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Abstract: For a long time, literacy has had a deeper meaning than just the
ability of reading and writing. Chemical literacy, as a part of science literacy,
represents the use of chemical knowledge and skills in solving real life prob-
lems. With the increasing influence that chemistry has on society, chemical
literacy becomes one of the main goals of science education. In order to exam-
ine the knowledge of chemical facts related to real life (as a prerequisite for
chemical literacy) of high school students (N = 379), we designed a knowledge
test and constructed a scoring scale for evaluating achievements. The obtained
results are contrary to expectations, i.e., a large number of students did not
achieve a satisfactory level of knowing selected chemical facts chosen by the
authors. The small number of correct answers per question indicates that the
examined sample of students does not show a desirable level of chemical
knowledge, implying that there is a need for new, improved strategies in chem-
istry teaching.

Keywords: chemistry teaching; students’ achievements; basic chemical know-
ledge.

INTRODUCTION

Literacy, in its most common usage, is defined as the ability to read and
write.! In the 215t century, we can say that this definition is not appropriate and
that the concept of literacy is much broader. Literacy is a characteristic needed
not just for highly educated people, but due to a different organization of society,
it is everyone's necessity.2 Contemporary time shapes literacy and determines
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344 STASEVIC et al.

required abilities and skills. The digital age, the accelerated flow of information
that quickly becomes outdated, the development of civilisation and technology
demands constant learning. Therefore, the definition of literacy is complex and
dynamic. There are several forms of literacy: nominal, functional, conceptual,
scientific, media, digital, political.3*7 Many authors worldwide maintain that sci-
entific literacy should be one of the main goals of science education. The reason
for this is the increasing impact of science and technology on everyday life and
social, political, educational, technological, and economic advancement.8-10

Chemical literacy, as a part of scientific literacy, should be available to the
broader public, not just to chemists, which would imply the use of chemistry
knowledge and skills in various situations.!! Individuals who are chemical
literate are:

1. able to apply knowledge and skills from the chemistry domain in daily
life;

2. aware of the significance of chemistry;

3. understand the relationship between chemistry, technology and soc-
jety.12-16

As one of the scientific disciplines, chemistry has an important role to help
students to understand and use basic chemical facts and concepts which is one of
the prerequisites for chemical literacy. Chemical literacy is needed to understand
many processes and science-related issues that occur in everyday life.!7-18 Chem-
istry topics involve studying matter and properties of matter that are important in
many disciplines such as health sciences, geography, physics, environmental sci-
ence.19:20 It is well known that chemicals can play a vital role in our daily lives.
Therefore, it is necessary to enhance human conscience about chemistry, prepare
the population for the proper use of chemistry knowledge and provide them with
the ability for long-life learning. Also, learning chemistry should not just lean on
learning the content available in textbooks. Learning must be effective, by mak-
ing links between chemical knowledge and real life, involving activities based on
solving life problems related to chemical issues. Accordingly, the published
standards and benchmarks regarding content enable achieving the main goal of
chemistry education, and that is chemistry literacy for all students.21-22 The role
of the teacher is to adapt the given curriculum, keeping in mind the type of class
composition and student characteristics, also considering textbooks and other
teaching materials, as well as the technical conditions, teaching tools and media
available to the school. The chemistry curriculum in high school education des-
cribes the teaching process, goals, outcomes, contents, and educational activities.
Standards of achievements define the result of that process, namely, required
knowledge, skills and attitudes for solving different societal challenges. These
standards specify the results expected from all students (basic level), the results
that are the basis for continuing education at the university level in areas not
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directly related to chemistry (intermediate level), and the results in chemistry
required for further education in chemistry area (advanced level). Hence, there
are three levels of standards of achievement, which are cumulative, built into
each other, so that students at the advanced level satisfy the requirements from all
three levels. The standards of achievements describe the qualitative and quanti-
tative results of the teaching process and thus give the description of what stu-
dents know and can do based on their overall general education in chemistry. As
one of the goals of chemistry education is the functionality and applicability of
knowledge, achieving a certain level of standards of achievement means accom-
plishing a certain level of functional chemical knowledge.

The program for International Student Assessment (PISA) and Trends in
Mathematics and Science Studies (TIMSS) are two programs used for monitoring
the progress of the skills that are essential for every child to progress through
school and life. TIMSS assessments provide an insight into students’ achieve-
ment in mathematics and science, using the scale that measures the students’
knowledge, knowledge application and reasoning ability.23-25 According to test-
ing under the TIMSS and obtained results (2011, 2015 and 2019), the average
accomplishment of the Serbian students (>500) was statistically higher than the
previously determined average value, which placed them at 25th (2011) 24th
(2015) and 215t (2019) position on the list.26-29 It should be noted that in these
studies, participants were fourth-grade students from elementary school. PISA
tends to focus on practical knowledge in action, namely recognizing questions as
scientific, identifying relevant evidence, critically evaluating conclusions, and
communicating scientific ideas.30-33 The last results of scientific literacy for 15-
years-old students assessed evaluated by PISA 2018 showed that a mean score
(440) of students from Serbia in scientific literacy was statistically significantly
below the Organization for Economic Cooperation and Development (OECD)
average (489), so that the students from Serbia ranked 45t from 79 countries.34

Although the TIMSS results show solid achievements of younger primary
school students, PISA assessment results are warning signs that we should be
concerned about the scientific literacy of the country's population. Therefore, the
present researchers were aimed at examining the level of basic chemical know-
ledge of the high school students from different school profiles using the test
based on knowing different chemical terms and facts related to daily life.

EXPERIMENTAL
Research aims and research questions

The purpose of the present study was to provide an insight into the manifestation of
various aspects of chemical literacy, such as knowing basic chemical facts related to everyday
life, among high school students, without any hidden intentions, as discrediting students, and
teachers. Since chemistry knowledge is important for society, research questions that guide
researchers were:
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1. What is the situation in high schools with students' knowledge of basic chemical facts
and terms related to real life?

2. Which level of chemical knowledge possess students based on the researchers' scoring
scale and the standards of achievements?

3. Is there a difference in the knowledge between Gymnasium students and Vocational
school students?

Sample/participants

Simple random sampling was used to select the participants for testing. A heterogeneous
sample (N = 379) included the high school students from two different types of schools in
Serbia, gymnasium (N = 270) and vocational school (N = 109). The participants from gym-
nasium were all 4t grade high school students with an orientation to natural sciences and
mathematics, whereas participants from three vocational schools were 15t grade (economic
school, N = 28) 2" grade (medical school, N = 52) and 4t grade (technical school, N = 29)
high school students. Chemistry course as a general-educational subject lasts a different num-
ber of years depending on a vocational school. The medical school has chemistry for two
years (pharmacy technician), the economic school has chemistry one year (economic tech-
nician) and the technical school (industrial-pharmaceutical technician) has chemistry for four
years. The curriculum for all schools emphasizes knowing basic chemical concepts and facts
regardless of the different duration of the chemistry education, the number of different chem-
istry courses, and the different number of classes per year. Looking into the curriculum of
these different school profiles reveals the same main topics that provide students the required
knowledge. The number of classes for the entire chemistry education determined by the cur-
riculum for each school and profile is provided in Table I.

TABLE I. Number of the chemistry classes per school

Type of school and Number of the theoretical Number of the practical
selected profile classes classes
Gymnasium 288 74

Technical school 484 516

Medical school 134 0

Economic school 74 0

The total number of classes (theoretical and practical) determined by the curriculum for
selected modules are 362 (Gymnasium), 1000 (Technical school), 134 (Medical school) and
74 (Economic school). A large number of the classes in Technical school is due to the fact that
students in this school gain chemistry knowledge throughout several separate courses (Gen-
eral and Inorganic Chemistry, Organic Chemistry, Analytical Chemistry, Physical Chemistry
and Biochemistry). Other selected schools have one course through the years that covers all
chemistry disciplines listed above.

Instrument/design

The data were collected with the knowledge test administered to students in a paper
form. The knowledge test contained 8 open-ended questions with a short answer. All the
questions were based on the corresponding standards of achievements. The committee of exp-
erts (high school chemistry teachers and university chemistry teachers) who were not involved
in its design confirmed the instrument's validity. Based on the evaluations, the revised items
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were held in the instrument. Questions from the knowledge test defined with the corres-
ponding standards of achievements are given in Table I1.22

TABLE II. Questions from the test with the respective standards of achievements

Question Question Standard of
No. achievement
1. In which human organ is the lowest pH value? 2.HE.1.1.5.
2. At what temperature, ice melts, and inversely, water freezes to ice? 2.HE.1.1.2;
2.HE.1.2.3.

3. Why is not good to squeeze the lemon into hot tea? 2.HE.1.3.2;
2.HE.1.4.1.

2.HE.1.4.2.

4, Do sugar, milk, fruits, vegetables, bread contain the same 2.HE.14.1;
carbohydrate? 2.HE.1.4.2.

5. The test for drivers that measures the level of alcohol in the bloodis 2.HE.1.3.3;
based on which chemical reaction? 2.HE.1.3.4.

6. Which compound provokes tingling after an ant’s sting? 2.HE.1.3.1;
2.HE.1.3.4.

7. Which gas is more commonly known as laughing gas? 2.HE.1.2.3.
8. We often hear that limescale does damage to various household 2.HE.1.2.3.

appliances and that it comes from hard water. Which salts contribute
most to water hardness?

A set of questions covered by the instrument was chosen randomly from the curriculum
with the intention to examine whether students know basic chemical concepts related with real
life after they accomplish general chemistry education. The instrument was designed as a pilot
version for providing the insight into the current situation with students’ chemical knowledge.
The obtained results could serve as a motive for more extensive research.

The instrument covered almost all the chemistry disciplines: general chemistry (first two
questions), inorganic chemistry (second and last two questions), organic chemistry (fifth, sixth
and third questions) and biochemistry (fourth and third questions). Students should get the
necessary knowledge and competencies to solve the test throughout their chemistry education
at primary and secondary school. It is worth mentioning, that all high school students included
in this research were in the final year of their chemistry education. All participants went
through all the topics set in the instrument during the chemistry courses through their school-
ing. It was expected, based on the standards of achievement, that the majority would access a
basic level of chemical knowledge, i.e., to recognize and connect chemical facts with daily
life. Since chemical literacy is a multi-dimensional and complex term, it is difficult to assess
all its aspects and components. The instrument was designed to measure acquired chemical
knowledge for the end of general secondary chemical education, as well as knowing terms and
facts from the chemistry domain, related to daily life. Without knowing basic chemical facts
there is no functional chemical knowledge, as knowledge of these facts is a prerequisite for
the existence of chemical literacy. The collected data were analysed both quantitatively and
qualitatively with an emphasis on quantitative analysis, whereas the data analysis was carried
out with several statistical tests (mean, standard deviation, Mann—Whitney test also called
U-test).33-36 Answers were summed up and scored as correct, wrong and no answer. Descript-
ive statistics were reported in the percentages and the mean and standard deviation for the per-
centages were also given. The scoring scale, used to evaluate the level of students’ chemical
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knowledge, was constructed by the researchers and the responses to each question from the
knowledge test were transcribed and scored. The scale was constructed and used to score and
evaluate the students’ chemical knowledge based on general standards of achievements for the
end of secondary education.?? Values of correct answers on the questions were scored from
low (1), moderate (2) to high level (3) of chemical knowledge as indicated in Table III. The
new scoring scale is designed for better insight into the students’ accomplishment of achieve-
ments on the knowledge test and better interpretation of the results. For primary school, it is
specified that 80 % of students should achieve chemical knowledge at the basic level of stan-
dards of achievements.3” As the standards of achievement for secondary school represent exp-
anded knowledge, skills, and attitudes relative to those which are determined for primary
school, it is expected that all high school students should achieve a basic level of standards of
achievement.38 All questions from the knowledge test were designed to be at a basic level by
standards of achievements. The scale is determined by the number of correct answers, low
level is less than 50 % correct answers, the moderate level implied 50-80 % of correct res-
ponses, whereas the high level is achieved with over 80 % of correct answers per question.
Reaching a high level on the scale can be interpreted as satisfactory chemical knowledge on
the basic level. The moderate level can be explicated as worrying, while the low level repre-
sents an alarming situation related to chemical knowledge. Expectations were that more than
80 % of students would reach a high level on the scoring scale.

TABLE III. Scoring scale for categorizing responses to questions

Level Description of each category in interpretation responses
Low (1) Students’ chemical knowledge is low. Less than 50 % of correct answers per
question. The situation is alarmingly worrying.
Moderate (2) Students’ chemical knowledge is moderate. Students’ correct answers are
between 50-80 % per question. The situation is worrying.
High (3) Students’ chemical knowledge is high. More than 80 % of correct answers

per question. The situation is satisfactory.

RESULTS AND DISCUSSION

The data collected with the knowledge test are presented in the Table IV.
Results (number of wrong, correct and no answers) are given in percentages and
the number of respondents is given in parentheses.

TABLE IV. Distribution of answers (%) on the knowledge test; number of respondents are
given in the parentheses

Question No. Answer

(Table II) Correct Wrong Without answer
1 70.71 (268) 15.83 (60) 13.46 (51)

2 31.66 (120) 62.80 (238) 5.54 (21)

3 65.70 (249) 15.30 (58) 19.00 (72)

4 78.90 (299) 14.51 (55) 6.60 (25)

5 27.70 (105) 16.62 (63) 55.67 211)

6 58.05 (220) 11.61 (44) 3034 (115)

7 46.96 (178) 40.37 (153) 12.66 (48)

8 46.17 (175) 19.26 (73) 34.56 (131)
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Transcribed to a researchers’ scale, the respondents are on the transition of
two levels, low and moderate. Students showed a moderate level of chemical
knowledge (50—80 % correct answers) on four questions (Question No. 1, 3, 4
and 6) and low level (<50 % correct answers) on the same number of questions
(Question No. 2, 5, 7 and 8) toward scale score, but no one achieved a high level
of knowledge. Based on these results, the students do not reach the expected
level of basic chemical knowledge and the situation in schools can be interpreted
as not satisfactory.

The question with the most correct answers is the fourth question (78 %),
while the question with the lowest number of correct answers is the fifth question
(27.7 %). It is important to pay attention to a low level of chemical knowledge of
the students related to the second question where the number of correct answers
was only 31.66 %. Based on these results, the students did not achieve a suffi-
cient level of basic chemical knowledge, as expected by standards of achieve-
ment.37:38

According to the scoring scale and students’ accomplishments on the indi-
vidual questions (1, 3, 4 and 6), students know on a moderate level: acid—base
properties of some body fluids and substances from real life (2.HE.1.1.5.); the
role and presence of biologically important compounds as well as their physical
properties and structure (2.HE.1.3.2.; 2.HE.1.4.1. and 2.HE.1.4.2.); structure,
physical properties of carbohydrates (2.HE.1.4.1. and 2.HE.1.4.2.); trivial names
of organic compounds and corresponding names according to [IUPAC nomenclat-
ure (2.HE.1.3.1.), physical and chemical properties of organic compounds, and
also their importance in everyday life (2.HE.1.3.4.). More precisely, students
know on the moderate level which organ in the human organism is with the low-
est pH value (stomach); the physical properties of vitamin C, i.e., they know
what happens with vitamin C at high temperatures (decomposition); formic acid
provokes tingling after an ant’s sting and that sugar, milk, fruits, vegetables, and
bread do not contain the same carbohydrate.

Students’ responses on the 20d, 5th, 7th and 8th question disclose a low level
of knowledge on the researchers’ scale for the selected chemical facts: the
physical and chemical properties of substances that they encounter in daily life
(2.HE.1.1.2.; 2.HE.1.2.3.); chemical properties and some of the most significant
reactions of organic compounds (2.HE.1.3.3. and 2.HE.1.3.4.) and the most imp-
ortant inorganic compounds as well their applicability (2.HE.1.2.3.). Students
were expected to know at what temperature ice melts and water freezes; oxid-
ation reaction of alcohol and reduction reaction of dichromate is that one on
which is based test that measures the level of alcohol in the blood of drivers; nit-
rous oxide is laughing gas and that the salts of divalent metal cations contribute
the most to the water hardness (CaZ™; Mg2*, etc.).
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The assessment of students’ chemical knowledge revealed that only a small
percentage of them know basic chemical facts related to real life. The problem
may be that the newly acquired knowledge is not well assimilated, and thus, does
not contribute to the students’ ability to meaningfully comprehend the basic chem-
ical concepts. The results also indicate many misinterpretations and misconcept-
ions caused by mechanical learning. For example, helium was mentioned as the
laughing gas instead of dinitrogen oxide or histamine, not formic acid, as a sub-
stance that causes tingling. Also, the frequent wrong answer was that ice melts at
4 °C and inversely, water becomes ice, probably because students know that this
temperature is characteristic for water (on 4 °C water has maximum density).

Fig. 1 presents the students’ correct answers to questions from the know-
ledge per school.

80

50

Correct answers

1 2 3 4 5 6 7 8
Question

Fig. 1. Distribution of respondents’ correct answers on questions per school;
light grey — gymnasium, dark grey — vocational school.

The present researchers expected a non-significant difference in responses
between students from two types of schools, firstly, because the questions were
constructed on the basic level of chemical knowledge, and secondly, because the
content and curriculum from both schools have the same goal, chemical literacy,
and knowledge retention.

The mean value of the correct answers of gymnasium students is 50.00 with
a standard deviation of 20.43, whereas this value for students from vocational
school is 61.24 with a standard deviation of 12.12. Based on these values, it may
be concluded that students from the vocational school give more correct answers
per question with smaller deviation from the mean, and barely cross the moderate
level of chemical knowledge towards researchers’ scale score. On the other hand,
students from gymnasium show oscillations in the number of correct answers per
question, and do not cross the moderate level. U-test, that was carried out shows
a significant difference with a p-value of 0.44 (p > 0.05; z =+0.77). It cannot be
known what happened in the individual classes through students’ education, so,
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the difference may be caused by the individual characteristics of both teachers
and students and the quality of the teaching process.

The obtained results clearly show disagreement with the goals defined in
curriculum which is based on applicable knowledge. A large number of wrong
answers suggest that the learning process in Serbia’s high schools is still grounded
only on the reproduction of the content. Without the opportunity to understand
and link content with real life, students will develop misinterpretations and mis-
conceptions, so it can be expected that students would not be able to apply their
knowledge .39

Regarding this finding, developing new teaching forms could impact the
functionality of students’ knowledge, and it is also a call for chemistry teachers
to provide an appropriate and conducive learning environment during the learn-
ing process. The context of chemistry in daily life situations should provide stu-
dents the possibility to improve their literacy skills.40-4! The context-based learn-
ing with engaging all students during the learning process makes chemistry more
relevant and relative to the students.#2 Such approach leads students to relate real
life to chemistry, with context that can be an environmental issue, an everyday
life problem, or an industrial process.*3 Also, it is required to enhance the stu-
dents’ intrinsic motivation. Without this, students will continue to form know-
ledge with limited understanding based only on memorized facts.

CONCLUSION

For a long time, literacy does not mean just being able to read and write. No
matter whether your work is connected directly or indirectly with chemistry, or
you compete in a quiz, read some newspaper article, or buy a cosmetic product,
you should have a basic level of chemical knowledge or, in other words, be
chemically literate. Chemical literacy is a target in major reforms in science edu-
cation today and it is conceptualized as a main goal. With that goal achieved, the
school will provide people with sufficient and functional knowledge and the abil-
ity to solve real life problems.

The results obtained in this paper have highlighted that knowing basic chem-
ical facts (as a prerequisite for chemistry literacy) among students remains low. It
is worrying that the students do not know at what temperature ice melts, i.e.,
water freezes to ice, and also, other similar chemical concepts tested with the ins-
trument. The ignorance of the basic chemical concepts brought students to an
unsatisfactory level of basic chemical knowledge. The achieved level of basic
chemical knowledge is not sufficient to link the acquired knowledge to real life
situations, and thus for the application of chemical concepts in daily life. There-
fore, students mostly do not have the prerequisite for chemical literacy. Based on
the standards of achievements, expectations were that more than 80 % of students
would reach a high level on our scoring scale. The results reveal that the situation
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about students’ chemical knowledge is not satisfactory, none of the question
reached a high level of the scoring scale. The authors had believed that there will
be no significant difference in responses between students from different school
profiles. Based on the results, students from the vocational school gave more cor-
rect answers per question than students from gymnasium. This result can trigger
new research with an aim to confirm this difference and to analyse the reasons.
The findings reflect that there still exists a need for developing learning activities
throughout chemistry education in order to provide a chance for students to use
their knowledge in real life situations.

Our results were collected before the SARS-CoV-2 pandemic, in 2018. The
obtained results could serve as a motive for broader research on students’ chem-
ical literacy. A similar study is planned, after the pandemic is put under control,
to examine the impact of simultaneously, non-simultaneously, and blended
E-learning on students’ knowledge required for reaching even a basic level of
chemical literacy.

Acknowledgement. This work was supported by the Serbian Ministry of Education,
Science and Technological Development (Agreement Nos. 451-03-68/2022-14/200122 and
451-03-01330/2020-14/2787).

U3BOJI

IOA JIM YYEHUIIU CPEOBUX HIKOJIA Y CPBUJU UMAJY ®YHKIJMOHATHO 3HABE
N3 XEMHUJE?

OUJIUIT CTAIIEBUR', HACTA MUJIETHR’, JEJIEHA BYPFEBUR HUKOJIUR' 1 UBAH TYTMAH'

'Yuusepsuimeimn y Kpaiyjesuy, IIpupogno—maitiemaiiuuiu Gaxyniiei, Pagoja Jomanosuha 12, 34000
Kpaiyjesay, u ZFuMHasuja Kocoscka Muinposuya, Jlone Pudapa 29, 38220 Kocoscka Muitposuya

Beh nyxu BpeMeHCKH MepHof OUTH MUCMEH He MoJpa3yMeBa CaMo CIOCODHOCT MHUCamba
U YdTama. XeMHjCKa MUCMEHOCT, Kao Ie0 HayyHe MUCMEHOCTH, TIpefiCTaBba yrnorpedy 3Hama,
BEIITHHA U CTaBOBA Y PellaBaky PasIMIUTHX JPYIUITBEHUX U3a30Ba. CBECT APYIUTBA O 3HAUAjy
XeMHuje, XeMHjCKy MUCMEHOCT YBOAU Ha JINCTY IMIaBHUX LiW/beBa oOpasoBama U Bacnurama. Ja
01 McnuTanM HUBO XEMUjCKOT 3Hawa U HUBO N03HaBaka OCHOBHUX XEMHUjCKUX YMHBEHHUIIA, IITO
je TIpenyciioB 3a XeMHjCKY MUCMEHOCT, cpenmwolukonana (N = 379) ocMUILIbEH je YIUTHUK U
CKaJsa 3a eBanyauujy nocrurayha. IIprkasaHy pe3yiTaTy Cy Y CyIPOTHOCTH OYEKHUBABHMA, Tj.
HHUCY OCTBApPEHHU 3aXTeBH Ae(UHHCAHHU CTaHJapAUMa NocTUraHyha Ha OCHOBHOM HHMBOY. Manu
Opoj TauHUX OJTOBOpA yKasyje Ja WCIUTHBAHU y30paK yYeHHKa He rocenyje 3a70BosbaBajyhu
HUBO 3Hama U3 XeMHje, IITO HABOAU Ha NOoTpedy 3a pa3BHjalkeM HOBHUX, HATPeJHHjUX MeTona
y HaCTaBH XeMHje.

(TTpumssero 26. Hopembpa 2021, peBuaupano 21 Hoembpa, npuxsaheno 22. Hoemdpa 2022)

REFERENCES

1. B. V. Street, Literacy in Theory and Practice, Cambridge University Press, New York, 1984
2. P. Turiman, J. Omar, A. Mohd Daud, K. Osman, Proc. Soc. Behav. Sci. 59 (2012) 110
(https://doi.org/10.1016/j.sbspro.2012.09.253)

Available on line at www.shd.org.rs/JSCS/

(CC) 2023 SCS.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

CHEMISTRY KNOWLEDGE IN HIGH SCHOOLS IN SERBIA 3 5 3

. L. Verhoeven, in: Encyclopedia of Language and Education. Encyclopedia of Language

and Education Vol. 2, V. Edwards, D. Corson, Eds., Springer, Dordrecht, 1997
(https://doi.org/10.1007/978-94-011-4540-4_14)

N. Feinstein, Sci. Ed. 95 (2011) 168 (https://doi.org/10.1002/sce.20414)

S. Livingstone, Commun. Rev. 7 (2010) 3 (https://doi.org/10.1080/10714420490280152)
D. Bawden, in: Digital Literacies: Concepts, Policies and Practices, C. Lankshear, M.
Knobel, Eds., Peter Lang, New York, 2008 (ISBN: 1433101696)

C. A. Cassel, C. C. Lo, Polit. Behav. 19 (1997) 317
(https://doi.org/10.1023/A:1024895721905)

R. C. Laugksch, Sci. Ed. 84 (2000) 71 (https://doi.org/10.1002/(SICI)1098-
237X(200001)84:1<71::AID-SCE6>3.0.C0O;2-C)

W. Graber, P. Nentwig, H. Becker, E. Sumfleth, A. Pitton, K. Wollweber, D. Jorde, in:
Research in Science Education — Past, Present, and Future, H. Behrendt, Ed., Springer,
Dordrecht, 2001 (https://doi.org/10.1007/0-306-47639-8 6)

S. Avargil, O. Herscovitz, Y. J. Dori, Think. Skills Creat. 10 (2013) 189
(https://doi.org/10.1016/j.tsc.2013.07.008)

Y. Shwartz, R. Ben-Zvi, A. Hofstein, J. Chem. Educ. 83 (2006) 1557
(https://doi.org/10.1021/ed083p1557)

R. M. Hazen, J. S. Trefil, J. Chem. Educ. 68 (1991) 392
(https://doi.org/10.1021/ed068p392)

R. W. Missen, W. R. Smith, J. Chem. Educ. 66 (1989) 217
(https://doi.org/10.1021/ed066p217)

Y. Shwartz, R. Ben-Zvi, A. Hofstein, Chem. Educ. Res. Pract. 7 (2006) 203
(https://doi.org/10.1039/B6RP90011A)

M. K. Serry, C. McDonnell, Chem. Educ. Res. Pract. 14 (2013) 227
(https://doi.org/10.1039/C3RP90006A)

Z. Kohen, O. Herscovitz, Y. J. Dori, Chem. Educ. Res. Pract. 21 (2020) 250
(https://doi.org/10.1039/c9rp00134d)

P. E. Childs, S. M. Hayes, A. O’Dwyer, in: Relevant Chemistry Education, 1. Eilks, A.
Hofstein, Eds., SensePublishers, Rotterdam, 2015 (https://doi.org/10.1007/978-94-6300-
175-5_3)

J. C. Besley, A. Dudo, M. Storksdieck, J. Res. Sci. Teach. 52 (2015) 199
(https://doi.org/10.1002/tea.21186)

T. Brown, H. E. LeMay, B. E. Bursten, Chemistry the Central Science, 8 ed., Prentice
Hall, Hoboken, NJ, 2015 (ISBN: 0130103101)

P. Karvankova, D. Popjakova, Int. J. Sci. Educ. 40 (2018) 702
(https://doi.org/10.1080/09500693.2018.1442598)

Curriculum for high schools, vocational schools and adult education, Official Gazette,
Belgrade, Serbia, https://zuov.gov.rs/zakoni-i-pravilnici, accessed 9.3.2022 (in Serbian)
General standards of achievement for the end of general secondary education and
upbringing and secondary vocational education and education in the field of general
education subjects for the subject - Chemistry, Institute for the Evaluation of the Quality
of Education, Belgrade, 2013 (https://ceo.edu.rs/cTannapau-y-oopaszoBamy), (accessed
8.3.2022) (in Serbian)

D. Trivi¢, Hemijski Pregled 51 (2010) 148 (in Serbian)

Available on line at www.shd.org.rs/JSCS/

(CC) 2023 SCS.



354

24.
25.

26.

27.

28.
29.
30.

31.
32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.
43.

STASEVIC et al.

K. Eriksson, O. Helenius, A. Ryve, Instr. Sci. 47 (2019) 1
(https://doi.org/10.1007/s11251-018-9473-1)

National Center for Education Statistics (NCES), Trends in International Mathematics
and Science Study (TIMSS), http://nces.ed.gov/TIMSS/ (accessed 13.9.2021)

M. O. Martin, I. V. S. Mullis, P. Foy, G. M. Stanco, TIMSS 2011 International Results in
Science, TIMSS & PIRLS International Study Center, Boston College, Chestnut Hill,
MA, 2012

M. O. Martin, I. V. S. Mullis, P. Foy, M. Hooper, TIMSS 2015 International Results in
Science, TIMSS & PIRLS International Study Center, Boston College, Chestnut Hill,
MA, 2016

I. Peri¢, N. Gutvajn, S. Josi¢, N. Seva, National report TIMSS 2019 in Serbia, Institute
for pedagogical investigations, Belgrade, 2020 (ISBN 978-86-7447-153-1) (in Serbian)
V. F. Savec, B. Urankar, M. Aksela, I. Devetak, J. Serb. Chem. Soc. 82 (2017) 1193
(https://doi.org/10.2298/JSC161221083S)

P. J. Fensham, W. Harlen, Int. J. Sci. Educ. 21 (1999) 755
(https://doi.org/10.1080/095006999290417)

W. Harlen, Stud. Sci. Educ. 36 (2011) 79 (https://doi.org/10.1080/03057260108560168)
Organization for Economic Co-operation and Development (OECD-PISA), Assessment of
scientific literacy in the OECD / Pisa project, http://www.pisa.oecd.org/ (accessed 13.9.2021)
J. Korolija, S. Raji¢, M. Tosi¢, Lj. Mandié, J. Serb. Chem. Soc. 80 (2015) 1567
(https://doi.org/10.2298/JSC150522072K)

M. Videnovié¢, G. Capri¢, PISA 2018 Report for the Republic Serbia, Ministry of
Education, Science and Technological Development of the Republic of Serbia, Belgrade,
2020 (in Serbian)

E. McCrum-Gardner, Br. J. Oral Maxillofac. Surg. 46 (2008) 38
(https://doi.org/10.1016/j.bjoms.2007.09.002)

H. W. Kruskal, A. W. Wallis, J. Am. Stat. Assoc. 47 (1952) 583
(https://doi.org/10.2307/2280779)

D. Trivié, R. Jankov, M. Randelovi¢, V. Vukoti¢, M. Markovi¢, R. Kovacevié¢, M.
Nikoli¢, Educational standards for the end of compulsory education for the subject -
chemistry, Ministry of Education, Science and Technological Development of the
Republic of Serbia, Belgrade, 2010 (ISBN 978-86-86715-22-7) (in Serbian)

General standards of achievements for the end of general secondary and secondary
vocational education and upbringing in the part of general education subjects for the
subject — Chemistry, Handbook for teachers, Institute for the Evaluation of the Quality of
Education and Upbringing, Belgrade, 2015 (ISBN 978-86-86715-55-5) (in Serbian)

T. Hrin, D. Milenkovi¢, M. Segedinac, Chem. Educ. Res. Pract. 19 (2018) 305
(https://doi.org/10.1039/c7rp00162b)

J. Bennett, J. Holman, in Chemical Education: Towards Research-based Practice.
Science & Technology Education Library Vol. 17, ]. K. Gilbert, O. De Jong, R. Justi, D.
F. Treagust, J. H. Van Driel, Eds., Springer, Dordrecht, 2002 (https://doi.org/10.1007/0-
306-47977-X_8)

Y. J. Dori, S. Avargil, Z. Kohen, L. Saar, Int. J. Sci. Educ. 40 (2018) 1198
(https://doi.org/10.1080/09500693.2018.1470351)

J. K. Gilbert, Int. J. Sci. Educ. 28 (2006) 957 (https://doi.org/10.1080/09500690600702470)
J. P. Gutwill-Wise, J. Chem. Educ. 78 (2001) 684 (https://doi.org/10.1021/ed078p684).

Available on line at www.shd.org.rs/JSCS/

(CC) 2023 SCS.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



@Article{Stasevic2023,

  author    = {Filip Stasevic and Nasta Miletic and Jelena Djurdjevic-Nikolic and Ivan Gutman},

  journal   = {Journal of the Serbian Chemical Society},

  title     = {Do Serbian high school students possess knowledge of basic chemical facts related to real life as a prerequisite for chemical literacy?},

  year      = {2023},

  issn      = {1820-7421},

  month     = {1},

  pages     = {83-83},

  volume    = {88},

  abstract  = {For a long time, literacy has had a deeper meaning than just the ability of reading and writing. Chemical literacy, as a part of science literacy, represents the use of chemical knowledge and skills in solving real life prob­lems. With the increasing influence that chemistry has on society, chem­ical literacy becomes one of the main goals of science education. In order to exam­ine the knowledge of chemical facts related to real life (as a prerequisite for chemical literacy) of high school students (N = 379), we designed a know­ledge test and constructed a scoring scale for evaluating achievements. The obtained results are contrary to expectations, i.e., a large number of students did not achieve a satisfactory level of knowing selected chemical facts chosen by the authors. The small number of correct answers per question indicates that the examined sample of students does not show a desirable level of chemical knowledge, implying that there is a need for new, improved strategies in chem­istry teaching.},

  doi       = {10.2298/JSC211126083S},

  file      = {:09_11415_5630.pdf:PDF},

  issue     = {3},

  keywords  = {basic chemical knowledge,students’ achieveme},

  publisher = {National Library of Serbia},

  url       = {https://www.shd-pub.org.rs/index.php/JSCS/article/view/11415},

}





