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Abstract: This article examines the pedagogical technologies for increasing students’ scientific
cognitive activity in a digital educational environment. Scientific cognitive activity is interpreted as
an integrated quality that unites epistemic motivation, research initiative, critical verification, digital
literacy, independent inquiry, and the ability to transform information into academically grounded
knowledge. The study emphasizes that digital platforms, virtual laboratories, electronic libraries,
learning analytics, collaborative documents, and artificial intelligence tools become effective only
when they are connected with problem-based tasks, methodological guidance, feedback, and
reflection. The article analyzes Uzbek and foreign scholarly approaches, clarifies the didactic
functions of digital instruments, and proposes a guided model of digital inquiry for higher
education.
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1. Introduction

The development of higher education in the twenty-first century is increasingly
determined by the quality of the digital educational environment and by its ability to
stimulate students’ scientific cognitive activity. Digitalization cannot be reduced to the
transfer of lectures, assignments, and tests into electronic platforms. It changes the logic of
teaching, learning, research communication, assessment, and academic independence [1].
In a traditional model, the student often receives information, memorizes it, and
reproduces it in oral or written form. In a digital environment, the same student can search,
compare, verify, model, discuss, visualize, and transform information into a research-
based conclusion. Therefore, the central pedagogical problem is not the availability of
digital tools but the creation of technologies that direct these tools toward scientific
inquiry, evidence-based reasoning, and independent intellectual work [2].

Scientific cognitive activity includes a unity of motives, knowledge, operations,
values, and reflective mechanisms. It requires the ability to identify a problem, formulate
a question, choose reliable sources, compare theoretical positions, select adequate
methods, justify conclusions, and critically evaluate obtained results. Digital learning
expands these possibilities through electronic databases, virtual simulations, learning
management systems, academic networks, online seminars, digital portfolios, and
intelligent feedback systems. At the same time, it creates new risks: superficial browsing,
information overload, dependence on ready-made answers, weak verification of sources,
and fragmentation of attention. For this reason, scientific activity in a digital space must
be supported by methodological discipline, research ethics, and pedagogical guidance.
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The relevance of the topic is strengthened by the strategic transformation of education in
Uzbekistan [3].

The Digital Uzbekistan-2030 strategy and related reforms require the development of
digital infrastructure, electronic services, and digital competencies. Yet infrastructure
alone does not guarantee educational quality. The decisive factor is the conversion of
digital infrastructure into a meaningful pedagogical environment where students learn to
investigate, analyze, argue, and reflect. Higher education institutions are expected not only
to provide access to platforms but also to form a culture in which digital tools serve
academic inquiry and professional development. In this sense, the digital educational
environment becomes a didactic space where scientific cognition can be intensified
through purposeful tasks, dialogue, feedback, and assessment. Technologies for increasing
scientific cognitive activity should be understood as a system of pedagogically organized
methods, digital instruments, learning scenarios, assessment procedures, and reflective
practices. Such technologies may include web-quests, problem-based digital assignments,
virtual laboratories, online research projects, digital portfolios, electronic peer review,
interactive concept maps, data visualization, academic forums, learning analytics, and
artificial intelligence-supported feedback. Their value depends on the coherence between
content, method, tool, and expected result [4].

A virtual laboratory, for example, becomes scientifically meaningful when it is
connected with hypothesis formulation, experimental design, interpretation of results, and
methodological reflection. An online forum becomes a cognitive tool only when it requires
argumentation, citation of sources, and critical dialogue. Digital education is often
described through flexibility, accessibility, interactivity, and personalization. These
qualities are important, but they do not automatically lead to scientific thinking. A flexible
environment may remain passive if students are not confronted with real intellectual
problems. An interactive platform may remain formal if communication is not organized
around analytical tasks. Personalized learning may become fragmented if it is not oriented
toward common academic standards.

Therefore, the technological approach proposed in this article is based on
methodological integration: digital tools must be connected with epistemological goals,
research tasks, criteria-based assessment, and guided reflection. The student must
understand what problem is being investigated, what evidence is valid, how conclusions
are justified, and how technology supports the cognitive process. The relationship between
independence and guidance is especially important. Digital environments increase
opportunities for self-directed learning, but independence without methodological
support may produce unreliable results. Students need research algorithms, source
evaluation criteria, examples of academic argumentation, feedback rubrics, and reflective
questions. At the same time, excessive control can weaken initiative. Therefore,
technologies for increasing scientific cognitive activity must combine autonomy and
scaffolding. Students receive freedom to search, analyze, and create, while the teacher
structures the cognitive route, defines quality criteria, gives feedback, and prevents
methodological errors. This balance is essential for higher education because future
specialists must think independently and act responsibly in a knowledge-based society [5].

The teacher’s role also changes. The teacher is no longer only a transmitter of
knowledge but becomes a designer of digital learning situations, a moderator of academic
interaction, a consultant in research methodology, and an evaluator of evidence-based
reasoning. The teacher selects tools not because they are new but because they expand
cognitive operations such as comparison, classification, modelling, interpretation,
verification, and evaluation. The purpose of this article is to substantiate technologies for
increasing students’ scientific cognitive activity in a digital educational environment and
to show that digital transformation becomes educationally valuable only when it serves
research thinking, academic responsibility, and reflective intellectual growth [6].
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Literature Review

The literature on digital education shows that the problem of increasing scientific
cognitive activity lies at the intersection of digital pedagogy, research competence,
independent learning, and the methodology of higher education. In the Uzbek scholarly
context, the works associated with Feruza M. Zakirova are significant because they reveal
the didactic potential of web-based activity and web-quest technologies for students of
pedagogical education. In research devoted to the formation of scientific-methodical web-
activity, web resources are interpreted not as auxiliary materials but as a structured
environment for searching, selecting, analyzing, and presenting knowledge. This position
is important because scientific cognitive activity requires not only access to information
but also the ability to organize it according to research logic. Web-quest technology
performs a double function: it motivates students through problem-oriented tasks and
disciplines their cognition through stages, criteria, roles, sources, and expected outcomes.

A second relevant direction is represented by Zarrina I. Salieva’s research on the use
of Moodle database activity with Uzbek undergraduate students. Her work demonstrates
that a learning management system can function not only as a repository of files and tests
but also as a collaborative academic space where students collect, classify, compare,
comment on, and evaluate learning materials. In relation to scientific cognition, Moodle
database activity supports analytical classification, peer interaction, digital
documentation, and reflective evaluation. If a platform contains only uploaded lectures, it
preserves a reproductive model of education; if it contains research tasks, searchable
entries, peer review, criteria, and feedback, it becomes a mechanism of cognitive activation.
Foreign literature expands this field theoretically. Terry Anderson emphasizes interaction
as a central condition of online learning, showing that students develop through
interaction with content, teachers, peers, and learning environments. D. Randy Garrison’s
Community of Inquiry framework connects cognitive presence, social presence, and
teaching presence, which is essential for organizing scientific dialogue in online and
blended formats [7].

At the same time, Kirschner, Sweller, and Clark’s critique of minimally guided
instruction warns that learners may not benefit from unguided discovery when they lack
sufficient prior knowledge. This argument is crucial for digital education because
unlimited access to information may create cognitive overload and methodological
uncertainty. Thus, the reviewed literature supports the model of guided digital inquiry:
openness and activity must be combined with structure, criteria, feedback, and teacher
presence.

2. Materials and Methods

This article used a complex methodological design corresponding to the theoretical
and applied character of the problem. The systemic approach was the leading
methodological basis, because the digital educational environment was analyzed as a unity
of goals, content, platforms, resources, teacher activity, student activity, communication
channels, feedback, and assessment. This approach made it possible to interpret digital
technologies not as separate instruments but as elements of a pedagogical system in which
each component has a didactic function. The competence-based approach was also applied
because scientific cognitive activity was considered as an integrated competence that
includes motivational, cognitive, operational, communicative, digital, methodological,
and reflective components [8].

The activity-based approach allowed the study to evaluate digital education
according to the real actions performed by students. A platform, virtual laboratory,
electronic library, or artificial intelligence tool is effective when it stimulates learners to ask
questions, search for evidence, compare theories, formulate hypotheses, analyze data,
participate in discussion, and reflect on results. The analytical method was used to examine
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sources related to online learning, digital pedagogy, web-quest technology, Moodle-based
activity, interaction theory, and guided instruction. The comparative method was used to
identify similarities and differences between Uzbek and foreign approaches, while
generalization helped synthesize them into a coherent model. Pedagogical modelling
played a special role. On the basis of theoretical analysis, a conceptual model was
constructed in which scientific cognitive activity develops through digital motivation,
problem orientation, research task design, guided source work, collaborative knowledge
construction, digital experimentation or modelling, feedback, assessment, and reflection.
Content analysis was used to clarify key concepts such as digital environment, cognitive
activity, scientific cognition, research competence, and verification. The methodological
logic of the article therefore connected theoretical abstraction with practical pedagogical
orientation. It examined the conditions under which digital tools become scientifically
productive: a meaningful problem, reliable sources, student autonomy, academic
dialogue, criteria-based evaluation, and reflective interpretation [9].

3. Results

The results show that increasing students’ scientific cognitive activity in a digital
educational environment requires the integration of technological, pedagogical, and
epistemological components. Digital tools do not independently create cognition. Their
developmental effect appears only when they are included in a structured scenario
requiring students to perform research-oriented actions. A learning management system
becomes an instrument of scientific activation when it includes problem tasks, research
instructions, source links, discussion spaces, peer review, rubrics, and reflection. Without
these elements, the same system remains a passive storage space [10].

Therefore, the quality of digital education depends not on the number of tools used
but on the didactic logic through which they organize students’ thinking. The analysis also
made it possible to distinguish the structure of scientific cognitive activity. It includes
motivational-value, cognitive-informational, operational-research, communicative-
collaborative, digital-technological, and reflective-evaluative components. The
motivational component expresses interest in scientific problems and understanding of the
value of knowledge. The cognitive component includes concepts, theories, and methods.
The operational component involves formulating questions, selecting methods, analyzing
data, and justifying conclusions. The communicative component develops through
dialogue and peer review. The digital component reflects the ability to use platforms and
databases. The reflective component allows students to assess sources, arguments, and
their own progress [11].

The most productive technological directions are problem-based digital assignments,
web-quests, virtual laboratories, digital portfolios, online forums, collaborative
documents, learning analytics, and regulated artificial intelligence tools. Problem-based
assignments strengthen analytical thinking because they place students before
contradictions that cannot be solved through mechanical reproduction. Web-quests
develop information search and structured presentation. Virtual laboratories support
hypothesis testing and interpretation. Digital portfolios make progress visible and
encourage reflection. Online forums develop academic communication when they require
evidence-based argumentation. Learning analytics can help teachers identify low
participation or superficial engagement, but analytics must be interpreted pedagogically.
Artificial intelligence can support feedback and question generation, but it must be used
under academic integrity and verification conditions [12].

4. Discussion

The discussion can be deepened through the polemical comparison of two foreign
scholarly positions. Terry Anderson argues that effective online learning is built on
interaction. In his view, students learn productively when they interact with content,
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teachers, peers, and the learning environment. This position is relevant because scientific
cognitive activity develops through dialogue with problems, evidence, alternative
interpretations, and methodological requirements. A student who only reads electronic
materials may remain an information consumer, while a student who participates in
guided online dialogue moves toward analysis, synthesis, evaluation, and reflection.
Anderson’s idea therefore supports the use of forums, collaborative documents, peer
review, virtual seminars, and interactive learning tasks [13].

A counterpoint is offered by Paul Kirschner, especially in his critique of minimally
guided instruction developed with John Sweller and Richard Clark. Their argument
warns that weakly guided discovery may be ineffective because novice learners often lack
the prior knowledge needed to organize information independently. This is highly
relevant in digital education. Students may access thousands of sources, videos,
databases, and artificial intelligence tools, but access without structure can produce
overload, accidental learning, or uncritical acceptance of unreliable information.
Kirschner’s position challenges the assumption that digital autonomy automatically
develops scientific thinking. The polemic between Anderson and Kirschner helps avoid
two extremes. One extreme is technological romanticism, where an open digital
environment is expected to develop students without guidance. The other extreme is rigid
control, where digital tools merely deliver lectures and tests [14]. The productive synthesis
is guided digital inquiry. The teacher creates problem-based and research-oriented
situations, while students solve them through independent and collaborative work. The
teacher does not replace student thinking but structures it; technology does not replace
pedagogy but extends its possibilities. Therefore, a web-quest must include verified
sources and assessment criteria, a virtual laboratory must require hypothesis and
interpretation, an online forum must demand argumentation, and artificial intelligence
must become an object of verification rather than a substitute for thinking [15].

5. Conclusion

Technologies for increasing students’ scientific cognitive activity in a digital
educational environment should be understood as a coherent pedagogical system that
connects digital resources with research tasks, methodological guidance, academic
interaction, feedback, criteria-based assessment, and reflection. Digital transformation
creates opportunities for expanding access to knowledge, individualizing learning,
organizing collaboration, modelling complex processes, and supporting independent
work. However, these opportunities become meaningful only when they serve the
development of scientific thinking. The central goal is not to make education merely
electronic but to create conditions in which students learn to ask valid questions, search
for reliable evidence, verify information, justify conclusions, and evaluate their own
cognitive progress. The article showed that web-quests, problem-based digital
assignments, virtual laboratories, digital portfolios, online discussions, collaborative
documents, Moodle-based databases, learning analytics, and regulated artificial
intelligence tools can increase scientific cognitive activity if they are embedded in a
purposeful didactic structure. The teacher’s role is decisive: the teacher designs the digital
learning environment, guides inquiry, supports dialogue, prevents superficial information
use, and develops a culture of verification. The student becomes an active participant in
knowledge construction and gradually acquires the ability to conduct independent
research-oriented work. The synthesis of Uzbek and foreign literature confirms that digital
education must be based on guided autonomy. Only in this form can digital
transformation become a real mechanism for improving the quality of higher education
and developing students’ scientific cognition.
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