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Abstract
' Contemporary educational reforms emphasize the development of student

research competencies and innovation-oriented learning. This article examines
the scientific and theoretical foundations for managing student research activity
within an innovative educational cluster environment, which links pedagogical
universities and general schools. Through analysis of policy documents and
pedagogical literature, we identify key concepts, models, and pedagogical
conditions that support effective research engagement by students. The findings
highlight that inquiry-based learning has deep historical roots and 1s reaffirmed
by modern educational theory as a crucial method for developing critical thinking
and problem-solving skills. We compare various frameworks of organizing
student research (functional and structural models, problem-based and project-
based approaches) and distill common stages (problem identification, hypothesis
formation, experimentation, analysis, and presentation) essential to the research
process. We also discuss principles for guiding student inquiry (e.g. ensuring
genuine interest, fostering both convergent and divergent thinking) and the
teacher’s evolving role as a facilitator-researcher. Furthermore, we explore how
a pedagogical innovation cluster — a cooperative network of teacher education
institutions and schools — can create an integrative environment that nurtures
research skills through collaborative projects, mentorship, and shared resources.
This cluster approach is presented as a viable mechanism to bridge theoretical
knowledge with practical inquiry, thereby preparing future teacher-researchers
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and cultivating a new generation of inquisitive learners. The article concludes
with implications for implementing cluster-based research education and
improving educational outcomes in line with international benchmarks.

Keywords: Student research activity; Inquiry-based learning; Research
competencies; Innovative educational cluster; Pedagogical collaboration;
Teacher-researcher; Problem-based learning; Education reform.

' Introduction

Modern education systems worldwide recognize the need to cultivate students’

engagement in inquiry-based learning — where students formulate questions,
investigate problems, and derive conclusions — is increasingly seen as essential
for developing critical thinking and problem-solving competencies. In
Uzbekistan, a series of recent policy initiatives and reforms have underscored the
importance of strengthening scientific and innovative activity in the education
sector. For instance, the national Action Strategy on education development and

' research abilities and innovative thinking as key 21st-century skills. Active

subsequent decrees call for integrating research and innovation at all levels of
education [1]. These policies aim to form a modern infrastructure for science
education, implement integrative teaching principles, and involve learners in
research projects as part of their educational experience. One practical step has
been the establishment of a pedagogical innovation cluster, piloted at Chirchiq
State Pedagogical University, to enhance collaboration between teacher-training
universities and general secondary schools. This cluster model is intended to
produce graduates who are not only teachers but teacher-researchers, equipped
to guide inquiry in their future classrooms.

Despite such efforts, challenges remain. Uzbekistan’s first participation in PISA
(Programme for International Student Assessment) in 2022 revealed that 15-year-
old students significantly underperformed in reading, mathematics, and science,
scoring well below OECD averages|[3]. This outcome places Uzbekistan near the
bottom of international rankings and signals an urgent need for improved teaching
and learning approaches. In response, national education authorities have
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launched accelerated reforms to update curricula and adopt teaching
methodologies that foster students’ analytical, critical, and creative thinking
skills[4]. Inquiry-based and problem-based learning lie at the heart of these
reforms, reflecting global best practices and the experience of top-performing
countries. However, implementing such learner-centered, research-oriented
methods requires substantial changes in how teachers are prepared and how
educational processes are organized. Traditionally, many school environments
have focused on rote learning and didactic instruction, with limited opportunities
' for students to conduct investigations or solve open-ended problems. Moreover,
many in-service teachers have little experience in scientific research and thus feel

problem: how to effectively manage and support research activity among students
in everyday classroom settings.
Historically, the concept of learning through research is not entirely new — indeed,

' unprepared to mentor student research projects. This gap highlights a pedagogical

its roots can be traced back to classical times. Socrates, for example, employed a
form of inquiry method in teaching by posing guiding questions. Over time,
educators have recognized that engaging students in elements of the scientific
method or investigative learning can greatly enhance understanding. In modern
pedagogical science, this idea has evolved into what is known as inquiry-based
education or the research approach to teaching. This approach positions students
as active seekers of knowledge, mirroring aspects of how scientists explore the
unknown (albeit at an age-appropriate level). Pedagogical theorists assert that
when students participate in research-like activities — such as formulating
questions, generating hypotheses, conducting experiments or observations, and
drawing conclusions — they not only acquire deeper content knowledge but also
develop transferable skills like reasoning, creativity, and self-directed learning.

Within this context, our study aims to articulate the scientific and theoretical
foundations for managing student research activity effectively, particularly in the
setting of an innovative educational cluster that links different educational
institutions. We examine key definitions and concepts of “research” in education,
review established models of implementing student research work, and analyze
pedagogical conditions necessary for fostering a research culture among students.
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A special focus is placed on the cluster approach as a structural solution to bridge
academic and practical domains. By synthesizing insights from both Uzbekistani
and international scholarship, as well as recent educational policies, we propose
a conceptual framework for integrating research activities into teaching practice.
The ultimate goal is to inform how future teachers can be prepared — and school
environments organized — to consistently engage students in meaningful research
experiences. In doing so, we hope to contribute to the ongoing educational
reforms aimed at improving quality and outcomes, ensuring that graduates are

equipped with inquiry skills and an innovative mindset to meet modern
challenges.

' Methodology
This research adopted a qualitative approach grounded in content analysis of

policy documents and extensive literature review of pedagogical research. First,
normative documents from Uzbekistan — including presidential decrees and
government resolutions on education, science, and innovation — were analyzed to
understand the official directives and goals related to student research and cluster-
based education reforms. These provided context for why developing research
competence has become a strategic priority and how the educational cluster
model is envisaged at the policy level.

Secondly, we conducted a theoretical analysis of psychological-pedagogical
literature on inquiry learning and research activity in education. Key terms such
as “ilmiy tadqiqot™ (scientific research), “tadqiqotchilik” (research-mindedness
or research activity), and “ilmiy tadqiqot ishi” (scientific research work) were
examined as defined in academic sources to clarify their meaning in an
educational context. We reviewed classical definitions (e.g., in explanatory
dictionaries and psychology reference works) and contemporary interpretations
by education theorists. This step helped establish a working definition: in our
context, student research activity refers to a learning process where the student
engages in investigating a problem or question (with guidance), using scientific
methods to obtain new insights that are meaningful to the student and potentially
to others. Such activity is characterized by careful inquiry, experimentation or
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data collection, analysis, and the formulation of conclusions, mirroring
professional research on a smaller scale.
Next, a comparative literature review was performed on various pedagogical
models and approaches for organizing research activity among students. We
examined research and publications from different scholars and contexts —
including works from Uzbekistan, the broader Central Asian region, and Russia,
where significant pedagogical research on student research activity has been
conducted. Notably, Russian researchers have developed robust concepts in this
' area (e.g., A.V. Leontovich, A.S. Obukhov, A.l. Savenkov, M.I. Starovnikov,
A.N. Poddyakov, among others), which provide theoretical models for integrating

underlying principles, stages of student research, and recommended teaching
strategies. A small matrix comparison was created (based on descriptions by
Leontovich, Savenkov, and Rijikov) to highlight common elements and

' research into school practice. We compared these models in terms of their

differences in sequences of research tasks given to students (such as problem
identification, hypothesis generation, experimentation, etc.).

Furthermore, we surveyed empirical studies and experiments reported in the
literature, where educators implemented research-oriented methods (for instance,
elective courses on research methods, project-based learning in specific subjects,
or extracurricular science clubs) and documented the outcomes on student skills
and motivation. This included reviewing case studies of introducing inquiry-
based tasks in physics lessons, organizing student research projects in specialized
science lyceums, developing technical creativity through robotics clubs, and other
innovative pedagogies aimed at fostering a research mindset.

Finally, we explored the concept of the pedagogical innovation cluster through
both literature and practical reports. This involved analyzing scholarly works on
cluster approaches in education (how clustering educational institutions can
improve the quality and integration of education) and examining the initial
implementation of the cluster model at Chirchiq State Pedagogical University in
Uzbekistan. We looked at documented objectives of the cluster, its structure (e.g.
partnerships between the university, secondary schools, and possibly other
stakeholders like research institutes or education authorities), and any reported
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preliminary results or challenges. Through this multi-faceted methodology, we
synthesized a comprehensive understanding of the theoretical foundations and
practical considerations for managing student research activity in a collaborative,
cluster-based educational environment.

Results
Our analysis confirms that student research activity is defined in pedagogical
literature as a form of cognitive and practical activity wherein the learner, guided

' by a teacher or mentor, independently engages in the process of inquiry to obtain
new information or solve a problem of interest. It is “scientific” in the sense that

it follows certain systematic methods and aims at findings that have value (at least

' for the student or school community), and it is an activity in that the student is an
active participant rather than a passive recipient of knowledge. Engaging in

research activity at the school or university level serves a dual purpose: (1) it
enhances the educational process by deepening understanding and retention of
subject matter, and (2) it develops the student’s general competences such as
critical thinking, creativity, problem-solving, and self-regulation. In other words,
the outcome of educational research is not only new knowledge about the
phenomena studied, but also the personal growth of the student as an inquirer.

It is noteworthy that educational research activity differs from professional
scientific research in scope and aims. As A.V. Leontovich points out, in
fundamental science the goal is to discover objectively new knowledge or
innovations (a contribution to the field), whereas in education the primary goal
is pedagogical — to enable each learner to discover something new for themselves.
Thus, a student’s investigation might not produce a groundbreaking scientific
discovery, but it yields subjectively new knowledge for that student and helps
build their research skills. This perspective is crucial for teachers to understand:
the value of student research lies not in the novelty of its findings to the world,
but in the learning process and the novelty to the student. Leontovich further
elaborated a conceptual model of educational research activity, distinguishing
between a functional model and a structural model. The functional model deals
with the design and organization of research tasks in the learning process — it
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includes the theoretical basis for why research is introduced, clear definitions of
research-related terminology for students, the goals of including research in the
curriculum, forms and means of implementing it in class or extracurricular
settings, and criteria for evaluating the outcomes. The structural model, on the
other hand, delineates the stages of the research process as they pertain to a given
subject’s curriculum (for example, how a history student’s research project might
be structured differently from a physics experiment, yet both follow a general
inquiry cycle).

Despite variations in terminology, we identified a common core of stages in
student research activity across different models and authors. These stages
closely mirror the scientific method and problem-solving cycle:

eProblem Identification: The process often begins with posing a question or
recognizing a problem. This could be initiated by the teacher (creating a
problematic situation for students to investigate) or by the students themselves.
Researchers stress that the problem must be meaningful and comprehensible to
the learner, and ideally one that stimulates their curiosity rather than being
artificially imposed. In practice, teachers may present an intriguing phenomenon
or a real-world challenge as a hook.

eHypothesis Formulation: Next, students are encouraged to formulate
hypotheses or propose ideas and potential solutions for the problem. At this point,
divergent thinking is valuable — students might brainstorm multiple possible
explanations or approaches. A.l. Savenkov emphasizes allowing this phase to be
open-ended; he cautions teachers not to rigidly predetermine the research
question or path at the outset, so that students learn to frame and refine the
problem themselves.

ePlanning and Experimentation: The student (often with guidance) decides on
a method to test the hypothesis or answer the question. This involves selecting
appropriate research methods, which could be experimental (in sciences),
descriptive, survey-based, observational, etc., depending on the discipline.
Students gather evidence, make observations or conduct an experiment, and
record data. S.B. Ryzhikov notes that at this stage students must also learn how
to ensure the reliability of their results — for example, by considering multiple
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trials or controlling variables in a science experiment. This stage nurtures
convergent thinking, as students must logically work through a procedure.

e Analysis and Conclusion: Once data is collected, students analyze the results
to see if they support the hypothesis or answer the question. They draw
conclusions and reflect on what has been learned. Crucially, they also consider
the validity of their conclusions. Was the initial idea confirmed or refuted? What
new questions arise? This stage develops the student’s capacity for critical
analysis and logical reasoning. In educational settings, teachers often scaffold this

’ by discussing results and guiding students to link back to theory or known
concepts.

ePresentation of Findings: Finally, students present their research findings,

' which could be in the form of a written report, a presentation to the class, a poster,

or even a small showcase. This stage i1s important for developing communication

skills and for the student’s own metacognitive growth — articulating what was
done and learned. Many educators treat this step as an opportunity for feedback
and evaluation. The student’s work is assessed not only on the correctness of
results but also on the process: effort, creativity, use of scientific techniques, etc.
As in professional science, sharing results is a motivator and an integral part of
the experience.

Different authors may break down or label these stages slightly differently. For
example, in one comparative analysis of models (see Table 1 below for
summary), A.V. Leontovich’s framework places a strong role on the teacher in
the initial stage (orienting students and clarifying research topics, as well as
delivering an introductory theoretical background), whereas A.l. Savenkov’s
approach gives more autonomy to students from the start (having them generate
questions and ideas). Savenkov also highlights the importance of not rushing to
evaluate the work too early — allowing students to experiment freely and even
make mistakes as part of the learning process. Meanwhile, S.B. Ryzhikov,
focusing on work with gifted science students, outlines a very systematic
progression from observing a phenomenon to posing a problem, then designing
and conducting experiments, and only after obtaining results, evaluating the
hypothesis’s validity. Despite these nuances, all approaches converge on the idea
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that student research is a guided yet student-centered process that can be
cultivated step-by-step.
Table 1. Comparison of Selected Models of Organizing Student Research

Activity

Stage Leontovich’s Model Savenkov’s Model Ryzhikov’s Model

Problem Teacher directs students to | Students  themselves  pose | Students  (especially  gifted)

Setting research topics; identifies and | questions and identify problems, | observe a phenomenon or scenario
clarifies a research problem | guided by teacher prompts. | and identify a specific problem
for the class. May include a | Emphasis on student interest (do | through logical analysis or
preliminary theoretical | not force a pre-made problem). curiosity.
briefing (introductory course).

Planning & | With teacher support, students | Students propose ideas and | Students articulate the research

Hypothesis set research aims, tasks, and | potential hypotheses (divergent | task clearly and generate ideas.
formulate a hypothesis or | thinking  encouraged).  The | They decide which hypothesis to
“faraz” (assumption). Teacher | teacher  allows  exploration | test and plan what experiments or
helps select or develop | without immediately narrowing | data are needed to verify their
methods to investigate. the focus or demanding a | ideas.

perfectly formed hypothesis at
the start.

Investigation Students collect data or | Students carry out observations | Students conduct the experiments
evidence (e.g. perform | or experiments, with the teacher | or observations they designed.
experiments, gather | facilitating  resources. They | This is often hands-on and might
information) under teacher | classify and structure the material | involve iterative trials. They focus
supervision. Teacher may | they gather. (Teacher refrains | on obtaining results that will either
provide methodological | from excessive intervention, | support or refute the hypothesis.
guidance and ensure necessary | intervening only to ensure safety
tools are available. or give hints if stuck.)

Analysis & | Students, with teacher's help, | Students derive results and | Students analyze the experimental

Conclusion process the collected data, | conclusions from their | data to evaluate the hypothesis’s
analyze results, and draw | investigation. They are | truth. They determine whether
conclusions. Teacher leads | encouraged to reflect: Did the | their guess was correct, partially
discussions that help students | results make sense? What do they | correct, or wrong. Critical
make sense of findings and | mean in context of the problem? | thinking is applied to understand
relate back to the initial | The teacher may ask guiding | why the results came out as they
hypothesis and theoretical | questions but largely lets students | did.
background. explain their reasoning.

Presentation Students prepare a report or | Students prepare their own report | Students present or demonstrate
presentation of their research, | or explanation of findings | the results of their research (e.g.,
often structured and edited | (“defense” of their work) with | explaining an  experiment’s
with the teacher’s input. The | minimal editing by the teacher. | outcome). This may be done in a
class might hold a session | The emphasis is on the student | seminar, competition, or
where each team/student | articulating in their own words | classroom presentation. Emphasis
presents and the teacher and | what they did and learned, | is on communication of results
peers ask questions. thereby truly “owning” the | and the ability to discuss the

outcome. findings.

While it may not be feasible to instill a// the sophisticated research skills in a short
span or within a single course, educators argue that even simplified research
projects yield substantial educational benefits. Importantly, engaging in this
process nurtures certain positive personal qualities in students. Successful
student-researchers tend to become curious, self-motivated learners — their
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natural inquisitiveness is stimulated and rewarded. They develop the ability to
pose meaningful questions and problems on their own, rather than only solving
problems others have posed for them. Over time, their thinking abilities mature;
as they tackle open-ended problems, students practice analytical reasoning and
also creative ( divergent ) thinking when brainstorming solutions. In essence, by
learning through research, they also learn about research — acquiring
methodological knowledge like how to control an experiment, how to gather
reliable information, how to interpret data, etc. This forms a foundation for

' scientific literacy and an evidence-based way of thinking that is valuable across
disciplines.

Implementing student research in the educational process requires careful

' consideration of pedagogical principles and supportive conditions. The literature

points to several key principles that teachers and schools should adhere to for

research-based learning to be effective:

eNatural Motivation: The initiation of a research task should, as much as
possible, arise from a natural curiosity or genuine interest, rather than being
perceived as an artificial or purely teacher-imposed requirement. A.S. Obukhov
underscores this principle by noting that teachers should create conditions for a
problem to emerge that sparks students’ curiosity, instead of simply assigning a
contrived “research project” disconnected from student interests. When students
are intrigued by the question, their engagement and perseverance in the
investigative process are much higher.

eComprehensibility and Feasibility: Students must clearly understand the
problem and the purpose of the research task. This includes understanding what
methods or steps they might use (at least generally) and what outcome is expected
(for example, discovering a relationship, solving a practical issue, etc.). If the task
is too vague or too advanced, students can become frustrated. The teacher’s role
is to ensure the research question is intellectually accessible given the students’
prior knowledge, and that the necessary resources or experiments are within their
capability.

eLearner Autonomy: While guidance is essential, there is a consensus that
students should experience a sense of ownership and independence in conducting
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research. This means encouraging them to make decisions — how to approach the
problem, how to test ideas, how to manage time and resources — rather than
having the teacher micromanage every step. Obukhov refers to this as the
principle of independent activity, where students must actively navigate the
research process, learning from both successes and mistakes.

oVisibility and Hands-on Experience: Especially for school-aged learners,
concrete, hands-on investigative experiences are very important. Abstract
problem-solving has its place, but many authors (e.g., A.S. Obukhov, S.B.

' Ryzhikov) mention visuality or concreteness: whenever possible, research tasks
should involve real objects, observable phenomena, or at least simulations that

students can manipulate. Students often learn better from examining the real

' world (or a realistic model of it) rather than only reading about a concept in a
book. This aligns with the old adage: “I hear and I forget; I see and I remember;

I do and I understand.”

eDevelopmental Appropriateness (Zone of Proximal Development): Based
on L.S. Vygotsky’s theory, effective learning occurs just at the edge of a learner’s
current abilities, with support to reach the next level. Research tasks should be
challenging enough to extend the student’s thinking, but not so daunting that they
cannot be completed without significant help. The teacher scaffolds the process
as needed, especially in early stages. For instance, the teacher might work
together with the student on formulating a hypothesis or designing an experiment,
applying Vygotsky’s idea of the “zone of proximal development” — the gap
between what a learner can do alone and what they can do with expert assistance.
As the student gains experience, the teacher gradually reduces assistance,
fostering independence.

In practice, adhering to these principles means teachers must adopt new roles and
skills. Rather than solely delivering content, the teacher becomes a facilitator
and mentor in the inquiry process. A.l. Savenkov outlines several important
guidelines for teachers acting as research mentors: (a) Do not force a problem on
students without regard for their interest — observe what topics catch their
attention and leverage those; (b) Do not rush to formulate the research topic in
rigid terms at the very start — allow it to evolve as students explore; (c) Hold off
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immediate evaluation — in early investigative stages, focus on exploration rather
than grading, to avoid stifling creativity; (d) Cultivate a healthy skepticism and
critical thinking in students — for example, after an experiment, encourage them
to question whether the results could have alternative explanations or whether the
experiment was fair; (e) Continuously monitor student interest — if enthusiasm
wanes, be ready to pivot the approach or inject a new element to re-engage them;
ultimately, if a particular path proves too frustrating, help the student find a
feasible alternative way to investigate the core problem so that the activity

' remains productive.
Beyond teacher behavior, institutional and curricular conditions significantly
impact the success of student research activities. T.V. Avgustmonova’s research
' in innovative schools found that one crucial condition is the commitment of the
entire pedagogical team to integrate research experiences in the learning process.

If only a single teacher uses research projects in isolation, students may not
develop a consistent research habit. But if multiple teachers across subjects
encourage inquiry (each in appropriate ways), a school culture of curiosity and
investigation can take root. Another condition is systematic evaluation and
reflection on research activities. Not only should students present their results,
but schools should assess the effectiveness of these activities in achieving
learning outcomes and iterate accordingly. Avgustmonova notes that educational
research activity, when well-implemented, becomes a foundation for students’
further education — in other words, learning how to learn (and research) in school
prepares them for higher education and lifelong learning.

Researchers have also explored didactic and methodological supports needed
for student research. O.G. Prokozova emphasizes the importance of having a
supportive framework in place at the school level. This includes curriculum
design that deliberately allocates time and space for projects or research tasks.
For example, some national curricula now include a “research project”
component as a graduation requirement, which ensures every student engages in
at least one substantial inquiry project. Prokozova also advocates for developing
guiding materials, such as research project handbooks or step-by-step
instructions, especially for novice student-researchers and teachers who are new
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to supervising projects. Such guides might cover how to choose a topic, how to
structure a report, or examples of age-appropriate experiments. Additionally,
involving external experts or mentors (e.g., scientists, university faculty) can
enrich the experience and underscore the relevance of research; some schools
partner with local universities or industries to provide guidance or resources for
student projects.
Another line of inquiry in our literature review addressed the progressive
development of research skills through the educational continuum. It is generally
' agreed that research competence is not formed overnight; thus, a spiral
curriculum for inquiry skills is beneficial. P.Yu. Romonov proposed a model of

abilities at three levels: praxiological (learning-by-doing basic research
techniques in early stages), technological (gaining ability to design and manage
research with some independence), and methodological (understanding the
underlying research methodologies and being able to critically analyze and

' continuous pedagogical education where students gradually acquire research

improve them). In practical terms, this suggests that primary school students
might start with very simple observation tasks or mini-projects, secondary school
students take on more structured research projects with guidance, and university
students (especially future teachers) learn not only to do research but to design
research-like learning experiences for others. Romonov’s framework underlines
the need for consistency across educational levels — each stage builds on the
previous, preventing situations where, for example, university students have to
learn how to do research from scratch because they never encountered it in school.
Studies focusing on teacher preparation further reinforce that future educators
should be trained in research methodology and inquiry-based teaching
techniques. O.V. Lebedeva’s work on preparing physics teachers is a case in
point: she suggests that pedagogical universities incorporate tasks where teacher
candidates practice designing problem situations and research assignments for
school students as part of their coursework. By simulating scenarios (like
planning an investigative physics lab, or guiding a group of pupils through a
project), pre-service teachers build confidence and competence in managing such
activities. This approach was implemented by having teacher candidates go
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through stages of planning a lesson with a built-in student research component,
delivering it in a controlled environment, and then reflecting on the experience (a
reflective practice aligned with the cluster model discussed later).

Several practical mechanisms have been recommended for fostering a research-
rich learning environment: the introduction of special elective or preparatory
courses on research skills, as well as co-curricular programs. Indeed, numerous
educators argue that a short, dedicated course on “fundamentals of research” for
students can greatly enhance their ability to carry out independent inquiries. In

' such a course (often offered at upper secondary or early university level), students
might learn about the scientific method, how to formulate questions, basics of

data analysis, and use of libraries or online resources for literature review. S.B.

' Ryzhikov, for example, developed a propedeutic course for scientifically gifted
high schoolers in physics, which taught them experimental design and data

processing skills before they engaged in deeper research projects. Similarly, K.T.
Suyarov in Uzbekistan structured a set of tiered experimental tasks in physics —
starting from straightforward measurements and gradually increasing in
complexity to open-ended investigations — to build students’ research skills step
by step. His approach treated research skills as a “complex system of mental and
practical actions” that can be practiced and mastered with appropriate scaffolding.
The results showed notable improvement in students’ investigative competence
and confidence, validating the approach.

When student research activity is well-managed, the outcomes are multifaceted.
On the cognitive side, students gain a deeper understanding of subject content
because they apply concepts in context. Rather than memorizing facts, they see
knowledge as a tool to be used in solving problems, which tends to solidify
learning. Psychologically, students often experience increased motivation and
ownership of their learning. Having a degree of choice and independence in
projects can spark enthusiasm, particularly if they explore topics of personal
interest. This intrinsically motivated engagement is a stark contrast to the passive
learning mode and is associated with better retention and persistence.

In terms of competencies, numerous authors have noted growth in several key
areas: - Research and Inquiry Skills: Naturally, students learn how to conduct
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research itself — from formulating questions, performing experiments or
systematic observations, to analyzing data. Over time, they become comfortable
with the iterative nature of inquiry (e.g., refining a hypothesis or repeating an
experiment for accuracy). - Critical Thinking and Scientific Reasoning:
Students practice making logical connections between evidence and conclusions.
M.I. Starovnikov observed that through mastering scientific methods of
understanding, students start forming a scientific worldview, meaning they
habitually seek evidence and reason logically about claims. He also noted that
students develop a healthy skepticism — they learn that results should be checked
and not taken at face value without corroboration, which is a hallmark of critical
thinking. - Collaboration and Communication: Many student research projects
are done in teams or involve presenting to others. This builds teamwork skills and
communicative competence. Students learn how to articulate their ideas, listen
to peer feedback, and sometimes negotiate roles within a group investigation.
These social aspects of research prep them for collaborative problem-solving in
real life. - Information Literacy and Technology Use: In the modern era,
conducting research often involves searching for information (in books or online),
using software (for data analysis or simulations), and sometimes specialized lab
equipment. Students thereby improve their information competency — knowing
how to find, evaluate, and utilize information effectively. They also gain technical
skills, such as using spreadsheets for data or creating presentation slides, which
are valuable beyond the science classroom. - Creativity and Innovation:
Particularly when encouraged to pursue divergent thinking, students can become
more creative. They might devise original ways to tackle a problem or propose
innovative hypotheses. Even small acts of creativity (like inventing an apparatus
from simple materials for a science experiment) can boost their inventive
capacities. Over time, this nurtures an innovative mindset where students feel
capable of coming up with novel solutions — a quality much needed in fast-
changing economies.

On the affective side, students often develop greater confidence and self-efficacy
in learning. Successfully completing a research project (even a modest one) can
be empowering: students see that they can pose questions and find answers on
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their own initiative. This can translate into a more proactive attitude in their
overall studies. Furthermore, it addresses various learning styles — students who
might not excel in traditional tests often shine in practical projects, which can
improve their self-esteem and interest in school.

Building research competencies in students is a complex task that, as discussed,
requires supportive teachers, school culture, and often external resources or
expertise. This 1s where the concept of an educational cluster becomes
particularly relevant. An educational cluster refers to a cooperative alliance of

' institutions — for instance, a pedagogical university, several partner schools
(general education schools), perhaps research institutes, and other organizations

— that work together towards common educational objectives and share resources

' and experiences. The cluster approach, borrowed from economic development
models (the idea of clustering related industries to boost innovation), has been

applied in education to create synergy between different educational levels and
stakeholders. N.N. Davydova and B.M. Igoshev describe an educational cluster
as a system-forming component in a regional model of continuous pedagogical
education, meaning it helps link teacher education programs with the needs and
realities of school education in that region. Such linkage ensures continuity —
what is taught about innovative methods (like research-based teaching) in the
university is reinforced and practiced in partner schools, creating a feedback loop.
In our context, a pedagogical innovation cluster specifically aims to integrate
higher pedagogical education (universities that train teachers) with secondary
education (schools where those teachers will work) and sometimes also with
research or methodological centers. The rationale is multi-fold: - For Future
Teachers (University Students): The cluster provides authentic environments to
practice inquiry-based teaching. For example, a university student (trainee
teacher) can be involved in guiding a small research project in a partner school
under the mentorship of both a university professor and an experienced school
teacher. This real-world practice is invaluable and goes beyond simulated
teaching practicum. It produces teachers who have firsthand experience
managing student research activity and are thus more likely to implement it in
their own classes after graduation. - For School Teachers: Cluster collaboration
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offers continuous professional development opportunities. School teachers can
benefit from the university’s expertise in the latest pedagogical research and
receive guidance on how to incorporate research projects into their syllabi. They
may attend workshops or co-develop research-oriented lesson plans with the
university faculty. Being part of a cluster also often means access to resources —
e.g., a school might use a university’s laboratory facilities for advanced
experiments, or get consultation from researchers for student science fairs. - For
Students (School Pupils): Perhaps most importantly, the cluster environment
' enriches the learning experiences of school students. They might participate in
joint projects (for instance, science camps or competitions) organized by the

lectures/demonstrations at the university. This exposure raises the quality of their
research projects and can ignite aspirations for higher studies. It effectively
broadens the classroom, introducing a culture of research early on. Indeed, N.V.

' cluster, receive mentoring from university students, or attend special

Malisheva, in examining project activity via cluster approach, found that social
partnership mechanisms — where universities, schools, and community experts
work together — significantly enhance students’ project competences by providing
mentorship and real-world relevance.

Uzbekistan has embraced this concept recently. The Cabinet of Ministers issued
a resolution to implement a pedagogical education innovative cluster at Chirchiq
State Pedagogical University — the first of its kind in the country. U.N.
Xodjayev’s work lays out the scientific-theoretical underpinnings of this cluster
initiative, which include principles of integration, collaboration, and innovation
in teacher training. The cluster comprises the university and a network of affiliate
schools in the Tashkent region. Early reports indicate several positive
developments: university faculty and students regularly visit these schools to
conduct demo lessons and small research projects; conversely, school teachers
and top students visit the university for training sessions, use of labs, and
academic competitions. Such interactions break down the barrier between theory
and practice. Egamberganov, who studied the cluster’s impact on physics
education, notes that the cluster arrangement has made it easier to introduce
experimental problem-solving in school physics lessons, since teacher candidates
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bring fresh ideas and university resources, while school teachers contribute their
practical classroom management skills. This mutual enrichment is a hallmark of
the cluster approach.

Internationally, cluster-like collaborations are known to bolster educational
innovation. For example, similar partnerships have been used in Finland’s teacher
education (where teacher trainees spend extensive time in designated training
schools that function as innovation labs for trying new teaching methods). In
Russia, as mentioned, various models of school-university collaboration have

' been researched; a concept by N.G. Alekseyev et al. even outlines how to
systematically develop students’ research skills through unified efforts starting in

school and extending into higher education. Our review of such models suggests

' that clusters thrive on several conditions: a clear common goal (e.g., improving
STEM education quality via research projects), administrative support and policy

backing (which Uzbekistan’s case has through government resolutions), and a
mechanism for regular communication and feedback among participants (such as
joint meetings, co-planning of curriculum, etc.). When these conditions are met,
clusters become fertile ground for educational experiments, including scaling up
inquiry-based learning across many classrooms.

In summary, the results of our study highlight that managing student research
activity requires a confluence of theoretical understanding and practical strategy.
Theoretically, educators must appreciate the educational value of research
experiences and understand the models that can guide implementation.
Practically, they must establish the right conditions — through principles of
teaching and institutional support — for these experiences to flourish. The
innovative educational cluster appears as a powerful structural innovation to
achieve this. By connecting the enthusiasm and knowledge of universities with
the immediate needs of schools, it creates an ecosystem where student research
1s naturally encouraged and supported. In such an ecosystem, future teachers learn
how to teach via research by doing it, current teachers continuously improve with
access to new methods, and students engage in richer, more meaningful learning
that prepares them for the demands of the modern world.
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Discussion

The findings above underline a critical paradigm shift in education: moving from
a transmission model of teaching to a research-oriented, competency-based
model. This shift aligns with global trends in education quality enhancement,
which emphasize not just imparting knowledge, but also developing learners’
ability to think creatively and solve problems independently. Our analysis of
theoretical foundations shows that this approach is well-supported by educational
psychology (e.g., constructivist theories and learning-by-doing) and by

' successful pedagogical experiments around the world. Implementing student-led
research projects addresses many of the competencies highlighted in 21st-century
education frameworks — from critical thinking and collaboration to digital literacy

' (when technology is used in research) and lifelong learning skills.
In the context of Uzbekistan’s ongoing educational reforms, our study provides a

timely insight. The poor PISA performance in 2022 served as a wake-up call for
stakeholders to re-examine teaching methods. The heavy emphasis on analytical,
critical, and creative thinking skills in the government’s response[4] resonates
strongly with the skill set that research activities foster. Therefore, promoting
student research activity is not an isolated pedagogical choice, but rather a
strategic response that can help meet national education goals — including
improving international assessment outcomes and better preparing youth for a
knowledge-based economy. By engaging students in inquiry from the early years
through university, the education system can gradually build a pipeline of
competent, innovative thinkers.

However, translating these theoretical foundations into practice is not without
challenges. One major challenge is teacher readiness. As identified, many
current teachers did not experience inquiry-based learning in their own schooling
or training and thus might be hesitant or unsure about guiding student research.
Professional development and the support of the cluster system are crucial to
overcome this. Within a cluster, teachers can receive mentoring from university
faculty or collaborate with colleagues to design research projects. This
collaborative professional learning community can reduce the fear of trying new
methods. Initial evidence from the Chirchiq cluster suggests that school teachers
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are indeed benefiting from exposure to new pedagogical approaches through joint
seminars and team-teaching opportunities with academics. Over time, as more
teachers become adept at supervising student inquiries, a critical mass can be
reached, making inquiry-based learning an integral part of school culture rather
than an experimental novelty.

Another consideration is the curriculum and assessment structure. Traditional
curricula are content-heavy and examination-driven, leaving little room for open-
ended exploration. Education authorities may need to adjust curricula to be more

' flexible, allowing project work or research modules as part of the syllabus.
Encouragingly, the recent efforts to update subject standards to international
benchmarks[4] should incorporate inquiry skills explicitly. Moreover, assessment

' methods should be diversified. If high-stakes exams remain focused only on rote
knowledge, teachers and students will feel pressured to prioritize drilling facts

over inquiry. Including project work as a graded component or having research
presentations count towards final grades could incentivize schools to embrace
these activities. Several countries that do well in PISA, for instance, integrate
coursework and research projects into their high school graduation requirements,
ensuring that students experience investigative learning and that it “counts” in
their academic record.

The role of resources cannot be ignored. Quality research-based education often
requires materials — lab equipment, libraries or internet access, sometimes funds
for field trips or project materials. This is where the cluster approach again shows
its strength. Resource sharing within a cluster can alleviate the burden on
individual schools. A cluster may set up a central “STEM hub” or lab facility that
all member schools can use on a rotating basis. The government’s investment in
Presidential Schools and similar elite institutions can also be leveraged by
spreading their practices to mainstream schools via clusters[5]. Over time, as
clusters demonstrate success (for example, if cluster schools show improved
student performance and engagement), it will build a case for scaling up such
investments nation-wide.

Our synthesis also highlights the importance of maintaining student interest
and balancing guidance with independence — a nuanced dance that educators must
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master. If research projects are to be effective, they must not become a mere
formal exercise. We stressed earlier the principle of natural motivation; in
discussion, it is worth noting that this can be difficult to implement when working
with a set curriculum and time constraints. Teachers sometimes struggle to align
student-chosen topics with curriculum standards. One possible solution observed
in practice is to identify aspects of the curriculum that lend themselves to
exploration and give a menu of research project options related to those topics.
This way, students have a degree of choice (ensuring interest) but within

' boundaries that ensure curricular relevance. Additionally, even if topics are
somewhat teacher-defined, giving students freedom in the approach can maintain
engagement. For instance, two groups of students might investigate the same

' scientific phenomenon but design different experiments or focus on different sub-
questions — each group feeling a sense of ownership over their project’s direction.

From a theoretical standpoint, the convergence of ideas from multiple researchers
(Leontovich, Savenkov, Obukhov, etc.) across decades and countries lends
robustness to the concept that learning by researching is fundamentally
beneficial. The differences in their models often reflect context (e.g., working
with younger vs. older students, or average vs. gifted students) rather than
disagreement on core principles. This suggests that the framework is adaptable:
by tweaking the level of support and complexity, inquiry-based learning can be
introduced at virtually any grade level. It also indicates that training programs for
teachers should include these models, so educators are aware of the spectrum of
strategies available.

One notable aspect our study uncovered is the synergy between developing
teacher-researchers and improving student research capabilities. When teachers
view themselves as researchers (of their practice, of student learning, or even in
their subject matter), they are more inclined to bring a spirit of inquiry into the
classroom. Recent research by M. Voet and colleagues, as well as L. Darling-
Hammond, has advocated for teachers to engage in action research — where
teachers systematically investigate the impact of their teaching strategies and
continuously refine their methods. The cluster provides an ideal setting for this,
as teachers can collaborate with university researchers to examine outcomes of
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implementing inquiry projects, thereby contributing to pedagogical knowledge
while improving their own practice. Such collaboration turns classrooms into
living laboratories for educational innovation and closes the loop between theory
and practice.

Limitations:
It should be acknowledged that while the theoretical and initial practical
indicators are promising, the cluster approach and widespread integration of

' student research in Uzbekistan are still in nascent stages. Our study is largely
conceptual, drawing on literature and early reports; comprehensive empirical
evaluation (e.g., comparing cluster vs. non-cluster schools in terms of student

' outcomes) is yet to be done. Additionally, cultural factors — like student and
parent expectations, or the legacy of teacher-centered instruction — can influence

how well these innovations take root. These factors were beyond the scope of our
analysis but are important for implementation. Future research should examine in
detail how student research competency development can be measured and
tracked, and how clusters can be optimized to support this development
sustainably.

Conclusion

In conclusion, the scientific and theoretical foundations for managing student
research activity in an innovative educational cluster setting are well-established
and align closely with contemporary educational priorities. We have elucidated
that engaging students in research is not only an effective teaching methodology
but a necessary one for developing a range of competencies required in the
modern world. The concept of student research activity is grounded in time-tested
educational theory (from Socratic inquiry to Vygotsky’s developmental learning
principles) and has been enriched by recent pedagogical models that offer
practical roadmaps for teachers. Key components of successful implementation
include focusing on problem-based learning stages, adhering to principles that
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foster genuine inquiry (interest, clarity, independence, hands-on engagement),
and providing structured support that gradually leads to student autonomy.
The pedagogical innovation cluster emerges as a promising structural
innovation to facilitate these educational shifts. By creating a collaborative
network between training institutions and schools, it addresses some of the
traditional bottlenecks — providing teachers with ongoing support and
professional growth, giving students access to better resources and expertise, and
ensuring that innovative pedagogical strategies like inquiry-based learning are
' disseminated and sustained across multiple classrooms. The cluster effectively
operationalizes the oft-repeated mantra of bridging theory and practice. Our

lead to the formation of a new culture in schools: one that values curiosity,
continuous learning, and partnership.
For policymakers and educational leaders, the insights from this research

' examination of the cluster approach indicates that when properly executed, it can

underscore the importance of investing in teacher development and institutional
collaborations. The recent reforms in Uzbekistan are a step in the right direction;
however, continuous effort is needed to monitor progress and address any
emerging challenges (such as training needs or resource allocation). The
reference frameworks and models discussed (e.g., those by Leontovich,
Savenkov, etc.) can serve as guides or checklists for developing curriculum and
teacher training modules focused on research competence.

For teachers and educators on the ground, we hope this article provides both
inspiration and guidance. Managing student research activity may initially seem
daunting, but the wealth of experience accumulated by educators globally offers
strategies to start small and build capacity. Even introducing a single inquiry
project in a term, or transforming one traditionally lecture-based unit into a
problem-solving investigation, can be a valuable beginning. The rewards — seeing
students become more engaged, thoughtful, and capable — can reinvigorate the
teaching experience.

Finally, for the research community, this work highlights an area ripe for further
empirical study. As educational clusters mature, systematic research into their
impact will be crucial. Do students in cluster-supported schools show
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significantly better inquiry skills or academic performance? How do the attitudes
of teachers and students evolve in such environments? What best practices can be
identified and generalized? By answering these questions, we can refine the
theoretical foundations and provide more concrete evidence to support
widespread adoption of research-integrated learning.
In summary, cultivating a research-oriented mindset in students is both an
educational imperative and a achievable goal, given the right frameworks and
support. The marriage of sound pedagogical theory with innovative
' organizational approaches like the cluster model provides a roadmap for
education systems aiming to produce not just knowledgeable graduates, but

inquisitive, competent, and innovative individuals ready to navigate and
' contribute to an increasingly complex world.
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