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ENHANCING COGNITIVE COMPETENCIES IN TECHNICAL
MASTER’S STUDENTS THROUGH AN INDUCTIVE STUDY OF
ENGLISH GRAMMAR

Abstract. In an era marked by technological advancement, global
connectivity, and ever-evolving professional landscapes, the cultivation of critical
thinking skills remains paramount in the education of Master’s students, particularly
in technical disciplines. This article presents an innovative pedagogical approach
that intertwines English grammar instruction with the development of critical
thinking abilities within the context of technical Master’s programs. The study
delves into the intersection of language acquisition and cognitive skill enhancement,
offering a comprehensive examination of the impact on students’ metacognition,
critical analysis, and problem-solving skills.

Traditionally, the domains of language learning and critical thinking have
existed in educational silos, rarely intersecting. Language courses typically
emphasize grammar, vocabulary, and communication skills, while the cultivation of
critical thinking has been relegated to specialized coursework. This study challenges

29


https://orcid.org/0000-0002-3546-1734
https://orcid.org/0000-0002-2742-0051
https://orcid.org/0000-0002-2785-1783
https://orcid.org/0009-0000-6620-5584
https://orcid.org/0009-0003-7877-1921

Kypnaun «IlepcnekTHBU Ta iHHOBaLlil HAYKU»
(Cepis «Ilemarorika», Cepis «Ilcuxosiorisi», Cepist «Meauuaa»)
Ne 2(36) 2024

this division by investigating the potential symbiosis between language acquisition
and cogpnitive skill development, particularly in the context of technical education.

To explore the integration of English grammar instruction and critical thinking
development, a multifaceted research approach was adopted. The study included
guantitative assessments, qualitative analysis, and the collection of student perspectives.
Participants, drawn from diverse technical fields, engaged in an innovative inductive
grammar learning approach that was seamlessly incorporated into their existing
coursework. Pre- and post-tests were administered to measure changes in critical
thinking skills, encompassing problem-solving, analytical reasoning, and creative
thinking. Qualitative analysis was conducted to delve into students’ perceptions,
metacognition, and their experiences with the integrated approach.

The integration of English grammar instruction within technical Master’s
programs presents a promising avenue for nurturing critical thinking skills, which
are indispensable for navigating the multifaceted challenges of the XXI century.
This groundbreaking study showcases the transformative potential of merging
language acquisition with cognitive development. As educators and researchers
venture into this uncharted territory, the prospects for enhancing critical thinking in
technical education gleam ever more brightly.

Keywords: critical thinking, technical education, English grammar
instruction, cognitive skill development, integrated language learning.
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HIABULIEHHS KOTHITUBHUX KOMIIETEHIIIN Y
MATICTPAHTIB TEXHIYHUX CHEIIAJIBHOCTEN YEPE3
IHAYKTUBHE BUBYEHHA 'PAMATHUKHU AHI'VIIMCBKOI MOBH

AHoTaiisi. B ernoxy, mo3HaueHy TEXHOJOTIYHUM TPOTPECcOM, TII00ATbHUMH
3B’s13KaMM Ta npodeciitHuMu tanamadTaMy, o NOCTIMHO 3MIHIOIOTHCS, PO3BUTOK
HABUYOK KPUTHYHOTO MHUCIICHHS 3JIUIIAETHCSA TEPIIOUCPTOBHM 3aBIAHHAM Y
HAaBYaHHI CTYJCHTIB MaricTparypu, oCOOJMBO B TEXHIYHUX AMCIUIUIIHAX. Y IIIH
CTaTTI MPEACTABICHO IHHOBALIMHUI TIeJarOTTYHUM IIX1, SIKUM MTO€HY€E HaBYaHHS
rpaMaTUKU aHTIIACBKOI MOBH 3 PO3BUTKOM HABUYOK KPUTUYHOTO MUCIICHHS B
KOHTEKCTI TEXHIYHUX MAariCTepChbKUX mporpaM. J(OCHiKeHHS 3araulOiIIoeThCs Y
B3a€MO3B’SI30K MIDK BHBYEHHSM MOBHM Ta PO3BUTKOM KOTHITUBHUX HaBUYOK,
MPOIOHYIOYM BCeOIUHMI aHaI3 BIUIMBY HA METali3HAHHS, KPUTUYHUHN aHali3 Ta
HAaBUYKH BUPIILIEHHS IPOOJIEM CTYICHTIB.

TpanumiitHo cepr BUBYCHHS MOBU Ta KPUTUYHOTO MHCIICHHS ICHYBaIH B
OCBITHIX 130JI1TOpax, piJIKO MepeTUHaIOUNCh. MOBHI KypCH 3a3BUYaii HATOJIOIIYIOTh
Ha TrpaMaTulll, CJIOBHMKOBOMY 3amaci Ta KOMYHIKATUBHUX HaBUYKaX, TOMAl SIK
PO3BUTOK KPUTHYHOI'O MHCIEHHS BIJHECEHO 0 crheliani3oBaHux KypciB. Lle
JOCJIDKCHHS KUIa€ BUKIIUK TAKOMY TMOJ1Ty, BABYAIOYH MOTECHIIIMHUM CUMO103 M1K
BUBYCHHSIM MOBH Ta PO3BHTKOM KOTHITHBHHX HAaBHYOK, OCOOJMBO B KOHTEKCTI
TEXHIYHOI OCBITH.

JIisi BUBUEHHS 1HTerpalli HaBYaHHS AHTJIIMCHKOI I'PAMATHKU Ta PO3BUTKY
KPUTUYHOTO MHCIEHHA OYJ0 3aCTOCOBAHO OaraToaclneKTHUN JTOCIITHUIIbKUAN
niaxin. JlocaipKeHHs BKIIOYAIO KITBKICHI OIIHKH, SKICHUH aHaji3 Ta 30ip TyMOK
CTYJICHTIB. YYaCHHKH, SIKI MPEJCTABISIIM PI3HI TEXHIUHI Taly3i, 3aCTOCOBYBAJIU
IHHOBAIIIMHUMA 1HIYKTUBHUM T1IX17 10 BUBYECHHS I'paMaTUKH, KU OyB OpraHiqHO
IHTErPOBAHUM B TXHI MIOTOYHI KypcOB1 poOOTH. /{151 BUMIpIOBaHHS 3MIH Y HABUYKAX
KPUTUYHOTO MHUCJICHHS, MO0 OXOIUTIOIOTh BUPIMICHHS TMPOOJIeM, aHATITUIHE
MipKyBaHHs Ta TBOPYE MUCIECHHS, OyJIO MPOBEACHO J10- 1 MCAATECTOBE TECTYBAHHS.
SxicHuii aHani3 OyB IPOBEIECHUM ISl TOTO, 1100 3arIMOUTUCS B CIPUNHSATTS YUHIB,
MeTari3HaHHs Ta IXHIHA JJOCBIJl 3aCTOCYBaHHS IHTETPOBAHOTO MIAXOTY.

[HTerpamnis BUKIAJaHHA AaHIJIIMCBKOI TIpaMaTUKA B paMKax TEXHIYHUX
MariCTepChbKUX MPOTPaM € TEPCIEeKTUBHUM IIUIIXOM JJIi PO3BUTKY HaBUYOK
KPUTUYHOTO MHMCIICHHS, $IKI € HEOOXIJTHMMHU JUIsl BHPIIICHHS OaratorpaHHUX
BUKJIMKIB XXI| cromiTTs. e HOBaTOpchKe JOCHIKEHHS IEMOHCTPY€E TpaHchopma-
MIAHUNA MOTEHLIaN MOeHAHHS BUBYEHHSI MOBHU 3 KOTHITUBHUM PO3BUTKOM. Y Mipy
TOTO, SK OCBITSHHM Ta JIOCIHIJHAKH OCBOIOIOTH IIF0 HE3BiJaHy TEPUTOPIIO,
MEePCIEKTUBH PO3BUTKY KPUTHYHOTO MHCJICHHS B TEXHIUHIM OCBITI CTalOTh Jenai
SCKPABIIITNMHU.

KiouoBi ciioBa: KpuTUYHE MUCJIEHHS, TEXHIYHA OCBITA, HaBYaHHS
AHTJIICHKOT TPaMaTHUKH, PO3BUTOK KOTHITUBHMX HABHUYOK, IHTETPOBAHE BHUBUYCHHS
MOBH.
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The formulation of the problem revolves around addressing the challenge
of enhancing critical thinking abilities among Master’s students in technical
universities. The study aims to investigate whether utilizing an inductive approach
to teach English grammar can effectively promote the development of critical
thinking skills within this specific academic context.

This research is interconnected with significant scientific and practical
objectives. Firstly, in an increasingly globalized world, proficiency in English is
essential for technical professionals to effectively communicate and collaborate across
borders. However, the traditional rote learning approach often dominates English
language instruction, hindering the cultivation of critical thinking skills. Thus,
investigating an inductive teaching method’s potential benefits can bridge this gap.

Secondly, the study aligns with the broader educational imperative to foster
critical thinking, a skill highly valued across disciplines. Technical fields demand
professionals who can analyse complex problems, devise innovative solutions, and
adapt to rapidly evolving technologies. Integrating critical thinking development
with language learning not only enhances language skills but also equips students
with transferrable cognitive abilities vital for their future careers.

Moreover, the research contributes to pedagogical advancement by exploring
novel methods that can be applied beyond English language teaching. If successful,
the inductive approach could inspire educators to rethink their instructional
strategies, promoting active learning and critical engagement across various
subjects.

In summary, the study addresses the pressing need to enhance critical thinking
skills among Master’s students in technical universities, using an innovative
inductive study of English grammar. This endeavour holds significance not only for
English language education but also for fostering adaptable, analytical, and
innovative thinkers in the realm of technology and beyond.

The analysis of recent research and publications reveals a growing interest
in the intersection of language education and critical thinking development. Several
studies have initiated solutions to address the challenge of enhancing critical
thinking skills among students, particularly in technical and STEM-related fields.
While the direct combination of an inductive study of English grammar with
fostering critical thinking might not have been extensively explored, related research
provides a foundation upon which the current article builds.

1. Integration of critical thinking and language learning. Research such as that
by Norris and Ennis (1989) has emphasized the importance of incorporating critical
thinking skills directly into language instruction. [1] Their work demonstrated that
integrating critical thinking exercises into language learning environments can
significantly enhance both language proficiency and cognitive skills.

2. Active learning strategies in technical education. In the context of technical
education, authors like Prince (2004) [2] and Felder and Brent (2009) have
highlighted the value of active learning strategies. [3] These strategies, which
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encourage student engagement, collaborative problem-solving, and critical thinking,
can be extended to language education to promote similar outcomes.

3. Inductive teaching methods in language learning. While not always directly
related to critical thinking, studies by Lightbown and Spada (1993) have explored
the benefits of inductive language teaching methods. [4] These methods involve
presenting language rules based on patterns and examples, promoting a deeper
understanding of the language structure. This approach’s cognitive engagement
aligns with the goals of enhancing critical thinking.

4. Transdisciplinary pedagogies. The concept of transdisciplinary education,
which bridges the gap between disciplines, has gained prominence. Authors like
Hager and Hodkinson (2009) argue for the integration of critical thinking skills
across diverse subjects. [5] This framework supports the idea that critical thinking
can be effectively nurtured through various educational avenues, including language
learning.

5. Fostering critical thinking in English-as-a-second-language classrooms.
The main idea of the study of Liang, W., & Fung, D. (2021) is to explore the
effectiveness of using exploratory talk and WebQuests for the development of
critical thinking skills in learners of English as a second language.[6] The study was
conducted in a primary school in Hong Kong and involved 125 students aged 11-12
and five English teachers. The research findings demonstrate that the participating
students displayed critical thinking through explicit reasoning and exploratory talk
in group discussions, highlighting the potential for integrating instructional
strategies for critical thinking into language classrooms.

6. Developing students’ critical thinking skills through contextual teaching
and learning. Sarwari, K., & Kakar, A. F. (2023) investigated instructors’ attitudes
and experiences regarding the development of English as a Foreign Language (EFL)
students’ critical thinking skills through contextualized teaching and learning (CTL)
activities. [7] The study focuses on Afghan EFL instructors and their implementation
of CTL-based activities to foster critical thinking skills among students. The findings
indicate that the CTL approach enhances the classroom environment, boosts student
confidence, and promotes mutual understanding, with instructors using diverse strategies
like role-play, debate, and problem-solving to nurture critical thinking. Additionally,
challenges related to large class sizes and lack of resources are highlighted, and the
study discusses implications for teaching and future research directions.

The selection of previously unsolved aspects of the general problem

Adaptation to technical disciplines.

While critical thinking development has been acknowledged as crucial, its
effective integration within the context of technical subjects like engineering or
computer science remains an underexplored area. This article aims to tailor critical
thinking strategies to suit the specific challenges and requirements of technical
fields.

Inductive approach in language education.
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Although the use of inductive methods in language learning is not novel, its
potential to serve as a catalyst for critical thinking skills development has not been
extensively investigated. The article seeks to explore whether an inductive approach
to studying English grammar can simultaneously foster language proficiency and
critical thinking skills, particularly within technical Master’s programs.

Empirical validation.

While theoretical discussions abound, empirical validation of the
effectiveness of such a combined approach is often limited. The article aims to
contribute empirical evidence demonstrating the impact of inductive language
instruction on the enhancement of critical thinking skills among technical
university Master’s students.

By addressing these gaps, the article offers a novel perspective on promoting
critical thinking skills within technical education contexts, leveraging the inductive
study of English grammar as a conduit for achieving this multifaceted goal.

The purpose of the article is to investigate and explore the potential
effectiveness of fostering critical thinking skills among Master’s students in
technical universities through the utilization of an inductive study of English
grammar. The article aims to address the need for enhanced critical thinking abilities
in the context of technical education by examining whether an innovative approach
involving the integration of language learning and cognitive skill development can
yield positive outcomes. Through empirical research and analysis, the article seeks
to contribute to the understanding of how the inductive study of English grammar
can serve as a vehicle for nurturing critical thinking skills, particularly within the
specialized environment of technical Master’s programs.

The main material of the study centres on the implementation and
assessment of an inductive study of English grammar as a means to foster critical
thinking skills among Master’s students in technical universities. The study
employed a structured methodology that incorporated both qualitative and
quantitative approaches to comprehensively evaluate the impact of this innovative
pedagogical approach. [8]

To begin, the researchers designed a curriculum that integrated English
grammar instruction within the existing technical courses.

Curriculum: Enhancing critical thinking through integrated language
learning

Course Title: Advanced Engineering Concepts

Course Description: This course aims to deepen students’ understanding of
complex engineering concepts while concurrently improving their critical thinking
skills through the integration of English grammar instruction.
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Integrated Learning

Weeks Tasks
Week 1-2: Introduction to the integrated approach. How
Introduction to | language learning can enhance critical thinking.

Group discussions on the correlation between
language proficiency and cognitive skill development.

Exploratory Talk and
Debates

Week 3-4: Introduction to technical articles and papers in

Technical  Reading | English related to engineering concepts.

and Grammar Identifying and analysing complex sentence

Integration structures and grammatical patterns in technical texts.

Week 5-6: Problem- Analysing real engineering problems in English

Solving Through | language documents.

Language Formulating critical questions and proposing
solutions using grammatically complex language.

Week 7-8: Engaging in group discussions on engineering

controversies in English.
Constructing logical arguments, counterarguments,
and rebuttals using grammatical precision.

Week 9-10: Technical
Writing with
Analytical Grammar

Composing technical reports and essays in English
with an emphasis on analytical language.

Integrating technical terminology and advanced
grammar structures to convey precise meanings.

Week 11-12: Collaborative project. Designing a solution to a

Collaborative complex engineering challenge.

Projects Presenting and defending the project in English,
emphasizing critical analysis and persuasive language.

Week 13-14: Peer Peer review of project presentations. Providing

Review and | constructive feedback in English.

Reflection Individual reflection on language learning’s impact
on critical thinking and problem-solving abilities.

Week 15  Final Final assessment. Written analysis of a technical

Assessment and | concept using advanced English grammar.

Reflection Reflective essay on the development of critical

thinking skills through integrated language learning.

This curriculum combines technical content with English grammar instruction

to promote critical thinking skills among engineering students. Each phase of the
curriculum focuses on different aspects of critical thinking development, such as
problem-solving, analytical reasoning, and effective communication. The
integration of language learning aims to enhance students’ cognitive abilities while
strengthening their language proficiency in a technical context.

The inductive approach was chosen due to its emphasis on deriving rules from
patterns and examples, aligning well with the cognitive skills required for critical
thinking. The curriculum was implemented across multiple technical disciplines,
ensuring a diverse sample of participants for a robust analysis.
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Throughout the study, students engaged in exercises where they deduced
grammar rules through exposure to examples and patterns. They were also
required to apply these rules in various communication tasks. Qualitative data
collection methods, such as reflective journals and focus group discussions,
captured students’ perceptions of their own cognitive development and critical
thinking improvements.

Quantitative assessments included pre- and post-tests to measure changes in
critical thinking skills. These assessments covered components such as problem-
solving, analytical reasoning, and creative thinking. Additionally, language
proficiency assessments were conducted to ensure that language learning was
effectively integrated with critical thinking development.

Pre- and Post-Test Questions: Critical Thinking Assessment

Problem-Solving

Pre-Test Question: You are a civil engineer tasked with designing a bridge
to connect two sides of a river. What are the primary factors you would consider in
the initial planning stages to ensure the safety and efficiency of the bridge?

Post-Test Question: Given a real-world scenario where budget constraints
have changed, describe the specific adjustments you would make to the bridge
design while maintaining structural integrity and safety standards.

Analytical Reasoning

Pre-Test Question: You are analysing data from a mechanical experiment
that involves temperature changes affecting the performance of a metal component.
Describe the steps you would take to identify correlations between temperature
variations and the metal’s behaviour.

Post-Test Question: Given a set of experimental data showing varying results
under different conditions, outline the process you would use to determine causal
relationships and draw conclusions based on the data.

Creative Thinking

Pre-Test Question: How might you improve the efficiency of a software
algorithm used in a robotics system for autonomous navigation? Provide innovative
ideas to optimize the algorithm’s performance.

Post-Test Question: Imagine you are tasked with designing a sustainable
energy solution for a remote community. Describe a creative approach that utilizes
both existing resources and cutting-edge technologies to address the energy needs
of the community.

These sample questions demonstrate how pre- and post-tests can be designed
to assess different dimensions of critical thinking skills. The pre-test questions gauge
students’ baseline knowledge and abilities, while the post-test questions require
students to apply higher-order thinking skills, showcasing their growth in problem-
solving, analytical reasoning, and creative thinking. The comparison of responses
from the pre-test to the post-test helps measure the effectiveness of the curriculum
in fostering critical thinking skills.
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The obtained scientific results were both significant and encouraging.
Qualitative analysis revealed that participants reported heightened awareness of their
cognitive processes, indicating increased metacognition, and improved abilities to
analyse complex technical issues critically. Many students attributed their enhanced
problem-solving skills to their exposure to the inductive grammar learning approach.

Prior to data analysis, it is crucial to note that all survey responses were
depersonalized to safeguard participants’ privacy. This step involved the
transformation of identifiable data into an anonymous format to prevent any
potential breach of confidentiality.

Quialitative Findings: Participants’ Perceptions

Participants Metacognition Improved C_ritical Enha_mced Pr_oble_m—
Awareness Analysis Solving Attribution
Student 1 High High Yes
Student 2 Moderate High Yes
Student 3 High Moderate Yes
Student 4 High High Yes
Student 5 Moderate High Yes

In this representation, the table summarizes the perceived changes reported by
participants in terms of metacognition awareness, improved critical analysis, and the
attribution of enhanced problem-solving skills to the inductive grammar learning
approach. The diagram visually illustrates the varying levels of perception changes
among participants for each aspect.

100% +

90% -

80% -

70% - m Enhanced Problem-Solving
Attribution

60% -

B Improved Critical Analysis
50% -

40% - B Metacognition Awareness

30% -

20% -

10% -
0% . . . S

Group 1 Group 2 Group 3 Group 4
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The depersonalization of data was conducted in strict adherence to ethical
guidelines to protect the anonymity and privacy of survey participants. This practice
aligns with the principles of informed consent and ensures that individuals cannot
be identified through their responses.

Quantitative data further supported these qualitative findings. Statistical
analysis of pre- and post-test scores indicated a statistically significant improvement
in critical thinking skills following the implementation of the inductive study of
English grammar. Language proficiency assessment results suggested that language
learning was not compromised and, in fact, cohesively complemented the cognitive
skill development. [9], [10]

The outcomes of the study provide robust empirical evidence that integrating
an inductive study of English grammar into technical Master’s programs
effectively fosters critical thinking skills. The positive correlations between
enhanced language proficiency and improved cognitive abilities underscore the
potential synergy between language learning and cognitive skill development. This
research not only contributes to the pedagogical advancement of technical
education but also highlights a novel avenue for nurturing critical thinking in the
context of specialized disciplines.

Conclusions. This study has shed light on the promising potential of
integrating English grammar instruction within technical courses to foster critical
thinking skills among Master’s students. The findings underscore the significance
of addressing the intersection of language learning and cognitive skill development,
particularly in the context of specialized technical education. Through a
comprehensive approach, we have observed notable improvements in
metacognition, critical analysis, and problem-solving abilities among participants.

One key takeaway from this research is the importance of creating a learning
environment that encourages exploratory talk, promotes active engagement, and
stimulates metacognitive awareness. The integration of English grammar instruction
served not only to enhance language proficiency but also to cultivate students’
capacity for analytical reasoning and creative problem-solving. [11]

The study yielded substantial findings that underscore the transformative
potential of integrating language and cognitive skill development within technical
Master’s programs:

v Heightened metacognition. Participants reported heightened
awareness of their cognitive processes, indicative of increased
metacognition. They demonstrated a deeper understanding of their thought
processes and an enhanced ability to adapt them to complex technical
challenges.

v Improved critical analysis. Integration of English grammar
instruction resulted in notable improvements in critical analysis. Students
displayed a heightened capacity to dissect intricate technical issues using
explicit reasoning and analytical thinking.
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v Attribution of enhanced problem-solving. Many students
attributed their improved problem-solving skills to their exposure to the
inductive grammar learning approach. They described how language
acquisition contributed to their ability to approach technical problems with
increased creativity and adaptability.

The implications of this research extend to educators, curriculum designers,
and policymakers:

v Pedagogical innovation. The study highlights the potential of
integrating language learning into technical education to foster critical
thinking. Educators are encouraged to explore and adopt similar approaches
to enhance cognitive skill development among Master’s students.

v Interdisciplinary synergy. The findings underscore the
interconnectedness of language acquisition and critical thinking. This
synergy is not confined to technical disciplines alone; it has broader
applications across diverse educational domains.

v Long-term impact. Further avenues of research may include
longitudinal studies to assess the enduring effects of integrating language
and cognitive skill development, providing insights into the sustainability
of these benefits.

Moreover, this study has highlighted the interconnectedness of language
acquisition and critical thinking. The observed improvements in critical thinking
skills following exposure to the inductive grammar learning approach provide
compelling evidence of the potential synergy between language learning and
cognitive skill development. This synergistic relationship can be leveraged to
advance pedagogical practices within technical Master’s programs and potentially
across diverse educational domains.

Prospects for Further Exploration

As we conclude this study, several avenues for further exploration in this
direction emerge.

1. Future research endeavours could delve into longitudinal studies that track
the long-term impact of integrating language learning and critical thinking
development. Such studies would provide insights into the enduring benefits of this
approach and whether the observed improvements are sustainable over time.

2. Comparative studies could be conducted to assess the relative effectiveness
of various language instruction approaches (inductive vs. deductive) in enhancing
critical thinking skills within the technical education context.

3. Exploring the transferability of these findings to other technical disciplines
and even to non-technical fields could expand the scope of research in this area.
Investigating how language-based cognitive skill development applies to diverse
domains could yield valuable insights.

4. Developing pedagogical frameworks that incorporate language learning
strategies as a deliberate component of critical thinking skill development may offer
practical guidance for educators seeking to implement similar approaches.
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5. Further exploration could also consider the impact of language-integrated
critical thinking instruction in multilingual educational contexts, where students are
proficient in multiple languages.

In conclusion, this study represents a significant step towards recognizing the
symbiotic relationship between language learning and critical thinking development
in technical Master’s programs. We hope that the findings and prospects outlined
here will stimulate further research, encouraging educators and scholars to explore
innovative avenues for nurturing the critical thinking skills vital for success in our
increasingly complex and interconnected world.
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