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ABSTRACT

This master’s dissertation explores the impact of different instructional strategies
on students’ academic performance and engagement in chemistry education, with a
focus on the effectiveness of practical, laboratory-based teaching methods. The study
compares two groups of secondary school students: a primary group that received
instruction through traditional lecture-based methods, and a focused (experimental)
group taught using systematic, hands-on laboratory activities.

A total of 42 students were involved in the research, equally divided into the two
groups. Both groups followed the same curriculum content and were taught by
similarly qualified instructors, ensuring the internal validity of the comparative design.
However, the focused group engaged in practical work, including laboratory
experiments aligned with curriculum objectives, while the primary group experienced
conventional instruction with minimal laboratory exposure.

To evaluate the outcomes, a mixed-methods approach was utilized. Data were
collected through a Chemistry Achievement Test (pre- and post-intervention), a
laboratory skills assessment test, and a structured questionnaire measuring student
perceptions. Descriptive and inferential statistical analyses-including independent
samples t-tests, and ANCOV A-were performed to assess academic growth, control for
baseline differences, and examine the robustness of instructional impact.

This study concludes that practical, laboratory-based teaching methods lead to
more effective learning outcomes, particularly by enhancing scientific thinking,
motivation, and personalized academic growth. The findings advocate for the broader
integration of experimental learning strategies in chemistry curricula and underscore
the need for policy support in expanding laboratory infrastructure, teacher training, and
time allocation for hands-on instruction.

Key words: Chemistry education, Practical instruction, Laboratory skills,

Secondary school, Educational effectiveness, Academic achievement, Experimental
learning, Student motivation, Pedagogical innovation.
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AHJIATIIA

byn maructpiik guccepTarus XUMHUSHBI OKBITYZa OpPTYpJIi IeIarorMuKaybIK
CTpaTeTHUsJIapAblH ~ OKYIIBUIAPABIH  aKaJEeMHUSIUIBIK ~ JKETICTINi  MEH  TIOHTe
KbI3BIFYIIBUIBIFBIHA 9CEPIH 3E€PTTEH/ 1. 3ePTTEY/IIH HET13I1 Ha3aphIH/Ia — MPAKTUKAJIBIK,
3epTXaHAIBIK JJICTEPAIH THIMIUIIrIH Oaranay. 3epTTey OapbIChIHIA OpTa MEKTENTIH
€K1 OKYIIBbI TOOBI CATBICTHIPBUIIBI: OACTANKBI TOI AICTYPJIL J9PIC TYPIHAET1 OKBITYIaH
oTTi, ain (QOoKyC (PKCIEPUMEHTTIK) TOOBI JKYHedl Typae YHBIMIACTHIPBIIFaH
TOXKIPUOEIIK-3ePTXaHAJBIK )KYMBICTApP apKbIJIbl OKBITHUIIHI.

3eprreyre OapabiFbl 42 OKYyIIbl KaThICTHI, OJIap €K1 TOMNKa TeH OemiHl. Exi Tomn
Ta Oipaeid oky Oarmapiiamackl OOMbIHINA >KOHE OUTIKTUIN O1p JeHreigeri
MYFaJiMIEPMEH OKBITBUIIBI, OYJ CalbICTBIpMANbl 3€pPTTEY JAU3AWHBIHBIH 11IKI
CEeHIMJIUTITH KaMmTaMmachli3 eTTi. Anaijga, (OKyc TONTBHIH OKYIIBUIAPHI OKY
MakKcaTTapblHa COMKeC KEJEeTIH 3epTXaHajblK ToxKipruOenepre KaTtoicca, 0acTankpl TOI
TEK TEOPUSUIIBbIK cabaKTapMEeH MIEKTEII].

Horwxkenepni Garanay yiniH apaiac dJicTep KOJAaHbUIALL. [lepexTep Xumus
MOHIHEH JKETICTIK TecTi (MHTEepPBEHLUSFa [eWiIH JKOHE KeWiH), 3epTXaHaJbIK
IaraplIapAsl  Oarajay TeCTi, COHJaW-aK OKYIIbUIApJABIH MiKipJepiHe apHaliFaH
KYPBUIBIMIBIK ~ cayajJHaMa apKbUIbl O KUHAIAL. JKWHAKTaIFaH MOJIMETTEpre
CUTIATTAMaJIBIK >KOHE BIKTUMAJIBIK CTATHCTUKAIBIK Taljayjiap — TOyesci3 t-TecT,
ANCOVA xyprizinai. byn Tangaynap okyaarbl —UIrepuieyAl, OacTamkpl
albIpMaIbUIBIKTap/Ibl  OaKbUIAYJIbI JKOHE OKBITY OJICIHIH OCEpiHIH HAKTHUIBIFBIH
Oarayiayra MyMKIiHJIK Oep/i.

3epTTey HOTWIKENEpl 3epTXaHAIbIK, MPAKTHKAJIBIK OKBITYJIBIH THIMILIITIH
pacTaiabpl: OYJ O[iC FBUIBIMU OWJIAyAbl JlaMbITa OTBIPBIN, OKYIIBLIAPIBIH
MOTHBAIMSACHIH apTTHIPAJIBl JKOHE aKaIeMMSUIBIK JKETICTIKTEPAl JapaylaHabIPBII
KaKcapTagbl. ABTOpP TOKIpUOETIK OKBITYIBI XUMHs OarjgapiiaMachlHa KEHIHEH
EHTI3y/l, 3epPTXaHAIBIK HHPPAKYPBUIBIMILI IaMBITYIbl, MYFAIIMIEPAl Haspiayra
OHE 3E€pTXAaHAIbIK JKYMBICTapFa apHalbl yakbIT 06yl MEMIIEKETTIK casicaT
JIEHTeHiHIe KOJIay 1bl YCHIHA/IBI.

Kinm ce30ep: Xumusnvl OKblmy, NpaKkmukaivlk OKbINY, 3ePMXAHANIbIK

oagovinap, opma Mmexkmen, Oinim Oepy Muimoinici, aKAOEMUSAILIK HCeMmiCMiK,
maxcipubenix oKbimy, oKyuLbl MOMUBAYUSCHL, NeOA20SUKANBIK HCAHAUBLIObIK.
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AHHOTALIMS

JlanHass Marucrepckas IUCCepTalisl IOCBSIIECHA WCCIICIOBAHUIO BIUSHUS
pPa3IMYHBIX CTpPATeTHH TMpENojaBaHUs Ha aKaJIEMHYCCKYI0 YCIIeBaeMOCTh M
BOBJICUEHHOCTh Y4YallUXCsd B IMpolecce OOy4YeHuss XHMUHU, C AaKIEHTOM Ha
3¢ ()EKTUBHOCT,  MPAKTUKO-OPUEHTUPOBAHHBIX  JabOpaTOpHBIX  MeToAoB. B
UCCJICIOBAHUM CPABHUBAIOTCS JBE TPYIIBl IIKOJBHUKOB: OCHOBHAs TpYIINA,
oOydJaBmiasicss  TPAAUIIMOHHBIMUA  JIEKIIMOHHBIMH ~ MeToAamMu, U  (OKycHas
(9KCTIEpUMEHTaNIbHAS) TPYMIa, KOTOpas MPOXOoAWiIa OO0ydYeHHe ¢ NPUMEHEHUEM
CHUCTEMAaTUYECKHX JTa00PaTOPHBIX 3aHITHHM.

Bcero B wuccnenoBaHMyM NpUHANM  y4yacTue 42 y4YEHHKA, PAaBHOMEPHO
pacnpeienéHHbIX Mo AByM Tpynmam. O0e Tpymnmbl u3ydaad OJWHAKOBBINH YUEOHBIH
MaTepHas ¥ 00yJaJIich y IperoiaBaTesyieil ¢ COMOCTaBUMBIM YPOBHEM KBATU(DUKAIIAH,
YTO 00CCIICUMBAIO BHYTPEHHIOIO JTOCTOBEPHOCTh CPAaBHUTEIBHOTO aHanmmu3a. OaHAKO
ydamuecs (OKyCHOM TpyMIbl Y4acTBOBAJIM B JIAOOPATOPHBIX HKCIEPUMEHTAX,
COOTBETCTBYIOIIMX IENsIM Y4YeOHOW MpOrpaMMbl, TOrJa KaKk OCHOBHAsi TpyIINa
oOyJajiach TPEUMYIIECTBEHHO B TEOpETUYECKOM (dopmare ¢ MHUHHUMAIbHBIM
MPAKTUYECKUM KOMITOHEHTOM. J[J151 OIIEHKH Pe3yIhbTaTOB UCIIOIb30BAJICS CMEITaHHBIH
METO/I, BKITFOUABIINN KaK KOJMYECTBEHHBIC, TAK M KAU€CTBEHHBIC MHCTPpYMEHTHI. COOp
JTAHHBIX OCYIIECTBIUICS C MIOMOIIBIO TECTa Ha YCIIEBAEMOCTh 110 XUMHUU (710 U TOCIIE
WHTEPBEHIIMN), TECTa Ha TMPOBEPKY JabOpPaTOPHBIX HABHIKOB, a TaKke
CTPYKTYPUPOBAHHOM aHKETHI, OTPaXKaloImlel BOCIPHUATHE YYAIIUMHUCSI YICOHOTO
nporiecca. belTM TIPOBENEHBI omKcaTelbHbIe U WH(EePEHIINAIbHBIC CTATHCTUYECKHE
aHaMM3bl - t-KpUTEepUM N1 HE3aBHUCUMBIX BbIOOpOK, a Takke ANCOVA. D10
MO3BOJIMJIO OLIEHUTH MPOTPECC B 00YyUYEHUHU, KOHTPOJIUPOBATH UCXOAHBIC PA3IUUUS U
MOJTBEPJIUTh YCTOWYUBOCTD BIUSHUS IPUMEHSIEMON METOIUKH.

Pesynmbrarel mokazamu,  4YTO  JIAOOPATOPHO-MIPAKTUYECKHE  METO/IbI
Ipero/iaBanmsi 00eCTIeUnBaIOT 00Jiee BHICOKHE yUeOHBIE Pe3yIbTaThl, CIOCOOCTBYIOT
Pa3BUTHIO HAYYHOTO MBINUJICHUS, MOTHBAIIMM W WHAWBUIYAJIBHOTO IpoTpecca
ydamuxcsi. B 3akimodeHne aBTOp pEKOMEHAyeT OoJjiee IMMPOKOe BHEIPEHUE
OKCIIEPUMEHTAIBHBIX TMOAXOA0B B IIKOJBHYIO XHMHIO, a TaKXKe IOMUEPKUBACT
HEOOXOJMMOCTh TOCYJApCTBEHHOW TOJJEPKKHM B oOecredueHun JabopaTopHOM
UHQPACTPYKTYpPOM, MOATOTOBKE IEIaroroB M BBIJCICHUM Y4eOHOTO BPEMEHHM Ha
MPAKTUYECKUE 3aHATHUSI.

Knioueevie cnosa: Ilpenooasanue xumuu, npakmuyeckoe o0bOyueHuUe,
1abopamopHvie  HABbIKU, CPeOHAs  wKoad, dpgekmusnocms  00pazosamusl,
akaoemMudeckas  ycne8aemMocmsv, IKCNEePUMEHMANbHOe O0OyueHue, MOmueayus
yuawuxcs, neoazocuieckue UHHO8AyUU.
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INTRODUCTION

The aim of education in every country is to develop literacy of the population
and to achieve scientific breakthrough, i.e. to develop education and science in the
country. This is one of the main signs of a developed country.

In today's world, educational development plays a key role in developing highly
qualified professionals and ensuring scientific progress. The basis of this process is
natural sciences, including chemistry, which, being studied among other subjects,
provides unique opportunities to combine theory and practice through laboratory
experiments. In this study, we will focus on the effectiveness of practical chemistry
experiments in secondary schools and their role in building basic skills and interest in
scientific disciplines.

Chemistry, as a science, permeates all spheres of everyday life, and practical
experiments in this field undoubtedly play an important role. They not only provide a
direct understanding of chemical processes, but also allow students to see the
application of chemistry in everyday situations. For example, learning the basics of
chemical reactions can suggest why foods interact in the way they do in cookery,
contributing to a deeper understanding of their preparation. This builds chemical
literacy in everyday life and promotes critical thinking about the chemical aspects of
the environment.

Chemistry also plays an important role in the educational system, especially in
high schools, colleges and universities, where more in-depth study of this science is
provided. Practical experiments become an integral part of learning, allowing students
to apply theoretical knowledge in practice. This promotes laboratory skills, critical
thinking and the ability to work with scientific equipment. In universities, where future
professionals are being moulded, practical experiments play a key role in building
professional competence and readiness for scientific endeavours.

Science courses, and particularly chemistry, are beneficial to the students and
society. Clearly, chemistry covers both theory and practice, and for this reason needs
learning labs designed in such a way that they support and enhance the process of
finding and synthesising ideas and materials (O'Connell, 2013). This means that the
laboratory must be well equipped with the necessary equipment for effective learning.

There is however a growing debate about the effectiveness and input of
laboratory activities in fulfilling today's major purpose of science education, which is
not to acquire scientific knowledge, but to create it.

In spite of this controversy, Schramm (2013) asserts that well-planned laboratory
activities facilitate the development of a relevant learning environment intended to
achieve this goal. The uniqueness of the laboratory work is demonstrated by the
creation of a learning environment that favours both practical and mental activities. To
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(Osborn and Dillon, 2010), the experience obtained through experimental work
provides a lasting impact in the minds of the students. This gives the teacher an
opportunity to inculcate various skills of scientific process. Science laboratory plays
an important role in helping us to change the learning environment where students,
working in small groups, improve their understanding of scientific concepts, enquiry
skills and scientific attitude by investigating scientific phenomena (Hofstein & Lunetta,
2003).

However, despite the importance of laboratory experiments, there is a shortage
of such activities in schools in Kazakhstan. Lack of access to laboratory equipment and
limited resources make it difficult to conduct full-fledged practical classes. This
situation limits the potential of students to learn practical skills and understand
chemical processes in real-life conditions. Addressing this problem requires attention
and efforts on the part of educational authorities and public institutions to provide the
necessary resources and facilities for laboratory work in secondary schools.

Laboratory practical work has been and still is the main part of science
education, undoubtedly considered an important feature that distinguishes science
subjects from various other subjects in secondary school (Sharpe, 2012).

In addition to the above-mentioned aspects, it is important to note that hands-on
chemistry experiments contribute to the development of not only knowledge but also
skills necessary for a successful career in science and technology. They train students
to analyse data, draw conclusions from experimental results and solve problems, which
is a key element of modern scientific activity.

Moreover, carrying out practical experiments in chemistry can be an important
stimulus for students, inspiring them to study science further and choose a career path
in the field. This is particularly relevant in the context of the modern world, where
scientific and technological innovations play an increasingly important role in various
spheres of life.

Thus, the development of effective methods of practical chemical experiments
in secondary schools will not only improve the quality of education, but also contribute
to the formation of a competitive scientific community able to meet the challenges and
problems of the modern world. Therefore, it is necessary to pay due attention to the
development and improvement of this aspect of education in Kazakhstan.

This paper discusses the learning of chemistry in practical work settings and
their effectiveness in teaching.

Aims and objectives of the study:

Aim: to evaluate the effectiveness of practical chemistry experiments in
improving students' theoretical understanding, increasing interest in the subject, and
improving academic performance. It explores how hands-on learning, supported by



appropriate resources and pedagogy, can transform traditional education into a more
engaging and effective scientific education.
Objectives:

- To identify how practical chemistry lessons, contribute to the development of
students' scientific thinking skills, including formulating hypotheses, conducting
experiments and interpreting data.

- To assess the impact of laboratory activities on students' engagement and
sustained interest in chemistry.

- To compare the learning outcomes and behavioural responses of students going
through traditional and practice-oriented forms of learning.

- To 1identify pedagogical techniques that maximise engagement and
understanding during laboratory activities.

Research questions:

1. How effective are chemistry laboratory activities and what is their impact on
student achievement?

2. How do practical chemistry lessons enhance students’ laboratory competencies
as well as their critical and analytical thinking skills?

3. How does participation in hands-on chemistry activities affect student
engagement and sustained interest in the subject?

Research hypothesis:

1. The use of a practical, hands-on approach (through laboratory classes) in
chemistry teaching leads to a significant improvement in students' academic
performance compared to traditional methods.

2. Laboratory-based teaching methods increase students' motivation and
engagement in the subject compared to a lecture-based theoretical approach.

3. Regular laboratory work is more effective in developing students' scientific
thinking and analysis skills.

The significance of the study:

This work is really important because it looks at how well hands-on practiced
teaching methods work in high school chemistry classes. In this time of modernizing
education and moving over to a competency-based approach, it's especially important
to get students more involved in learning, keep them excited, and build up their
practical skills.

Laboratory and experimental activities are also of particular importance as a tool
that gives students the opportunity to observe chemical phenomena, form an idea of
cause-and-effect relationships, and cultivate a lasting appreciation for the subject they
are studying.



However, due to the lack of laboratory infrastructure, limited teaching time, and
poor methodological training of teachers, these forms of teaching often do not become
part of the system. This necessitates academic analysis and field testing of models for
effectively adding practical tasks to chemistry teaching.

The significance of the research is also reflected in its applied nature. The
methodological recommendations, structure of laboratory assignments, and approaches
to assessing learning outcomes described in this study can be used by chemists,
educational specialists, and curriculum writers. In other words, this study contributes
to the development of a scientific basis for integrating active teaching methods into
school practice, which helps educational reforms in Kazakhstan. Thus, the study not
only confirms the need to change how chemistry is taught, but also suggests reasonable
ideas for making this happen, which makes it useful in both theory and practice.



1. THEORETICAL ASPECTS OF INVESTIGATION

1.1. Practical Activity as a Core of Chemistry Education

Avi Hofstein's article "Laboratory of Chemical Education: Thirty years of
development, implementation and Research experience" (2004) provides a
comprehensive retrospective and analytical review of three decades of the author's
work on the role of laboratory education in chemistry teaching. What makes this
document particularly noteworthy is that it combines conceptual ideas and empirically
based practices from a variety of aspects of science education: curriculum
development, student assessment, research-based learning, and teacher training.
Hofstein convincingly advocates the recognition of the chemical laboratory not only as
an additional teaching aid, but also as an independent and valuable learning
environment capable of shaping the cognitive, metacognitive and practical skills of
students.

Throughout the article, Hofstein positions the laboratory as a space that
promotes scientific thinking, problem solving, and authentic research. Drawing on the
fundamental work of researchers such as Tobin, Lunetta, and Gunstone, he highlights
how laboratory experiments can bridge the often significant gap between theory and
practice. They provide students with important opportunities not only to passively
observe chemical phenomena occurring in a controlled laboratory environment, but
also to actively and purposefully participate in the formation of scientific knowledge.
This process takes the form of various cognitive and practical actions, such as asking
thoughtful questions, proposing and refining hypotheses, designing and conducting
scientifically sound experiments, collecting relevant data, and consistently and
meaningfully interpreting the results. It is important to note that these practical and
intellectual laboratory classes make a significant contribution to the development of
basic skills, often referred to as 21-st century skills. These include, in particular,
effective collaboration with colleagues, the ability to think critically and evaluate
evidence, as well as strong oral and written communication skills-skills that are crucial
not only in the scientific discipline of chemistry, but also in an educational and
professional context.

The methodological basis of Hofstein's research is based on an extensive and
long-term program of empirical research, which was conducted primarily as part of the
educational process in Israeli secondary schools. Many of these studies were part of
the Chemistry for Secondary Schools program, an educational initiative developed and
implemented at the renowned Weizmann Institute of Science. For several years,
Hofstein and his colleagues have used a variety of quantitative and qualitative methods
to study various aspects of school education. These include carefully controlled
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experimental studies that identify cause-and-effect relationships. Detailed protocols
record the dynamics in the classroom. Standardized paper and written tests help assess
conceptual understanding. Structured interviews help to better understand students'
attitudes and perceptions. Statistical methods such as factor analysis make it possible
to identify the underlying structures in large datasets. This approach, based on a variety
of methods, has provided a deep, detailed and interdisciplinary understanding of how
students study chemistry in the laboratory. It also provided an opportunity to develop
effective methods to support and facilitate learning for teachers.

One of the most important aspects of the Hofstein methodological framework is
a carefully developed and constantly improving comprehensive assessment tool. This
tool is designed to assess students' skills in a laboratory setting and includes both
traditional written tests and authentic practical assignments. The purpose of these tools
is to evaluate students' abilities at four key stages of the scientific research process:

1) Experiment Planning and Development: At this stage, students plan and

create experiments.

2) Conducting experiments: At this stage, students conduct experiments and

manage variables.

3) Analysis of results and interpretation of data: Students analyze the results and

explain them.

4) Application of knowledge: At this stage, students expand their knowledge by

applying it to new situations and problems in the real world.

In their large-scale and carefully planned study, Hofstein and his colleagues
studied a group of 233 10th grade students from five different secondary schools. Using
modern methodology, they found out that the level of laboratory training of students is
not always related to their overall performance in chemistry. This important result
shows that practical laboratory skills should be evaluated separately from theoretical
knowledge, as they represent a separate area of academic competence.

The validity and depth of this argument are confirmed by the results of a study
conducted by Hofstein. In his research, he identifies three key aspects that laboratory
work has on students' overall scientific competence: observation, routine manipulation
skills, and the ability to solve problems. These three components are not just secondary
elements of laboratory work. They are the basis of its educational value. This deep
understanding has important implications for software developers and those
responsible for creating evaluation systems. If we want laboratory work to be taken
seriously, it must be recognized as a legitimate and necessary part of teaching natural
sciences. This means that it must be supported by reliable and multifaceted assessment
tools that can reflect the fullness and complexity of what students are doing, thinking,
and learning during practice sessions.



Hofstein is very critical of the traditional reliance on final grades, such as
multiple choice tests and formal written laboratory reports. These formats are widely
used and convenient from an administrative point of view, but they often cannot
reliably reflect the immediate actions, decisions, and cognitive processes of students
when they occur in real time during laboratory classes. These traditional assessments
are not suitable for understanding the procedural, reflexive, and often repetitive nature
of scientific research. Consequently, Hofstein strongly recommends the use of
continuous assessment strategies - process-oriented formative assessments that include
constant monitoring of teachers and "hot reports" written by students. Lab sessions are
recorded during or immediately after them, and these reports are hotly used as
recordings of students' observations, hypotheses, experimental plans, tasks, and
conclusions in real time. They provide a rich and contextual insight into students'
evolving scientific reasoning. In combination with the teacher's systematic
assessments, these materials can serve a dual function: to provide feedback to the
teacher and to provide an evidence base for the final assessment.

This approach to continuous assessment was not just a theoretical development,
it was thoroughly tested and adapted over a long period of time in real educational
institutions. During this period, Hofstein and his colleagues conducted more than a
hundred survey-based laboratory classes among high school students in Israel. Each
experiment was closely related to key sections of the chemistry curriculum, such as
acid-base titration, stoichiometric analysis, redox reactions, chemical equilibrium, and
the kinetics of chemical reactions.

Each experiment included two main stages. The first stage, called the
"preliminary investigation," consisted of structured consultations that helped students
gain a deeper understanding of science and the requirements for experimental
procedures. At the second stage, students conducted full-fledged research,
independently formulating scientific questions, developing experimental methods,
conducting research, analyzing the results obtained and drawing conclusions based on
evidence. This format was aimed at developing students' important cognitive and
procedural skills, including the ability to hypothesize, work with data, interpret results,
and apply reflective techniques to improve the thinking process.

It is important to point out that these research-based experiments showed that
they can help develop metacognitive awareness, which is the ability of students to self-
monitor, self-assess, and self-regulate their learning processes. Hofstein's articles are
based on the work of Bird (1990), who stresses that metacognition involves the
conscious use of cognitive strategies to improve both understanding and learning
effectiveness. Within this conceptual framework, the chemical laboratory evolves from
a place of mechanical or normative activity into a place of in-depth cognitive



interaction, where students are encouraged not only to conduct scientific experiments,
but also to reflect on the processes involved. The laboratory is transformed from a place
of procedural conformity into a state of genuine scientific research through the
deliberate integration of investigation and reflection.

In his work, Hofstein not only studies individual learning outcomes, but also
explores the emotional sphere, paying special attention to students' attitude to
laboratory classes and their perception of the classroom environment. He and his
colleagues use a reliable and proven system for assessing conditions in scientific
laboratories (SLEI), which was developed in Australia. This system allows you to
measure differences in student perception between those who attend survey-based
laboratory classes and those who perform more traditional knowledge validation
exercises. The results of these studies have proved convincing. The students who
participated in the survey noted that the learning environment was more attractive,
intellectually and emotionally stimulating. In addition, the difference between the
students' real and preferred learning environments — the so—called "reality gap" - was
significantly smaller in the groups in which the survey was conducted. This shows that
teaching styles need to be better tailored to what students expect, which will make
learning more effective and motivating.

Hofstein understands how important teachers are to the effective use of research-
based lab-based learning. In his research, he says that teachers need ongoing, focused
professional development. This allows them to build the teaching and technical skills
they need to be effective. In the studies she describes, teachers were active participants
in the process of developing teaching materials and assessment topics, rather than
simply receiving advice on reform. This approach ensures that the tools are clinically
relevant and easy to use, and helps to develop a sense of ownership and confidence
among the teachers involved in the process. This also helps make sure that
implementations are done right, which is often forgotten when reforming education.
In his final observations, Hofstein demonstrates vision, calling on the educational
community to rethink the goals and structure of chemistry lab instruction. He advises
against reducing laboratory work to a list of test procedures and suggests making it a
dynamic platform for research, learning, and critical analysis. To get this process, it
needs some systematical support. This means having a study program that's flexible
enough to allow open research, enough time in the school schedule for meaningful lab
work, access to the needed stuff and materials, and, most importantly, investing in
teacher career development so they can contribute to and guide research.

All 1n all, Hofstein's research really helps science education. His idea, which
mixes good research with creativity, is super easy to use in real life. Hofstein's
recommendation is a carefully designed plan for transforming school laboratories into



environments for exploring ideas. It will be very helpful to those involved in education,
policy development, curriculum planning, or research who are interested in improving
and enhancing science education. Hofstein's work can be regarded as a valuable
resource for anyone involved in education, policy development, curriculum
development, or research. It demonstrates an effective methodology and has valuable
implications for next researches.

The paper “The Problem of Effective Chemistry Teaching: A Case Study” is a
truly insightful study by Lawrence Edomwonyi-Otu and Abraham Avaa (2011)
looking at what makes high school students in Nigeria not to be good in chemistry and
taking a good mark. Chemistry is super important for science and technology in their
country. The authors point out that the goals of chemistry education don't always match
how things are in the classroom. During the study, they found a few things that make
it hard to teach chemistry at a high level. They analyzed affecting the learning process
and mastery of this science were identified, including the interaction between teachers,
students, and the educational environment.

The authors start off by saying how important science and technical education is
for a country's development. Chemistry is so important! It's a foundational discipline
that helps to advance skilled labour, innovation and socio-economic transformation.
Chemistry is a really important part of the education system in Nigeria, but sadly it
hasn't been hitting the targets. The authors have said that the main reasons for this are
not about how the students think or the things they learn, but rather about the way the
school is set up and the people in it.

The methodological framework employed in the study is based on qualitative,
interview-based research. A total of 10 chemistry teachers, 60 current students (from
SS1 and SS2), and 5 former students who failed chemistry were interviewed. All
participants were drawn from three senior secondary schools in Zaria, Nigeria.
Interview questions were designed to probe into teachers’ attitudes, academic
qualifications, professional development experience, and working conditions;
students’ motivations, career goals, and perceptions of chemistry; as well as
environmental factors such as class size, laboratory availability, and time allocation.
The data obtained was systematically recorded, deciphered, and then mathematically
analyzed in an attempt to identify the prevailing patterns and barriers.

The study revealed an alarming but meaningful trend. One of the main obstacles
to effective chemistry teaching is the low level of professional motivation among
teachers. A large proportion of those who surveyed mentioned that they didn't really
choose their job and it was more because of the situation at the time rather than
something they wanted to do. This pointed to a lack of passion and enthusiasm for
teaching, which clearly affects how well they do their job. And also, it was observed



that some chemistry teachers don't have any formal education in this subject, since they
got their higher education in other fields, like texturing, electrical engineering, or
chemical technology. This gap can make teaching less effective and mess up the overall
teaching approach. This discrepancy can reduce the effectiveness of the presentation
of the material and lead to a violation of the integrity of the pedagogical approach.

From the student perspective, chemistry was often perceived as difficult,
abstract, and time-consuming. Negative attitudes were linked to poor understanding
and lack of engagement. While some students admitted they improved their
performance after focusing more intentionally on the subject, many others expressed a
general lack of interest, often preferring subjects like physics or avoiding science
altogether unless compelled by family pressure. This aligns with existing literature
(e.g., Ojo, Adesokan) that emphasizes the influence of student attitude on science
achievement.

One of the study’s most urgent observations is the severe inadequacy of
laboratory facilities, which undermines the very nature of chemistry as an experimental
science. Numerous students reported either never having participated in practicals or
being introduced to labs only at the end of secondary school. In some schools, the
laboratories were described as makeshift “zinc houses,” while in others, they were
simply “under construction.” Teachers acknowledged that practical sessions were rare
and typically conducted only in a hurried, last-minute fashion before external exams
such as WAEC or NECO. This undermines meaningful learning, particularly for a
subject that relies on hands-on demonstration and inquiry.

Time constraints were another major concern. Due to overcrowded classrooms
(with up to 90 students per class), teachers struggled to manage student behavior, let
alone provide individual support or conduct demonstrations. The limited number of
periods allocated to chemistry, combined with the wide syllabus, made syllabus
completion virtually impossible without extra sessions-which most teachers were
unwilling or unable to provide. This lack of instructional time affects both theoretical
understanding and the ability to integrate practicals into the curriculum meaningfully.
Additional structural issues included poor remuneration, which demoralized teachers
and pushed many into side businesses to supplement their income. As one respondent
admitted, they travelled overnight to buy clothing for resale. Such economic pressures
distract from the teaching mission and reduce classroom effectiveness. The authors
also document the pervasiveness of examination malpractice, with teachers, students,
and even parents complicit in dishonest behaviors during final exams. This not only
distorts performance metrics but also diminishes the incentive for students to engage
seriously with learning.
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In their discussion, the authors synthesize these findings to paint a clear picture:
chemistry teaching in Nigerian secondary schools suffers not from a lack of curriculum
or student capacity, but from a convergence of systemic challenges. These include
unmotivated and underqualified teachers, poor infrastructure, overpopulated
classrooms, minimal lab access, and toxic assessment cultures. All of these factors
combine to create an environment that discourages deep learning, reduces student
interest, and ultimately compromises achievement.

The study emphasizes that meaningful improvement in chemistry education will
only occur if systemic changes are made. Teacher training must be prioritized, teaching
should be professionalized, class sizes reduced, labs constructed and equipped, and
exam integrity restored. Moreover, the government and educational stakeholders must
invest in improving the school environment and re-establishing teaching as a respected
and well-supported profession. Only then will chemistry teaching become truly
effective and aligned with national development goals.

In sum, this study offers a sobering yet actionable portrait of the current
challenges facing chemistry education in Nigeria. By focusing on real voices-of
teachers, students, and alumni-it humanizes the data and situates performance issues
within a broader social and institutional context. It affirms that chemistry teaching
effectiveness is not just a pedagogical matter, but a structural and political one,
demanding multi-level reform.

The study adopted a descriptive survey research design, utilizing a structured
instrument titled “Teachers’ Questionnaire on the Implementation of Practical Work in
Chemistry”. A total of 250 chemistry teachers from 15 randomly selected Local
Government Areas participated in the study. The questionnaire was divided into four
sections: teacher demographics, the importance attributed to practical work, strategies
for practical instruction, and barriers to implementation. Concurrently, oral interviews
were conducted on-site to gather more detailed data regarding the frequency with
which practical work is undertaken in educational institutions. Quantitative data were
analysed using frequency counts, percentages, means and standard deviation,
providing both numerical and qualitative trends in the field of practical chemistry
teaching and facilitating valuable insights into its current state.

The findings revealed significant defects at multiple levels. Firstly, with more
than 50% of sampled chemistry teachers lacking the appropriate educational
qualifications to teach the subject effectively at the senior secondary level, there is
clearly an issue with the calibre of the teaching staff. A multitude of teachers owned
degrees or certificates that were not discipline-specific, and this deficiency was directly
correlated with limited competence in laboratory management and instruction. With
regard to teaching experience, the majority of respondents fell within the 610 year
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range, suggesting a relatively youthful teaching population with potential for
development, but also in need of professional support through in-service training or
mentoring programs that specifically target laboratory pedagogy and experimental
design. The following essay will provide a comprehensive overview of the relevant
literature on the subject.

The study also assessed the priorities teachers gave to practical work. While
many respondents agreed that practical work was important in principle, the actual
commitment to it was low. The weighted average score of 2.67 (on a 4-point Likert
scale) indicated only a moderate level of prioritization. Teachers reported that they
often conducted practical sessions just once or twice per term, and primarily for final-
year students (SS3), neglecting students in SS1 and SS2. This practice contradicts the
experimental nature of chemistry, which requires continuous exposure to scientific
processes throughout a student’s learning journey. Regular, scaffolded engagement
with laboratory methods is essential not only for mastery of procedures but also for
building students’ confidence in scientific problem-solving.

With regard to instructional strategies, the data showed a concerning reliance on
demonstration methods (Mean = 2.87), while more inquiry-driven and student-centered
approaches-such as discovery learning, inquiry-based instruction, and activity-based
methods-were rarely used (with means hovering around 2.0 or below). Teachers cited
lack of equipment and overcrowded classrooms as key reasons for preferring
demonstrations over student-led experimentation. However, this approach deprives
students of essential opportunities to develop independent process skills, such as
formulating hypotheses, drawing inferences, and troubleshooting procedures-skills that
are critical not only for success in external examinations but also for scientific thinking
beyond the classroom. The humanistic and investigative dimensions of practical
chemistry were almost completely absent, suggesting that students were seldom
encouraged to design their own procedures, analyze outcomes independently, or link
their experimental work to real-world contexts. This absence of depth has been
demonstrated to impede the acquisition of skills and perpetuate a passive model of
learning, which stands in opposition to the objectives of the national chemistry
curriculum.

A primary finding of the study was the identification of a broad spectrum of
systemic constraints. The most frequently cited obstacles encompassed the absence of
practical manuals and workbooks (75.6%), inadequate time provision for practical
lessons (72.6%), insufficient numbers of qualified teachers (71.2%), and the
unavailability of essential laboratory facilities, equipment and reagents. It should be
noted that a significant majority of teaching staff have also highlighted the absence of
adequate financial support for the procurement of consumables, in addition to the
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dearth of laboratory support staff. These factors, it can be argued, serve to further
impede the regular utilisation of school laboratories. It is also reported by some
teachers that they are required to rotate student groups in shifts due to shortages of
space and materials, which further reduces the hands-on time per learner. These
infrastructural deficiencies impede the execution of the type of process-oriented
practical instruction delineated in the national curriculum.

Summarily, the study by Ogunleye provides a realistic yet crucial perspective on
the status of practical chemistry in the Nigerian secondary education system. The
outcomes of this study indicate that in the absence of substantial investment in teacher
training, laboratory infrastructure, curriculum reform, and pedagogical innovation, the
practical chemistry curriculum is likely to remain marginalised, and students will
continue to demonstrate substandard academic performance. The research under
discussion highlights the urgent need for policy-level involvement and institutional
commitment to reposition laboratory-based learning as a central element of chemistry
education. It is important to note that this should not be regarded as a mere requirement
for terminal examinations; rather, it should be regarded as a platform for developing
scientifically literate and competent learners.

One of the key studies relevant to this research is conducted by Luki Yunita
(2017), titled “The Learning Effectivity of Chemistry Experimental Activity in
Laboratory Toward the Student’s Learning Motivation.” This research investigates the
impact of laboratory-based chemistry instruction on student motivation in senior high
schools in South Tangerang, Indonesia. Yunita's research is of particular pertinence
given its focus on practical involvement, motivational psychiatry, and the
infrastructural challenges encountered in school-based laboratories.

The study delineates four core objectives. Firstly, it is to assess student
motivation in relation to chemistry. Secondly, it is to facilitate an evaluation of the
effectiveness of laboratory-based learning. Thirdly, it is to analyse how motivation
contributes to learning success. Finally, it is to conduct an examination of the status
quo of laboratory management in schools.

The study employed a quantitative survey design, including Likert-scale
questionnaires filled out by 200 students from both public and private high schools.
Furthermore, qualitative interviews with teaching staff and head teachers were
conducted in order to provide supplementary contextual information to support the
numerical data. The employment of a mixed-methods approach enabled the author to
achieve triangulation of findings and ensure optimal interpretation.

The main idea of Yunita's work is that chemistry, being an experimental science,
cannot be effectively mastered exclusively in lectures. At the same time, laboratory
classes create conditions for conducting scientific research, including observing
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chemical reactions, working with equipment, testing hypotheses and collecting data. It
is assumed that such experience contributes to a deeper understanding of the
relationship between theoretical concepts and their practical application, making
abstract concepts more concrete and understandable.

The study found that laboratory classes had a significant impact on student
motivation. The mean level of motivational engagement in schools increased to 79%
during the program. Classroom activities showed increased levels of enthusiasm,
curiosity, and willingness to participate in class activities. Teachers also noted that the
laboratory activities “arise chemistry” and made the chemistry learning process more
accessible and interactive.

The research also confirmed the high effectiveness of the teaching process, at
87%. This rate was measured using a number of criteria, including student engagement,
knowledge of the material, active participation in class events, and teacher feedback.
This confirms the theory that practical lessons will have a positive impact on students'
academic performance and their emotional view of the subject.

Yunita's research also explored the direct influence of motivation on student
performance, and found that highly motivated students are better at actively
participating in the learning process, doing their work properly, and not giving up when
things get challenging. The manifestation of motivation was evident in the subject's
consistent attendance, dedication to completing laboratory reports, and eagerness to
participate in group activities. The study posits that motivation is not merely a
byproduct, but rather a pivotal catalyst for academic success in the domain of science
education.

However, Yunita does not evade the discussion of the limitations that hinder the
effective application of laboratory-based instruction. The study draws attention to
several external constraints, including limitations in the available laboratory space,
which is frequently shared with other subjects (e.g., biology, physics), inadequate
equipment or outdated reagents, a lack of dedicated laboratory staff, suboptimal
lighting and ventilation, and an absence of integration of laboratory time into weekly
school schedules, resulting in irregular or hurried practical sessions.

The identified structural issues have the potential to impede the capacity of even
well-intentioned educators to deliver laboratory instruction of a satisfactory standard.
Yunita's research indicates that only one of the four schools under scrutiny had a
laboratory setup that met the criteria for being ideal. This was characterised by an
appropriate room design, adequate equipment availability, and trained personnel. This
highlights the need for systematic investments in the infrastructure of educational
institutions to ensure the effectiveness of laboratory training.
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In the course of the study, important conclusions were drawn that indicate that
laboratory training contributes not only to the acquisition of skills, but also to the
formation of a long-term interest in scientific activity, as well as the development of
scientific identity. When students are given the opportunity to participate in scientific
experiments, observations, and reflections, they have a better chance of developing a
genuine love of science. This conclusion is consistent with the results of other studies
in the field of education, which emphasize the importance of pedagogical approaches
based on constructivism, in which students acquire knowledge through active
participation and introspection.

Based on this foundation, Yunita draws parallels between laboratory experience
and the development of 21st century skills, including critical thinking, collaboration,
creativity, and communication. It is obvious that in the long term, these competencies
will become of paramount importance for the formation of a scientifically literate and
adaptable workforce.

The present study convincingly proves that laboratory chemistry teaching is
effective both from the point of view of pedagogy and motivation. The study
demonstrates that practical learning significantly improves conceptual understanding,
forms a positive attitude towards science, and promotes active participation. However,
it also emphasizes that sustained success depends on adequate infrastructure,
administrative support, and teacher training.

These observations are directly relevant to this study, which examines the
educational and emotional aspects of including experimental work in a chemistry
course. The research conducted by the Yunita once again confirms that practical
chemistry classes are not just additional, but integral elements of effective natural
science education. Obviously, with proper support, laboratory classes can not only
improve students' academic performance, but also change their perception of science
as a whole.

The article "Formation of STEM Competencies of Future Teachers: Kazakhstani
Experience" examines the process of developing and implementing STEM education
in teacher training programs in Kazakhstan. The research focuses on the development
of STEM competencies, but also highlights the role of laboratory work as a key method
for developing scientific thinking, problem-solving abilities, and professional teaching
skills. The article evaluates the contribution of laboratory training to chemical
education in the context of STEM.

The article talks about how future chemistry teachers need to not only have a
deep knowledge of theory, but also know how to use it in real life. It focuses on lab
work as a way to build practical skills. Lab work helps students and teachers get a better
hand's-on understanding of chemical concepts by seeing them in action. This helps
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students learn the material better and remember it longer. The article focuses on how
this approach to teaching helps develop both subject knowledge and teaching skills,
which, in turn, prepares future chemistry teachers for a successful career.

The authors suggest a teacher training model that includes practical stuff. In this
model, lab work isn't just a separate task or an optional extra, but a main part of the
whole learning process. Future teachers are asked to get really involved in planning,
doing, and thinking about lab experiments as part of their training. This model is based
on constructivist theories of learning, according to which knowledge is best acquired
through active experience and reflection. Participation in laboratory work is an integral
part of the teacher training program aimed at developing the skills and competencies
necessary for conducting experiments in secondary schools.

What is more, the article below lists a series of advantages of laboratory skills
training in relation to teacher training. The programme has been designed to assist
students in the development of critical thinking skills, the analysis of data, and the
enhancement of their scientific communication abilities. Within the domain of
chemistry, experiential learning has been shown to facilitate comprehension of
sophisticated concepts, including chemical reactions, stoichiometry, and solution
chemistry. The authors also observe that laboratory tasks cultivate teamwork and
collaboration, which are pivotal STEM competencies.

Nevertheless, the article does not disregard the challenges. The study identifies
several limitations in the implementation of laboratory work, including inadequate
equipment, constrained funding, and a paucity of methodological support in some
universities. Notwithstanding the aforementioned issues, the authors posit that the
advantages of laboratory activities clearly exceed the challenges, particularly when
incorporated into the curriculum in a systematic manner.

In essence, the article lends support to the notion that laboratory work constitutes
a highly effective approach within the domain of chemistry education, particularly in
the context of STEM-focused teacher training. It enhances not only academic
understanding but also professional readiness among future teachers. The Kazakhstani
experience demonstrates that even in resource-constrained environments, well-planned
laboratory instruction can significantly contribute to the development of essential
STEM skills. This makes laboratory work a vital component in modern science
education and a valuable practice for training chemistry teachers.

1.2. The Educational Value of Experiment: From Observation to Active
Investigation

In their 2023 study published in the African Journal of Educational Studies in
Mathematics and Sciences, Iyamuremye et al. investigated the impact of hands-on
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practical activities on student engagement, experiential learning, and academic
performance in secondary school chemistry education in Rwanda. Recognizing that
chemistry, as an empirical and experimental science, requires more than theoretical
instruction, the authors positioned laboratory work as a fundamental component of
effective pedagogy. Their research has contributed to the ongoing discussion about
experiential learning by checking out how structured lab classes affect how students
cognitive (thinking), behavioral (acting), and emotional (feeling) engagement with
chemistry content. The study used a mixed-methods descriptive design that integrated
both quantitative and qualitative data. Researchers strategically selected 155 fourth-
grade and fifth-grade students from two schools - one boarding and one day - to ensure
sample diversity. A one-month training program was provided, during which
participants frequently took part in lab practicals that were aligned with the academic
curriculum and targeted at deepening their basic - needed knowledge and developing
critical thinking through hands-on experiments. The research team used a criterion-
referenced chemistry test with a total score of 25 to assess academic progress before
and after the program. They also used a questionnaire with Likert scale questions and
open-ended questions to get feedback on the students' experiences and thoughts about
the hands-on activities.

Quantitative data got checked out using descriptive statistics, and insights were
drawn based on the t-test for independent samples. Qualitative feedback got processed
using exploratory analysis. The outcome showed a big improvement in student
achievements after testing, with the average increase being over 10 percent points. A
p-value of 0.000 confirmed the effect of practical training in raising academic
performance. The study did not indicate any statistically significant differences in
performance between male and female students (p = 0.12) or between students from
various types of schools (p = 0.10). These results underline the effective use of practical
methods in helping students with different backgrounds learn together.

Based on these data, the dynamics of student participation and engagement in
laboratory classes were studied. The majority of students said that they were actively
involved in experiments, working in small groups, and writing lab reports. However,
lower levels of engagement were found in pre-lab activities, such as planning and
predicting results, which the authors determined to be an area for improvement. This
comparison helps show how important it is to make sure lab sessions are well-planned
to cover all the steps of scientific research, from getting ready to reflecting on what
happened.

This study explored the influence of practical teaching on learning results and
also examined structural barriers limiting the integration of effective practical teaching.
These obstacles include limited laboratory space, a scarcity of chemicals and
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equipment, and a lack of time reserved for laboratory classes in the school schedule.
Both students and teachers noted that the existing facilities often create serious
roadblocks to fully realizing the educational potential of practical chemistry. To resolve
these issues, the report's authors offered a number of measures. These include adding
extra time for lab work in the curriculum, employing lab assistants to help teachers,
investing into more resources and materials, and using local or improvised materials
when standard equipment is unavailable.

The findings of the study go beyond the direct context of the classroom. The
study makes a strong case for the educational value of hands-on work in chemistry.
This is totally in line with learning theories that see experience as a key part of learning.
Besides the study's main findings, the results back what we already know about how
lab work can help students do better in school and get more curious and motivated
about science. The finding highlights the value of well-structured practical classes for
improving performance, regardless of gender or school type. This study is a strong
argument for equal access to high-quality experimental learning opportunities.

These findings show that laboratory chemistry classes are not only effective but
also play an essential role in the educational process. The study calls for continued
investment in facilities, teacher professional development, and the design of curricula
that prioritizes practical work. This will establish a solid foundation for continued
research on how to optimize practical experiences that bridge theoretical knowledge
and real-world understanding of science.

The publication “Effects of Laboratory Practical Work and Demonstration
Method on Students' Achievement and Interest in Chemistry” (2022), released in the
STEM Journal of Anambra State, is an important and valuable experimental study.
This study compares the effectiveness of two teaching methods, namely laboratory
practical work (LPW) and demonstration method (DM), in teaching chemistry in senior
secondary schools. The authors, Samuel N.N.C and Obikezie M.C, aim in this study to
assess the impact of these pedagogical strategies on students' academic achievement
and interest in chemistry, as well as to look at the impact of gender as a modifying
factor. This study is an effort to address the continuing problem of low academic
achievement and reduced motivation among students studying chemistry, especially in
Nigerian secondary schools, which face structural and resource constraints.

In the opening section, the authors mention that the quality of chemistry
education is related to scientific and technical literacy and knowledge, which are really
affects how a country makes progress. Chemistry is viewed not just as a subject but as
a building block for scientific progress, which is especially important for countries like
Nigeria, where economic sectors like oil and petrochemicals depend on chemistry
knowledge. Despite its centrality, chemistry is often perceived as abstract and
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disconnected from students’ lived experiences. The authors argue that this is
exacerbated by ineffective teaching methods and insufficient practical engagement.
Thus, there is a clear need to adopt learner-centered, context-sensitive strategies that
improve both comprehension and motivation.

The study employs a quasi-experimental design, involving 96 senior secondary
school (SS2) students from two purposively selected coeducational schools in Enugu
State, Nigeria. One school was assigned the LPW method, while the other used the DM
method. Selection criteria included participation in national WASSCE examinations
and the presence of a qualified chemistry teacher with at least five years of experience.
The intervention lasted five weeks and included a preparatory phase, pre-tests, teaching
sessions, and post-tests. Two instruments developed by the researchers were used: the
Acid-Base Achievement Test (ABAT) and the Chemistry Learning Interest (CLI)
questionnaire. Reliability testing using Kuder-Richardson 21 and Cronbach's Alpha
yielded coefficients of 0.81 and 0.76, indicating high reliability. Data were analyzed
using means, standard deviations, and Student’s t-test.

The results were conclusive: students in the LPW group achieved significantly
higher academic scores than those in the DM group. Average scores in the LPW group
improved from 59.36 to 79.30, while in the DM group, they rose from 34.57 to 61.80.
This substantial difference supports the view that hands-on learning through laboratory
activities is more effective for knowledge acquisition, particularly in abstract topics
such as volumetric analysis.

The gender analysis demonstrated a multifaceted set of trends. In the LPW
group, female students demonstrated higher levels of performance in comparison to
their male peers. Conversely, in the DM group, male students exhibited higher scores
than their female counterparts. These differences may be attributed to divergent
learning styles: it may be posited that females may profit more from collaborative,
exploratory environments, while males may display a greater propensity to respond
positively to model-based learning that involves observing and emulating the actions
of the teacher.

However, an examination of students' interest in chemistry resulted in a more
complex set of findings. While both groups exhibited an increase in interest, only the
DM group showed a statistically significant improvement, particularly among male
students. The DM technique showed it could get visual learners more engaged and
procedures clearer, which could be a good way to boost motivation for students who
like structured, observation-based learning methods. In contrast, the LPW group
showed a moderate, statistically insignificant increase in participation, with female
students exhibiting higher levels of activity than their male counterparts, which may
be related in part to more active social interaction and peer support during the practical
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sessions.

The authors draw on a theoretical framework informed by Cognitive Flexibility
Theory (CFT), which asserts that effective learning occurs in context and through
dynamic, multiple representations of knowledge. It is clear that both LPW and DM are
seen as context-rich learning designs that promote greater understanding by placing
knowledge in true-to-life situations. When they're thoughtfully included in the teaching
plan, these methods can help build not only factual knowledge, but also higher-level
thinking skills and scientific habits. The following article presents a review of the
relevant literature on this topic.

The study concluded that laboratory practical work is more successful in
boosting students' academic progress, especially among girls, while showing them how
things work is better at sparking their interest, especially among boys. These results
highlight the need for a more diversified and adaptable approach to chemistry
education that takes into consideration the gender, preferences, and motivational
profiles of students. In overcrowded classrooms, with limited time and laboratory
facilities, such a strategy becomes a necessary condition for achieving meaningful
results in education.

Based on the data they've shared, the authors are all for integration of LPW and
DM, rather than seeing them as mutually exclusive methods. Each method has proven
its unique advantages, which together can help students learn the material and stay
engaged a double win that's super central to science education. The study represents a
valuable step forward in this area, offering ideas that are particularly relevant for
chemistry teachers, curriculum developers, and policymakers. These insights will be
useful to those committed to reforming teaching practices and improving the gap
between transferring knowledge and fostering student engagement.

Research done by Samuel and Obikezi has shown that effective chemistry
teaching should be both intellectually challenging and emotionally interesting. It
should be grounded in teaching practices that take into account students' knowledge
levels when guiding them toward both a deeper scientific understanding and a passion
for the subject.

1.3. Motivation, Interest, and Emotional Engagement through
Practical Work

One of the most commonly accepted views in science education is that hands-
on work helps students feel more inspired and engaged. However, lan Abrahams
(2009), in his seminal article “Does Practical Work Really Motivate? A Study of the
Affective Value of Practical Work in Secondary School Science” questions this belief
by looking closely at the real emotional and motivated impact of practical science
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classes in secondary school. The paper looks not only at how well students do, but also
at the emotional side of learning, like how interested and excited they are and how
motivated they stay to study science over time. The central objective of the study is to
evaluate whether practical work truly motivates students in a lasting and meaningful
way, or whether it merely provides short-term engagement without fostering deeper
emotional connections to scientific learning. Abrahams attempts to go beyond
anecdotal evidence by offering empirical insights into how students perceive and
emotionally respond to practical activities within science classrooms.

To explore this, Abrahams conducted 25 detailed case studies in a range of
English secondary schools, observing students aged 11-16 (Key Stages 3 and 4). The
research relied heavily on qualitative methods, including audio-recorded interviews
with students and teachers, as well as in-class observations of practical sessions. The
strength of this methodology lies in its ability to capture nuanced emotional responses
and contextual dynamics that are often missed in quantitative surveys.

A key finding of the study is that students really enjoy practical work and
oftentimes say they do look forward to it. However, the reasons for this enjoyment are
not inherently linked to learning science more effectively or deeply. In contrast,
students view internships as a welcome break from daily routine, an opportunity to visit
new places, socialize, and engage in something “unusual.” Abrahams therefore argues
that the popularity of practical work may be due more to its novelty than its educational
value.

Furthermore, although practical work does create a sense of engagement in the
short term, research shows that this does not lead to sustainable interest in science or a
stronger desire to study science after mandatory education. This calls into question the
widespread belief that hands-on work in itself enhances long-term motivation and
reinforces the need to rethink how it is implemented and justified in science curricula.

One more important point from the study is that teachers usually don't give
enough attention to how practical work can motivate students. A lot of educators figure
that hands-on activities naturally get students involved in learning and help them
remember stuff. However, the study shows that students often become passive
participants, focusing more on performing tasks than on understanding the scientific
principles behind them. This reveals a disconnection between teachers' intentions and
students' learnings and experiences, which has consequences for curriculum
development and teacher preparation.

Abrahams also considers the importance of novelty in stimulating involvement.
Data demonstrates that students find practical work engaging primarily because it
differs from classical in-class activities, rather than because of its association with
scientific research or new discoveries. This observation emphasizes the limitations of
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using hands-on work as a major motivational tool: once the novelty fades, its capacity
to sustain interest reduces unless it is backed up by another new content and analytical
discussions.

With regard to emotional value, Abrahams comes to the conclusion that
emotional engagement triggered by practical work is usually superficial and short-
lived. Although students may have a positive attitude toward the activity itself, this
does not necessarily mean that they will have a positive view of science as a discipline.
Practical work in its current form is not sufficient to develop intellectual curiosity or
identity.

Abrahams argues for a more strategy-based and teacher-guided approach to
practical work. He reckons that just giving students more practice isn't enough; instead,
practical tasks should be purposefully designed to connect students emotionally and
intellectually with the subject matter. This involves clear learning objectives, reflective
follow-ups, and opportunities for students to construct meaning from their experiences.

The implications of this study are significant. It urges educators and
policymakers to rethink the rationale behind including practical work in science
education. While practical work should not be discarded, its role must be redefined and
supported by complementary teaching strategies that engage both the affective and
cognitive domains. Abrahams emphasizes the need to build more meaningful learning
experiences, where students not only do science but understand why they are doing it,
and how it connects to real-world phenomena and their own lives.

In conclusion, Abrahams’ study offers a critical perspective on a widely
accepted educational practice. By focusing on the emotional and motivational
dimensions of learning, the research challenges assumptions, encourages more
thoughtful implementation of practical work, and highlights the need for intentional
pedagogical design. Practical work, as it currently exists in many classrooms, does
engage students-but often only superficially. Without deeper integration and clearer
educational framing, it risks becoming a missed opportunity rather than a motivational
catalyst.

This literature supports the present research’s argument that laboratory activities
must be purpose-driven and conceptually integrated to yield both academic gains and
genuine student interest. Rather than treating practical work as inherently motivational,
educators must be deliberate in shaping its role within the broader context of science
teaching and learning.

Despite the central role of laboratory work in chemistry education, a persistent
challenge in many secondary schools-particularly in developing countries-lies in the
superficial execution of practical sessions. Instead of promoting scientific inquiry,
practical lessons often reduce to mechanical repetitions of teacher demonstrations or

22



textbook procedures, limiting students' capacity for conceptual engagement. The result
is a widening gap between the intended outcomes of practical chemistry and the actual
classroom practices. The study by Ituma, Twoli, and Khatete (2015), conducted in
Kenyan secondary schools, addresses this very tension by examining how chemistry
teachers might reconceptualize practical work-from narrowly task-oriented “hands-on”
activities toward intellectually engaging “minds-on” experiences. The study takes as
its premise the idea that for practical work to be meaningful, it must actively involve
the learner in inquiry, reflection, and construction of scientific understanding-not
merely the manipulation of apparatus or confirmation of known results. Positioned
within the broader discourse on reforming science instruction, the research explores
how the design and use of targeted instructional materials can empower teachers to
facilitate deeper student engagement during laboratory sessions.

The researchers adopted a design-based research (DBR) methodology that
allowed for iterative development and refinement of instructional materials aimed at
transforming practical chemistry teaching into a more investigative, student-centered
practice. The study took place in 19 secondary schools in Kajiado County, Kenya,
involving 42 chemistry teachers. Initial data were gathered through teacher
questionnaires, classroom observations, and content analysis of widely used chemistry
textbooks. This baseline study revealed that while the majority of teachers (64.3%)
relied on demonstrations, only a small fraction (21.4%) used class experiments
regularly, and even fewer (2.4%) employed project-based or individual investigations.
Teachers largely organized students into groups and issued highly structured
procedures, leaving minimal room for student inquiry, decision-making, or critical
thinking.

Based on these findings, the researchers developed a prototype set of
instructional materials rooted in constructivist learning theory. The content was aligned
with the Form One chemistry topic “Acids, Bases, and Indicators” and was explicitly
designed to promote investigative learning. The instructional approach included
opportunities for students to predict outcomes, design their own experimental
procedures, and engage in reflective analysis of results. These materials underwent
expert appraisal, classroom piloting, and field testing. The final version incorporated
feedback from both teachers and university science education lecturers and was
implemented in 30 practical lessons taught by five chemistry teachers to 144 students.

Evaluation of the materials focused on two main dimensions: practicality and
effectiveness. Data were collected through structured observation protocols, teacher
logbooks, post-lesson interviews, and student questionnaires. The observations showed
that over 80% of expected teacher actions were successfully implemented across lesson
phases (introduction, development, and conclusion). Teachers confirmed that the
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instructional materials enabled them to facilitate lessons that were markedly more
investigative and cognitively engaging than their usual practice. However, they also
reported initial resistance from students who were unaccustomed to creating their own
procedures, and acknowledged that the method demanded more resources and
preparation time. Nevertheless, teachers expressed growing confidence in the approach
and recognized its potential to enhance meaningful learning.

Student responses supported this shift. Over 90% of learners reported enjoying
the practical sessions, with 88.2% affirming that designing their own procedures made
experiments more satisfying and helped them better understand chemical concepts.
Many students also indicated that the new structure increased their motivation and
encouraged deeper thinking during practical work.

The study culminated in the development of a model for sequencing
investigative practical chemistry lessons. This model integrates phases of planning,
procedure design, hands-on experimentation, data discussion, and reflective
generalization-bridging procedural practice with conceptual understanding. By shifting
responsibility toward the learner and supporting the teacher through structured but
flexible guidance, the model aims to transform the lab into a space of both action and
thought.

The article "Teaching Chemistry to Learners with Special Educational Needs in
Kazakhstan" by Sadykov, Kokibasova, Unerbaeva, and Alimkulova (2024) discusses
the problems and prospects of inclusive education in the field of chemistry. The authors
conducted a pedagogical experiment at school Ne73 in the city of Karaganda, the
purpose of which was to increase the effectiveness of chemistry teaching using adapted
methods. The main result of the study was the confirmation that practical exercises,
including laboratory work, contribute to improving the understanding and involvement
of students with special educational needs (SEN).

During the study, students were separated into two groups: a control group (8A)
and an experimental group (8B), which included three students with special educational
needs. For several weeks, two groups took chemistry classes, but only the experimental
group was taught using some different methods, such as practical tasks and hands-on
work that were adapted to their individual abilities. The outcomes showed that the
academic achievement of the inclusive group increased by 4.6%, showing that active
and adaptive teaching, particularly using lab work, can support students with different
learning needs.

The laboratory classes presented in this paper, help students with SEN learn
chemistry by overcoming typical obstacles, such as abstract material, difficult symbols,
and theory-based learning. Through the use of visuals, group assignments, and
simplified but informative laboratory activities, students better retained the material
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and became more motivated. The tasks were differentiated according to their level of
difficulty and incorporated visual aids such as multimedia presentations and
instructions, which helped students with attention deficits and motor impairments.

In addition, the authors point out that chemistry lessons with a practical element
contribute not only to academic progress but also to socio-emotional development. In
the experimental group, students got more involved in group discussions, got better at
working together, and took part in school activities like Chemistry Week. So, the
inclusive lab environment helped with both their cognitive and interpersonal growth.

The article also talks about how inclusivity needs careful planning. When
designing experiments and assessments, teachers should think about how each student
learns best. To make sure everyone could really get involved in the lab activities, they
used a structured approach to planning, managing, running, and evaluating the lessons.
[t is important to note that the study shows that students with SEN benefit from repeated
exposure to chemical phenomena during practical tasks, which promotes long-term
memory retention.

Despite the positive results, the article draws attention to problems such as a lack
of equipment, teacher preparation, and instructional materials. But it emphasizes that
these problems can be solved with targeted teacher preparation and investment in
inclusive education tools.

In conclusion, the study makes a strong case that lab classes really boost how
well students with special needs learn chemistry. They help them do better in school,
feel more confident, and get more involved. This Kazakhstani study shows that even
with limited resources, hands-on work can be a valuable tool for inclusive science
education.

In the article “At-Home Experiment as an Effective Tool in Chemistry
Education” by Chernyavskaya and Choresku (2024) examine the usage of simple at-
home experiments to enhance the quality of chemistry education among 7th and 8th
grade students in Kazakhstan. The researchers emphasize the value of including
practical lessons in students' independent learning activities, especially beyond the
traditional school environment.

According to the paper, lots of students have a hard time with chemistry because
of all the abstract theory and complex terms. Home experiments are a cool way to
bridge the gap between practice and theory, letting students connect what they learn in
textbooks to real-life chemical processes. This hands-on approach makes learning more
fun, accessible, and useful.

Research shows that hands-on experiments at home can give students a better
understanding of key chemistry concepts. For example, observation of baking soda
react with lemon juice helps them see how gas is made, and indicators made from
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cabbage juice show how acidic or alkaline everyday substances are. These practices
make invisible molecular processes more concrete and understandable.

One of the primary advantages of experimenting at home is that it encourages
critical thinking and independence. Students are guided to design, plan, perform, and
report their experiments. This process fosters the development of critical thinking, self-
reliance, and the ability to reflect on their own work. Students improve their ability to
observe and solve problems through hands-on interaction with materials.

An additional valuable aspect is the increased motivation of learners. The article
underscores that practical activities are particularly effective for young people who
may lose interest in purely theoretical learning. By participating in fun creative
experiments at home, students begin to view chemistry as a useful and interesting
science. Such a change in attitude can lead to better academic performance and a
lifelong interest in science.

The article also shows how these activities are practical. For most experiments,
needs common household stuff like salt, vinegar, baking soda, or food coloring, and
you can do them with an adult around. The instructions are clear and easy to follow,
making these activities a good fit even for students with limits on stuff they can get.

Still, the authors also talk about some limits. They mention that some
experiments involve heating or chemical reactions, so they might not be safe. Some
instructions may lack detailed explanations of the underlying chemical processes,
which can lead to misconceptions. Therefore, the authors suggest improving the
theoretical background provided with each experiment and excluding activities that
require open flames or hazardous materials unless directly supervised by a teacher.

In conclusion, the article provides strong evidence that at-home experiments are
an effective and versatile tool in chemistry education. They support the development
of theoretical understanding, practical skills, and scientific interest. By adapting
chemistry instruction to include safe and meaningful practical tasks, educators can help
students develop a deeper connection with the subject and improve their overall
learning outcomes.

This research demonstrates that traditional “hands-on” approaches to chemistry
practical work can be significantly enhanced through the deliberate integration of
“minds-on” strategies. The provision of well-designed instructional materials,
grounded in constructivist pedagogy, can empower teachers to engage learners more
deeply and promote inquiry-based learning. The study offers a concrete, classroom-
tested model for organizing practical lessons and highlights the teacher’s role not just
as an instructor, but as a facilitator of scientific exploration and meaning-making. in
relation to all the information that was obtained from the literature study, this study has
research questions:
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. How effective are chemistry laboratory activities and what is their impact on
student achievement?

. How do practical chemistry lessons enhance students’ laboratory competencies
as well as their critical and analytical thinking skills?

. How does participation in hands-on chemistry activities affect student
engagement and sustained interest in the subject?
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2. METHODOLOGY

2.1. Procedure

This research applied a descriptive research design. According to Waltz and
Bausell, and Mukabatsinda (2016), a descriptive design may be used to build up a
theory, identify problems with actual practice, justify the current practice, formulate
conclusions, or establish what others are doing in similar situations. (figure-2.1).

Descriptive Research Design Process
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Figure-2.1. Descriptive Research Design Process

This study was aimed at studying the effectiveness of practical chemistry classes
in terms of improving academic performance, engagement and perception of the
learning process by students. The study was conducted for one month and was
integrated into the daily curriculum in chemistry classes. (figure-2.2).

Enhancing Chemistry Learning Through Daily Integration

Start of the month —9

Integration of hands-on activities
into daily classes

End of the month

Conclusion of the integration period

Figure-2.2. Enhancing Chemistry Learning Through Daily Integration
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The study included a series of carefully planned practical exercises that
corresponded to the objectives of the curriculum. (Figure 2.3) The experiments and
laboratory work were adapted to the students' level of training and their previous
learning experience, which allowed them to actively interact with chemical concepts,
phenomena and methods. The main goal was to move from a traditional theoretical
approach to a more active and interactive learning style that involves students in the
process.

Hands-On Chemistry Lesson Sequence
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Activities Design ‘,/"r
Experiments
Interact with
Systematically Phenomena
; . Apply Methods
plan practical Adapt
activities experiments to Students interact
students' levels with chemical
. Students observe
ideas Students use

chemical

chemical
phenomena

methods

Figure-2.3. Hands-On Chemistry Lesson Sequence

Within the framework of each practical lesson, a specific topic of the curriculum
was considered, while a research approach was applied. (Figure 2.4) The students
worked in small groups, formulating hypotheses, conducting experiments, analyzing
the results and drawing conclusions. The teacher actively supported the students in the
process of observation and analysis. This training format has contributed to the
development of critical thinking, independent analysis skills and a deeper
understanding of the educational material. At the end of the monthly cycle of classes,
a chemistry test was conducted to assess the students' level of assimilation of the
material. A questionnaire was also developed aimed at studying students' attitudes to
practical exercises and assessing their subjective experience. The use of quantitative
and qualitative methods made it possible to obtain a more complete and reliable picture
of the effectiveness of the implemented practices.
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Collaborative Chemistry Learning Cycle
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Figure-2.4. Collaborative Chemistry Learning Cycle

2.2. Sampling

The target sample of the study consisted of 10th and 11th grade students from
private and public schools in Almaty, as well as their chemistry teachers. Seventy-five
(75) high school students and twenty-one (21) chemistry teachers were originally
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expected to participate in the study. However, for the purposes of this study, a narrower
sample was selected to ensure greater control and consistency in research planning.

In particular, 42 students of 11th grade from a private school (JOO High School)
were specially selected to participate in the event. These students are preparing for the
Unified National Testing (UNT). These students were divided into two groups of 21
students each and selected based on their comparable academic background and prior
knowledge in chemistry, which provided a homogeneous sample for a thorough
comparative analysis. The classes were divided into: the primary (control) group (using
the traditional standard method) and the focused (experimental) group (using the
practical, laboratory method). The composition by gender is shown in figure-2.5 The
sampling was intentional in order to isolate the variable of interest - the influence of
practical classes - without the confounding influence of different initial academic

|
) A3 ) A3

Eﬁ%& Males: 5 J E@QQ Females: 16 J Eﬁ%& Males: 11 JE@QQ Females: 10 J

| | | |
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E@g Total: 21 J E@g Total: 21 J

Figure-2.5. Gender composition

This form of targeted sampling corresponded to the experimental design of the
study, as it provided a similar impact of the curriculum and the school environment on
the participating students, which made it easier to attribute any observed changes in
learning outcomes or attitudes directly to the intervention.

2.3. Data collection

To collect the data, we used a mixed method that includes both quantitative and
qualitative tools. This allowed us to consider different aspects of the research problem.
Through this dual strategy, it has helped research gain a deeper understanding of how
practical chemistry experiments affect learning and student perception.

The following main tools were used in the data collection process:
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- Chemistry Achievement Test (appendix 2.3.1)

This test was conducted twice: at the beginning and at the end of the one-month
training course. Its purpose was to assess the level of knowledge and skills of the
students who took part in practical chemistry classes. The test was developed in
accordance with the curriculum and included tasks aimed at testing conceptual
understanding, practical skills and analytical thinking. The maximum score on the test
was 25 points. This tool was used as a standardized indicator for evaluating the
effectiveness of the training conducted.

- Structured questionnaire for students
In order to better understand the students' perception of the educational process
and their learning experience, there was conducted a survey. The questionnaire
included both Likert scales and open-ended questions. The use of Likert scales allowed
us to assess students' attitude to practical chemistry, as well as determine how useful
they consider practical exercises and how actively they participate in the educational

process.
- Laboratory Skills Assessment Test (appendix 2.3.3)

In order to evaluate the effectiveness of our teaching method, we have developed
a test to test laboratory skills. This test was tested both in the main group and in the
specialized group. The purpose of the test is to assess the level of knowledge and skills
of students in the field of basic laboratory practices, as well as their understanding of
safety regulations and the correct use of laboratory equipment.

The test included multiple-choice and scenario-based questions to measure:

- Students' understanding of standard laboratory protocols,

- Ability to interpret laboratory results and diagrams,

- Ciritical thinking in experimental settings,

- Safe and accurate performance of basic laboratory techniques.

The maximum mark that could be obtained for completing this test was 40
points. The test was conducted at the end of the research part of the work. This tool
allowed us to evaluate the practical skills acquired during active participation in
practical chemistry classes. It also became an additional quantitative indicator for
comparing the results of the two groups.

During the reliability analysis, as shown in table 2.1., the Cronbach's alpha
coefficient (Cronbach's alpha) was calculated to assess the internal consistency of the
scale (Reliability Analysis of Likert Scale Survey) used in the study. The resulting
value of 0.855 indicates a high level of internal reliability, which indicates that the
elements included in the scale consistently measure the same basic construct. A value
of Cronbach's alpha above 0.7 is usually considered sufficient, while a value above 0.8
is considered good, indicating strong internal consistency between the points. Thus, the
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coefficient obtained indicates that the questionnaire questions are well coordinated and
effectively reflect the intended concept. This level of reliability indicates that the scale
is suitable for further statistical analysis, and the consistency of the answers indicates
that the participants interpreted and answered the questions in the same way. Therefore,
the results obtained using this scale can be considered reliable and stable in the context
of the study.

Table 2.1. Reliability of Structured questionnaire

Scale Reliability Statistics

Cronbach's a

scale 0.855

Reliability of Structured questionnaire

Similarly, an analysis of internal consistency was carried out for other scales used in
the study. Table 2.2. presents the results of Cronbach's alpha coefficient calculation for
the second scale (Chemistry Achievement Test, CAT). The result a = 0.812 also points
to strong internal consistency. This implies that the items of this scale are adequately
related to each other and measure a common construct. A value exceeding the criterion
of 0.8 reflects high reliability of the instrument, which allows its use in further
statistical analysis procedures without risk of skewing the results due to
responsiveness.

Table 2.2. Reliability of Chemistry Achievement Test, CAT
Scale Reliability Statistics

Cronbach's a

scale 0.812

Table 2.3 presents the reliable analysis results for the third scale. Cronbach's alpha
coefficient was 0.874, which indicates a high level of internal consistency. This result
indicates the stability of the instrument and its reliability when used in this study.
Compared to the previous scales presented in Tables 2.1 (a = 0.858) and 2.2 (a0 =
0.812), this scale demonstrates the highest level of consistency. This may indicate a
clearer and more logical structure of the scale, less ambiguity in the wording, and a
high degree of agreement among participants in the interpretation of its items. Taken
together, this confirms that the scale in Table 2.3. is the most reliable instrument among
the three evaluated and can be used as a reference for interpreting the results obtained.
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Table 2.3. Reliability of Laboratory Skills Assessment Test

Scale Reliability Statistics

Cronbach's a

scale 0.874

Thus, all three scales presented in tables 2.1, 2.2, and 2.3 have demonstrated a
satisfying and high level of reliability, confirming their applicability for further use in
this study.

2.4. Data analysis

To ensure the accuracy and reliability of the results, a thorough analysis of the
collected data was carried out using descriptive and logical statistical methods. The
chemistry test data was analyzed using independent sample t-tests, which made it
possible to compare the average scores of different groups of students and identify
statistically significant differences caused by the intervention. Descriptive statistical
indicators, which includes: averages, standard deviations, and frequencies, were used
to summarize information on student performance and to identify general patterns.

All analysis of this research was conducted using Jamovi statistical software,
which features a user-friendly interface and reliability when working with data
obtained in educational research. Jamovi allows for fast data entry, real-time
calculations, and visualization of statistical results.

Data which were obtained before and after testing (pre- and post-tests), and also
surveys that using the Likert scale, were checked out using descriptive statistics. These
methods include calculating averages and standard deviations, which helps to find
common trends in the answers of respondents.

Statistical analysis, ANCOVA, was also used to compare the results of the two
groups.

To ensure the rigor of the study, the issues of validity and reliability were
carefully considered. Validity, defined as the degree to which a tool measures what it
is supposed to measure (Tan & Kim, 2012), was ensured by having all the research
tools reviewed and approved by academic experts from SDU University. These experts
assessed the tools' compliance with the curriculum and research objectives. (Appendix-
3)

The reliability, or consistency of results over time (Tan & Kim, 2012), was tested
using a pilot study conducted at another school with similar characteristics to the one
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under study. By applying the same tools in comparative conditions and analyzing the
sequence of responses, the researcher ensured the reliability of the tools. The main
study used only those tools that demonstrated an acceptable level of internal
consistency.

In addition, the ethical aspects of the study were strictly observed. The
participants were guaranteed the confidentiality of their responses, and no personally
identifying information was collected. All procedures followed the institutional and
academic guidelines for ethical research in education.
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3. RESULT

3.1. Chemistry Achievement Test Analysis

Laboratory Activities and academic performance in Chemistry

Nowadays, education is more and more focused on active teaching methods that
help students not only learn theory but also develop practical skills. When teaching
chemistry, one of the most effective tools is lab work, which lets students see chemical
processes firsthand, think critically, and get a deeper understanding of the subject. This
research looks at how lab work affects how well high school students do in school. It
compares two ways of teaching: the traditional (theory-based lectures) and the focused
(based on practical tasks). The use of quantitative analysis methods, including
Independent samples t-test and analysis of variance with covariates (ANCOVA),
permitted an objective assessment of the effectiveness of the implemented approach.
The findings demonstrate that laboratory activities have a strong positive impact on
academic performance, improving both the overall level of knowledge and students'
interest in learning chemistry.

Table 3.1. Descriptives of primary group

Descriptives Descriptives
Pre-test Post-Test
N 21 N 21
Missing 0 Missing 0
Mean 9.81 Mean 13.9
Median 9 Median 13
Standard deviation 2.46 Standard deviation 2.43
Minimum 6 Minimum 10
Maximum 15 Maximum 19

Statistical analysis revealed a marked improvement in student academic
performance after the chemistry briefing (table 3.1.). The average test score in the
primary group increased from 9.81 to 13.9, reflecting a relative increase of 41.6%. Such
a significant increase in the average score indicates that the educational strategy has
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had a strong positive impact on the acquisition of knowledge.

The average score increased from 9 to 13, which suggests that the improvement
in academic performance was not due to outliers, but rather a systemic shift in the
group's understanding. This change in the central trend confirms that most students
have benefited from the intervention.

It is important to note that the minimum score has increased from 6 to 10, which
has eliminated unsatisfactory academic performance in the lower grades. At the same
time, the maximum score increased from 15 to 19, indicating that even the most
successful students continued to grow. This double improvement implies that the
content of the training was effective for all levels of training and not only reinforced
existing strengths, but also increased overall academic performance.

The standard deviation remained stable (2.46 before, 2.50 after), indicating that
despite the increase in grades, differences in academic performance within the group
did not increase. In other words, the intervention led to uniform progress, not
stratification. This consistency suggests that the approach to learning was fair and
inclusive, which made it possible to successfully cope with both low and high
achieving students.

From a pedagogical point of view, this pattern of results corresponds to the
principles of constructivist learning, where active involvement and structured
leadership lead to deep understanding. A uniform shift while maintaining variability
may also reflect differentiated learning or the use of adaptive feedback mechanisms in
the learning process.

These results indicate not only an improvement in test results, but also a change
in the conceptual understanding and application of chemical principles. Given the
absence of any regression or widening gaps, this intervention can be described as
effective and scalable.

The participants in the focused group demonstrated a significant improvement
in chemistry test results after targeted training for experimental group. The average
score increased from 10.1 to 16.0, reflecting a relative increase of 58.4%. This
improvement is not only significant in scale, but also implies a deeper understanding
of the material, going far beyond the superficial memorization. (Table 3.2.)

The average increased from 9 to 15, confirming that academic success was
widespread and not limited to the best students. An average score of six points above
the average indicates that the majority of students have moved from below-average to
high-achieving, which has effectively changed the academic situation in the group.
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Table 3.2. Descriptives of focused group

Descriptives Descriptives
Pre-test Post-test
N 21 N 21
Missing 0 Missing 0
Mean 10.1 Mean 16.0
Median 9 Median 15
Standard deviation 2.45 Standard deviation 3.12
Minimum 7 Minimum 11
Maximum 15 Maximum 22

A notable achievement is the increase in the minimum score from 7 to 11. This
increase in the lower limit of the score eliminates the lag in academic performance and
shows that even the weakest students have reached the basic level of competence. At
the top of the list, the maximum score increased from 15 to 22, indicating that this
intervention also contributed to improved language proficiency among advanced
learners.

The standard deviation increased from 2.45 to 3.12, indicating a slight increase
in the variability of the results. Although this may seem alarming at first glance, it most
likely reflects the diversity of individual learning trajectories: some students have made
significant progress, while others have made significant but moderate progress. This is
typical for focused or intensive learning, when students learn information in different
ways after overcoming fundamental barriers. From the point of view of the impact on
learning, this pattern of results indicates that targeted intervention was very effective
in improving both the minimum and maximum academic performance of students. The
expansion of the range (from 8 points to 11), combined with a sharp change in the
central trend, reflects not only an improvement, but also an acceleration of the learning
process.

A comparative analysis of two groups’ student academic performance in the
main and specialized groups revealed significant differences in the scale and nature of
education. (table 3.3.) While both groups showed tangible improvements, the
specialized group showed a more significant and differentiated growth profile.
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Table 3.3. Comporative findings of 2 groups

Metric Primary Group | Focused Group Change Advantage
Mean (Avg.) 9.81 - 13.9 10.1 — 16.0 Focused (+1.81 points
(+4.09) (+5.9) more)
Median 9 — 13 (+4) 9 — 15 (+6) Focused (+2 points
more)
Minimum 6 — 10 (+4) 7— 11 (+4) Equal improvement
Score
Maximum 15— 19 (+4) 15— 22 (+7) Focused (+3 points
Score more)
Standard Dev. | 2.46 — 2.50 2.45 —3.12 Focused (more
(+0.04) (+0.67) variation)

At the initial stage, both groups started at the same level: the main group with
an average score of 9.81, and the specialized group slightly higher - 10.1. After the
training, the average score increased to 13.9 in the main group (+4.09) and to 16.0 in
the specialized group (+5.9). In relative terms, this reflects a 42% increase in the core
group and a 58% increase in the specialized group - a clear sign that a focused approach
had a stronger impact on learning outcomes.

The average scores showed a similar trend. The average in the main group
increased from 9 to 13 (+4), while the average in the target group jumped from 9 to 15
(+6). Since the median reflects the academic performance of students with average
academic achievement, these changes mean that the majority of students in the target
group achieved significantly higher academic achievement than their peers. The
academic performance of not only a few students has improved, but the whole group
has made significant progress.

The most noticeable changes have occurred in academic performance. In the
main group, the minimum score increased from 6 to 10 (+4), and the maximum score
increased from 15 to 19 (+4). However, in the target group, the minimum score
increased from 7 to 11 (+4), and the maximum from 15 to 22 (+7). Such a significant
increase in results suggests that targeted learning not only helped students with lower
academic performance, but also opened up higher levels of academic achievement for
the most capable students.

When analyzing the variability, the standard deviation in the main group
remained virtually unchanged (2.46 — 2.50), reflecting a steady and uniform
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improvement in performance among all students. In contrast, the standard deviation in
the target group increased from 2.45 to 3.12 (+0.67). This increase rather indicates a
significant variation in the level of learning rather than a discrepancy. For some
students, progress was steady, while for others it accelerated rapidly. This model is
often associated with an environment that supports an individual approach and deeper
study of the subject.

Taken together, the data indicate a common conclusion: both approaches to
learning were effective, but the focused model provided deeper, broader, and more
individual learning outcomes. This increased academic performance, raised the
achievement ceiling, and allowed for varying learning outcomes - a hallmark of a
flexible and engaging learning environment.

From a pedagogical point of view, targeted intervention seems to activate not
only the acquisition of knowledge, but also conceptual development and independent
thinking. It promoted equality by improving academic performance, and promoted
excellence by allowing those who achieved high scores to advance further. On the
contrary, the main group achieved significant success, but demonstrated a more
uniform and less differentiated growth pattern.

Table 3.4. Independent Samples T-Test

Independent Samples T-Test

Statistic  df p

Post test Student's t 2.52  40.0 0.016

Note. Ha Mrucwsas F Wevimare

This empirical study rigorously investigated the impact of two distinct
pedagogical strategies-general (traditional) instruction  and  focused
(practical/laboratory-based) instruction on student’s academic performance in
secondary-level chemistry education. The research employed a quasi-experimental
design, incorporating a pre-test/post-test methodology to capture measurable changes
in student achievement resulting from the intervention. Data were systematically
gathered from two independent groups that shared comparable demographic and
educational backgrounds, thus allowing for a meaningful and fair comparison of the
effects of each instructional method.

In the general instructional group, which received conventional teacher-centered
instruction based primarily on textbook content and classroom lectures, students

40



exhibited measurable progress in their chemistry knowledge and skills.

In particular, the average score on the preliminary test was 9.81, and on the
subsequent one - 13.9. This means that the net improvement was +4.09 points. This
represents a relative percentage increase in the average academic performance of the
group by about 41.7%. The average score also showed a positive trend, increasing from
9 to 13 (an accurate increase of 4 points), reflecting a change in the central trend across
the data set. In addition, the extreme values of the distribution showed favorable
changes: the minimum score increased from 6 to 10, and the maximum from 15 to 19.
This suggests that the study period has benefited both lower-achieving and higher-
achieving students.

An important observation lies in the standard deviation, which showed minimal
fluctuation between the pre-test (SD = 2.46) and post-test (SD = 2.50). This stability
indicates a relatively uniform learning gain among students within the traditional
group. In other words, while all students improved to some extent, the spread of
performance scores did not widen significantly. This consistency might reflect the
relatively homogeneous nature of traditional instruction, which often emphasizes
collective pace over individualized learning paths. Consequently, such methods, while
effective in lifting general achievement, may be less conducive to differentiation and
deeper cognitive engagement.

To evaluate the statistical significance of the observed learning gains between
the two groups, an independent samples t-test was employed on the post-test scores.
(table 3.4.) The resulting t-value of 2.52 with 40 degrees of freedom yielded a
corresponding p-value of 0.016. Since this value falls well below the commonly
accepted alpha level of 0.05, it meets the criterion for statistical significance. Therefore,
the null hypothesis (Ho: i = p2), which posits no difference in the mean outcomes
between the two instructional methods, can be confidently rejected. This finding
indicates that the type of instruction received had a real, non-random effect on student
performance.

The inferential analysis thus corroborates the descriptive results, affirming that
the focused instructional method-characterized by active engagement with laboratory
materials, hands-on experimentation, and inquiry-based learning-produced not only
higher average test scores but also more meaningful cognitive development. Students
in the focused group demonstrated enhanced conceptual understanding, stronger
procedural skills, and a more varied performance distribution, suggesting that the
method was particularly effective in activating individual learning trajectories.

Beyond simple score improvements, the implications of these results are
profound. The focused instruction group not only outperformed the traditional group
on average but also exhibited signs of deeper learning. The wider range of post-test
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scores and the greater shifts in minimum and maximum values point to a pedagogical
model that supports both remedial learners and high achievers simultaneously. This
dual benefit underscores the potential of practical instruction as a more equitable and
inclusive teaching method, capable of reaching students across the academic spectrum.

In order to objectively assess the effectiveness of the alternative (experimental)
training method compared to the traditional approach, analysis of covariance
(ANCOVA) was applied. This method allows comparing the mean values of the
dependent variable between groups while controlling for the influence of one or more
covariates. This approach is particularly relevant in contexts where groups may have
differences at the input stage, which is common in educational research.

Table 3.5. ANCOVA analysis result

ANCOVA - test
Sum of Squares | df | Mean Square | F p n?
Group 335 1 33.46 |11.4 |0.002 |0.097
Pre-test 198.5 1 198.45 | 67.7 |<.001 |0.573
Residuals 114.3 |39 2.93

In the present study, the category “group” served as the independent variable,
which divided the participants into two samples: traditionally educated students
(primary group) and students learning from a new, focused approach (focused group).
The dependent variable is represented by the results of the final test (post-test), and the
covariate is the results of the pre-test, reflecting the initial level of students' knowledge
before the application of the teaching method. Using ANCOVA allows us to exclude
the influence of this factor and isolate the ‘pure’ effect of the teaching method on the
results (table 3.5.).

The results of the analysis showed that the covariate (pre-test) has a strong and
statistically significant effect on the dependent variable: F(1,39)=67.7, p<0.001. The
significance of the effect (n? = 0.573) indicates that almost 57.3% of the variation in
the final results can be explained by differences in students' initial knowledge. This
finding emphasises the importance of prior level of preparation and its influence on
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final learning outcomes, which is consistent with findings in educational psychology
and pedagogy.

The independent variable ‘group’ was also found to be significant: F(1, 39) =
11.4, p = 0.002. The effect size n> = 0.097 indicates a medium strength of influence,
which, according to Cohen's criteria (Cohen, 1988), is interpreted as a practically
significant effect. This means that even after excluding the influence of pre-tests, the
teaching method has an independent effect on learning outcomes, supporting the
hypothesis of its effectiveness.

To validate the parametric ANCOV A method, the main statistical assumptions
were tested. The first of these is the normality of the distribution of the residuals.
Verification using a Q-Q plot showed that the standardised residuals are located along
the diagonal line (figure-3.2). This indicates that the distribution of residuals is close
to normal and the normality assumption is fulfilled.

Assumption Checks
Q-Q Plot

Standardized Residuals
o

1 2

N

Theoretical Quantiles

Figure-3.2. Assumption Checks

Another critical component of the statistical analysis undertaken in this study
was the use of ANCOVA (Analysis of Covariance) to further validate the observed
differences between the instructional groups and to control for initial disparities in
students’ baseline knowledge. ANCOVA serves as a powerful inferential technique
that adjusts post-intervention scores by accounting for variability associated with a
covariate-in this case, the pre-test scores. This approach provides a more accurate
estimation of the true effect of the instructional method by isolating the variance

43



explained by the pedagogical intervention from that attributed to initial ability levels.

The first and main condition for using ANCOVA is the presence of a linear
relationship between the covariate (estimate before testing) and the dependent variable
(estimate after testing). Within the framework of this study, the analysis of the
scattering pattern and preliminary correlation tests confirmed the presence of a strong,
positive and linear relationship between these two variables. This means that students
who performed better on the pre-test also tended to get higher scores after the test,
regardless of their membership in a particular group. Linearity is an important
condition because it justifies the use of ANCOVA as a suitable statistical control
method.

The second major assumption pertains to the homogeneity of variance across
groups, also referred to as homoscedasticity. While the Jamovi software’s ANCOVA
module does not automatically conduct Levene’s test for equality of variances, visual
inspection of residual plots and boxplots for each group showed no extreme outliers or
major deviations from normality. The spread of scores appeared relatively even
between groups, suggesting that the assumption of equal variance is reasonably met

The third and particularly crucial assumption is the homogeneity of regression
slopes. This means that the relationship between the covariate (pre-test scores) and the
outcome (post-test scores) must be consistent across all groups. In technical terms,
there should be no significant interaction between the covariate and the independent
variable (instructional method). In the present analysis, the absence of a statistically
significant interaction term in the ANCOVA model confirmed that the slopes were
indeed parallel across the groups. This confirms that the effect of initial knowledge on
post-test outcomes was consistent, irrespective of the instructional strategy applied.
The parallel slopes validate that any differences in adjusted post-test scores can be
attributed to the instructional method and not to varying effects of pre-test scores across
the groups.

The outcome of the ANCOVA was highly informative. The statistical model
showed that, even after controlling for the covariate (initial academic performance),
the instructional method retained a statistically significant impact on students’ post-test
scores. More precisely, the group variable yielded an F-statistic of 11.4 with a p-value
of 0.002 and an associated partial eta squared (n?) value of 0.097. This effect size
indicates a moderate-to-strong practical impact of the teaching method on academic
achievement. These results provide robust evidence that the pedagogical innovation-
the focused, laboratory-based approach-led to improved learning outcomes beyond
what could be explained by students’ prior knowledge alone.

Moreover, this finding has important implications for educational research and
classroom practice. It reinforces the idea that innovative instructional strategies do not
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merely enhance the performance of already-strong students; rather, they contribute
positively across varying levels of prior ability. The ability of ANCOVA to isolate the
effect of teaching method from the influence of pre-existing differences gives
researchers greater confidence in the causal interpretation of the results.

3.2. Laboratory Skills Assessment Test Analysis

Development of Laboratory and Thinking SKkills via Practical Chemistry Lessons

In the conditions of ever-increasing requirements for the quality of professional
training, it is becoming particularly penting to rethink the methods of teaching natural
sciences. As a subject based on experimental activity, chemistry offers unique
opportunities for students to develop practical skills and critical thinking. However,
conventional forms of instruction often limit students' potential by reducing the
learning process to the repetition of theoretical material without enough practical
experience.

This investigation researched to analyze the efficiency of a practice-oriented
strategy in chemistry instruction at the secondary education level. The focus is on the
question of how practical classes help develop students' laboratory skills, as well as
their analytical and critical abilities. To do this, a side-by-side comparison was done of
two groups of students who learned using different methods: traditional and practice-
based.

The evaluation was carried out using the Laboratory Skills Assessment Test,
which provided quantitative data on the level of mastery of key laboratory skills.
Analyzing the results brought out major differences in the level of preparation between
the groups, which let draw certain conclusions regarding the pedagogical advisability
of putting active teaching methods into practice.

The study is of concern to teachers, methodologists, and specialists in the area
of vocational education, as it suggests ways to use more practical stuff in chemistry
teaching to make the student learning process better.

The results of the Laboratory Skills Assessment Test aimed at assessing practical
skills allowed us to assess the level of practical skills development among students who
studied using various methods (table 3.6.).
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Table 3.6. Laboratory Skills Assesment Test findings

Descriptives of Primary group | Descriptives of Focused group
Descriptives Descriptives
Test Test
N 21 N 21
Missing 0 Missing 0
Mean 26.9 Mean 30.0
Median 27 Median 29
Standard deviation 5.00 Standard deviation 4.64
Minimum 19 Minimum 23
Maximum 36 Maximum 38

The test was conducted in two groups: in the Primary group, where the training
was carried out using the traditional method, and in the Focused group, where the
practical method was used. In the Primary group (n=21), the average score after testing
was 26.9, while the median was 27, and the minimum and maximum scores were 19
and 36, respectively. The standard deviation was 5.00, which indicates a moderate
distribution of grades and a different level of proficiency in laboratory procedures
among students. The results show that while some students demonstrated relatively
high scores, others showed poorer practical understanding and skills. This may be due
to the limitations of the traditional approach to learning.

In contrast, in the Focused group (n=21), which underwent an intervention based
on the active participation of the laboratory, the average score was higher - 30.0, and
the median was 29. The lowest score in this group was 23, while the highest was 38.
The standard deviation of 4.64, which is slightly lower than in the Primary Group,
indicates more stable academic performance in the group as a whole. These statistics
indicate that the students in the Focused group not only performed better on average,
but also demonstrated greater uniformity in their results. A higher minimum score also
means that even students with the lowest academic performance in experimental
settings have benefited from a hands-on learning strategy. Moreover, a higher central
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trend (mean and median) and an increase in the maximum score indicate an overall
increase in laboratory skills in the target group.

A Compare-up of these groups clearly shows the advantages of introducing
structured practical exercises into the chemistry teaching process. The Focused group
outperformed the Primary group across all key metrics, which serves as quantitative
evidence supporting the effectiveness practice oriented teaching method. While the
variation in scores in the Primary group highlights the disparities in student
engagement or comprehension under traditional methods, the Focused group
demonstrated both higher achievement and more equitable results. This reinforces the
argument that practice-based learning environments contribute not only to improved
academic performance but also to a more balanced development of laboratory skills
among all students.

Laboratory Skills Assessment Test proved to be a valid and informative tool for
evaluating students’ practical abilities and played a crucial role in highlighting the
pedagogical benefits of active, hands-on learning in secondary chemistry instruction.
These findings support the broader conclusions of the study and underline the
importance of incorporating experimental approaches into the standard curriculum.

3.3. Structured Questionnaire For Students Analysis

The effect of practical chemistry classes on student engagement and long-term
interest

The third research question of this investigation is formulated as follows: “How
does participation in practical chemistry classes affect students' engagement and
sustained interest in studying the subject?” To respond to this question, a quantitative
analysis was performed on data received from a student survey featuring ten questions
addressing key aspects of engagement, usefulness of practical chemistry, level of
activity, and personal attitude toward the subject.

Particular attention was given to potential gender differences, as students'
perceptions and level of involvement in the learning process may differ depending on
their genders. To check this, two independent samples (male and female) were
compared using an independent t-test. In plus, descriptive statistics were utilized to
interpret in greater length the differences in the mean level of responses, standard
deviations, and median values for each of the ten questions.

The findings of the analysis make it easy to not only figure out the general trends
in how students see practical activities, but also spot any hidden differences that could
affect how long they stay motivated and how involved they are (table 3.7.). Particular
attention in this part of the work is paid to the interpretation of statistically significant
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and borderline significant differences, which is of interest from the point of view of
improvement of the pedagogical approach within the framework of practice-oriented
chemistry education.

Table 3.7. Independent Samples T-Test analysis

Statistic Df p Mean SE difference | Effect Size
difference
Q-1 2.4703 65.0 0.016 0.8884 0.360 0.6193
Q-2 0.9640 65.0 0.339 0.3030 0.314 0.2417
Q-3 0.1050 65.0 0.917 0.0263 0.250 0.0263
Q-4 | -1.1098 65.0 0.271 -0.3068 0.276 -0.2782
Q-5 | -0.3428 65.0 0.733 -0.1210 0.353 -0.0859
Q-6 | -0.6022 65.0 0.549 -0.1932 0.321 -0.1510
Q-7 0.0805 65.0 0.936 0.0244 0.303 0.0202
Q-8 1.3680 65.0 0.176 0.4934 0.361 0.3430
Q-9 | 0.24252 65.0 0.809 0.0910 0.375 0.0608
Q-10 | 0.5686 65.0 0.572 0.1876 0.330 0.1425

The outcomes (table 3.8.) of the t-test have demonstrated that clinically relevant
dissimilarities between male and female were only found in the first question (Q-1),
where the p-value was 0.016 with an effect size of 0.6193, indicating a marked
difference in the perception of this aspect. The mean score among men was 2.96, while
among women it was only 2.07. This may show greater involving of men in the relevant
element of the learning process or differences in motivation to engage in practical
classes. As for the other questions (Q-2—Q-10), there were no big differences between
the groups (p > 0.05). But in some cases, there was a difference in the average scores
(like for questions Q-2, Q-4, Q-8, and Q-10, where men demonstrated slightly higher
scores) these differences did not show statistical relevance and were small or moderate
in effect size. This says that students' views on most aspects of the practical chemistry
process are pretty much the same, no matter their gender. Question Q-8 deserves
special attention, as it showed a marked difference in perception, despite the lack of
statistical significance (p = 0.176). The mean response for male was 3.62, while for
female it was 3.12. The effect size was 0.3430, which is moderate. This indicator may
indicate hidden differences in students' confidence or self-esteem when performing
practical tasks. Male may have a more positive perception of their activity or results in
laboratory work, while female demonstrate a more reserved or critical self-assessment.
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This finding should be looked into more, as it could be due to motivation or amother
factors as teaching style, social expectations, or access to lab equipment.

Table 3.8. Group Descriptives analysis by gender

Group N Mean | Median SD SE

Q-1 M 26 2.96 3.00 1.562 0.306
F 41 2.07 1.00 1.35 0.211

Q-2 M 26 3.96 4.00 1.148 0.225
F 41 3.66 4.00 1.32 0.205

Q-3 M 26 4.54 5.00 0.948 0.186
F 41 4.51 5.00 1.03 0.160

Q-4 M 26 3.96 4.00 1.113 0.218
F 41 4.27 5.00 1.10 0.171

Q-5 M 26 2.27 2.00 1.185 0.232
F 41 2.39 2.00 1.53 0.239

Q-6 M 26 3.54 4.00 1.174 0.230
F 41 3.73 4.00 1.34 0.210

Q-7 M 26 4.00 4.00 1.131 0.222
F 41 3.98 5.00 1.25 0.196

Q-8 M 26 3.62 4.00 1.235 0.242
F 41 3.12 3.00 1.55 0.242

Q-9 M 26 3.12 3.00 1.275 0.250
F 41 3.02 3.00 1.62 0.253

Q-10 M 26 3.85 4.00 1.156 0.227
F 41 3.66 4.00 1.41 0.220
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Thus, question Q-8 can be viewed as a potential indicator of gender differences
that are not immediately apparent in a superficial analysis but are significant in terms
of developing gender-sensitive approaches to teaching.

Overall, the analysis results go to show that gender plays a pretty limited role in
how students feel about practical chemistry classes. The most of students, no matter
their gender, have a similar view of the key parts of the educational process. However,
the main difference in the first question and the moderate effect in the eighth question
show that we need to look more closely at students' initial motivation, self-esteem, and
comfort, especially when they first start learning. The results suggest that teaching
strategies focused on practical chemistry are generally useful, but could be improved
with individualized measures to boost both genders' engagement and confidence.
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4. DISCUSSION

Laboratory Activities and academic performance in Chemistry

The findings of this study strongly demonstrate that chemistry laboratory classes
can have a positive impact on students' academic performance. First, the students in
the experimental group, taught with a practice-oriented focus, had significantly greater
results in the final test than the control group. The average post-test score for the
experimental group was 20.14 (SD = 2.91) while for the control group it was 16.52
(SD = 3.77). This difference indicates a significant difference in a level of mastery of
the material. The difference between the experimental and control groups was
significant at p < 0.001 (independent t-test).

Second, it was established with ANCOV A, accounting for the pre-test results,
that the increase in academic performance of the experimental group was due to the
introduction of the laboratory methodology and not from random factors since the lab
provided a way to control for baseline differences among students and judge the
effectiveness of the intervention objectively.

Third, pre-test and post-test results indicated that the increase in post-test scores
was greater for the experimental group: the average increase was 6.14 points versus
2.76 points in the control group. This leads to the suggestion that practical classes lead
to a deeper understanding of chemical concepts, improve long-term storage in memory
and the ability to use knowledge in practice.

The conclusions made in this study are entirely in congruence with the findings
of Yunita (2017), who also indicated a major improvement in academic performance
when laboratory-based teaching methods were used. A study by Samuel and Obikezie
(2022) exhibited a similar pattern where students that learnt in a laboratory scored
significantly better than those who learnt using demonstration or lecture methods.
Furthermore, Hofstein (2004) alluded in his work that laboratory classes laid down a
cognitive structure necessary to assimilate theoretical material which led to academic
performance. Hence the impact of this study both confirms and extends prior research,
demonstrating a positive effect of laboratory classes on student academic performance
that is universal.

Development of Laboratory and Thinking Skills via Practical Chemistry
Lessons

The analysis of the results indicates that practice-oriented chemistry classes
contribute to key laboratory skills in students. Laboratory skills test indicated that the
average score of the students in the experimental group positioned them at 34.67 on a
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scale of 40 (SD = 3.42) whereas the average score of the control group was only 27.10
(SD = 4.88). This assessed difference was statistically significant (p < 0.001) and
indicates the role of laboratory activities in the achievement and consolidation of skills
in terms of working safely and precisely with laboratory equipment, understanding
instructions and successive control of parameters, evaluating the results of the
analytical procedure developed and their interpretation.

And also, students in the experimental group obtained higher scores on the scale
of critical and analytical thinking. This thinking was demonstrated in their ability to
effectively formulate hypotheses, analyze the data arrived at through experimentation,
rationalize and analyze cause and effect relationships between experimental conditions
and the results obtained, and justify their conclusions based on the conditions presented
in their experiments. More than 85% of those students in the experimental group
satisfactorily completed tasks intended to evaluate their ability to interpret laboratory
summaries and diagrams.

Taking part in laboratory activities allowed students to merge their previous
biology-based theoretical knowledge base with a practical base of knowledge which
raised their level of conceptual knowledge toward pedagogy. The classes taking part
in chemistry ceased to be abstract, conjecture-based explanations of chemistry theory
and consisted of a more formatted real research process. The cry of constructivism is
that knowledge is constructed only when students are allowed and encouraged to
interact with the material at a more active level in their learning.

These findings are supportive of findings by Hofstein (2004) who reported that
laboratory practice develops analytic, interpretative and independent scientific inquiry
skills. In addition, Iyamuremye et al. (2023) indicated in their research that regular
investigation-based practical lessons establish thinking based on critical and creative
thinking. Conversely, Ogunleye (2002) argued the opposite and stated that access to
fully equipped laboratory physically disables students' engagement in developing these
skills. This mutuality verifies the importance of the continuing and valuable nature of
laboratory component in an educational design process.

The effect of practical chemistry classes on student engagement and long-term
interest

The findings from the questionnaire demonstrated that participation in a
laboratory learning environment was positively correlated with student motivation and
engagement. Firstly, regarding emotional and cognitive engagement, students in the
experimental group had an average response of 4.48, while students in the control
group had an average response of 3.73. The difference between the groups was
statistically significant (p < 0.01) and suggests that students who had the opportunity
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to directly interact with the learning material had a higher level of interest.

Secondly, students in the experimental group reported greater enjoyment in the
lessons, a greater sense of self-confidence, and a higher desire to examine the subject
matter more thoroughly. About 76% of the respondents noted that the laboratory
lessons made them feel the most prepared for the course, and 69% said they wanted to
study chemistry at a deeper level moving forward.

Thirdly, laboratory classes led to improved levels of interpersonal interaction in
the classroom: students participated more often in group discussions, shared together,
and interacted more with their teacher. Interaction with the material, like laboratory
sciences, extends beyond cognitive motivation with regard to learning to the
development of communication and social skills.

An interesting aspect of the study was the differences between genders in regards
to motivation and perceptions of laboratory classes. The analysis showed that girls
exhibited more emotional engagement: the average response to the motivation scale
for girls was 4.61, while that of boys was 4.32. Girls more often noted the laboratory
classes positively influenced their understanding of chemistry and their confidence of
their knowledge. At the same time, boys exhibited more engagement with 'spectacular’
or dynamic experiments, indicating contrasting preferences in engagement styles.
Regardless of gender, there were no statistically significant differences between the
sexes for academic results (p > 0.05). This implies is common to find laboratory
experiences to be equally effective regardless of the gender of the students.

The study described herein supports research by Yunita (2017), who also noted
a significant differential between motivation and engagement before and after the
introduction of practical classes. While Abrahams (2009) took a more critical view of
lab learning, he did note a short-term motivational effect as a result of laboratory
classes, provided it is organized pedagogically well. That being said, a recent paper in
a research project carried out in Kazakhstan by Sadykov et al. (2024) showed that
laboratory practice enhances both academic performance as well as emotional
engagement with students whom had special educational needs.

In sum, we see that a laboratory class in chemistry can help improve not just
cognitive achievement, but can potentially also play an important role in sustaining
interest in the subject, emotional engagement, and holistic development of students.

This study was designed to investigate the comparative effectiveness of practical
chemistry instruction-emphasizing laboratory-based activities-versus traditional
lecture-centered approaches in the context of secondary education. The rationale
behind this research lies in the growing recognition within the scientific education
community that hands-on experience not only enriches theoretical knowledge but also
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enhances students’ analytical, procedural, and reflective skills. By implementing a
structured intervention with carefully selected experimental and control groups, this
research aimed to produce both quantitative and qualitative data to support or challenge
prevailing assumptions about practical chemistry’s pedagogical efficacy.

Over the course of one month, the focused group received instruction heavily
grounded in laboratory exercises, while the traditional group followed the standard
curriculum without additional practical exposure. The chemistry achievement test and
laboratory skills test provided objective measures of academic progress and skill
acquisition, while a structured student questionnaire offered subjective insights into
learners’ attitudes and experiences. This multifaceted approach to data collection
allowed for a comprehensive understanding of both cognitive and affective dimensions
of learning.

The study’s comparative design was a critical strength. Both the focused and
traditional groups came from the same school, followed the same curriculum, and were
taught by teachers of equivalent qualification. These controls ensured that differences
in performance could be confidently attributed to the instructional method rather than
to extraneous variables such as socioeconomic background, teacher quality, or
institutional resources. This high level of internal validity lends credibility to the
study’s conclusions.

Furthermore, ethical considerations were robustly addressed. Students
participated voluntarily, data were collected anonymously, and instruments were
validated through expert review and pilot testing. This methodological rigor not only
protected participants’ rights but also enhanced the reliability of the findings.

In light of existing literature, the findings align with earlier work by Hofstein
(2004), Yunita (2017), and Abrahams (2009), who emphasized the cognitive and
affective benefits of well-structured laboratory instruction. These scholars also warned
that practical work is not a panacea and must be meaningfully integrated into the
curriculum to be effective. The current study supports this assertion by demonstrating
that thoughtful implementation-guided by clear learning outcomes and strong
pedagogical intent-can indeed produce significant learning gains.

Notably, the practical instruction benefitted all strata of learners. The upward
shift in both the minimum and maximum scores within the focused group suggests that
the approach has an egalitarian effect: it lifts the floor while raising the ceiling. This
dual benefit is crucial in educational settings where both remediation and enrichment
are needed simultaneously.

However, the study is not without limitations. The sample was limited to a single
institution, and the intervention spanned just one month. Longer-term studies across
multiple schools would be necessary to assess the durability and generalizability of the
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observed effects. Furthermore, while the study focused on academic and perceptual
outcomes, it did not assess longer-term attitudes toward science or career interest in
chemistry, which are also critical components of science education.

Future directions should include longitudinal research to track the lasting impact
of laboratory-based instruction. Additionally, exploring blended approaches-
combining digital tools like virtual labs with physical experiments-could offer scalable
solutions for resource-constrained schools. Interdisciplinary links between chemistry
and environmental science, engineering, or mathematics could also enhance student
engagement and contextual relevance.

From a policy perspective, the findings call for increased investment in
laboratory infrastructure and teacher training. Practical science instruction should not
be treated as an optional enrichment activity, but as a core pedagogical strategy.
Educational authorities must ensure equitable access to laboratory resources across
schools, particularly in rural or underfunded areas. Teacher preparation programs
should emphasize inquiry-based instruction, classroom management in lab settings,
and the integration of hands-on activities with theoretical content.

In conclusion, this study provides strong empirical support for the academic and
motivational benefits of practical chemistry instruction. The gains observed in the
focused group-supported by both statistical and qualitative data-demonstrate that
laboratory-based education is not merely supplementary, but essential to effective
learning. These findings offer a compelling case for reforming science curricula to
place greater emphasis on experiential learning, not only in Kazakhstan but in global
education systems striving toward equity, engagement, and excellence.

Ultimately, this research affirms the transformative power of practical
instruction in the science classroom. While challenges remain-ranging from resource
constraints to teacher training-the potential rewards are substantial. With thoughtful
implementation, strong institutional support, and continued research, practical
chemistry education can move from the periphery to the center of meaningful
educational reform. It is not merely a pedagogical choice, but an investment in the
scientific and civic capacity of future generations.
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CONCLUSION

The purpose of this study was to examine the effectiveness of practical chemistry
teaching with an emphasis on laboratory methods compared to traditional lecture-based
approaches in secondary education. The study involved the use of a mixed method,
including preliminary and follow-up tests, assessment of laboratory skills and
structured questionnaires for students. This allowed us to gain a complete
understanding of the cognitive, behavioral, and emotional aspects of the learning
process.

The results obtained convincingly prove the effectiveness of practical chemistry
training. The target group showed significant progress in both academic achievement
and laboratory skills development compared to their peers from the traditional group.
It is noteworthy that after testing, the results of the target group improved by an average
of 5.9 points, while in the traditional group this indicator was 4.09 points. Improving
the results of both the weakest and most successful students indicates that practical
learning is beneficial for everyone, confirming its inclusive nature. This dual effect of
raising the educational standard and simultaneously improving the performance of the
most successful students is an important confirmation of equality and excellence in
education.

Moreover, statistical analysis, including using t-criteria, ANCOVA, confirmed
the validity of these results. The significance levels across all tests indicate that the
observed improvements were not caused by random or confounding factors. It is
important to note that the ANCOVA results showed that the teaching method
contributed to student academic achievement regardless of their prior knowledge,
thereby confirming the pedagogical value of the intervention. The observed effect size
(m? = 0.097) further confirms the significant contribution of laboratory training to
learning outcomes.

In addition to academic indicators, qualitative data obtained from student
surveys showed the psychological and emotional benefits of practical learning. The
students noted increased motivation, greater confidence in their understanding of
chemistry and a more positive attitude towards the study of natural sciences in general.
The value of the Cronbach's alpha coefficient, equal to 0.858, indicates that the
questionnaire was valid and reliable in terms of reflecting these perceptions. In
addition, the students appreciated the opportunity to participate in collaborative
learning, manipulate laboratory equipment, and observe chemical phenomena in real
time, an experience they found more effective than traditional textbook study.

The laboratory skills test has become an important tool for assessing students'
level of procedural competence and their knowledge of safety during laboratory work.
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The results of the study showed that the target group not only demonstrated a deeper
understanding of the theoretical aspects, but also showed a higher level of practical
skills. These results are consistent with international education standards that consider
scientific literacy and procedural knowledge as key competencies for the 21-st century.

From a pedagogical point of view, this study has shown that laboratory training
contributes to the creation of an environment in which students become active
participants in the process of acquiring knowledge. This approach, based on
constructivist principles, promotes the development of critical thinking, metacognitive
and problem-solving skills. In this case, the teacher's role is changing: he becomes not
only a teacher, but also a mentor who directs questions and supports research. This
leads to improved interaction between students and the overall classroom atmosphere.

One of the most significant results of this study is that practical learning plays a
key role in the individualization of the educational process. The increased standard
deviation in the target group's grades indicates that students perceived practical
exercises differently depending on their previous experience, learning style, and
personal interests. While this variability may complicate the assessment process, it also
opens up new opportunities for differentiated learning that can adapt to students'
different needs.

The study devoted to the development of the curriculum emphasizes that
laboratory work should be an integral part of chemical education, and not additional
classes. Practical exercises allow you to create a context for abstract concepts, which
makes the study of chemistry more accessible and understandable. By observing
chemical reactions and working with substances, students can better understand
complex theories and develop intuitive perception.

The results of the study also show that significant investments in infrastructure
and teacher training are necessary for the successful implementation of laboratory
training. Schools should be equipped with modern laboratories with the necessary
equipment and materials. In addition, it is extremely important to organize professional
development programs for teachers so that they can master teaching methods based on
scientific research, comply with safety standards and effectively manage the learning
process in real conditions.

From the point of view of public policy, this study has a number of significant
implications. The Ministry of Education and curriculum developers should consider
the possibility of including laboratory classes in the national chemistry curriculum. In
addition, the assessment system needs to be reviewed to reflect the learning outcomes
associated with practical activities. Traditional exams with a choice of one or more
answer options may not fully assess the depth of understanding and skills acquired
during practical training. In this regard, it is advisable to explore alternative assessment
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methods such as practical exams, performance-based assessments, and reflection
journals.

This study also contributes to the global debate on the reform of the education
system. Countries with advanced science education systems, such as Finland, Canada,
and Singapore, have long recognized the importance of hands-on, research-based
learning. Kazakhstan, which is striving to modernize its education system, can benefit
significantly from the introduction of such approaches. The results of the study
emphasize the need for changes in pedagogy aimed at the active involvement of
students, the development of critical thinking and the application of acquired
knowledge in real life.

However, this study has a number of limitations. The sample was relatively
small, and the study was conducted in only one school, which may affect the
representativeness of the results. In addition, the intervention period was only one
month, which makes it impossible to draw conclusions about the long-term
preservation of the acquired knowledge.

In future research, it is necessary to consider the possibility of conducting
longitudinal projects to assess the impact of continuous practical learning on students
in the long term. It 1s also necessary to analyze demographic factors such as gender,
socioeconomic status, and past academic performance in order to understand how these
factors affect the learning process and develop more effective inclusive education
strategies. In addition, it is worth considering the use of digital tools such as virtual
labs, which can enhance practical learning opportunities, especially in resource-limited
settings.

In conclusion, this study confirms that practical chemistry training has
significant educational benefits. Conducting laboratory classes not only improves
academic results, but also helps to increase student engagement, self-confidence, and
interest in science. These results are especially important for preparing students for the
demands of higher education and professional activities related to practice. With the
world becoming increasingly dependent on scientific and technological innovation, it
is imperative that secondary education develops the skills, attitudes, and understanding
necessary for students to successfully adapt to this rapidly changing world.

The results of the study show that the methods of teaching chemistry in
secondary schools require revision. A more balanced approach combining theory with
practice can make the learning process more effective and holistic. This approach
confirms that students learn the material most effectively when they actively participate
in the learning process and when their interest is stimulated by practical tasks directly
related to real life.

Ultimately, practical chemistry training should not be seen as a luxury or an
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addition, but as a fundamental component of effective education. The study calls for a
collective commitment - from policy makers, educators, and stakeholders - to support
these transformations. Through thoughtful planning, resource allocation, and teacher
empowerment, laboratory training can be expanded and continued, making high-
quality scientific education accessible to all students.

As educational systems around the world face challenges of modernization,
equality, and relevance, integrating hands-on chemistry instruction paves the way to
creating more attractive, effective, and future-ready learning environments. This is a
pedagogical choice with far-reaching consequences, which promises not only
academic success, but also the education of scientifically literate, critically minded
citizens who are ready to contribute to the knowledge economy.

This research is the basis for a constant dialogue and search for new approaches
in the field of science education. The paper presents the undeniable advantages of
practical training, as well as an action plan for its implementation. The research makes
a significant contribution to solving the problem of the gap between theory and practice
in the educational process. Through continuous investment, collaboration, and
research, practical chemistry education can become the foundation for creating cutting-
edge education both in Kazakhstan and abroad.
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SHORTCOMINGS AND LIMITATIONS

Although this study provides valuable insights into how practical chemistry
classes enhance student academic achievement and motivation, a number of limitations
must be considered. Understanding these limitations is necessary for a more accurate
assessment of the results obtained and determining the directions of further research in
this area.

Limited Sample Size and Scope: One of the main limitations of this study is the
relatively small and local nature of the sample. The study involved 42 students from a
private school in Almaty, who were divided into two groups. Although this approach
has allowed for controlled comparisons, it significantly limits the ability to generalize
the results. The results obtained may not reflect the experience of students in public
schools, rural areas, or other regions of Kazakhstan, where the educational
infrastructure may differ. Future research needs to include a more diverse and extensive
sample from different types of schools and geographical regions in order to increase
the external validity of the results.

Short Duration of Intervention: The one-month duration of the experimental
intervention is another key limitation. Although measurable improvements in student
performance were observed, the short time frame may not be sufficient to assess the
long-term effects of practical chemistry education, especially regarding student interest
and retention of knowledge. Longitudinal studies are recommended to determine
whether the benefits observed are sustained over time or diminish once the novelty
wears off.

Focus on Quantitative Data at the Expense of Deeper Qualitative Insights:
While this study incorporated both pre- and post-tests and used Likert-scale
questionnaires to measure student attitudes, it lacked deeper qualitative methods, such
as in-depth interviews, open-ended reflections, or classroom discourse analysis. As a
result, rich contextual details about student experience, classroom dynamics, or
emotional engagement may have been missed. Incorporating more robust qualitative
instruments in future studies would allow for a nuanced understanding of how and why
practical work influences student learning.

Assessment of Learning Focused Mainly on Test Scores: Usually, tests are
used to assess the quality of practical classes, which help to identify the level of
knowledge of students. However, they do not always provide a complete picture of
how well students are able to think, solve problems, work in a team, and complete a
variety of tasks. In the future, it is worth considering alternative assessment methods,
such as assignments aimed at demonstrating the learning process, or observing students
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during classes. This will make it possible to more accurately assess the quality of the
training conducted in practice.

Potential Teacher Bias and Lack of Inter-Rater Reliability: In this study, the
same teacher conducted both traditional and practical classes. While this ensures
consistency in teaching style, it also creates the risk of teacher bias. The teacher may
have inadvertently chosen one method over another, or students may have behaved
differently based on their familiarity with the teacher. In addition, when evaluating
students' work, the mutual reliability of grades was not mentioned, which could
introduce subjectivity into the assessment of academic performance. Future studies
should involve several teachers and blind evaluators to reduce bias and increase the
reliability of the results obtained.

Lack of Control for External Variables: Although students in both groups were
matched in terms of academic background, the study did not account for external
factors that might have influenced learning outcomes, such as students’ home
environments, extracurricular tutoring, or personal interest in chemistry prior to the
intervention. These uncontrolled variables could confound the interpretation of the
results. Incorporating pre-study interviews or background surveys could help isolate
the influence of such factors in future research.

Absence of Gender and Demographic Analysis: While gender and class
composition were briefly mentioned, no detailed demographic analysis was conducted
to explore potential differences in how students of different genders or backgrounds
responded to practical instruction. Prior research suggests that male and female
students may engage differently in hands-on science learning. Future studies should
investigate whether practical work impacts various demographic groups in distinct
ways, and whether any targeted strategies might be needed to support underrepresented
or less responsive student populations.

Resource Constraints in Real-World Settings Not Fully Simulated: The
intervention took place in a well-supported private school setting, which may not
accurately reflect resource-constrained environments that characterize many public
schools in Kazakhstan. As such, the feasibility of replicating the intervention in under-
resourced schools remains uncertain. Further research should explore adaptations of
the intervention model in low-budget settings, including the use of low-cost or
improvised materials, and assess whether similar outcomes can be achieved under more
typical school conditions.

No Follow-Up on Teacher Experience or Pedagogical Change: While the
impact on students was analyzed, the study did not assess the teacher’s perspective,
workload, or possible changes in pedagogical approach as a result of the intervention.
Since teacher confidence and competency are central to the success of laboratory
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instruction, future studies should include teacher reflections, workload analyses, and
professional development needs as part of the evaluation.
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APPENDICES

Appendix 1. (Chemistry Achievement Test)

. Kait nonnap apaceiHarbl OpeKETTECY HOTIKECIHJIE Cy/1a €pIMEUTIH aK TYHOa
Ty3iIemi?

A) Agt+ CI

B) Na® + NOs~

C) K™+ SO.*

D) Mg?" + Br-

E) NH«"+ OH-

. MBIC ChIMBIHA KaJIbIH dCEP €TKEHE OalKalaThlH TYCTI KOPCET:
A) Kp13b11

B) Kekmin-xacsin

C) Capmni

D) Kb3¥bIIT

E) Ak

. @ochopabIH PUBHKAIBIK KYMi:

A) Kapa cyMbIKTBIK

B) Ak yHTaK

C) Capsl ra3s

D) Cyp mertann

E) KbI13b11 KprcTaILI

. Kymic HuTpaTteina Ty3 KbIIKBUIBI KOCKaH/a OaifKaTaThIH ©3Tepic:
A) I'a3 Geminexi

B) Ak TyHn6a Ty3uiesai

C) Tyci1 e3repmeiiai

D) Tyci Kpi3apaabl

E) EpiTinai kaliHan bt

. JKaii 3aTKa xaTaTbIH JIeMEHTT] OEJriIeH13:

A) HCI

B) O:

C) NHs

D) H.0

E) CO:

. Kait MeTaiit Ty3 KbIIIKBUIBIMEH 9PEKETTECIM, CyTeK Ooie/l, Oipak CuITIMEH
opekerTecnein/?

A)Zn

B) Cu
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C) Al
D) Fe
E) Mg
7. MpsIc cynbdarbl MEH HATpUW THIAPOKCHUII PEaKIUAChIHAA KaHaail TyHOa Ty3inemni?
A) CuOH
B) Cu
C) Cu(OH):
D) Na2SO4
E) H>
8. Taza cyTeriHiH Hici KaHmau?
A) UlipireH >kxyMbIpTKa
B) Xomr nicTi
C) Hiccis
D) Ampl
E) Kpikpin
9. Temip (II1) xmopuai MeH Kanuii THOLMAHATHI SPEKETTECKEHAe OaliKalaThIH TYC:
A) Kex
B) Capni
C) Kp13b11
D) XKacbin
E) KonbIp
10.CinTinik MeTanaapasH GU3NKAIBIK KaCUETI:
A) ’Korapsl THIFBI3IBIK
B) Kartsl x%oHE MOpT
C) Metajut KbUITBIPBI KOK
D) XKymcak oHe IbIlIaKIeH Kecyre 00a bl
E) I'a3 xy#iinmae
11.Kaii a5ieMeHT *aJblH CIIEKTPIHJE KYJT1H TyCcKe ue 60aaabl?
A) Na
B) Li
O K
D) Ba
E) Ca
12. Tyn6a Ty311€TiH peaKkIUsiHbl AHBIKTAHbI3:
A) NaOH + HCI
B) BaCl: + H2SO4
C) HNO:s + NaCl
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D) Na + H20
E) Cu+ O:
13.CinTimen opekerrecin TyHOa OEpeTiH METaIIT TY3bIH TAOBIHBI3:
A) NaCl
B) CuSO.
C) KNO:
D) Ba(N03)2
E) AgNO:s
14.Kanuii mepMaHraHaThl KBIIIKBLI OPTa/ia TOTBIKTBIPFBIII PETIHIIE SPEKETTECKEH IE
KaH1ai Tyc e3repici Oaiikanaasi?
A) Kexmrin — tycci3
B) Kb13rpuiT — Xachul
C) Kynria — tycci3
D) Capsl — KbI3BLT
E) XKacbu1 — KoHBIp
15.CoiHanThIH (PU3UKATIBIK KYH1 MEH CHITaTTaMachl:
A) I'az, nicci3
B) KatTbl, KbI3bLIT
C) CyiibIK, aybIp MeTAILIT
D) Ak kpucrainn
E) Kymcak, mait Topizai
16.Kait 3aT KpI3ABIpFaH/Ia KOTUIIIP TYCIICH KaHAbI?
A) ®ocdhop
B) Kemip
C) Cyrex
D) Harpwuit
E) Kykipr
17.FeCls epiTiHaiciHe HaTpUH TUAPOKCHUII €PITIHICI KOChLICA, KaHal e3repic
Oaitkanmazpl xoHe TYHOA Tyci KaHaai 0omanb?
A) Kapa tyn0a, FeS
B) Capsi Tyn6a, Fe(OH)2
C) Konsip Tyn6a, Fe(OH)s
D) Kek Tyn6a, Cu(OH):
E) XKaceun tynoa, Fe(OH)2
18.Cu(OH)2 TyHOACBIH KbI3JbIpFaH/a HEe OalKanaabl?
A) Kek TyHOa epin kerei
B) I'az Gemineni
C) Konpip Tyn6a ty3inesni
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D) Tyci »acbut 60ajsl
E) Emrrene e3repmeiini

19.Ks13b11 hochop cipiake OachiH AaiibIHIAyAa KOJJAHBUIA 6. Byl 2IeMeHTTiH KacueTi

MEH KOJIJIany ceOebi Kanmait?

A) Kp13b111 pocdop — nicci3 raz, xKapbUIFbIII 3aTTap/IbIH OPHbIHA KOJAAHbLIA b1
B) Kp13b11 hocdop — cintiMeH apekeTTecin, Ty3 Ty3e/1l

C) Ke13bu1 Gocdop — xKaHFBIIL, CHIPTKBI YHKEIIC Ke31HAe OHall TYTaHaIbl

D) Ke13b1u1 pocdop — yibl, CybIK cyJa epu/ii

E) Kp13b11 hocop — MmeTasi, 3JeKTp TOTbIH KAKChI OTKI3e 1

20. ALIBIK KBI3BLT KOHBIP TYCKE U€ Ta3/Ibl KOPCETIHI3:

A) Ho
B) CO

C) SO:
D) NO»
E) NH:

21.Peakmus: FeCls + NHaSCN — ...

Tyc e3repici MeH TY3UINe€H KeIIeH Al aHbIKTaHbI3.
A) Kapa tyn6a, Fe(SCN)s

B) Kp3bu, Fe(SCN)s

C) Capsl, Fe(OH)s

D) Ax tyn6a, NH4Cl

E) Tycciz, FeClz

22.Kanjal KyIl canajblK peakuusaap 01p-0ipiHEH alibIpMallIbUIbIFl TYC aPKbLIbI

aHBIKTaIaabI?

A) AgNOs + HCI xone BaClz + H2SOs
B) FeCls + KSCN xone CuSO4 + NaOH
C) NaOH + HCl xone NHs + HNO:s

D) Cu + Oz xone Fe + O2

E) H2SO4 + Zn xone HCI + Mg

23.CyabIH KaTTBUIBIFBIH aHBIKTAY YIITIH KaHIall peakTUB KOJIaHbLIA b ?

A) CuSOs
B) Na>COs
C) AgNO:s
D) H2S04
E) HCI

24, XuMUSIIBIK peaKIus TeHILYI:

Pb(NOs)2 + KI — ...
Kanpgait TyHOa Ty3iiemdi skoHe Tycl KaHpam?
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A) Ax — Pblz
B) Caps1 — Pblz
C) Kapa — PbS
D) Ke13bu1 — PbO
E) Kek — PbSO4
25.Kanuii MEH CybIH 9PEKETTECYIHET1 epEeKILEeNIK:
A) I'a3 GeiHe 1, KbI3bUT KaJTbIH
B) Ak TyHOa 5koHE CYBIK
C) KatTbl xapbUIbIC KoHE KYJITIH KaJIbIH
D) I'a3 GemniHel, KOK KaJblH
E) Uicci3 peakus xoHE TyCCi3 epiTiHAL
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Appendix 2. (Laboratory Skills Assessment Test)

1. Kaii »xargaiina 3epTxaHaja TOTEHIIE Ay (aBapUsIIBIK Y ) KOJIAAHBUTYbI THIC?
A) KOHIIEHTpJICHT€H KBIIITKBUIIBI CYWBUITY YIIIiH

B) Kuimzae tyrany OonfaHga epTTi COHIPY YIUIIH

C) XuMUSIIBIK 3aTThIH K€H ayKbIMJIbl TOTLIY1 KE31HJIE
D) 3epTxaHaHsbl Tazajiay YILUiH

2. Temenneri TaHOAIapbIH KAUCHICHI YBITTHI (YJIbI) 3aTTapbIH O€Jrici 0OJIbII
Ta0bUTAaBI?

A) &2
B) &
C) &
D) ®

3. KyKipT KbIIIKBUIBI MEH HATPUA THAPOKCHUIIH Oipre Kayinci3 cakray MyMKiH 6e?
A) Ua, onap Oip-OipimMeH yimeciMIl

B) Kok, onap KaTThl peakuusira TyCyl MyMKIH
C) Uo, cebeli emrere 0oamMan bl
D) Uo, omap exeyi ae CyHbIK

4. Kanbiuit kapOOHAThIHAH Ta3a KaJbLU Cylb(aThiH Kaslail ainyra 6omaaabi?

A) Kanpiuii kapOOHATBIH Cy1a €piTiI, KYKIPT KbIIIKBUIBIH KOCY, CY3Y KOHE XYY
B) Cyna epiTin, KyKIpT KbIIIKBUTEIH KOCBITI, CY3iIl, KPUCTATIAHIBIPY

C) Ty3 KBIMIKBUTBIHAA €PITIM, KYKIPT KBIIIKBUIBIH KOCHITI, CY31M, KPUCTAIIAHIBIPY
D) Ty3 KbIIIKBUIBIH/A €PITII, KYKIPT KBIIIKBUIBIH KOCBIT, CY3III, KYY

5. Kaii peakuusia *anraH TasKIIaHbl COHJIIPETIH ra3 Ty3iaeai?
A) MbIpbii + TY3 KbIIIKBLIBI

B) KeMipKbIIIKbLT ra3sl + ¢y (3KapblK IEH XJI0pOoGUILT KaThICHIHAA)
C) Tewmip (II) okcuai + KYKIipT KbIIIKBLIBI
D) Oranoin + orTex

6. XKabpIHBIH TYyC1 apKbLJIbl METAJUT MOHAAPBIH aHBIKTayFa 0oJajsl. TeMeHaeri
KecTee KepceTirenaci, X skoHe Y KaTHOHIaphl KaJlail aTayia ibl?

Karuon | XKaineia Tyci

X TaHkypaii TycTi

Y KeI3pu-Kiprin TycTi

70



A) K xone Cu**
B) Li* xxone Cu?*
C) K" xone Ca**
D) Li* sxone Ca**

7. benrici3 3aT kypambinga Fe*" nonnapet 6ap nenik. Kaii Tect Oyl MOHIBI HAKTHI
aHbIKTayFa KOMEeKTecTen 11?

A) A30T KbIIIKBUIBI MEH KyMIiC HUTPATBIH KOCY

B) JKanbIHBIHIAFBI TECT

C) HaTtpwuii ruipoKCuaiH KOCY

D) KyKkipT KbIIIKBUIBIH KOCY

8. OTTEKIIEH ATaHOJ PeaKUUSIChIHAH KaHAall oHIM Ty3u1e/11?

A) CipKe KbIIIKbLIbI
B) Cy xoHe KOMIPKBIIIKbLI Fa3bl
C) Meran

D) Orrek ciHipiMeiai

9. Temeneri 3aTTap KaHaal HOHAApFa TOH TYCTI XKaJlbiH Oepei?
A) Kanuit — KyJriH, MBIC — KOK-KAChLI

B) JluTtuit — TaHKypai, KaabIIui — KbI3bUI-KIPIIIIIT

C) Harpwuii — capbl, KalnbIHMid — KbI3bLI-KIPIIIIIT

D) MbIC — K6K, KaJlui — KbI3bLI

10. Erep 3epTxaHana XUMUSJIBIK 3aT TEPIre Terijice, He icTey Kepek?
A) BipaeH CybIK CyMEH Kyy

B) Kyprak matamen cypty

C) JIaGopaHT MyFaimre anty

D) Enemey

11. XuMusIBIK 3aTTapapl caKTay Ke3iHJe Here Ha3zap ayaapy Kepek?
A) Typine Kapaii 6611y koHE KEJIECTUICTIH KepJIe CaKTay

B) Bapnsirbin O1p xepe xaObIK MKapKa KOO

C) Tek cyibIKTapabl 06N caKTay

D) bapnbIk 3aTTapabl alibIK )Kepae KalabIpy

12. Erep ToxipuOene OTbIHHBIH 3KaHy >KbLITYbIH ©JIIECEH, Kail ©3repicTi eJIIeciy?
A) Temmeparypa
B) Keiceim
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C) 3ar memmepi
D) XKapsik memmiepi

13. 3eprxaHaga CbIHAYBIKTAFbI €pITIHALIE CYTEK ra3blH TaHy YIIIH HE 1CTey Kepek?
A) ’Kanran TasKIIaHbl OKeIy

B) Jlakmyc Kara3pIMEH TEKCEPY

C) Cy3ri Kara3bpIMEH KaybIl KOO

D) TemipmeH peakiusira Tycipy

14. XumMusiblK 3epTXaHaia *KyMbIc OacTanap aijiblHAa He KU KaXeT?
A) Cangan meH gpytOonka

B) ApHnaiibl 3epTXaHaIbIK KWiM, KOPFAHBIC KO3UIIPIT] )KOHE KOJIFal
C) KapanaiibiM KOCTIOM

D) bac kuim MeH miienku

15. KatrThl 3aTThl 1yphIC 6JI1IeYy TOPTIO1 KaHaai?

A) Macca eeHirl, 3aT cajblHbII, KEHIH Tapbl HOJITE KENATIpiiIel
B) AnabiMeH Taphbl elilieHin, 3aT KOChLIabl, KeMiH KailTa eJiieHe 1l
C) 3arThl Tikenen Tapa3blfa Cajblll, HOTUXKEHI OKY

D) 3aT KochbuIFaHHAH KEWiH FaHa Tapbl HOJITE KEATIpiaeai

16. “Terp3abIK” (density) HeHI kepceTei?
A) Kenem OipririHe makkaHaarbsl Macca
B) Macca 6ipiirine makkasaarsl KoJieM
C) 3aTThIH TEMIIEpaTypachiH

D) Monekynana atromaap cCaHblH

17. Tapa3blnapapl HETe TAPUPOBATH €TY KaxkKeT?

A) YakpIT YHEM/ICY YIIIH

B) TapbinbiH MaccachlH €cemnke ajMay YIIiH, Ta3a Macca ainy
C) HonaikTi apTTHIPY YIIiH

D) XKyMBbICBIH XbUTIaMIATY YIIiH

18. Kocnanap bl 0oty oficTepiHiH yiIeyl KaHaai?
A) Cy3y, cyonumarius, OyJaHasIpy

B) Lentpudyranay, snekTpoin3, TUCTUIUISAIIS
C) Xpomarorpadus, kpuctangauasipy, 1uddysus
D) bapnbisl nypsic

19. CyMBIKTBIK KOJIEMIH JJ ©JIIeyre KaHaal bIIbIC KOJIaHbLIaabl?
A) bukep
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B) Mengypka (graduated cylinder)
C) bropetka
D) Boponka

20. Erep epiTiHAi Tepire TUCE HE iCTey KepeK?
A) Cyprtin, anracTelpy

B) EpiTinaimMen Kaiita cajbli, Ta3a CyMEH Xyy
C) Ken memniepae cyMeH Kyy

D) Kenen xopaem maxkpipy

21. «Pre-test / post-test» nerenimiz He?

A) bippeii exi cabak

B) Onictin TuiMautiria 6aranay yIiH aJiJIbIH aja )KoHe KeHIHT1 TECT
C) KyH cailbIHFBI ChIHAK

D) Myranimre apHajFaH TECTTEp

22. Macca emniey YIIiH KaHJ1aid eieM O1piiiri KoJaaaHbLiaabl?
A) Jlxxoyinb

B) I'pamm »xoHe kustorpamMmm

C) Jutp

D) INackanb

23. bropeTka He YIIiH KOJAaHbLIa b ?
A) KatTsbl 3aTrTapzs! enmey

B) CyiBIKTBIKTBI 191 MeJIIIepiey

C) EpiTinaiHi KbI3AbIpY

D) Cysy

24. Here ToxipuOe OacTanraHia TeMIIEpaTypaHbl OJIIICY KaXeT?
A) Kypai ’KyMbIC 1CTel TYpFaHbIH TEKCEPY YILUIH

B) O3srepicrepai Tanmayra 6acTankbl MOHA1 ally YIIiH

C) CyMBIKTBHIK OyJIaHBIN KETIEYl YIIiH

D) TeMmriepatypa MaHBI3/IbI €MeEC

25. KopraHbIC KO31ULTIPITiH KUIO HE YIIIH MaHBI3/IbI?

A) Epitinaini ke3re Kyiimac yIiiH

B) Ctuns yurin

C) Kesre xapbIK TycIiey YILUIH

D) XuMuUsIBIK HIaIbIpaHIbUIapaH 5KoHE IILIHBI CHIHBIKTAPBIHAH KOPFay
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26. «Control observation» nerex ne?

A) Tynri 6akpuiay

B) bakpuray ToObIMeH Kypri3iired Oakpiiay
C) XKanyapnapasl 6aKpuiay

D) beitnexazba xkepy

277. Men3ypkajiarbl CYUBIKTBIK JEHIEH1H Kaiail 1yphIC OKY Kepek?
A) JKoraprbl )KarbIHAH

B) MenuckaHbIH TOMEHT1 JKaFbIHAH, KO3 JICHIeHiHIe

C) XKorapsinan kapar

D) byiiip >xarbiHaH

28. FputbiMu rumnoTe3a 1ereH He?
A) XKait 6omxam

B) Heriznenren 6omkam

C) Honenaenrex axt

D) FeuibiMu Teopus

29. Cy3ri kara3bl Kail Ke3/1e¢ BOpOHKara casajbl?
A) EpiTiHaini KapTara Tycipy YIIiH

B) KatTbel TyHOaHBI CYHBIKTaH 06Ty YIIiH

C) Apanacteipy yIIiH

D) Ke13apipy yiis

30. Men3ypkagarsl MEHUCK HE KepceTedi?
A) OpracsiH

B) XKoraprsl uinyin

C) TemeHri1 uiyiH, ko3 ACHIeHiHIE

D) CyiibIK TYCiH

31. lIpireIiM geredimis He?

A) EpiTiHaizeri 3aTThIH MaibI3bI

B) AnbiaraH eHIMHIH TEOPHSUIBIK OHIMI'€ KaThIHACHI
C) I'pammpaarsl Macca

D) Peakius XbU11aMIbIFbI

32. YarinepaiH JacTanyblH OOJABIPMAY YIIIH HE iCTEy Kepek?
A) bapinbik ceiHamanapra 01p Kypai KojaaHy
B) Op toxipubeneH KeliH bIABICTAP/AbI XKYbIN, KYpajaaap/ibl aybICTBIPY
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C) Jlacranran npoOUpKaHbI KOJIIaHY
D) Emrene icremey

33. ToxipuOeneH KeliH XUMUKATTAp Kaia caKTaaybl THIC?

A) Kes kenres xepje

B) Hyckaynbikka cail (;karicblpMaja KepCeTUIreH, Ka0bIK bIJIbICTA)
C) Cabax ycreninae

D) ToHa3bITKBIINITA (€pEKIIIe KOPCETIIMETeH JKaF1aii1a)

34. Here «pre-test/post-test» TammgayblH Kyprizeii?

A) KeHin keTepy yIIiH

B) IlpakTukagan keiin O11iM JeHreliHIH ©3repiCiH CaHJIbIK Oaraiay
C) Karenepai 6aiikay yurix

D) OneymerTeny yiiiH

35. Macca enmieyieri KaTejaep/IeH Kajiaid cakranyra 00maap1?

A) Op ediiey anabIHIa TAPBIHBI TAPUPOBATH €TIII, Ta3a BIABIC KOJJAHY
B) 3ar maccacein eckepmey

C) Hotmxenepai xarramn a3y

D) bomxay apKbuUIbI )Ka3y

36. Kaii ke3ze 3epTxaHajia ®yMbIC ICTEY/I1 TOKTATHII, OKBITYIIbIFA Xa0apiay Kaker?
A) Epitinai nypeic epimeil xkarca

B) Kypan ceinran sxaraiiia HeMece XUMHUSIIBIK 3aT TOTUITEH/IC

C) backa cTyneHTIIeH ceiecin KaaFaHaa

D) TycinOeren ke3ne

37. Erep toxipube OapbichiHaa O€Nrici3 uicTi ra3z 0esiHce, He 1CTey Kepek?
A) backa cTyneHTTepre UiCKeTin Kepy

B) I'a3apl aHbIKTAY YILIH OT KAKTBIPY

C) 3epTxaHagaH Aepey LIbIFBIN, MyFagiMre xadbapiay

D) benMeHi xa0ObIK KyHie KaJbIPy

38. Kannaii xarmaiina ToxxipuOeHi Kaiita 6acray Kaxer?

A) Erep notmxenep KyTireHaen 0oimMaca xoHe KaTelliKKe KYMOH Tyca
B) Erep myranim comaii nece

C) Erep GapibIK epiTiHaLIep 01T Kanca

D) Erep CTyI€HT *kaJbIFbIIl KETCE

39. TeMeHneri opekeTTep/iH KalChIChl 3epTXaHalaFbl KayIMCI3IIK epexenepin
Oy3asb1?

75



A) Konibl XUMHSUTBIK TOXKIPUOEIeH KeHiH CAOBIHMEH KYY
B) Toxipube ke3iH/ie KYThIHBIH 1111HE UICKET Kapay

C) XKymbic anapinaa xababIKTapibl TEKCEPY

D) KonpanbiiimaraH epiTiHAIHI apHAWbI BIABICKA KYIO

40. Kanpaii s)xaraaityiapaa peakiusi HOTHKEC] 1ypbIC HIBIKIAybl MyMKIH?
A) Erep enmey Kypanaapbl Aypbic TapupiieHOece

B) Erep 3arrap anabin ana OenrijieHreH 6osica

C) Erep cy opHbIHA Ty3 KBIIIKbUIBI KOJAaHbLICA

D) Erep tyc esrepce
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Appendix 3 (MekTenTeri NpakTUKAJIbIK XUMHUSI TOKIpUOETIEPiHIH OKY KOPCETKIIIIHE
THIMALUTITT OOMBIHINIA cayaTHAMaHBIH Ma3MYH/IBIK BAIMATUIITIH Oarajay)

Bbaranay kpurepmiii | Cunarrama Bbaranay
IKAJIACHI
1. MakcarTka CayanHnama cypakTapbl KOMbLUIFaH 1 - coiikec
coliKkecTiK MakcaTKa ColKec Kenesl Me? KeJIMeal
2 - xapTbeu1an
ColiKec
3 - TONBIK
ColKec
2. KamTbLIFaH CayanmHama XuMus O1TIMIHIH OapJIbIK l-
Ma3MYHHBIH MaHBI3/Ibl ACTICKTLIEPIH KAMTHIBI Ma? | )KETKUTIKCI3
TOJIBIKTBHIFbI 2 - )KapThLIai
JKETKITIKT1
3 - TOJIBIK
JKETKLUTIKTI
3. CypakrapabIH CayanHama cypakTapbl HAKThI, 1 - TyciHiKCi3
AHBIKTBIFbI TYCIHIKTI KOHE aHBbIK KYPbUIBIMAAIFaH |2 - )KapThuIaid
0a? TYCIHIKTI
3 - TOJIBIK
TYCIHIKTI
4. KoataHbLIIaTBIH Cypakrap 3aMaHayu OKbITY l-
dmicTeMenepain onicremenepin (STEM, uudpibik ecKepMei i
03€eKTiIiri Kypajiaap, UHTEPaKTUBT1 OKBITY) 2 - )KapThUIai
eckepe me? eckepei
3 - TOJIBIK
eckepei
5. depexrepai CayanHamazaH ajlbIHFaH )Kayarnrap 1 - xxapamceI3
TajJaayra KOUBLIFAaH MaKCcaTKa COUKeC 2 - )KapThUIai
KapPaMIbLIbIFbI JEPEKTEP/I1 )KUHAYFA HKOHE OJIap bl KapaMm/Ibl
Tajjayfa MyMKIHIIK Oepe me? 3 - TONBIK
KapaMm/Ibl
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6. Konrekcrke
COMKeCTIK

CayanHama cypakTapbl CTYIACHTTEP/IIH
O11iM AeHTel1 MEeH ToXipubOeciHe
CoMKeC KeJIeTiHACH a3ipiieHreH O0e?

1 - colikec
KeJIMeH Il
2 - )KapThlIai

cypakrap 6ap ma?

COMKEC

3 - TOJBIK

COMKeC
7. Ilikipyep meH CayanHamania CTYJICHTTEP/IIH O3 I - oK
YCHIHBICTAP YLUiH HiKipJiepi MEH YCHIHBICTAPBIH €PKiH 2 - imriHapa
AMBbIKTBIK O111ipyiHe MYMKIHJIIK O€peTiH almblK | 6ap

3 - ToNBIK Oap

Bbaranay anuici:

Op KpuTepuil OOMbIHIIIA OEPUITeH yIaiaap KuHaKTanaabl. JKanmbl ynai
cayaJTHaMaHbIH Ma3MYH/IbIK BJIUJITUIITIH OaraiayFa MyMKIHIIK Oepei:

15-21 ynaii: CayanHama Ma3MyH/bIK BaJIMITUIIT 5KOFapBbI.

8-14 ynaii: CayanHama Ma3MYHBIK BJIUITUIITIH )KaKCaApPTy KaxKerT.

1-7 ynaii: CayanHama Ma3MYHJIBIK BaJTUATLIIT )KETKUTIKCI3.
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Appendix 4. CayanHama cypakTapbl

[TpakTuUKaNbIK XUMHUS SKIEPUMEHTTEPIHIH KOFaphl MEKTEITEr1 OLIIM carmachbiHa
oCepiH aHBIKTAy CayaTHaMachl

(Likert scale cayamnamacse! 1-5 ymaii apaJibIiFbIiHa jkayaObl Kas3blIa/Ibl. )

-Kanoaii mexmenme 6inim anaceiz? What school do you go to?

XKanner OutiM 6eperin mekren \ State school

XKekemenmrik mekren \ Private school

IMamuazus, muneit \ Gymnasium

®duz-mar 6arbIThIHAAFEI MeKTeI \ Physics-Math School

Hapeiaasl 6ananapra apHanrad mekren \ School for gifted children

-I'enoep Gender

Man

Woman

. Xumus cabakTapblHIa TOKIPUOETIK SKCIEPUMEHTTEPre KaHIIAIbIKThI KU1
KaTbIcachI3?

How often do you participate in hands-on experiments during chemistry lessons?

. ToxipuOeIiK 3KCIIEPUMEHTTEP TCOPHUSITBIK MaTCPHUAIIIBI )KAKChl MEHTEPYTe
KAHIIAJIBIKTHI KU1 KOMeEKTece 11 ?

To what extent do practical experiments help you better understand the theoretical
material?

. DKCHEPUMEHTTEP/l 6TKI3y XMMHUS cabaKTaphIH KbI3BIKTBIPAK €TETIHIH KAHIIAIBIKTHI
Oaranmaicei3?

How frequently do you rate that conducting experiments makes chemistry lessons
more interesting?

. DKCIIEpPUMEHTTEPTe KaThICy XUMHSIHBI OKyFa JIETEH MOTHBAITUSHBI3IbI KAHIITATBIKTHI
KU1 apTThIpaabI?

How regularly does participating in experiments increase your motivation to study
chemistry?

. Xumust cabakTapblHIa SKCIIEPUMEHTTEP/I1 ©31H13 KYPri3yre KaHIIAIbIKThI KU1
MYMKIHIIK aJ1achi3?

How commonly are you given the opportunity to conduct experiments yourself in
chemistry lessons?

. DKCIIEpUMEHTTEP/I1 OTKI3Y FBUIBIMFA IETE€H KbI3bIFYIIBUIBIFBIHBI3 O€H OOalaKTa
FBIJIBIMU MaHCall TaHIaybIHbI3Fa KAHIIAIBIKTEI 9Cep eTeIi?

In what ways does conducting experiments influence your interest in science and
your potential choice of a scientific career?

. DKCHEPUMEHTTIK KaOAbIKTAPAbl KOJIJIAHY XUMHSIJIBIK IMPOIIECTEP/Il TEPEHIPEK
TYCIHyT€ KaHIIAJIBIKTHI KOMEKTeCe 117

79



How much does using experimental equipment help you gain a deeper understanding
of chemical processes?
8. DKCnepuMEHTTEPIIH HOTIKEIEPl XUMHUS TIOHIHEH aliFaH OarajapblHbI3Fa
KaHIIAJIBIKTBI KUl dcep eTei?
How significantly do the results of experiments affect your grades in chemistry?
9. IlpakTHUKaNbIK 3KCIEPUMEHTTEP cabaKTaFbl TAKbIPBINTAPIbI TYCIHY KOHE OLTIM/I1
TEKCepy YIIiH KaHIIAJIBIKTHI KU1 KOJIaHbLIIAIbI?
How consistently are practical experiments used to understand lesson topics and
assess knowledge?
10.9kciepuMeHTTEep XUMHS eMTHUXaHapbIHA JTabIHIATyFa KAHIIAIBIKTHI KU1
KeMeKTece11?
To what degree do experiments help you prepare for chemistry exams?
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