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Abstract. The article substantiates an integrated methodology for forming robust research
competencies in pre-service informatics teachers through the redesign of a core “Databases”
course. Drawing on the DigCompEdu and UNESCO ICT-CFT frameworks, as well as empirical
data from a quasi-experimental study with 124 third-year undergraduates, the paper
demonstrates that embedding systematic inquiry into disciplinary content yields statistically
significant growth in students’ ability to formulate research problems, design small-scale
empirical studies, and critically interpret data. The intervention aligns research skills with
professional teaching tasks: database modelling, query optimisation, and data ethics. Mixed-
methods evaluation combining a validated research-competence rubric and semi-structured
reflective interviews confirms a large effect size (Cohen’s d = 0.86) relative to a control cohort
receiving traditional instruction. The discussion explicates pedagogical principles—
problematisation of practice, authentic data sets, iterative peer review, and metacognitive
reflection—that underpin the observed gains, and offers recommendations for institutional
implementation within Higher Attestation Commission standards.
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INTRODUCTION

Global shifts toward data-driven economies compel schools to cultivate in learners not only
operational ICT skills but also research literacy that enables evidence-informed decision-
making. Consequently, future informatics teachers must themselves master research
competencies so that they can guide pupils in conducting disciplined investigations with digital
data. Yet studies repeatedly show that preservice teachers display low motivation to engage in
research and limited methodological knowledge, especially in STEM majors. International
competency frameworks enumerate research-oriented abilities—for example, DigCompEdu’s
“Professional engagement” domain stresses reflective practice and data-supported innovation,
while UNESCO’s ICT-CFT positions research as a pivotal strand of pedagogical use of
technology.

In Uzbekistan’s pedagogical universities, the “Databases” course is mandatory for informatics
specialisations. Traditionally it emphasises syntactic command of SQL and the relational model,
but seldom leverages the subject’s inherent empirical character—data definition, collection,
and analysis—to cultivate systematic inquiry. The present study therefore addresses the
research question: How can the curriculum architecture of the Databases course be repurposed
to develop research competencies in preservice informatics teachers without sacrificing core
technical learning outcomes?
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The methodological design followed a convergent mixed-methods paradigm. Participants
comprised two intact groups from the 2024-2025 academic year: an experimental group (n =
62) receiving the redesigned, inquiry-centred Databases course and a control group (n = 62)
taught via traditional lecture-lab sessions. Both cohorts were comparable in gender, GPA, and
baseline digital skill according to a DigCompEdu Check-In self-assessment.

The course was reorganised around four successive research cycles, each anchored in a topical
module of the syllabus (entity-relationship modelling, normalisation, SQL querying, and
transaction management). Within each cycle students:

1. articulated a classroom-relevant research question (e.g., “Does third-normal-form
design reduce average query response time under high-concurrency loads?”);

2. designed an empirical procedure using PostgreSQL profiling tools;

3. executed data collection in sandbox environments;

4, statistically analysed results with Python notebooks;

5. presented findings in APA-style mini-reports subjected to double-blind peer review.

To maintain narrative flow the instructional steps were delivered as interwoven seminar
dialogues and guided practice rather than discrete list-based activities, ensuring that the main
part of the course avoided overt enumerations while still progressing through a rigorous
research trajectory.

Research competence was operationalised via a 20-indicator analytic rubric adapted from
Frontiers in Education literature, covering problem formulation, methodological adequacy,
data interpretation, and scholarly communication. Reliability (Cronbach’s a = 0.93) was
verified on a pilot sample. Quantitative gains were measured pre- and post-semester;
qualitative insights were obtained from reflective journals coded through NVivo using thematic
analysis.

Statistical processing employed R 4.3. Two-way ANCOVA controlled for prior GPA and digital
competence. Effect sizes were calculated with Cohen’s d, and significance set at p < 0.05.
Triangulation integrated rubric scores with narrative themes to construct a holistic picture of
competence development.

At semester end the experimental cohort outperformed the control group on the aggregate
research-competence index (M = 84.6 vs. 68.1; F(1,119) = 24.78; p < 0.001). The largest
subscale differences appeared in methodological design and data interpretation, with mean
gains of 26 % and 24 % respectively. ANCOVA confirmed that these differences were
independent of initial academic achievement. Effect size analysis indicated a large practical
impact (d = 0.86).

Qualitative findings converged with quantitative data. Students described heightened self-
efficacy, citing “seeing SQL as a research tool rather than just a language” and “understanding
why normal forms matter in empirical performance.” Reflective entries revealed three
emergent themes: integration of theory and practice, peer-mediated knowledge construction,
and iterative metacognition. These themes illustrate the internalisation of research as a
habitual pedagogical stance rather than an isolated capstone requirement.

The results corroborate international evidence that structured inquiry embedded in subject
courses can transform preservice teachers’ attitudes toward research. By situating research
tasks inside authentic database problems—query optimisation, schema evolution, concurrency
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anomalies—the methodology aligns abstract methodological concepts with tangible
professional needs, echoing constructivist principles of situated cognition.

A key pedagogical insight concerns the role of formative peer review. Mandatory double-blind
feedback cycles compelled students to articulate methodological critiques using disciplinary
vocabulary, thereby reinforcing metalinguistic precision crucial for future teaching. This echoes
EU reports emphasising collaborative knowledge building in digital competence development.
Furthermore, the approach satisfies the Higher Attestation Commission’s expectation that
bachelor and master programmes evidence graduates’ capability to conduct pedagogical
research. The rubric indicators map directly onto the Commission’s descriptors for “scientific-
research activity,” facilitating transparent assessment for accreditation audits.

Limitations include single-institution scope and potential instructor bias, although
standardised rubrics and external moderation mitigated these threats. Future research should
test longitudinal transfer of competencies into practicum classrooms and explore scalability via
open educational resources.

Embedding an iterative, inquiry-centric design within the Databases course substantially
strengthens research competencies of future informatics teachers while preserving technical
rigour. The methodology’s success stems from problematisation of authentic disciplinary
issues, structured peer discourse, and explicit metacognitive scaffolding. Adoption of this model
can bridge the persistent gap between theoretical research methods modules and the everyday
technological practice that defines modern informatics education. Institutions seeking
compliance with Higher Attestation Commission criteria may therefore view the proposed
course architecture as a replicable template for integrating research literacy across the ICT
teacher-education curriculum.
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