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Abstract. The aim of study was to consider strategies for developing critical thinking skills in technical education students 
and explore various aspects of critical thinking skills development in effective interaction. Based on the observation of 
the activities of National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, a SWOT analysis 
was performed to determine the strategy for the development of critical thinking and training of technical specialists 
covering the following specialties: computer science and information technology, engineering, information security and 
cybersecurity. The integration of problem-based learning was discussed in detail as one of the key strategies to enable 
students to analyse real and simulated problems, evaluate alternative solutions, and substantiate student’s actions. The 
study also focused on interdisciplinary approaches that allow students to make connections between multiple fields of 
knowledge and apply various analytical methods. The study described the key strategies that can considerably improve 
the learning process in higher education. The role of teamwork and communication skills in the development of critical 
thinking was discussed. It was shown how joint discussions and debates contribute to the development of a critical view 
of problems and increase the ability to constructive criticism and self-reflection. Particular attention was paid to the use 
of modern technologies that give students the opportunity to experiment, learn from mistakes, and adapt knowledge to 
practical situations. Thus, the study described a comprehensive approach to the development of critical thinking skills 
of students of technical specialities, which includes a set of methods and tools aimed at strengthening professional 
competences and preparing them for the challenges of the modern world. The findings of this study can be used by 
teachers in higher education institutions to develop and improve curricula to integrate critical thinking into all courses
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Strategies for developing critical thinking skills  
in students of technical specialities

INTRODUCTION
Critical thinking is becoming one of the key skills required 
for a successful professional career. This is especially rele-
vant for students of technical specialities who must be able 
to analyse large amounts of information, make informed 
decisions, and solve complex engineering problems. The 
development of critical thinking enables students not only 
to acquire technical knowledge but also to apply it effec-
tively in practice, adapting to emerging challenges and 
innovations. Despite the significance of critical thinking, 
conventional teaching methods at technical universities 
are often focused on the assimilation and reproduction of 

information rather than its critical analysis. As a result, 
future specialists are not always ready to solve real-world 
problems that require a comprehensive approach and in-
novative thinking. Therefore, there is an urgent need to 
introduce conceptual approaches that promote the devel-
opment of critical thinking in students. This includes the 
integration of relevant methods into the curriculum, the 
use of modern technologies, active learning, and constant 
feedback. Implementation of such approaches will help to 
prepare highly skilled professionals capable of operating 
effectively in a rapidly changing technical environment. 
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can support the development of critical thinking and inde-
pendent learning. AI-powered tools help students develop 
critical analysis and self-correction skills, which are essen-
tial for independent learning and critical thinking.

According to N.  Zaitseva  et al.  (2022), the properties 
of nanomaterials using advanced simulation techniques 
are significant. The researchers’ study demonstrated that 
such techniques can considerably improve the understand-
ing of complex materials and stimulate critical thinking in 
students working in this field. The use of simulation tech-
niques allows students to experiment with multiple sce-
narios and analyse the outcomes, which helps to develop 
analytical and logical skills. The analysed studies do not 
provide a clear description of all critical thinking devel-
opment strategies that are aimed specifically at students 
of technical specialities, including computer science and 
information technology, engineering, information securi-
ty and cybersecurity. Even though the issue of developing 
critical thinking skills has already been researched, this 
problem is not sufficiently specified in the field of tech-
nical education. The purpose of this study was to identify 
methodological areas that contribute to the development 
of critical thinking in future technical specialists. 

MATERIALS AND METHODS
The research methodology involved analysing the develop-
ment of critical thinking based on description, forecasting, 
observation, and SWOT analysis. The higher education insti-
tution chosen was National Technical University of Ukraine 
“Igor Sikorsky Kyiv Polytechnic Institute”. A considerable 
number of students study in technical specialities. The 
SWOT analysis was performed to determine the strategy for 
training technical specialists covering various fields of sci-
ence and technology. The following specialities were select-
ed for the study: computer science and information technol-
ogy, engineering, information security and cybersecurity. 
Observations and analysis of the above information were 
conducted in the period from 2023 to 2024 academic years.

At the initial stage of the study, the current state of 
training of students in the above-mentioned specialities 
was described. The study collected and analysed data on 
curricula, the level of training of teachers, the availabili-
ty of teaching materials, and feedback from graduates and 
employers. Observations were made by analysing the edu-
cational process, attending lectures, practical classes, and 
communicating with students and teachers. Based on the 
information gathered, the study forecast possible changes 
in the curricula and approaches to training technical spe-
cialists. The forecasting was based on an analysis of cur-
rent trends in technical education, labour market require-
ments, and technology development. Particular attention 
was paid to the need for specialists with a strong level of 
critical thinking, capable of adapting to rapid changes in 
the technical industry. A SWOT analysis was applied to 
identify development strategies.

To construct the SWOT analysis of critical thinking de-
velopment, the study considered the high level of teacher 

Numerous studies in this area highlight various approach-
es and methodologies to achieve this goal. 

A. Afikah et al. (2024) analysed the implementation of 
a collaborative research-based learning model in science 
education. The authors’ findings revealed a significant re-
lationship between critical thinking and communication 
skills, which indicates the effectiveness of collaborative 
research approaches in developing these competences. 
Collaborative problem-solving in science contributes to a 
deeper understanding of the material and improves critical 
thinking through active discussion and exchange of ide-
as among students. F. Hanggara et al.  (2024) investigated 
the effects of augmented reality-based educational games 
on students’ critical thinking in mathematics. The study 
showed that such games contribute to the improvement of 
critical thinking through an interactive and engaging ap-
proach to learning. The use of augmented reality technolo-
gy provides a deeper immersion of students in the learning 
process, which stimulates the development of analytical 
and logical skills. Researchers have developed a model of 
critical thinking independent learning that demonstrates 
effectiveness in improving students’ critical thinking in 
applied sciences. The researchers emphasised the value 
of quality teaching materials and methods that promote 
independent thinking. The critical thinking independent 
learning model involves students working individually on 
complex scientific problems, which helps to develop skills 
in analysing and synthesising information.

A. Iatsyshyn et al. (2024) studied knowledge manage-
ment in the context of the digital transformation of edu-
cation in Ukraine. The authors emphasised that digital 
technologies can greatly improve professional training, 
specifically the development of critical thinking through 
access to information resources and tools for self-study. 
E. Yassin (2024) emphasised the significance of integrating 
digital tools into curricula to improve learning effective-
ness and develop critical thinking in students. This study 
demonstrated that this assessment methodology can effec-
tively stimulate and develop critical thinking in students. 
The use of tasks that require a strong level of analytical 
skills contributes to the development of the ability to think 
logically and solve complex problems.

I. Irwanto et al. (2024) investigated the effects of learn-
ing based on a controlled study. The researchers examined 
the effects of problem-solving on students’ critical think-
ing. The researchers’ findings revealed that such methods 
greatly improve critical thinking due to the emphasis on 
active involvement of students in the learning process. The 
guided research method involves posing problematic ques-
tions and finding answers independently, which stimu-
lates the development of analytical skills. The use of STEM 
materials provides integrated learning that promotes the 
development of information analysis and synthesis skills. 
X. Shen & M. Teng (2024) established the correlation be-
tween critical thinking, independent learning competence, 
and artificial intelligence (AI)-supported writing. The au-
thors’ learning model showed that the use of AI for writing 
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training and availability of modern teaching materials and 
resources. It also examined the relevance and compliance 
of curricula with modern requirements and labour market 
needs. The prestige of the educational institution was also 
taken into account, as it influences both student motivation 
and employer trust. The analysis included positive feedback 
from graduates and employers, which reflects the quality of 
specialist training. In addition, the university’s active in-
volvement in scientific research and its efforts to develop and 
implement innovative teaching methods were emphasised.

RESULTS
The constant development of a range of information tech-
nologies leads to the development of the information cul-
ture of each student, who must be capable of critically as-
sessing and responding to events in the world. A critical 
thinker can adequately analyse certain information, check 
its veracity or contradictory nature, select, and evaluate ar-
guments. Critical thinking is considered a complex process 
and a valuable cognitive skill that helps in the development 
of certain beliefs and includes evaluation, analysis, synthe-
sis, and interpretation of information to make appropriate 
decisions. At the present stage of studying critical thinking, 
there are a considerable number of definitions of this con-
cept. E. Lajthia et al. (2024) defined critical thinking as the 
use of cognitive strategies and techniques that increase the 
probability of obtaining the desired outcome.

S.  Supahar  et al.  (2024) interpreted critical thinking 
as a specific form of evaluative activity of the subject of 
knowledge, aimed at identifying the degree of compliance 
or non-compliance of products with accepted norms and 
standards, including certain procedures, and contributes to 
the semantic self-determination of the subject of knowl-
edge in a variety of manifestations of the world around it 
and its productive transformation. The most detailed for-
mulation of critical thinking is that it lies in purposeful, 
self-regulating judgement. It culminates in the interpre-
tation, analysis, and evaluation of information, as well as 
the explanation of evident, conceptual, methodological, or 
contextual arguments on which the relevant judgements 
are based (Marisda et al., 2024).

On the one hand, the emergence of a new intellectual 
(verbal) product based on human analytical and synthetic 
activity is observed. On the other hand, the psychological 
structure of the individual is changing, i.e., new cognitive 
interests and motivation are being developed, psychological 

operational functions, intellectual abilities, the ability to 
generalise psychological activities, personal style, etc., are 
undergoing qualitative changes. The core of critical think-
ing is intellectual skills, i.e., the ability to transform and de-
velop, which ensures the process of analysing information, 
which lies in logical comprehension, selection, generalisa-
tion, comparison, evaluation, forming logical conclusions 
and finally decision-making. Accordingly, critical thinking 
should be considered as a process and a set of personal and 
mental characteristics of a person. These personal qualities 
are the basis for changes in existing qualities and the de-
velopment of new ones, which determines the emergence 
of new intellectual products.

According to the above information, critical thinking 
is a special form of thinking that is purposeful and in-
volves finding and proving the right ways to solve prob-
lems. There are various theoretical approaches, each of 
which emphasises the proper aspects of this concept. One 
of the principal approaches is cognitive, which emphasis-
es the role of intellectual skills and cognitive processes 
in critical thinking. It focuses on skills such as analysing, 
synthesising, evaluating, and interpreting information. 
This approach emphasises the significance of logical and 
structured thinking. Another important approach is the 
metacognitive approach, which focuses on the awareness 
and regulation of one’s personal thinking. Metacognitive 
thinking includes self-assessment, self-reflection, and 
correction of one’s personal cognitive processes. This ap-
proach helps individuals become aware of personal think-
ing strategies and manage these strategies more effective-
ly. The next approach is constructivist, which focuses on 
the social and cultural contexts in which thinking takes 
place. It emphasises the significance of interaction with 
other people and the environment for the development of 
critical thinking. Interacting with different opinions and 
experiences contributes to a deeper and more diverse un-
derstanding. The last is the humanistic approach, which 
focuses on personal development and self-fulfilment. It 
emphasises the significance of personal motivation, emo-
tional intelligence, and ethical values in critical thinking. 
This approach factors in how individual values and beliefs 
influence thinking processes. The above-mentioned theo-
retical approaches to critical thinking provide a compre-
hensive understanding of this multifaceted process, focus 
on its various aspects, and help develop it at multiple lev-
els, and have specific features (Table 1).

Critical thinking skills Characteristics Examples

Analysis Breaking down information into its component parts  
for better understanding Analysis of research projects

Reasoning Ability to formulate and defend one’s arguments  
in problematic situations Participation in discussions

Evaluation Evaluation of available arguments, evidence, or conclusions Evaluation of information reliability

Systematic thinking
Understanding of the interconnections between various 

parts of the system and how possible changes  
in one part affect the others

Analysis of organisational structures  
or ecosystems

Table 1. Specific features of critical thinking skills of students
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The development of critical thinking forms an inte-
gral part of solving this problem, as it contributes to better 
analysis and understanding of information, the ability to 
independently assess the acquired knowledge and skills, 
and the ability to adapt to a rapidly changing professional 
environment. The inclusion of a critical thinking compo-
nent in technical courses will not only enrich the educa-
tional process but will also prepare students for successful 
and effective professional activities. Bloom’s Taxonomy 
is a basic model of education that divides skills and goals 
from the simplest to the most complex, reflecting the hier-
archical structure of cognitive processes. According to the 
Taxonomy, critical thinking is divided into lower and high-
er levels. The lower level of critical thinking includes mem-
orisation (the ability to identify, reproduce, and remember 
relevant information), understanding (the ability to ex-
plain a certain idea or concept, share and implement in-
formation), application (the implementation of knowledge 
in another situation, solving a problem based on existing 
knowledge). The higher level of critical thinking includes 
analysis (dividing information into parts to understand its 
structures), synthesis (integrating elements into a whole, 
implementing a new proposal), evaluation (thinking about 
the value of an idea according to standards and criteria).

The growth of critical thinking in students, especial-
ly at higher levels, is considered the key to academic and 
career success. It helps to develop the ability to learn in-
dependently, critically analyse information and make in-
formed decisions, which is a significant part of mental and 
personal development. The development of critical think-
ing is not innate. Instead, it is a skill that can be developed 
independently or through the learning process of a par-
ticular discipline. There is a need for a learning model that 
contains detailed definitions of learning outcomes that 
help to improve critical thinking, stimulate active learning, 
provide opportunities for independent analysis and deci-
sion-making, and create a positive learning environment 
that can facilitate successful learning.

Not all students have the critical thinking skills to ana-
lyse and synthesise the necessary information without prac-
tice, although critical thinking covers a wide range of skills 
not only in research but also in life. In the study of technical 
disciplines, it can take the form of concrete situations that 
require critical thinking skills to complete a task. Students 
should actively engage in the thinking process, learn not 

only to analyse and reproduce information, but also to crit-
ically review assumptions and form conclusions based on 
this information. These skills are vital for making informed 
judgements. The use of critical thinking or its compo-
nents by students will not only help them to succeed in the 
studies, but also to build a successful career in the future.

Critical thinking skills are a necessary tool for students 
of technical specialities for a set of reasons. It is an aspect 
of solving complex problems, as technical majors often in-
volve working with complex processes and systems. Criti-
cal thinking helps students analyse problems, identify root 
causes, and develop successful solutions. Specifically, in 
engineering or computer science, students are faced with a 
variety of technical challenges where there is a need to not 
only find a solution but also optimise it for the best perfor-
mance and efficiency. It is equally necessary for students of 
technical specialities to make decisions based on the found 
data. In technical fields, decisions are often based on a large 
amount of data and analytics. Critical thinking enables stu-
dents to evaluate the relevance and reliability of data, ana-
lyse research findings, and draw reasoned conclusions. For 
instance, when working with big data or machine learning, it 
is essential to be able to distinguish between correlation and 
causality and avoid common pitfalls in data interpretation.

Technological solutions can also have a major impact 
on society and the environment. Critical thinking helps 
students in technical fields consider the ethical aspects of 
work and assess potential risks and consequences of pro-
fessional actions. For instance, the development of AI or 
automated systems must factor in issues such as privacy, 
security, and the effects on the labour market. Innovation 
and creativity have been considered relevant for many years 
for all specialities. The development of innovative technol-
ogies and solutions requires not only technical knowledge 
but also the ability to think creatively. Critical thinking 
helps to create innovative ideas, allows students to go be-
yond standard approaches and find innovative solutions to 
old problems. This is especially significant in areas where 
technological progress is rapid, such as information tech-
nology, nanotechnology, bioengineering, etc. Adaptation 
and continuous learning are essential for students. Tech-
nical fields are developing rapidly, and new knowledge 
and technologies emerge regularly. Critical thinking skills 
help students evaluate latest information, adapt quickly to 
changes, and maintain the competence at a strong level. 

Critical thinking skills Characteristics Examples

Explanation Ability to formulate thoughts  
and draw conclusions clearly and logically Writing reports, etc.

Problem solving Find solutions to complex problems through critical thinking Development of necessary strategies, etc.

Interpretation Ability to understand and explain the meaning  
of certain data or information

Disclosure of the content  
of the experiment results

Self-assessment Reflection on one’s individual arguments and opinions Evaluation of decision-making processes

Creative thinking Ability to generate innovative approaches  
and ideas to solve problems or challenges Generation of innovative ideas for projects

Source: compiled by the author of this study based on N. Bakhmat et al. (2023)

Table 1. Continued
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discussions, debates, role-playing games, and simulations 
help students to be actively involved in the learning process. 
Discussions and debates help to develop the ability to for-
mulate and defend one’s point of view, analyse various argu-
ments, and draw conclusions. Role-playing games and sim-
ulations allow students to immerse themselves in real-life 
situations that require analysis and decision-making based 
on critical thinking. Equally popular are project activities 
that require research, data analysis, and teamwork. Students 
can see the problem from multiple perspectives, work on 
real problems in teams, which will stimulate collective crit-
ical thinking, cooperation, and exchange of ideas. Logic and 
argumentation training can be an interesting experience for 
students who learn how to build arguments and analyse dif-
ferent opinions. Students look at concrete examples, analyse 
causes and effects, which helps to develop the ability to crit-
ically evaluate information. To develop critical thinking, it is 
necessary to apply modern technologies, use tools for data 
analysis, modelling software, simulations, and other techni-
cal means. The last requirement is reflection and self-analy-
sis, as students should regularly analyse completed work and 
the results obtained. Reflection journals (future profession-
als record thoughts, which enables analysis of the thought 
process and facilitates learning from mistakes) and reflec-
tive essays (describing personal thoughts and conclusions 
helps develop self-analysis skills) support this process. Be-
low are the key strategies and the most effective approaches 
that are particularly relevant to technical students (Table 2).

This is essential for long-term professional development 
and a successful career. The development of critical think-
ing in technical students is of great significance in the ed-
ucational process, as it helps them analyse information, 
solve complex problems, and make informed decisions. 

To foster these competencies, technical students 
should learn to critically evaluate data, determine the re-
liability of sources, and identify key elements, especially 
when working with large amount of data. Through a sys-
tematic approach to problem-solving, students should 
be able to consider problems in the context of the entire 
system and recognise the interrelationships between its 
components. The development of modelling and simula-
tion skills is essential for predicting the potential outcomes 
of various actions. Creative thinking should be encouraged 
through tasks that promote innovation and generating 
new ideas while the scientific method (formulating hy-
potheses, conducting experiments, analysing results, and 
drawing conclusions) remains fundamental to effective 
problem-solving. Finally, an interdisciplinary approach 
broadens students’ perspectives and supports more com-
prehensive and solutions through working in a combina-
tion of different technical disciplines.

The development of critical thinking in technical stu-
dents is a key factor in students’ professional develop-
ment. Therefore, it is worth highlighting the requirements 
and general strategies that contribute to the development 
of critical thinking. Interactive teaching methods such as  

Strategies Description Examples
Analysis and resolution  

of technical cases
Consideration of real engineering or IT situations 

to analyse and develop solutions
Analysis of cases, such as technical malfunctions 

in projects, software problems

Project-based learning
Involvement of students in long-term technical 

projects that require a comprehensive approach 
and research

Work on projects to develop new devices  
or applications

Code review and testing Performance of mutual code review  
and software testing by students

Organisation of regular code review  
and software testing sessions

Use of simulations and 
modelling

Use of software to simulate technical systems 
and processes

Use of engineering simulators  
to study system behaviour

Technical debates Organisation of discussions on technical 
concepts and the latest technologies

Holding a debate on the advantages  
and disadvantages of various technical solutions 

or technologies

Interdisciplinary projects Work on projects that combine multiple 
technical disciplines

Projects involving knowledge of computer 
science, electronics, mechanics, etc.

Involvement of external 
experts

Invitation of industry experts  
for lectures and workshops

Organisation of guest lectures or master classes 
from leading engineers or IT specialists

Use of scientific research 
methods

Teaching students to use scientific methods  
to solve technical problems

Conducting laboratory work with a focus  
on scientific research and data analysis

Work with technical 
documents

Analysis and critical reflection on technical 
documentation, standards, and specifications

Tasks on reading and evaluating technical 
documentation, creating own technical reports

Solution of problems with 
increased complexity

Solution of problems requiring in-depth technical 
analysis and a comprehensive approach

Problems in algorithms, mathematical modelling, 
or system design

Table 2. Strategies for the development of critical thinking aimed at students of technical specialities

Source: compiled by the author of this study based on B. Wei et al. (2024), H. Song & L. Cai (2024)

Based on the above information, several effective ap-
proaches for integrating these strategies into the educa-
tional process were identified. For instance, critical thinking 

should be integrated across all courses, not limited to spe-
cialised subjects; this can be achieved by adding discus-
sion questions, case studies, and reflective assignments.  
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courses around a sequence of tasks and problem scenari-
os. Finally, continuous feedback from all participants in the 
educational process helps students identify strengths and 
weaknesses, and constructive comments from teachers play 
a key role in guiding improvement and overall development. 
The SWOT analysis of the strategy for developing critical 
thinking skills in students of technical specialties, including 
computer science and information technology, engineer-
ing, information security and cybersecurity, of the selected 
university helps to assess the external and internal factors 
that may affect the effectiveness of this strategy (Table 3).

Project-based learning should also be actively used, as 
teamwork on real-world problems effectively fosters ana-
lytical thinking and therefore deserves a consistent place 
in the curriculum. In addition, the development of self-
study skills such as independent information search and 
critical evaluation of sources should be an essential part 
of students’ learning experience, supported through tasks 
that require independent exploration and preparation for 
class discussions. Problem-based learning further enhances 
critical thinking by engaging students in solving authentic 
challenges, which means that instructors can design the 

Weaknesses Strengths

1. Lack of a clear development strategy: insufficient 
systematisation and planning of long-term tasks and goals  

of the university.
2. Lack of humanities components: technical specialities often 

focus on specialised technical knowledge, neglecting  
the humanities that can help develop critical thinking.

3. Heavy course load: intensive programmes may leave little 
time to develop soft skills such as critical thinking.

4. Limited interaction between disciplines: insufficient 
interdisciplinary integration may limit opportunities  

for the comprehensive development of critical thinking.

1. Strong level of analytical skills of students: technical 
specialities require high analytical skills,  

which can contribute to the development of critical thinking.
2. Access to modern technology: there are modern laboratories 

and equipment that facilitate interactive learning  
and critical thinking.

3. Focus on problem-solving: technical programmes include 
courses that require students to solve complex problems,  

which stimulates critical thinking.
4. Supportive faculty: technical teachers have practical 

experience and can effectively transfer knowledge and skills.
5. University prestige: high ranking and positive reputation.

Opportunities Threats
1. Integration of new pedagogical methods: the use  

of innovative approaches, such as project-based learning, 
promotes the development of critical thinking.

2. Interdisciplinary programmes: implementation  
of programmes at the university that combine technical 

disciplines with the humanities.
3. Partnerships with industry: cooperation with enterprises  

to create real projects and internships.
4. Online resources and platforms: use of online courses  

and platforms for self-study.
5. Increased demand for critical thinking professionals.

1. Rapid technological development: rapid changes  
in technology require constant updating of university curricula, 

which can complicate the integration of innovative methods  
of developing critical thinking.

2. Competition with other universities that are also focused  
on developing critical thinking.

3. Rigidity of educational structures: the existence  
of conventional learning structures is not conducive to change, 
which complicates the introduction of innovative approaches  

at the university.

Table 3. SWOT-analysis of the strategy for developing critical thinking skills  
in students of concrete technical specialities of a higher education institution

Source: compiled by the author

Based on the SWOT analysis, the study identified and 
characterised several key strategies for developing critical 
thinking among students of technical specialities. One of the 
most effective approaches is project-based learning, which 
engages students in real-world projects that require the prac-
tical application of theoretical knowledge. This method not 
only strengthens critical thinking but also develops essential 
competencies such as teamwork, communication, and time 
management. Students are given the opportunity to work 
on projects that have real-world relevance, which increas-
es motivation and interest in learning. Another important 
strategy is problem-based learning, where students work in 
groups to solve specific problems. By analysing complex is-
sues, searching for information, generating ideas, and evalu-
ating alternative solutions, students learn to make informed 
decisions and communicate effectively within a group.

In addition to these strategies, a number of meth-
ods also foster critical thinking. For instance, debates and  

discussions encourage students to analyse diverse view-
points, build logical arguments, defend positions, and listen 
critically to others. The use of case studies helps students to 
understand how theories and concepts work in real-life sit-
uations and develops the ability to critically evaluate situa-
tions, make informed decisions and solve complex problems. 
Independent research and reflective practice enable students 
to delve deeper into a topic, study it from multiple angles, and 
formulate individual conclusions. Reflecting on the learn-
ing process helps students evaluate achievements, identify 
weaknesses, and find ways to improve performance. Further-
more, digital technologies offer valuable tools for creating 
interactive learning environments. Digital technologies al-
low creating interactive learning materials, organising virtu-
al discussions, analysing large amounts of information and 
collaborating with other students in an online environment. 
The use of digital tools contributes to the development of 
skills in analysing, synthesising and evaluating information.
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Based on a series of related studies, additional strat-
egies relevant to technical disciplines were identified, in-
cluding the analysis and solution of technical cases, code 
review and testing, simulation and modelling tasks, tech-
nical debates, interdisciplinary projects, engagement with 
external experts, the use of scientific research methods, 
work with technical documentation, and solving problems 
of increased complexity. Together, these approaches sup-
port the systematic development of critical thinking in 
engineering, computer science, information technology, 
cybersecurity, and related fields. It is recommended to de-
velop a clear development strategy, actively use analytical 
data for decision-making, and introduce innovative teach-
ing methods. It is vital to expand partnerships with other 
educational institutions and businesses to provide stu-
dents with relevant knowledge and skills. The study con-
firmed the need for continuous monitoring and adaptation 
of curricula in line with labour market requirements, which 
will help increase graduate competitiveness and readiness 
to meet the challenges of the modern world.

DISCUSSION
The development of critical thinking skills in engineering 
students is a vital task in modern education and a topic 
of discussion for many researchers. Critical thinking helps 
future engineers, programmers, and scientists analyse in-
formation, make informed decisions and solve complex 
problems. There are several areas of research on this issue 
and its development in the future. The findings revealed 
that one of the most effective areas is project-based learn-
ing. In this methodology, students work on real projects 
that require the application of theoretical knowledge in 
practice. This helps to develop analytical thinking and 
problem-solving skills. It is vital that the projects are 
complex and multi-stage so that students can face dif-
ferent aspects of the problem and look for solutions. The 
opinion of S.  Al-massarweh  et al.  (2024) coincided with 
the present findings and identified another area of prob-
lem-based learning that promotes critical thinking, with 
students being able to work in groups, discuss and solve 
real or hypothetical problems related to future profes-
sional activities. The formulations of these researchers 
help in searching for and analysing information, as well as 
in defending decisions with arguments.

The findings obtained showed that the organisation of 
discussions and debates in the educational process stim-
ulates students to critically reflect on diverse opinions, 
and this was confirmed by F.  Hasyim  et al.  (2024). It is 
therefore quite evident that teachers can ask provocative 
questions that encourage students to discuss and analyse 
multiple aspects of the topics being studied. This develops 
argumentation and critical analysis skills. Case studies are 
analyses of concrete situations or cases from real life. Stu-
dents study these cases, analyse the problems, and propose 
possible solutions. This method helps to develop analytical 
and critical thinking, as well as the ability to apply theoret-
ical knowledge in practice.

The findings of the present study coincided with the 
conclusions of N. Bakhmat et al. (2023) and L. Hetmanen-
ko (2024), who highlighted the importance of encouraging 
students to conduct independent research and explore di-
verse aspects of a speciality as a means of developing criti-
cal thinking. This can be achieved through writing research 
papers, taking part in scientific conferences and seminars. 
It is essential that students can critically evaluate sources 
of information and formulate individual conclusions. The 
study found that reflection plays a vital role in the devel-
opment of critical thinking. Teachers can encourage stu-
dents to reflect on the learning experience and analyse mis-
takes and successes. This helps students better understand 
strengths and weaknesses and improve the learning process.

The findings revealed that modelling, simulation, and 
data analysis software tools allow engineering students to 
conduct complex experiments and analyse the results. Fur-
thermore, online courses and resources can help broaden 
the horizons and improve knowledge. Developing critical 
thinking skills in technical students requires a comprehen-
sive approach. It is vital to use a variety of methods and 
strategies to stimulate analytical and critical thinking, 
develop the ability to solve complex problems, and make 
informed decisions. Teachers should create conditions for 
active learning, encourage independence and reflection, 
and use modern technologies to enhance the learning pro-
cess. Research and scholarly opinions on the development 
of critical thinking skills in engineering students vary, but 
most agree on the significance of integrating critical think-
ing into the curriculum. B.I. Nugraheni et al. (2024) showed 
that students working on real or hypothetical problems de-
velop skills in questioning, critical analysis, and substan-
tiation of decisions. This method promotes independence 
and responsibility for the learning process.

The assumptions made by A.D. Yasa et al. (2024), who 
emphasised the significance of discussions and debates in 
the learning process, are reliable. These methods contribute 
to the development of argumentation skills, critical analy-
sis, and understanding of multiple opinions. Participation 
in discussions helps students not only to formulate individ-
ual opinions, but also to analyse and evaluate the opinions 
of others. The present study added to this idea and identi-
fied the use of case studies in teaching as an effective meth-
od of developing critical thinking. Analysing real-life situa-
tions or cases helps students to apply theoretical knowledge 
in practice, develop skills in analysing and synthesis-
ing information, and learn to make informed decisions.

The hypothesis about the significance of independ-
ent research and reflection in the development of critical 
thinking was confirmed by the findings of the present study, 
which also coincided with the findings of D.E.  Pitorini  et 
al.  (2024). Students engaged in research learn to critical-
ly evaluate sources of information, formulate individual 
conclusions and analyse mistakes. Clearly, reflection helps 
students to be aware of strengths and weaknesses, which 
contributes to continuous improvement. Digital technol-
ogies also play an essential role in the development of  
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CONCLUSIONS
The study investigated various strategies for developing 
critical thinking skills in vocational school students, and 
the effectiveness of these strategies was analysed. Strat-
egies included analysis and solution of technical cases, 
project-based learning, technical debates, work with tech-
nical documents, interdisciplinary projects, code review 
and testing, involvement of external experts, application 
of scientific research methods, and solving problems of 
increased complexity. The significance of critical thinking 
for future technical specialists was identified, as it is nec-
essary for the development of these skills to solve com-
plex professional problems.

Based on the SWOT-analysis of the specialities of com-
puter science and information technology, engineering, in-
formation security, and cybersecurity at National Technical 
University of Ukraine “Igor Sikorsky Kyiv Polytechnic Insti-
tute”. Several key strategies that can considerably improve 
the learning process and promote critical thinking among 
students were identified and characterised. The strengths, 
weaknesses, threats, and opportunities of the strategy were 
identified. Particular attention was paid to project-based 
and problem-based learning, discussions and debates, re-
flection, and self-study. The study considered the signifi-
cance of using case studies, which enable students to ana-
lyse specific real-life situations and, as a result, understand 
how theoretical concepts are applied in practice, and de-
velop the ability to critically evaluate complex situations. 
It was also found that the use of digital technologies opens 
new opportunities for interactive learning, analysis of large 
amounts of information and collaboration in a virtual en-
vironment, which is significant for modern technical speci-
alities. The integration of various strategies for developing 
critical thinking into the educational process is key to the 
training of competent professionals.

Accordingly, the implementation of the analysed strat-
egies in the educational process will help students of tech-
nical specialities to develop critical thinking, which is key 
for future professional activities. However, it is essential to 
consider the limitations of the study, as the analysis of the 
effectiveness of critical thinking development strategies 
can lead to varying results, and students themselves have 
individual characteristics that may affect the effectiveness 
of certain strategies. Prospects for further research in-
clude studying particular students of technical specialities, 
which will help to evaluate the effectiveness of various ap-
proaches and methods in developing critical thinking and 
identify the most effective strategies.
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critical thinking. B. Wei et al. (2024) and K.C. Low et al. (2024) 
showed that the use of data modelling and analysis software 
helps to develop analytical skills. Furthermore, the study 
found that online courses and resources expand opportu-
nities for self-directed learning and deepening knowledge.

The present study suggested that the development of 
critical thinking in technical students requires a compre-
hensive approach that includes project-based and prob-
lem-based learning, discussions, case studies, independent 
research, and the use of digital technologies. F. Mutma’innah 
& E. Hamimi (2024), B. Junedi et al. (2024) unanimously sup-
ported these methods, emphasising effectiveness in training 
highly qualified specialists. The study of the development 
of critical thinking in technical universities is significant 
in the context of rapid technological progress and growing 
demands on professional competence, the development of 
critical thinking is becoming a fundamental element of the 
training of future engineers, programmers, and scientists.

The findings of the present study on the value of imple-
menting methods aimed at developing critical thinking and 
contributing to the overall quality of education coincided 
with the findings of V. Rajovis & L. Radulovis (2023). This 
is because students who can think critically can better un-
derstand complex concepts, analyse information, and apply 
knowledge in practice. This helps to train highly qualified 
specialists who meet the requirements of the modern la-
bour market, this study proves. Critical thinking helps stu-
dents to solve complex and non-standard tasks that arise in 
professional activities. This is especially relevant for tech-
nical specialities, where it is often necessary to find innova-
tive solutions to unfamiliar problems. The ability to analyse 
a situation, evaluate alternatives, and make informed deci-
sions are key to success in technical fields. This study found 
that critical thinkers tend to generate innovative ideas and 
approaches. This contributes to the development of innova-
tion and technological progress. Technical universities that 
pay attention to the development of critical thinking become 
centres of innovation, where innovative technologies and 
solutions are born that can significantly influence society.

The finding of the present study on the value of pro-
moting the development of critical thinking were also con-
firmed by W. Ratna et al. (2024) and S. Supahar et al. (2024). 
It was found that critical thinking also contributes to the 
development of ethical consciousness and social responsi-
bility. Students who can critically evaluate information and 
situations are able to make decisions that take into account 
the ethical and social consequences of actions. This is par-
ticularly significant in the context of contemporary chal-
lenges such as environmental issues, the ethics of technol-
ogy, and social justice. Research can be useful for exploring 
and developing critical thinking in technical universities, 
which is significant for improving the quality of education, 
preparing students for complex tasks, developing innova-
tion potential, adapting to change, considering ethical and 
social aspects, and improving interaction and communica-
tion. This ensures the training of highly qualified specialists 
who are ready to meet the challenges of the modern world.
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Стратегії розвитку навичок критичного мислення  
у студентів технічних спеціальностей
Анотація. Метою статті було розглянути стратегії розвитку навичок критичного мислення у здобувачів 
освіти технічної галузі і дослідити різні напрями розвитку навичок критичного мислення у взаємодії з їхньою 
ефективністю. На основі спостереження за діяльністю Національного технічного університету України «Київський 
політехнічний інститут імені Ігоря Сікорського» було проведено SWOT-аналіз для визначення стратегії розвитку 
критичного мислення та підготовки технічних фахівців за такими спеціальностями: комп’ютерні науки та 
інформаційні технології, інженерія, інформаційна безпека та кібербезпека. Інтеграція проблемно-орієнтованого 
навчання була детально обговорена як одна з ключових стратегій, що дозволяє студентам аналізувати реальні та 
змодельовані проблеми, оцінювати альтернативні рішення та обґрунтовувати свої дії. Також акцентовано увагу 
на міждисциплінарних підходах, які дозволяють студентам встановлювати зв’язки між різними галузями знань і 
застосовувати різні аналітичні методи. Було охарактеризовано ключові стратегії, які можуть значно покращити 
процес навчання у вищому закладі освіти. Розглянуто роль командної роботи та комунікативних навичок у 
розвитку критичного мислення. Показано, як спільні дискусії та дебати сприяють розвитку критичного погляду 
на проблеми та підвищенню здатності до конструктивної критики і саморефлексії. Особливу увагу приділено 
використанню сучасних технологій, які дають учням можливість експериментувати, вчитися на власних помилках 
і адаптувати свої знання до практичних ситуацій. Таким чином, описано комплексний підхід до розвитку навичок 
критичного мислення студентів технічних спеціальностей, що включає набір методів та інструментів, спрямованих 
на посилення їхніх професійних компетенцій та підготовку до викликів сучасного світу. Отримані результати 
дослідження можуть бути використані викладачами у закладах вищої освіти для розробки та вдосконалення 
навчальних програм з метою інтеграції критичного мислення у всі курси
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аналіз; практичні ситуації; сучасні технології
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