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Abstract: Investment in fundamental chemical research represents a key factor
in the advancement of healthcare, which is increasingly facing the challenges of
modern society. Nevertheless, the importance of chemistry in medical education
is often insufficiently recognized, resulting in a weak connection between theor-
etical and practical aspects of instruction. Numerous studies highlight the need
for a deeper integration of chemical content into vocational medical subjects.
This paper analyses the attitudes of vocational subject teachers in secondary
medical schools regarding the impact of chemistry curriculum reform on the
quality and effectiveness of vocational instruction. The research was conducted
using a descriptive method and an anonymous questionnaire on a sample of 73
teachers from medical schools across the Republic of Serbia. The findings indi-
cate the importance of chemistry education for vocational medical training and
suggest the need for improved curricular integration in secondary medical
schools. These findings may serve as guidelines for the development of edu-
cational policies in the field of vocational education.

Keywords: chemical education; curriculum reform; teaching syllabus; medical
profession; interdisciplinarity.

INTRODUCTION

In order for healthcare systems to adequately respond to the growing health-
-related challenges of modern society, continuous investment in fundamental
chemical research is essential, as it represents a critical foundation for the future
development of medicine.! Many aspects of medical practice rely on a basic con-
ceptual understanding of chemistry, and scholars emphasize that the significance
of chemical concepts in the healthcare profession is of vital importance for the
advancement of society as a whole.2 In secondary vocational schools with a health-
care focus, chemistry is often insufficiently integrated with vocational subjects,
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968 RASIC et al.

which limits students’ ability to connect theoretical knowledge with professional
practice. Curricula commonly treat chemistry as an isolated theoretical subject,
lacking a functional connection with professional disciplines.

Students often struggle to recognize the relevance and applicability of chem-
ical knowledge within the context of their future professional roles. The lack of
interdisciplinary integration and practical application contributes to the perception
of chemistry as an abstract and disconnected body of knowledge.3 As Hofstein and
Mamlok-Naaman emphasize, “the effectiveness of science education is deter-
mined not only by the content delivered, but also by the extent to which students
are able to connect that content with real-life and professional experiences.”* Con-
temporary didactic approaches, such as problem-based learning, contextualized
instruction and laboratory work, demonstrate significant potential for increasing
student motivation and fostering deeper understanding of scientific concepts.d
Practical applications of chemistry in healthcare contexts, including diagnostic
procedures and sterilization processes, may contribute to more positive student
attitudes and deeper cognitive engagement.® Such teaching requires active collab-
oration between chemistry teachers and vocational subject teachers, clearly def-
ined priorities and the use of methods that promote functional and interdisciplinary
knowledge.” As Fraser notes, teacher enthusiasm, instructional flexibility, and a
supportive classroom atmosphere significantly influence students’ perception of
science, fostering curiosity, critical thinking and long-term motivation for learning
chemistry.8

Curriculum reforms represent an important contextual factor influencing sci-
ence teaching in vocational education. In the Republic of Serbia, the reform of
secondary vocational education, introduced in 2014 through official national cur-
riculum regulations® was part of a broader educational modernization process
aimed at aligning vocational education with labor market demands, improving the
efficiency of schooling and optimizing the structure of subject curricula in accord-
ance with European educational standards. The reform was implemented within
the framework of national educational policy initiatives focused on increasing the
relevance of vocational programs and improving student employability through
curriculum rationalization. In this context, changes included a reduction in the
number of chemistry teaching hours in secondary medical schools, as well as the
revision and partial removal of certain chemistry contents specific to medical edu-
cational profiles. These modifications were intended to increase curricular effi-
ciency but also raised concerns regarding the adequacy of students’ chemical pre-
paration for vocational subjects and professional practice.”

Although the study is grounded in the 2014 curriculum reform, available sec-
ondary sources indicate that chemistry education in secondary vocational schools
in Serbia, including medical vocational programs, has not remained static in the
period 2014-2025. A continuous reduction in the number of chemistry teaching
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hours in secondary schools, particularly within vocational education, together with
a decline in chemistry-related content and instructional emphasis, has been rep-
orted, leading to calls for increased support and greater consideration of teachers’
views in the implementation of educational reforms.!0 These changes are con-
sidered to have implications for students’ foundational chemical knowledge and
their preparedness for vocational and further academic studies.

In addition, the Institute for the Improvement of Education has published
multiple amendments and updates to curricula for secondary vocational education
in recent years, including programs in the field of chemistry, non-metals and
graphic technologies.! 112 These updates indicate that curriculum development has
been a continuous process rather than a single reform event.

Furthermore, this suggests that the prior chemical knowledge of students
entering secondary medical schools may not be fully homogeneous across cohorts.
Consequently, differences in curriculum content and teaching hours over time rep-
resent an important contextual factor that may influence teachers’ perceptions of
students’ prior knowledge and its relevance for vocational subjects.

In secondary vocational education, chemistry represents an important found-
ation for understanding vocational subjects and clinical practice. However, a dec-
line in student interest in chemistry, particularly in higher grades, has been widely
observed and is often associated with insufficient connections between curriculum
content and professional practice.®13 Strengthening the relationship between
chemistry and vocational subjects may therefore contribute to greater student mot-
ivation and improved applicability of acquired knowledge.

EXPERIMENTAL

This study investigates teachers’ perceptions of chemistry education in secondary medical and
social care schools, with emphasis on the integration of chemical content within vocational subjects
and curriculum reform effects.

Research objectives

The research objectives include:

1. Determining the significance of students’ prior chemical knowledge for vocational subject
teachers in the process of vocational education.

2. Investigating the impact of reduced chemistry teaching hours on the implementation of
instructional units in vocational subjects.

3. Conducting a quantitative analysis of teachers’ attitudes toward the quality of vocational
subject learning before and after the chemistry curriculum reform.

Research hypotheses

The following hypotheses were formulated:

1. Prior knowledge of chemistry represents an essential foundation for the successful mastery
of most vocational subjects in medical schools.

2. Vocational subject teachers frequently need to explain chemical concepts, particularly
within interdisciplinary teaching areas.
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970 RASIC et al.

3. Vocational subject teachers perceive that the reduction in chemistry teaching hours negat-
ively affects the quality of learning and understanding vocational content.
Research instrument

The study uses an anonymous electronic questionnaire applied in a cross-sectional design. The
questionnaire consisted of twelve questions and was administered online using the Google Forms
platform. The internal consistency (reliability) of the questionnaire was not formally tested (e.g.,
Cronbach’s alpha was not calculated), which is acknowledged as a methodological limitation due to
the exploratory nature of the study and the use of a non-standardized instrument adapted for this
specific research context. The data were statistically processed, and the results presented in textual,
tabular, and graphical formats.
Research sample

The study was conducted on a sample of 73 vocational subject teachers from secondary medical
schools in the Republic of Serbia. The research was carried out anonymously, and the questionnaire
did not include any questions that would allow identification of participants (such as name, surname,
or email address), while participation was voluntary. The surveyed teachers are directly involved in
the vocational education process and are relevant for assessing the effects of the chemistry curriculum
reform.

RESULTS AND DISCUSSION

Research results are presented using tables and a chart. The questions were
grouped into three sections: Demographic Characteristics, Work Experience, and
Teachers’ Attitudes toward the Reform of Chemistry Education.

Demographic characteristics

The sample included 73 vocational subject teachers employed in secondary
medical schools across the Republic of Serbia. Respondents provided basic demo-
graphic information (gender, age, and years of experience), which served as the
basis for further analysis. A total of 81 % of respondents were female, while 19 %
were male. Similar trends are reported in Horvat et al. (2023), where near 88 % of
the 497 surveyed chemistry teachers were women, demonstrating a consistent pat-
tern in both general and vocational science education.!4 Regarding age distri-
bution, the largest proportion of respondents belongs to the 35-45 age group (38
%), followed by 4654 (34 %), Chart 1. This indicates that mid-career teachers
represent the largest group in the sample. Comparable findings were reported pre-
viously.!4

Work experience of respondents

Most respondents (39.7 %) have more than 20 years of teaching experience,
while 31.5 % have between 11 and 20 years of service. Teachers with fewer than
5 years of experience constitute 15.1 %, and the smallest category includes tea-
chers with less than one year of experience (1.4 %), Table I.
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02534 3545 w4655 = OverSsyearsofage Chart 1. Age of respondents.

TABLE I. Work experience of respondents

Experience Frequency Percentage, %
1-5 years 11 15.1
11-20 years 23 31.5
6—-10 years 9 12.3
Less than 1 year 1 1.4
More than 20 years 29 39.7
Total 73 100.0

This distribution shows a strong presence of highly experienced teachers,
while younger teachers are less represented in the sample. Similar results appear
in previous research. !4

The fourth survey question examined the educational profiles in which tea-
chers are engaged (Chart 2). Most participants teach in the medical nurse—tech-
nician program, which is included among the educational profiles affected by the
chemistry curriculum reform.

In which educational profile is the teacher engaged?

Nurse Educator
Pediatric Nurse Technician
Dental Nurse Technician

Nursing Technician

|
|
|
. _____________________________|
Gynecological and Obstetric Nurse W —
Cosmetology Technician
Laboratory Technician
Sanitary-Ecological Technician P
Physiotherapy Technician |
Dental Technician F—=—
|

Pharmacy Technician

Chart 2. Educational profiles in which teachers are engaged.
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Teachers’ attitudes towards the reform of chemistry education

Within the framework of statistical data analysis, particular emphasis was
placed on examining teachers’ attitudes regarding the impact of the reform on the
functional acquisition of content in vocational subjects within the fields of health
and social care. The fifth question examined how frequently chemistry content is
integrated into vocational subject. Respondents were offered the following options
to choose from: very often, often, occasionally, rarely, never.

The results obtained from this question are presented in Table II.

TABLE II. Teachers’ attitudes towards the importance of chemistry in vocational subjects

To what extent is chemistry content integrated into the vocational subjects in which the
teacher is engaged?

Extent Percentage, % Frequency
Very often 22 30.1
Often 30 41.1
Occasionally 19 26.1
Rarely 2 2.7
Never 0 0
Total 73 100.0

According to the results presented in Table II, the majority of teachers (41.1 %)
report that chemical content is often integrated within the framework of profes-
sional subjects. An additional 30.1 % of teachers consider this integration to be
very frequent. Thus, more than 71 % of teachers acknowledge frequent inter-
disciplinary integration. Comparable results are found at the University of San
Francisco, where chemistry was identified as a foundational discipline for under-
standing core health science competencies. !

Teachers were also asked to evaluate the role of chemical literacy in vocat-
ional subjects (Table III).

TABLE III. Teachers’ attitudes regarding the importance of chemical literacy for studying
professional subjects

To what extent do you consider chemical literacy important for the effective study of
professional subjects in the fields of healthcare and social care?

Importance Percentage, % Frequency
Very important 36 49.3
Important 29 39.7
Moderately important 8 11.0
Slightly important 0 0

Not important 0 0
Total 73 100.0
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The results indicate a high level of agreement among teachers regarding the
functional role of chemistry in vocational learning. This finding is consistent with
contemporary literature on critical chemical literacy, which views chemistry as a
multidimensional tool for professional and societal engagement.!© In addition, the
findings parallel the perspective that socio-scientific issues help students integrate
conceptual knowledge with real-world contexts, thereby strengthening motivation
and applicability.!”

In the subsequent phase of the study, participants were presented with state-
ments related to the reform of chemistry education, aimed at examining their atti-
tudes toward its impact. Teachers expressed their level of agreement using a Likert
scale from 1 to 5, where 5 indicated “strongly agree” and 1 “strongly disagree.”
For analytical purposes, the values were interpreted within three categories: neg-
ative attitude (1-2), neutral attitude (3) and positive attitude (4-5), in accordance
with the validation conducted by Xu and Lewis.!8 The results are presented in
Table I'V.

TABLE IV. Assessment of teachers’ attitudes as descriptive statistics; N =73

Mean Standard
value deviation
Has the reduction in the number of 2 5 4.36 0.788
chemistry lessons affected the quality of

learning in professional subjects?

Do students experience difficulties in 2 5 4.18 0.839
studying instructional units that involve

integrated chemical content?

Does the reduction in the number of 1 5 4.05 1.039
chemistry lessons necessitate additional

instructional time in professional

subjects that require a solid foundation in

chemistry?

Question Minimum Maximum

Teachers strongly agree that reducing chemistry teaching hours negatively
affects the quality of learning in vocational subjects. They also report that students
struggle with content requiring chemical understanding. Opinions on whether
additional chemistry lessons should be introduced within vocational subjects are
somewhat more varied (M = 4.05), indicating differences in the perceived feasib-
ility of such measures.

The following question addressed the importance of prior knowledge in chem-
istry for teaching vocational instructional units, offering a binary choice of answers
(“yes” or “no”). The results indicate a high level of agreement among teachers
regarding the importance of prior knowledge in chemistry for the successful mas-

Available online at: https://www.shd.org.rs/JSCS/

(CC) 2026 Serbian Chemical Society.



974 RASIC et al.

tery of vocational instructional units, with 91.8 % of respondents stating that chem-
ical literacy is essential for this process. Only 8.2 % of teachers expressed an
opposing view. These findings are consistent with existing literature emphasizing
the role of chemistry in healthcare education.!?

In the next question, the study examined teachers’ perceptions regarding the
impact of the reduced number of chemistry lessons in upper secondary grades on
the need for additional explanations during vocational instruction. The question
posed was: “Do you believe that the absence of chemistry as a subject in the upper
grades requires vocational subject teachers to explain related chemical concepts?”’
A large majority (89 %) believe that eliminating chemistry from upper secondary
grades requires vocational teachers to explain chemical concepts themselves.
These findings correspond with Pienta’s perspective on the importance of chem-
istry in professional formation.2

The next question focused on assessing the teachers’ self-evaluation of their
competence in explaining chemical concepts. It was phrased as follows: ,,Do you
consider yourself, as a vocational subject teacher, sufficiently competent to explain
to students the chemical concepts included in the teaching units? Only 37 % of
vocational subject teachers consider themselves sufficiently competent to explain
chemical concepts, whereas 63 % do not. In the following question, teachers were
presented with various options as potential solutions to this issue. The research
results indicate that a significant proportion of the surveyed teachers (78.1 %) sup-
port increasing chemistry hours and initiating a new curriculum reform. Further-
more, 15 % of teachers emphasize aligning chemistry and vocational curricula. On
the other hand, a relatively small percentage of teachers (5.5 %) support the need
for additional professional development in chemistry. The remaining 1.4 % of res-
pondents selected other responses not specified within the predefined categories.

Regarding the impact of the reform on the quality of students’ knowledge,
three options were examined: positive impact, negative impact, and inability to
assess, with the aim of obtaining a comprehensive picture of teachers’ perceptions
concerning the effects of the reform. The results indicate that 46.6 % of teachers
believe that the reduction in the number of chemistry classes has negatively
affected the quality of learning in vocational subjects, while 30.1 % did not recog-
nize a significant impact. The remaining 23.3 % of respondents were either uncert-
ain or lacked sufficient data to form a clear opinion. In the subsequent analysis, a
possible correlation was examined between the teaching experience of respondents
and their views on the impact of the chemistry curriculum reform. The aim was to
determine whether teachers with more extensive professional experience exhibit a
more critical stance toward the reform changes, or whether the opinions are evenly
distributed regardless of years of service. The results presented in Table V.

Although negative perceptions of the reform were predominant at the overall
sample level, the distribution of responses within individual experience groups
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revealed a more differentiated pattern of attitudes. Positive assessments were more
frequent in several categories of teaching experience, whereas more critical views
were observed among some groups of more experienced teachers. However,
statistical analysis showed no significant relationship between years of teaching
experience and perceptions of the reform’s impact (» = 0.153, p = 0.197). These
findings suggest that teachers’ attitudes toward the reform cannot be explained by
differences in professional experience alone.

TABLE V. Correlation between teachers’ years of service and their attitudes (in %) toward the
impact of the curriculum reform

Years of service

Attitude
<1 1-5 6-10 11-20 20+
Positive 100 54.55 66.67 30.43 51.72
Unable to assess 0 18.18 22.22 30.43 20.69
Negative 0 27.27 11.11 39.13 27.59
CONCLUSION

The results of this study indicate that the majority of vocational subjects’
teachers recognize the importance of prior chemistry knowledge for the successful
mastery of those subjects. In the context of the reduced presence of chemistry in
the curriculum, vocational subject teachers increasingly assume the role of explain-
ing fundamental chemical concepts, thereby revealing perceived challenges asso-
ciated with the educational reform.

A considerable proportion of teachers reported that the reduction in the num-
ber of chemistry hours has negatively affected the quality of vocational education.
Although some respondents consider themselves capable of compensating for these
deficiencies, the findings point to the need for improved curricular coherence and
stronger integration between chemistry and vocational subjects in secondary medi-
cal education. However, the findings also suggest that teachers’ perceptions are
not entirely uniform and should not be interpreted as strictly predominantly neg-
ative. Instead, the results indicate a more nuanced and differentiated pattern of
responses across the sample.

The results of this study largely support the proposed research hypotheses.
The first hypothesis was confirmed, indicating that prior chemistry knowledge
represents an important foundation for the successful learning of vocational sub-
jects in medical secondary schools. The second hypothesis was also confirmed, as
vocational subject teachers reported a frequent need to explain chemical concepts,
particularly within interdisciplinary teaching contexts. The third hypothesis was
only partially supported, suggesting that although many teachers perceive reduced
chemistry teaching hours as having a negative impact on learning vocational con-
tent, this perception was not equally strong across all respondents. Overall, the
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findings emphasize the close relationship between chemistry and vocational sub-
jects in medical education. They further highlight the importance of maintaining
adequate chemistry instruction and strengthening the integration of chemical con-
cepts within vocational curricula. Such efforts may contribute to improving stu-
dents’ understanding of professional content and the development of relevant com-
petencies.

The findings provide partial support for the initial research assumptions reg-
arding the importance of chemistry knowledge and the perceived impact of cur-
riculum reform on vocational education. Although differences were observed
among teachers with varying levels of professional experience, the correlation
between years of service and attitudes toward the importance of prior chemistry
knowledge was not statistically significant (» = 0.153, p = 0.197).

Overall, the findings highlight the importance of aligning curriculum reforms
with the educational and professional needs of vocational education, particularly
through stronger interdisciplinary integration and the functional application of
chemistry knowledge in professional practice. Rather than indicating a uniform
negative evaluation of the reform, the results point to a complex set of perceptions
that reflect both perceived challenges and adaptive responses among teachers.

The findings of this study should be interpreted in light of several limitations.
First, the research was conducted on a small sample of vocational subject teachers,
which may limit the generalizability of the results. Second, the study was based
only on teachers’ perceptions, students’ opinion was not included. Finally, the
questionnaire was developed specifically for this study and did not undergo formal
psychometric validation, which should be taken into consideration when inter-
preting the findings. Future research will include larger samples, validated instru-
ments and student opinions in order to provide a more comprehensive evaluation
of the impact of chemistry curriculum reforms.
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istry of Science, Technological Development and Innovation of the Republic of Serbia (Grants
No. 451-03-137/2025-03/200125 and 451-03-136/2025-03/200125).

H3BOI

3HAYAJ HACTABHOT IT/TAHA U ITIPOTPAMA XEMUJE 3A ObPA30BHE ITPO®UJIE ¥
CPEOBEM MEOULITMHCKOM CTPYYHOM OBPA30BARY

IAHULIA PAILIWE, CALLA A. XOPBAT, IYILIULIA JI. POIUR n TAMAPA H. POHYEBHR
Ipupogro-mattiemamiuuky paxyniiein, Ynusepsuitewi y Hosom Cagy, Tpi ocuwieja Odpagosuha 3,
21000 Hosu Cag

Ynarawme y ¢dyHAaMeHTaaHa XEMHjCKa HCTpakMBawa IpenCcTaBba KbYYHH (akTop y
HaIllPETKy 3[0paBCTBEHE 3alUTHTE, KOja CE CBE BUIIE Cyo4yaBa Ca H3a30BUMa CaBPEMEHOT
IpywTBa. Mnak, 3Hayaj XeMHje y MEJULIMHCKOM 0Dpa3oBamy Y€CTO HHje JOBOJBHO MPENO3HAT,
ITO JJOBOAU IO (yiade MOBE3aHOCTH TEOPUjCKUX M MPAKTUYHUX aclekarta HacraBe. bpojHe
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CTynvje ykasyjy Ha noTpedy 3a Oyd/bOM MHTErpalljoM XeMHjCKHUX Cafpikaja Y MeIULIMHCKe
crpyuHe npegmete. OBaj pas aHATM3Upa CTABOBE HACTABHHUKA CTPYYHUX MTPEIMETa Y CpefHBUM
MEeJULMHCKUM LIKOTaMa O YTHLAjy ped)opMe HACTABHOT IJIaHa U MPOTrpaMa Xemuje Ha KBaJIu-
TeT ¥ e()UKACHOCT CTPy4YHe HacTaBe. McTpaXkuBame je ClIpOBeieHO JECKPUIITHBHOM METOJIOM U
AHOHMMHHM YIIUTHUKOM, Ha Y30PKY OZ 73 HacTaBHHKA W3 MEOULIMHCKHX IIKOJA ITUpOM Pery-
dmuke Cpbuje. Pe3ynraTi enuMU4YHO TOTBPYYjy MONas3He XUIOTe3e U yKa3yjy Ha norpedy 3a
CUCTEMATCKUM yHanpehuBameM HacTaBe XeMHje Y MEJULMHCKUM IIKosama. OBY Hajla3u MOTy
HOCTIY’KUTH Kao CMEpPHHUIIE 33 Pa3B0Oj 00pa30BHUX MOIUTHKA y 00/1aCTH CTPYYHOT 00pa3oBama.

(ITpumieHo 14. nenemdpa 2025, peBunupano 7. jaHyapa, npuxsaheno 18. aBrycra 2026)
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