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CHEMICAL EDUCATION AS A FOUNDATION FOR DEVELOPING RESEARCH
COMPETENCE IN MASTER’S STUDENTS OF PHARMACY

This article analyzes the role of core chemical disciplines (general and inorganic chemistry, analytical chemistry,
physical and colloidal chemistry) as fundamental elements in developing research competence among master’s students in
pharmacy. Research competence is understood as a complex set of knowledge, skills, and abilities that include cognitive,
procedural, and reflective components necessary for independent scientific research in the pharmaceutical field. Chemical
education provides not only a deep understanding of molecular and physicochemical processes underlying pharmaceutical
sciences but also fosters the development of methodological and practical skills essential for conducting precise, reliable,
and reproducible experiments.

General and inorganic chemistry form the cognitive foundation by developing analytical thinking, the ability to
formulate hypotheses, and interpret experimental observations. Analytical chemistry contributes to enhancing procedural
accuracy, teaching students to assess measurement uncertainty, validate methods and comply with quality standards, which
are critical in professional pharmaceutical practice. Physical and colloidal chemistry develops skills in modeling, systems
thinking, and integrating theoretical models with experimental data, enabling students to effectively plan and analyze
complex chemical processes.

Practice-oriented learning, including case studies, laboratory work and group discussions, stimulates the development
of independence, critical thinking, teamwork skills, and promotes active knowledge acquisition through real-world
application. Assessment encompasses both written reports and interactive sessions with active student participation,
aimed at developing practical skills, understanding methodological aspects, and discussing potential problem situations.

Special attention is given to the role of the instructor as a learning process facilitator, who supports students’ transition
from acquiring theoretical knowledge to active research activity, provides motivation, mentorship and creates an atmosphere
conducive to forming a research culture. Such an approach prepares future pharmacists capable of conducting independent
scientific research and implementing results into professional practice.

Key words: research competence, chemical education, pharmaceutical education, practice-oriented approach,
professional education.

Problem  statement. The  preparation provide knowledge of molecular structure,
of master’s students in pharmacy requires reaction mechanisms and analytical techniques
a robust integration of theoretical knowledge, but also cultivate procedural accuracy, statistical
experimental skills and critical thinking capacities  reasoning and problem-solving skills essential for
to meet the demands of modern pharmaceutical  experimental work [Hardy, Sdepanian, Stowell,
science. Research competence is the ability to  Aljohani, Allen, Anwar, ... & Wright]; [Bain,
design and conduct scientific investigations, Rodriguez, & Towns].
interpret data and apply findings in professional General and inorganic chemistry lays
practice. While pharmacy curricula traditionally  the groundwork for understanding chemical
include a wide range of biomedical, clinical, laws and molecular behavior [Fu, Wang, Xia,
and social science disciplines, chemical education  Li, & Zhang]; [Pazicni & Popova], while ana-
forms the epistemological and methodological lytical chemistry strengthens precision, method
foundation for research-oriented thinking [Murry,  validation, and data integrity in compliance with
Hughes, Singh, Travlos, Engle]; [Roman]. pharmaceutical quality standards [Pushkarova,

Analysis of recent research and publi- Chkhalo, Reva, Zaitseva, & Bolotnikoval;
cations. Recent studies in science education [Pushkarova & Zaitseva]. Physical and colloidal
emphasize that chemical disciplines not only  chemistry equips students with the capacity to
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model complex systems, predict physicochemical
properties and evaluate interactions critical
for dosage form design and biopharmaceutical
performance [Patel & Thareja].

The literature consistently highlights the crucial
role of chemistry education in preparing pharmacy
students for independent research activities.
Winkelmann et al. demonstrated that integrating
research-inspired laboratory modules into general
chemistry courses significantly enhances students’
inquiry skills, including hypothesis formulation,
experimental design and data interpretation,
while simultaneously boosting their research self-
efficacy [Winkelmann, Baloga, Marcinkowski,
Giannoulis, Anquandah, & Cohen]. Similarly,
Agustian et al. emphasized the importance
of authentic laboratory experiences within
pharmaceutical sciences education, noting that
faculty perceive hands-on engagement with
analytical techniques as essential for developing
students’ practical competencies and readiness for

professional research environments [Agustian,
Pedersen, Finne, Jorgensen, Nielsen, &
Gammelgaard].

Poloyac et al. identified core research

competencies necessary in clinical pharmaceutical
sciences, underscoring the need for training
that integrates conceptual knowledge with
methodological rigor and critical thinking, which
aligns with fostering the cognitive, procedural
and reflective components of research competence

[Poloyac, Empey, Rohan, Skledar, Empey,
Nolin,... & Kroboth].
Further supporting these findings,

Jorgensen traced the longitudinal development
of pharmaceutical students’ laboratory skills,

highlighting  that repeated and structured
laboratory experiences contribute to gradual
improvement in both technical proficiency

and reflective abilities, essential for autonomous
research competence [Jorgensen].

Together, these studies provide compelling
evidence that a well-structured, practice-oriented
chemistry  curriculum, incorporating  both
traditional and innovative teaching modalities, is
fundamental to equipping future pharmacists with
the comprehensive research skills necessary for
scientific inquiry and professional practice.

Purpose of the article. The purpose of
this study is to analyze the role of core chemical
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disciplines (general and inorganic chemistry,
analytical chemistry, physical and colloidal
chemistry) as foundational elements in developing
research competence among future master’s in
pharmacy.

Main material

Chemistry as a foundation for developing
research competence

Chemistry occupies a central role in
the pharmaceutical education, providing not
only essential scientific knowledge, but also
serving as a dynamic foundation for cultivating
research competence. Research competence is
a multifaceted construct encompassing cognitive,
procedural, and reflective components that
enable future pharmacists to design and conduct
rigorous scientific inquiries. The core chemical
disciplines — general and inorganic chemistry,
analytical chemistry, physical and colloidal
chemistry — each contribute distinctively to these
components by nurturing critical thinking, precise
measurement, validation skills and the capacity
to model and interpret complex phenomena.
The following sections explain how targeted,
practice-oriented learning activities within these
disciplines collectively facilitate the development
of comprehensive research competence in
pharmacy students [Al-Thani, Saad, Siby, Bhadra,
& Ahmad].

General and inorganic chemistry: building
cognitive foundations

General and inorganic chemistry provide
the essential cognitive  framework that
underpins students’ analytical thinking
and pattern recognition abilities skills
critical for formulating and testing scientific
hypotheses. At the initial stages of pharmacy
education, students engage with foundational
concepts including periodic trends, electronic
configurations, chemical bonding theories
and elemental reactivity. These concepts create

a robust conceptual scaffold that supports
tackling  progressively  complex  research
problems.  Empirical  observations  (colour

changes, precipitate formation, reaction kinetics)
helps students critically assess and refine their
hypotheses. Through this iterative inquiry
process, students strengthen logical reasoning
and develop the ability to translate abstract
theoretical principles into concrete, testable
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scientific questions — core cognitive elements
of research competence.

Analytical chemistry: enhancing procedural
and quantitative skills

Analytical chemistry sharpens students’
procedural ~ competence by  emphasizing
precision, measurement uncertainty evaluation,
rigorous method validation and compliance
with quality assurance protocols. These skills
are crucial in pharmaceutical research, where
adherence to strict regulatory standards ensures
data reliability and patient safety. Mastery
of these methodological principles equips
students to perform accurate, reproducible
analyses and fosters a disciplined approach to
scientific investigation. Such competencies are
indispensable for research competence within
professional pharmaceutical settings.

Physical and colloidal chemistry: fostering
modelling and systems thinking skills

Physical and colloidal chemistry engage
students in  developing modelling  skills,
abstract reasoning and systems thinking -

competencies vital for addressing multifactorial
and dynamic research problems. Key topics such as
thermodynamic equilibrium, solubility, diffusion,
adsorption, properties of high-molecular com-
pounds and the behavior of colloidal solutions pro-
vide theoretical frameworks and practical tools to
simulate, analyze and interpret complex chemical
phenomena. This discipline encourages integrating
multiple variables and considering chemical system
interactions, cultivating a holistic understanding
necessary for designing robust experiments
and advancing research competence.

Integration of chemical disciplines in research
competence development

Together, these disciplines illustrate how
chemistry education forms a structured yet flexible
environment that nurtures the cognitive, procedural
and reflective dimensions of research competence.
By incorporating case-based and practice-oriented
learning, chemistry courses transform students
from passive knowledge recipients into active
scientific investigators, prepared to contribute
meaningfully to pharmaceutical research.

Assessment strategies to support research com-
petence development

Effective assessment is integral to fostering
research competence by providing structured
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feedback and motivating active engagement
with complex scientific problems. In pharmacy
education, assessment strategies are tailored to
reflect the specific demands of each chemical
discipline while supporting integrated research
skills development.

In general and inorganic chemistry, assessment
focuses on students’ abilities to formulate
hypotheses grounded in chemical principles,
design controlled experiments and critically
analyze qualitative data such as colour changes or
precipitate formation. Common formats include
laboratory reports and class discussions that focus
on evaluating reasoning, precision and clarity in
describing chemical phenomena.

Analytical chemistry enhances students’
procedural competence. This is paramount in
pharmaceutical research, where compliance
with stringent regulatory standards is essential to
ensure the reliability and safety of experimental
results. Practical tasks include case studies
that simulate real-world analytical challenges,
requiring students to apply quantitative analysis,
interpret complex data sets, and develop solutions
grounded in sound scientific reasoning. Mastery
of these methodological principles equips
students with the ability to conduct accurate
and reproducible analyses, fostering a disciplined
approach to scientific investigation that is
critical for research competence in professional
pharmaceutical contexts. Assessment includes
comprehensive written reports and collaborative
discussions aimed at developing students’
practical skills, fostering critical reflection
on methodological accuracy, emphasixing
reproducibility as wells as the identification
of potential sources of error.

Assessment in  physical and colloidal
chemistry focuses on applying systems thinking
to complex chemical phenomena. Students
collaborate in small groups to brainstorm
and explore experimental strategies, analyze data
collectively and discuss potential challenges.
This collaborative process enhances critical
thinking, problem-solving abilities and teamwork
skills, preparing students for real-world scientific
research environments.

Across all disciplines, cumulative assessments
such as portfolios of research cases and mini-
project defenses encourage knowledge synthesis,
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originality in hypothesis development, and critical
self-reflection. Formative feedback supports
iterative learning and metacognitive growth,
facilitating internalization of research standards
and fostering autonomy.

Role of the teacher as a research facilitator

The teacher’s role extends beyond content
delivery or laboratory supervision to that
of a facilitator of inquiry and mentor guiding
students through intellectual, methodological
and affective aspects of research. Recognizing
that research competence is constructed through
active engagement, reflection and iterative
experimentation, educators design open-ended,
authentic tasks that encourage critical inquiry
and problem-solving resilience.

Facilitation includes scaffolding
research activities by providing strategic
guidance at key stages — helping refine
research  questions, advising on controls
and modeling data interpretation — while
maintaining student intellectual responsibility.
Teachers also emphasize ethical considerations
such as data integrity and safety, supporting
gradual internalization of research norms.

Creating a reflective learning environment
is crucial and can be achieved through debrief
sessions, maintaining research journals and con-
ducting critical analyses of scientific literature.
Finally, teachers foster a culture of inquiry by
modeling curiosity, openness, and valuing both
successes and failures as learning opportunities.
This environment nurtures intellectual risk-
taking and critical questioning, preparing
future pharmacists to confidently and ethically
participate in research-intensive pharmaceutical
domains [Gautam & Agarwal]; [Schnellert,
Sinclair, & Butler].

Conclusions.  The  analysis  presented
in this study highlights the essential role
of core chemical disciplines  (general
and inorganic chemistry, analytical chemistry,

physical and colloidal chemistry) as foundational
pillars for developing research competence in
future pharmacists. These disciplines provide
not only the conceptual frameworks necessary
to understand molecular and physicochemical
principles underlying pharmaceutical sciences,
but also the methodological and procedural
skills required for authentic scientific inquiry.
Approached  through a  practice-oriented
perspective, chemistry education evolves beyond
the mere accumulation of knowledge to become
a dynamic environment for cultivating critical
thinking, technical proficiency, and reflective
abilities  that  define  research-competent
professionals.

Each chemical discipline contributes unique
yet complementary elements to the overall
development of research competence. General
and inorganic chemistry strengthens students’
abilities in analytical thinking and hypothesis
generation; analytical chemistry emphasizes
precision, methodological rigor and data integrity;
while physical and colloidal chemistry fosters
skills in modelling and integrating theoretical
and empirical data.

Looking ahead, further research should focus
on developing integrated chemistry-pharmacy
courses that clearly aim to build research
competence by combining laboratory work, data
analysis, and literature review. Incorporating
digital tools, such as virtual labs and collaborative
platforms, could also expand opportunities for
research-oriented learning, especially in blended
or distance education settings.

In conclusion, chemistry education plays
a crucial role in preparing future pharmacists
with the necessary skills for scientific research.
Through well-designed, practice-based learning
and supportive teaching, students can gain both
the knowledge and practical abilities required
for pharmaceutical research and professional
development.
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XIMIYHA OCBITA IK OCHOBA ®OPMYBAHHSA JOCJAIJHUIIbKOI
KOMIOETEHTHOCTI MAUBYTHIX MATICTPIB ®APMAIIII

VY crarTi npoaHai3oBaHO POJb OCHOBHMX XIMIYHMX JUCIUIUIIH (3araibHOi Ta HEOPraHiYHOI XiMii, aHamiTHYHOI
Ximii, (i3nuHOi Ta KoJoigHOI XiMii) K (hyHAAMEHTANBPHUX EJIEMEHTIB y (JOpMyBaHHI JOCIIJHUIBKOI KOMIICTCHTHOCTI
MaiOyTHiX MaricTpis apmarrii. JlocnigHUIbKA KOMIIETEHTHICTD PO3IISAAETHCS SIK KOMIUIEKC 3HAHb, YMiHb 1 HABHYOK, 1[0
BKJIIOYAIOTh KOTHITHBHI, IPOLEAYPHI Ta Pe(IeKCHBHI KOMIIOHEHTH, HEOOX1/HI ISl CaMOCTIHOTO POBEICHHS HAYKOBUX
JocIikeHp y hapMaleBTUUHIN cdepi. XiMiuHa ocBiTa 3a0e3edye He JHIIe TTHO0Ke PO3yMiHHSA MOJNEKYASIPHUX 1 (hi3UKO-
XIMIYHHX TTPOLECIB, IO JIekKaTh B OCHOBI (hapMaleBTUYHUX HAyK, a i CIPHUsi€ PO3BUTKY METOMONOTIYHUX 1 MPAKTHYHHUX
HABIYOK, BKIMBUX IS TIPOBEICHHS TOYHUX, TOCTOBIPHUX 1 BIITBOPIOBAHUX JOCTIIIB.

3aranbHa Ta HEOpraHiyHa XiMmis (OPMYy€e KOTHITHBHY OCHOBY, PO3BHBAIOUM AaHAIITHYHE MHCJICHHS, 3/1aTHICTH
(dopMyBaTH TIIOTE3M Ta THTEPIPETYBATH EKCIIEPUMEHTAIIbHI CIIOCTEPEKCHHS. AHATITHYHA XIMisl CIIPHSIE ITiABUIICHHIO
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MPOIE/IYPHOT TOYHOCTI, HABYAHHIO OI[IHIOBATH HEBM3HAYEHICTh BHMIPIOBAHb, BAJIyBaTH METOAW Ta JTOTPUMYBATHUCH
CTaHAAPTIB SKOCTI, IO € KPUTHYHO BAKIMBUMH B TIpodeciiiniil GpapmaneBTruHiil aisutbHOCTI. Di3udHa Ta KoIoigHa XiMis
PO3BMBAE HABMUYKH MOJICTIOBaHHS, CHCTEMHOTO MUCJICHHS Ta IHTErpaIlii TEOPETHYHUX MOJIEIIeH 13 eKCIIePUMEHTAIbHIMH
JaHUMU, 110 I03BOJISE 3100yBauaM OCBITU €()EKTUBHO MIAHYBATH TA AHAII3yBaTH CKIAAHI XIMi4HI MPOLIECH.

[NpakTuko-opieHTOBaHE HABYaHHS, 30KpeMa Keiic-MeToau, 1abopaTopHi poOOTH Ta TPYHOBI JHUCKYCii, CTUMYIIOIOTH
(bopMyBaHHS CaMOCTIHHOCTI, KPUTUYHOTO MUCJICHHS, HABUYOK KOMaHIHOI pOOOTH 1 CHIPUSIOTh aKTUBHOMY 3aCBOEHHIO
3HaHb Yepe3 3aCTOCYBAHH iX y pealibHuX cuTyauisx. OLiHIOBaHHS OXOIUIIOE SIK MUCbMOBI 3BiTH, TaK 1 IHTEpaKkTHBHI cecii
3 aKTHBHOIO yYacTIO 3000yBaviB OCBITH, CIIPSMOBAHI HA PO3BHTOK MPAKTHYHHX YMiHb, OCMHUCICHHS METONOJIOTITHUAX
aCIEKTIB Ta 0OTOBOPCHHS MOXJIUBHX IIPOOIEMHHX CUTYAIIIH.

Oco0mMBy yBary NpHIIICHO poNi BHKJIagada K (acuiiTatopa HaBYAIBHOTO MPOIECY, SKUH MATPUMYE 3100yBadiB
OCBITH y TIEPEXOJIi BiJl 3aCBOEHHS TEOPETHYHUX 3HAHB JI0 aKTUBHOI JOCIITHAIIBKOT JisUTBHOCTI, 3a0€31euye MOTHBAITIFO,
HACTABHUIITBO 1 CTBOPECHHS arMoc(epu, Mo chpuse (pOpMyBaHHIO JIOCTITHUIBKOT KylnbTypu. Takuil minxia crnpuse
MiIrOTOBII MaiOyTHIX (hapMarleBTiB, 31aTHUX JO CAMOCTIHHOTO MPOBEICHHS HAYKOBHMX JOCIIDKCHb Ta BIPOBADKCHHS
PE3YIBTATIB y IpodeciiiHy MPaKTUKY.

Kuro4oBi c10Ba: 10CTiTHUIBKA KOMIICTCHTHICTD, XIMiYHa OCBITa, (papMalleBTHUHA OCBiTa, MPAKTUKO-OPi€EHTOBAHMIT
miaxin, npodeciiina ocpira.
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