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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 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.

Keywords: chemistry teaching; students’ achievements; basic chemical knowledge
INTRODUCTION

Literacy, in its most common usage, is defined as the ability to read and write.
In the 21° 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.? Contemporary time shapes literacy and determines required
abilities and skills. The digital age, the accelerated flow of information that quickly
becomes outdated, the development of civilization and technology demand
constant learning. Therefore, the definition of literacy is complex and dynamic.
There are several forms of literacy: nominal, functional, conceptual, scientific,
media, digital, political.*” Many authors worldwide maintain that scientific
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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.*°
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 know-
ledge 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 society.

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.t"®
Chemistry topics involve studying matter and properties of matter that are
important in many disciplines such as health sciences, geography, physics,
environmental science.’®? 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 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 making links between chemical knowledge and real life, involving
activities based on solving life problems related to chemical issues. Accordingly,
published standards and benchmarks regarding content enable achieving the main
goal of chemistry education, and that is chemistry literacy for all students.??? 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
describes 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 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. Standards of achievements describe the qualitative and quantitative results
of the teaching process and thus give the description of what students 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,
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achieving a certain level of standards of achievement means achieving 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’ achievement
in mathematics and science, using the scale that measures the students’ knowledge,
knowledge application, and reasoning ability.?** According to testing under the
Trends in Mathematics and Science Studies and obtained results (TIMSS 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 25" (2011) 24™ (2015) and 21% (2019) position on the list.?5?° 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
guestions as scientific, identifying relevant evidence, critically evaluating
conclusions, and communicating scientific ideas.*** The last results of scientific
literacy for 15-years-old students assessed under the Program for International
Student Assessment (PISA 2018) showed that a mean score (440) of students from
Serbia in scientific literacy was statistically significantly below the Organization
for Economic Co-operation and Development (OECD) average (489), so that the
students from Serbia ranked 45" from 79 countries.>*

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
knowledge of the high school students from different school profiles using the test
conceived 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:

1. What is the situation in high schools with students' knowledge of basic chemical facts and
terms connected to real life?

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

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

Simple random sampling was used to select the participants for testing. A heterogeneous
sample (N = 379) encompassed 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 4" grade high school students with an orientation to natural sciences and
mathematics, whereas participants from three vocational schools were 1% grade (economic
school, N = 28) 2" grade (medical school, N = 52) and 4" grade (technical school, N = 29) high
school students. Chemistry course as a general-educational subject lasts a different number of
years depending on vocational school. The medical school has chemistry for two years
(pharmacy technician), the Economic school has chemistry one year (economic technician) 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 chemistry 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 required knowledge. The
number of classes for twhole chemistry education determined by the curriculum 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 (General
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 experts (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 were
held in the instrument. Questions from the knowledge test defined with corresponding standards
of achievements are given in Table 11.22

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 insight into the current situation with students' chemical knowledge. The
obtained results could serve as a motive for more extensive research.
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TABLE Il. 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.HE.1.1.2;

2. At what temperature, ice melts, and inversely, water freezes to ice? SHEL123
2.HE.1.3.2;

3. Why is not good to squeeze the lemon into hot tea? 2.HE.1.4.1.
2.HE.1.4.2.

4 Do sugar, milk, fruits, vegetables, bread contain the same 2.HE.1.4.1;
" carbohydrate? 2.HE.1.4.2.
5 The test for drivers that measures the level of alcohol in the blood is  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? 2HEL3.L
2.HE.1.3.4.

7. Which gas is more commonly known as laughing gas? 2.HE.1.2.3.

We often hear that limescale does damage to various household
8.  appliances and that it comes from hard water. Which salts contribute  2.HE.1.2.3.
most to water hardness?

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 schooling. 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).®>*® Answers were summed and scored as
correct, wrong and no answer. Descriptive statistics were reported in the percentages and the mean
and standard deviation for the percentages were also given. The scoring scale, used to evaluate the
level of students’ chemical 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 I11. The new scoring scale is designed for better insight into the students’ accomplishment
of achievements 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
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standards of achievements.®” As the standards of achievement for secondary school represent
expanded 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.® 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 responses,
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 represents 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 I1l. Scoring scale for categorizing responses to questions

Level Description of each category in interpretation responses
Students’ chemical knowledge is low. Less than 50 % of correct answers
Low (1) - R . .
per question. The situation is alarmingly worrying.

Students’ chemical knowledge is moderate. Students' correct answers are
between 50-80 % per question. The situation is worrying.
Students’ chemical knowledge is high. More than 80 % of correct answers
per question. The situation is satisfactory.

Moderate (2)

High (3)

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 V. Distribution of answers on the knowledge test

Question No. Contribution, %?
(Table I1) Correct answers Wrong answers Without answers

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) 30.34 (115)
7 46.96 (178) 40.37 (153) 12.66 (48)
8 46.17 (175) 19.26 (73) 34.56 (131)

2number of respondents are given in the parentheses

Transcribed to a researchers’ scale, 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
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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 sufficient
level of basic chemical knowledge, as expected by standards of achievement.*"8

According to the scoring scale and students’ accomplishments on the
individual 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 ITUPAC nomen-
clature (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 lowest 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 2™, 5™ 7" and 8" questions 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 important inor-
ganic compounds as well their applicability (2.HE.1.2.3.). Accurately, students
were expected to know at what temperature ice melts and water freezes; oxidation
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; nitrous oxide
is laughing gas and that the salts of divalent metal cations contribute the most to
the water hardness (Ca®*; Mg?*, etc.).

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 basic chemical con-
cepts. The results also indicate many misinterpretations and misconceptions
caused by mechanical learning. For example, helium was mentioned as the laugh-
ing gas instead of dinitrogen oxide or histamine, not formic acid, as a substance
that causes tingling. Also, the frequent wrong answer was that ice melts at 4 °C



8 STASEVIC et al.

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 knowledge
per school.

The present researchers expected a non-significant difference in responses
between students from two types of schools, firstly, because 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.

Fig. 1. Distribution of respondents' correct answers on questions per school; light grey -

80

Tithh

Question
gymnasium, dark grey - vocational school

Correct answers

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, the difference
may be caused by the individual characteristics of both teachers and students and the
quality of the teaching process.
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The obtained results clearly show disagreement with the goals defined in cur-
riculum 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 misconceptions,
so it is for expecting that students would not be able to apply their knowledge.*

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 learning
process. The context of chemistry toward daily life situations should provide
students the possibility to improve their literacy skills.***! Context-based learning
with engaging all students during the learning process makes chemistry more
relevant and relative to the students.*? Such approach leads students to make links
between real life and chemistry, with context that can be an environmental issue,
an everyday life problem, or an industrial process.*® Also, it is required to enhance
the students’ intrinsic motivation. Without this, students will continue to form
knowledge 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
chemical literate. Chemical literacy is a target in major reforms in science
education 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
ability for solving real life problems.

The results obtained in this paper have highlighted that knowing basic
chemical 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
instrument. 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 for connecting the acquired knowledge with
real life situations, and thus for the application of chemical concepts in daily life.
Therefore, students mostly do not have the prerequisite for chemical literacy.
Based on the standards of achievements, eexpectations were that more than 80 %
of students would reach a high level on our scoring scale. The results reveal that
the situation 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
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school profiles. Based on the results, students from the Vocational school gave
more correct 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 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' chemical
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.

Acknowledgements: 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).

W3BOJ
IIA JI YYEHULIM CPEIBUX LIKOJIA Y CPBAIA UMAJY
®YHKLMOHAJIHO XEMHJCKO 3HAIBE?

OUINII CTALLIEBUR!, HACTA MWIETUR?, JEJIEHA BYPREBUR HUKO/JIWR! 1 UBAH TYTMAH!
"Ynueepsuiueini y Kpatyjesuy, [Tpupogro-mamemaiiuuxy Gpaxynieit, Pagoja Jomanosuha 12,
34000 Kpaiyjesay, Cpouja u “T'umnaszuja Kocoscka Muiniposuya, Jlone Pudapa 29,
38220 Kocoscka Mutiposuya, Cpduja

Beh my»xu BpemeHckH nepuoz OUTH MUCMEH He ToJpa3yMeBa CaMO CIIOCODHOCT MHcama U
YHTama. XeMHjCKa TMCMEHOCT, Kao [ie0 Hay4yHe MUCMEHOCTH, IPEeJCTaB/ba YIOTpedy 3Hamwa, Bell-
THHA U CTaBOBA y PELIaBamy PasIuUNTHX JPyLITBEHUX U3a30Ba. CBECT APYLITBA O 3Hauajy XeMHUje,
XEMH]jCKy TTHCMEHOCT yBOOH Ha JIMCTY ITIaBHUX LIM/b€Ba 00pa3oBama M BacluTama. [Ja du ucmu-
Ta/Id HUBO XEMH])CKOT 3Hamba M HUBO I03HaBamba OCHOBHUX XEMH]CKUX YHIEHHLA, LITO je Mpej-
YCIIOB 33 XEMHjCKY MIUCMEHOCT, cpenmolikonana (N=379) oCMULIbEH je YITUTHHUK U CKasla 3a eB-
anyauujy nocturayha. [Tpukasanu pesynaTaTy Cy Y CyIPOTHOCTH OY€KHBawbKUMa, Tj. HUCY OCTBa-
PEHH 3axTeBU Ae(HUHUCAHY CTaHOapAuMa NMocTUrHyha Ha OCHOBHOM HUBOY. Mamnu dpoj TauHMX
0JTOBOpA yKasyje Jja UCIIUTHUBAHU y30paK yUeHHKa He Tloceyje 3al0Bo/baBajyhy HUBO XEMHjCKOT
3Hama, IITO HaBOAHY Ha NoTpedy 3a pa3BHjameM HOBHX, HANPEJHUjUX METO/IA Y HACTaBH XEMHU]E.

(ITpumrbeno 26. HoBembpa 2021; peBunrpano 21 HoBemOpa 2022; mpuxsaheHo 22. HoBemdpa 2022.)
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