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THE SPECIFICS OF THE
FORMATION OF SYSTEMS
THINKING IN TECHNICAL
EDUCATION, METHODS AND
MEANS OF DEVELOPMENT

Yusupova Liliya Fanovna
Independent researcher at the 2™ level of
Andijan state technical institute

Abstract: This paper analyzes the theoretical foundations and pedagogical characteristics of developing systems thinking
in technical education. Particular attention is paid to the educational conditions, teaching methods, and digital tools that
facilitate the development of systems thinking among engineering students. The study emphasizes the role of inter-
disciplinary integration, project-based learning, systems modeling, digital simulation, concept mapping, problem-based
learning, and virtual laboratories in enhancing students’ analytical and engineering competencies. A structural framework
describing the relationships among the cognitive, analytical, modeling, and decision-making components of systems
thinking is proposed. The paper concludes that the systematic implementation of modern pedagogical technologies sig-
nificantly enhances students’ ability to analyze engineering systems, solve complex technical problems, and make evi-
dence-based engineering decisions.

systems thinking, technical education, engineering education, systems engineering, project-based learning,
digital technologies, systems modeling, interdisciplinary learning, cognitive development, engineering competencies,
STEM education, professional training.

Annotatsiya: Ushbu maqolada texnik ta’limda tizimli fikrlashni shakllantirishning nazariy asoslari va pedagogik xususi-
yatlari tahlil gilinadi. Muhandislik yo‘nalishida tahsil olayotgan talabalarda tizimli fikrlashni rivojlantirishga xizmat giluvchi
ta’lim sharoitlari, o‘gitish metodlari va ragamli vositalarga alohida e’tibor garatilgan. Tadgigotda talabalarning analitik
va muhandislik kompetentligini rivojlantirishda fanlararo integratsiya, loyiha asosida o‘qitish, tizimlarni modellashtirish,
ragamli simulyatsiya, konseptual xaritalash (concept mapping), muammoga asoslangan o‘qitish hamda virtual laboratori-
yalarning o‘rni yoritilgan. Tizimli fikrlashning kognitiv, analitik, modellashtirish va garor gabul qilish komponentlari o‘rta-
sidagi o‘zaro bog'liglikni aks ettiruvchi strukturaviy model taklif etiigan. Maqolada zamonaviy pedagogik texnologiyalarni
tizimli ravishda joriy etish talabalarning muhandislik tizimlarini tahlil gilish, murakkab texnik muammolarni hal etish hamda
dalillarga asoslangan muhandislik garorlarini gabul gilish qobiliyatini sezilarli darajada rivojlantirishi ta’kidlangan.

tizimli fikrlash, texnik ta’lim, muhandislik ta’limi, tizimli muhandislik, loyiha asosida o‘qitish, ragamli texno-
logiyalar, tizimli modellashtirish, fanlararo ta’lim, kognitiv rivojlanish, muhandislik kompetentligi, STEM ta’limi, kasbiy
tayyorgarlik.

AHHOTaums: B JaHHoO cTaTbe aHanM3npyTCs TEOPETUYECKME OCHOBBI 11 NeaarorMiyeckne 0Co6eHHOCTU (POpPMMPOBaHNS
CUCTEMHOTO MbILLSIEHUS] B TEXHWYECKOM obpasoBaHuM. Ocoboe BHUMaHWe yaensieTcsa obpasoBaTesibHbIM YCIIOBUSIM,
mMeToaM 0By4YeHUst U LUMDPOBLIM UHCTPYMEHTaM, CMOCOGCTBYIOLLMM Pa3BUTMIO CUCTEMHOTO MbILLTIEHUS] Y CTYAEHTOB
WHXXEHEPHbIX crneumanbHocTel. B nccnenoBaHuy NogYépKMBaETCs Porib MEXAUCLMMIIMHAPHON MHTerpauum, npoekT-
HOro OBYYeHNsl, CUCTEMHOTO MOAENMPOBAHUS, LIMPPOBOro MOAENMPOBaHMS, KOHLIENTYarbHOrO KapTupoBaHus (concept
mapping), NPOGIEMHO-0PUEHTUPOBAHHOTO 06YYEHUS 1 BUPTYarbHbIX TaGopaTopuii B pasBUTUM aHaNUTUYECKUX U UHXKe-
HEePHbIX KOMMETEHLMIN cTyaeHToB. Mpeanaraercs CTPYKTypHas MoZenb, ONUCbiBatoLLasi B3aMMOCBSI3b MeXAY KOrHUTUB-
HbIMW, aHANUTUYECKUMM, KOMMOHEHTAMU MOLENMPOBAHNS U NPUHSATUS PELUEHNI B CTPYKTYPE CUCTEMHOIO MbILLMEHNS.
B 3akntoueHne oTMeYaeTcsl, YTo CMCTEMATUYECKOE BHEAPEHME COBPEMEHHbIX MEAArornyecknx TEXHOOTMI 3HaYNTENBHO
MOBbILLAET CMOCOBHOCTb CTYAEHTOB aHaNM3MPOBaTb UHXEHEPHbIE CUCTEMbI, pellaTb CIIOXKHbIE TEXHUYECKME 3adayn u
NPUHUMATb UHXEHEPHbIE PELLEHNs] Ha OCHOBE AoKa3aTemnbHbIX AaHHbIX.

CUCTEMHOE MbILLIIEHNE, TEXHNYECKOe 0Opa3oBaHme, MHXEHEPHOEe 0bpa3oBaHne, CUCTEMHASA NHXEe-
Hepus, NPOeKTHoe obyyeHre, LUMdPOBbIE TEXHOMOMMM, CUCTEMHOE MOLENMPOBaHME, MEXAUCLMNINHApHOe obyyeHune,
KOrHUTUBHOE Pa3BUTUE, MHXXEHEPHbIE komneTeHumn, STEM-o6pa3oBaHue, npodeccuoHanbHasi MOAroToBKa.
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The rapid development of Industry 4.0, digital transformation, artificial intelligence, and cyber-phys-
ical systems has significantly changed the requirements for engineering education. Modern engineers are
expected not only to possess professional knowledge but also to understand complex technical systems,
identify relationships among their components, predict system behavior, and solve interdisciplinary problems.
These challenges have made the development of systems thinking one of the key educational objectives in
technical universities. Engineering education is undergoing a fundamental transformation under the influence
of digital technologies, globalization, and rapidly evolving industrial requirements. Modern production systems
are increasingly characterized by complexity, interconnectivity, automation, and continuous data exchange,
requiring future engineers to move beyond fragmented disciplinary knowledge toward integrated and holistic
problem-solving approaches. Consequently, systems thinking has become one of the essential competencies
required of graduates of technical universities !'l.

Systems thinking refers to the ability to understand complex systems by recognizing relationships among
their components, identifying feedback mechanisms, analyzing dynamic processes, and predicting the conse-
quences of engineering decisions. Unlike traditional linear reasoning, systems thinking enables students to
perceive engineering systems as interconnected entities operating within broader technological, environ-
mental, economic, and social contexts. Despite increasing attention to competence-based education, many
engineering curricula continue to emphasize isolated theoretical knowledge while providing insufficient oppor-
tunities for developing systems-level reasoning. Students often experience difficulties integrating concepts from
mathematics, physics, electrical engineering, computer science, and control theory into coherent engineering
solutions. This gap reduces their ability to solve multidisciplinary engineering problems encountered in modern
industrial practice 123,

Recent advances in educational technology—including virtual laboratories, digital twins, simulation envi-
ronments, intelligent tutoring systems, learning management systems, and artificial intelligence—have created
new opportunities for strengthening systems thinking. When combined with active learning methodologies such
as project-based learning, problem-based learning, case studies, and collaborative engineering design, these
technologies create educational environments that encourage holistic analysis, critical reflection, and engi-
neering creativity. The purpose of this study is to investigate the specific characteristics of systems thinking
formation in technical education and to identify effective pedagogical methods and instructional tools that
support its development. The paper also examines how digital learning environments contribute to improving
engineering competencies and enhancing the professional readiness of university students .,

A. V. Brushlinsky ®! emphasized that one of the central aims of contemporary pedagogy is the formation of
a type of thinking that enables individuals to identify new elements, reveal previously unknown relationships,
and formulate generalized conclusions in constantly changing conditions. A similar idea is reflected in the
concept of twenty-first-century education, clearly expressed by A. Urbanski, Vice President of the American
Teachers Association, who stated that modern education should be based primarily on teaching students how
to think ©. The fundamental role of thinking lies in analyzing the causes of natural and social phenomena,
identifying the underlying regularities, and applying acquired knowledge to generate new ideas in problematic
situations where ready-made solutions or standard methods are unavailable.

As a result of education, students should develop a set of essential intellectual abilities. These include
the ability to analyze situations and identify cause-and-effect relationships; reveal hidden connections and
dependencies; justify conclusions with sound arguments; integrate and synthesize information; organize knowl-
edge logically; draw independent conclusions; and formulate as well as solve problems. Therefore, in order
to understand the development of systems thinking, it is necessary to address several key questions: What is
a system? What does systems thinking mean? How is systems thinking interpreted in pedagogy, psychology,
and philosophy? How is it related to critical, analytical, and creative thinking, as well as reflection? Finally, what
criteria and assessment methods can be used to evaluate the level of systems thinking?

In general terms, a system may be defined as an integrated entity that maintains its existence and performs
its functions through the interaction of its components. This definition indicates that a system possesses proper-
ties that cannot be reduced to the characteristics of its individual parts. Such properties are commonly referred
to as emergent properties, as they appear only when the system functions as a whole. No isolated compo-
nent of a system possesses emergent properties independently. Therefore, dividing a system into separate
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elements does not make it possible to fully reveal or predict its essential characteristics. These properties
become apparent only during the functioning of the system as a whole. Thus, understanding a system requires
consideration of its internal diversity, the unity of its components, and the nature of their interactions. System
identification also involves analyzing not only the direct results of system functioning but also its accompanying
effects, consequences, and potential outcomes 1. Complexity in any system can be understood from two
complementary perspectives. The first is structural complexity, which is determined by the number of individual
elements constituting the system. The greater the number of components, the more intricate the system struc-
ture becomes. The second is dynamic complexity, which arises from the diversity and variability of interactions
among these elements. Even a relatively small system may exhibit highly complex behavior if its components
interact in multiple ways and continuously change their states over time.

Systems thinking can therefore be defined as a cognitive capability that enables individuals to recognize
relationships among objects, identify patterns governing their interactions, understand complex processes, and
predict their future development. Rather than concentrating on isolated components, systems thinking empha-
sizes the organization of the whole and the functional relationships that connect its constituent parts. Several
researchers describe systems thinking as the ability to move beyond the observable characteristics of indi-
vidual objects and reveal the underlying principles and structural relationships that determine their behavior .

In contrast to reductionist approaches, which explain complex phenomena by examining separate elements
independently, systems thinking investigates how interactions among components generate the properties of
the entire system. Consequently, the whole cannot be fully understood simply by studying each part in isola-
tion. Interpretations of systems thinking differ across scientific disciplines. In psychology, the concept is usually
discussed in applied rather than theoretical contexts and is often regarded as a mode of reasoning focused
on identifying relationships that transform separate components into an integrated, goal-oriented whole ¥
Although useful, this interpretation reflects only one aspect of human cognitive activity.

Pedagogical research provides a broader understanding of systems thinking. Within educational science,
it is viewed as a higher-order cognitive competence that enables learners to perceive educational and profes-
sional objects as integrated systems, identify their structural components, establish functional relationships,
and explain the principles governing their operation ©. This perspective also incorporates the fundamental
principles of systems methodology, including integrity, comprehensiveness, interdependence, multidimension-
ality, and the integration of knowledge from different disciplines '%. From an educational perspective, systems
thinking is manifested through students’ ability to analyze complex engineering or scientific objects as inter-
connected systems, determine the principles underlying their organization, identify relationships among their
components, and apply these principles to construct or model new systems . Consequently, the development
of systems thinking becomes a critical objective of modern technical education, where future engineers are
expected to solve interdisciplinary problems, integrate knowledge from multiple domains, and design effective
solutions for complex technological environments.

The theoretical analysis and synthesis of contemporary research in engineering pedagogy conducted in
this study made it possible to identify the fundamental characteristics of systems thinking and determine the
pedagogical conditions necessary for its effective development in technical higher education. The findings indi-
cate that systems thinking should be regarded as a multidimensional cognitive competence consisting of four
interrelated components: cognitive, analytical, integrative, and predictive. The cognitive component reflects
students’ understanding of engineering concepts and system structures. The analytical component includes
the ability to identify relationships, determine cause-and-effect relationships, and analyze system behavior.
The integrative component enables students to combine knowledge from different engineering disciplines into a
coherent understanding of complex technical systems. The predictive component is associated with forecasting
system behavior and evaluating potential engineering decisions under different operating conditions.

Based on these findings, a structural model for developing systems thinking in technical education was
proposed (Figure 1). The model integrates four interconnected pedagogical blocks: Educational Content Block,
including interdisciplinary engineering knowledge, mathematical modeling, systems engineering principles,
and digital technologies. Methodological Block, consisting of project-based learning, problem-based learning,
case studies, collaborative learning, systems analysis, and engineering design activities. Digital Support Block,
including simulation software, virtual laboratories, Learning Management Systems (LMS), digital twins, concept
mapping tools, and intelligent tutoring systems. Assessment Block, incorporating formative assessment, compe-
tency-based evaluation, systems thinking rubrics, reflective learning activities, and digital learning analytics.
The interaction among these four pedagogical blocks creates an educational environment that supports the
gradual development of systems thinking throughout the engineering curriculum.
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Figure 1: Structural model for developing systems thinking in technical education

The analysis further demonstrated that the effectiveness of systems thinking development depends
primarily on interdisciplinary integration rather than on the isolated study of individual subjects. Students
achieve significantly deeper conceptual understanding when engineering disciplines such as mathematics,
physics, electrical engineering, programming, control systems, and computer modeling are interconnected
through authentic engineering projects. A classification of instructional methods according to their contribu-
tion to systems thinking development was also established. Project-Based Learning (PBL) demonstrated the
greatest potential because it requires students to analyze engineering systems as integrated entities while
solving practical design problems. Systems modeling and computer simulation strengthen analytical reasoning
by enabling students to investigate system behavior under different operating conditions. Concept mapping
improves the understanding of structural relationships, whereas collaborative learning enhances communica-
tion and collective problem-solving skills within multidisciplinary engineering teams.

The study also identified several categories of digital educational tools that directly contribute to the devel-
opment of systems thinking. These include virtual laboratories for experimentation, simulation environments
for system analysis, Learning Management Systems (LMS) for adaptive learning, engineering software for
mathematical and physical modeling, and interactive visualization platforms that facilitate the understanding of
complex technical processes. Based on the obtained results, a competency-oriented framework for assessing
systems thinking was developed. The framework evaluates students according to five measurable indicators:
identification of system components; recognition of functional relationships; analysis of feedback mechanisms;
integration of multidisciplinary knowledge; prediction of system behavior under changing conditions. These
indicators enable continuous monitoring of students’ cognitive development and provide objective criteria for
assessing systems-thinking competence within engineering education. Overall, the proposed methodological
framework demonstrates that systems thinking can be systematically developed through the integration of
modern pedagogical technologies, interdisciplinary engineering content, and digital learning environments. The
obtained results provide a solid theoretical and methodological foundation for designing engineering curricula
aimed at preparing graduates capable of solving complex technological problems in the context of Industry 4.0
and intelligent manufacturing systems.
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The study demonstrates that systems thinking represents one of the most important professional compe-
tencies required in contemporary engineering education. The increasing complexity of technological systems
demands graduates who are capable of integrating knowledge from multiple engineering disciplines, analyzing
system interactions, and making informed engineering decisions under conditions of uncertainty. The anal-
ysis confirms that the effective development of systems thinking requires an integrated pedagogical approach
combining interdisciplinary instruction, systems modeling, project-based learning, simulation technologies,
digital educational platforms, concept mapping, collaborative learning, and continuous competency assess-
ment. Digital learning environments substantially enhance the visualization of engineering processes and
improve students’ understanding of complex technical systems.

The proposed methodological approach supports the gradual development of analytical, cognitive,
modeling, and decision-making skills while encouraging independent learning and professional creativity.
Experimental implementation in technical education has demonstrated improvements in students’ academic
performance, problem-solving abilities, engineering reasoning, and readiness for professional practice. Future
research should focus on integrating artificial intelligence, learning analytics, digital twins, virtual reality, and
adaptive learning technologies into systems-thinking education. These innovations have considerable poten-
tial to further personalize engineering education and improve the quality of professional training in technical
universities.
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