to evaluate renewable energy feasibility, the proposed
framework successfully bridges the gap between theoretical scientific knowledge
and professional communicative competence. The quantitative data further validates
this approach, showing that students not only improved their English proficiency
but also exhibited higher levels of technical accuracy and conceptual clarity in their
professional reports.

Ultimately, the primary goal of this research — to develop and substantiate a

methodological framework for seamless language integration — has been achieved. The
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evidence suggests [15] that a «Hard CLIL» approach, where engineering lecturers and
language specialists work in instructional synergy, significantly prepares future
engineers for the demands of the global energy sector. This dual-focused model
reduces the cognitive burden over time, allowing students to adopt a professional
identity that is both technically rigorous and linguistically flexible. Consequently, the
study proves that the perceived conflict between teaching complex engineering content
and developing second-language skills is a false dichotomy; rather, these two domains
are mutually reinforcing when structured through a clear pedagogical methodology.
The prospects for further research lie in the scalability of this model across other
highly specialised technical domains, such as Mechanical Engineering or Information
Technology, where similar discursive challenges exist. Future studies should focus on
the refinement of assessment rubrics to resolve the «duality dilemmay, ensuring a
standardised method for evaluating both technical and linguistic performance
simultaneously. Additionally, there is a clear need for the development of digital,
multimodal scaffolding tools that can further support remote and hybrid learning
environments in technical universities. By expanding this interdisciplinary approach,
higher education institutions can ensure that their graduates are not only scientifically
capable but also professionally articulate in the international academic and industrial

discourse.
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