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This research aimed to determine the chemical content which is the most challenging for students,
and also to study the differences in chemistry achievement among students who prefer different learning
styles. The study was carried out on the sample of 265 second grade students (aged 15-16 years) from
seven grammar schools in Vojvodina (Serbia). Two instruments were applied in the study to determine
the learning styles: chemistry knowledge test and Learning Style Inventory (LSI version 3.1). According
to the findings, students have difficulty learning the contents of the topics Chemical Equilibrium, Salt
Hydrolysis and Oxidation-Reduction Reactions. The findings show that there is a significant relationship
between achievements in chemistry and students’ learning styles. The findings obtained in this research
represent a step towards improving chemistry education since they identified the topics that students find
it the most difficult to learn.
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3ABUCHOCT IOMEI'Y CTUJIOBUTE HA YYEIE U IIOCTUTABATA HA YUEHUIIATE

OBa ucTpakyBame MMa 3a IeJI 1a TH ONpeIeNN HajTeIIKUTEe XeMUCKH CO/IP’KUHU 32 YUeHHUIUTE, a
HCTO TaKka Jla TH NPOYYM DPA3IMKUTE BO IOCTHramaTa Ha YYEHHUIMTE KOM IPETHOYUTAAT pa3IHIHH
CTHJIOBH Ha yuewe. CTynujara e u3BplIeHa Ha IPUMEPOK oJ] 265 ydeHun (Ha Bo3pact ox 15—16 roaunu)
O]l BTOpUTE KJIacOBM Ha celnyM cpenHu yuwiaumra Bo BojBoamna (CpbOuja). Ilpumenern ce napa
WHCTPYMEHTA 3a Jla Ce ONPEIENN CTHIIOT Ha YueHe: TeCT Ha 3HaeHe 110 XeMHja U OIMC Ha CTUIIOBHUTE Ha
yuerbe (Learning Style Inventory — LSI version 3.1). Criopea HaminTe CO3HaHWja, YYEHHIIUTE UMaaT
TEIIKOTHH CO COAPKUHUTE OJT XeMHCKa PaMHOTEXa, XUAPOJIN3a Ha COU M OKCHIO-PEAYKIIUCKH PEaKIIH.
OBue HcTpaxyBama IMOKaKyBaar JIeka II0CTON 3Ha4YajHa 3aBUCHOCT MOMeTy OCTHIHyBamara 110 XeMuja u
cTHIIOBHUTE Ha yueme. Co3HaHMjaTa JOOMEHM BO OBa MCTPaXKyBame CE YEKOp Harpes KOH MoJo0pyBame
Ha 00pa30BaHMETO 10 XEMHja MOpajay TOA WITO € MACHTH(UKYBaHH TEMHTE INTO HA YYCHHUIUTE UM Ce
HajTEeIIKH 3a COBJIayBambe.

Knyunu 300poBH: IOCTHTHYBambE 110 XEMH]ja; TEHIKOTHH BO YU€HC; YICHHUIIN; CTHII HA yUeHe

1. INTRODUCTION

Every chemistry teacher has probably faced
students who do not like chemistry, consider the
course boring, difficult and hard to understand, and
cannot see the connection between the abstract
terms they learn with the practical application of
chemistry in their everyday lives. This phenome-
non is common for different countries and different

educational systems; thus, there exists a growing
need among chemistry teachers and researchers in
the field of chemistry education to identify the
causes of problems in learning chemistry and to
find adequate methods to solve them.

Although it is known that problem-based
learning and learning through discovery lead to
higher levels of cognitive engagement in students
[1], lectures still dominate in schools in the Repub-
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lic of Serbia. On the other hand, individualized
teaching and student-centered learning are rarely
implemented [2]. Chemistry education (general,
inorganic and organic) is also dominated by frontal
work of teachers [3]. Based on the results of the
PISA evaluation of school achievement, it is evi-
dent that the average level of scientific competence
of students in Serbia is 56 points lower than the
OECD average. Bearing in mind that one year of
education in OECD countries contributes to an in-
crease of around 40 points on the PISA scale, it
can be concluded that students in Serbia should be
provided with one and a half years of additional
education to catch up with their peers from OECD
countries in terms of scientific competence [4].

Due to the growing importance of chemistry
in modern life, both for individuals and for society
as a whole, in recent years, the number of investi-
gations aimed at identifying the difficulties that
students and teachers face in the teaching process
has increased. The fact that there are many diffi-
culties in teaching [5] and learning chemistry [6]
have been confirmed by many studies.

One of the essential problems is the fact that
chemical content is studied at three levels (macro-
scopic, submicroscopic and symbolic levels), of
which only one is directly accessible to the senses
[7]. In addition, there is a shortage of time availa-
ble for the implementation of a demanding curricu-
lum. In R. Serbia, chemistry is taught for only two
school years in elementary school; thus, it repre-
sents a great challenge for the teachers of chemis-
try to enable their students to adopt many im-
portant concepts which are the basis for their fur-
ther education. The learning difficulties encoun-
tered in the learning process and student low
achievement in chemistry are related to the com-
plexity of the content. Even in the initial course of
chemistry, students are expected to master chemi-
cal symbolics and terminology, and to adopt a
large number of abstract concepts.

Sirhan [6] gave an overview of the chemical
concepts which are difficult to grasp for many
chemistry students: the molecular concept, atomic
structure, kinetic theory, thermodynamics, electro-
chemistry, balancing redox equations and stereo-
chemistry, chemical bonding, solution chemistry,
etc. Other research suggests that understanding the
acid-base concept is particularly difficult and often
misinterpreted by students [8, 9]. Hydrolysis is one
of the most important concepts in this field and is
the source of many misconceptions. The results of
the research carried out by Orwat, Bernard and
Migdal-Mikuli [10] point out the difficulties in
understanding the salt hydrolysis process, even in

students who are exceptionally interested in chem-
istry. These ambiguities have roots in the lack of
understanding of other basic concepts that are
needed to understand the process of hydrolysis.
Besides the obvious use of inaccurate analogies, a
lack of laboratory practice may also be the cause of
an incorrect explanation of the hydrolysis process.

Difficulties in studying chemical equilibri-
um were recorded in numerous studies [11-14].
Van Driel and Griber [12] have pointed out the
difficulties in studying various parts of the chemi-
cal balance concept, from understanding the nature
of reversible reactions to understanding the Le
Chatelier’s principle.

A review of earlier research based on learn-
ing problems in teaching the topic of oxidation-
reduction reactions indicates problems for both
teachers [5] and students [15]. Some of the identi-
fied problems in learning appeared to be the rela-
tive strength of oxidizing and reducing agents, the
concept of oxidation numbers, and the identifica-
tion of redox reactions.

Based on the above, it can be concluded that
it is necessary to improve the entire teaching pro-
cess in order to facilitate the process of chemistry
learning. Learning from the framework of the par-
adigm of learning styles suggests that advancement
of the entire teaching process implies an under-
standing of individual students’ differences in
terms of learning [16]. Researchers and practition-
ers in the field of chemical education have become
interested in studying the learning styles of stu-
dents, and such results could be directly applicable
in chemistry teaching [17]. Numerous studies have
shown that understanding a student’s learning style
can influence the teacher’s pedagogical approach
and hence cater for the student’s preferred style.
Researchers propose designing an instructional
environment in accordance with students’ prefer-
ences based on findings regarding the differences
in the learning styles of students of high and low
academic achievement [18]. Recognizing and re-
specting students' learning styles is a prerequisite
for adapting teaching styles to individual student’s
needs [19, 20]. By knowing the learning styles,
teachers can assess an individual student’s needs
more accurately and design strategies to enrich the
teaching process accordingly [21].

1.1. Learning style

The theoretical background of this paper is
Kolb's Experiential Learning Theory, which is a
comprehensive model and one of the most influen-
tial theories in the field of learning styles [21-23].
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Experiential learning theory defines learning as a
process of grasping and transforming experience.
According to ELT, the learning process is seen as a
cycle based on the contextually sensitive resolution
of creative tension between four modes of learn-
ing: concrete experience (CE), which emphasizes
feeling, reflective observation (RO), which empha-
sizes reflecting, abstract conceptualization (AC),
which emphasizes thinking, and active experimen-
tation (AE), which emphasizes doing. In the learn-
ing cycle, CE (feeling) creates a need for learning,
which induces reflective observation (watching).
Reflective observation is accompanied by the de-
velopment of new concepts (thinking) that allows
new knowledge to be integrated into existing
knowledge. Finally, this integration results in ac-
tion (doing). Since this action changes the already
acquired knowledge, new experience is obtained
and the cycle is repeated. According to Kolb's ex-
periential learning theory, it can be said that expe-
rience is the foundation of learning. Kolb states
that it is very important to emphasize that not all
phases of the learning cycle are equally important
for students. Depending on the student’s preferred
phase of learning cycle, their way of learning is
dominated by one of the following four learning
styles: accommodating, diverging, converging and
assimilating [24, 25]. Students who prefer the di-
verging learning style are imaginative and emo-
tionally sensitive; thus they have broad cultural
interests and like being informed. Their approach
to solving problems is unsystematic, but it is more
creative than that of students who prefer other
styles of learning. In formal learning situations,
individuals with divergent learning styles tend to
attract attention and get feedback on their work.
They are interested in group work and listening
[25], and aspire to answer the question "Why is
this important?". Teachers should operate as facili-
tators [26] and motivators [16, 17] in order to ef-
fectively work with these students.

Students who prefer the assimilating learn-
ing style are less focused on people and more in-
terested in abstract ideas and concepts [24]. They
want to know the facts and present them in an or-
ganized and logical form. They aspire to answer
the question "What is the concept?" [17]. They are
good at systemizing a wide range of information
into a logical structure. Instead of making prema-
ture decisions, they ponder thoroughly and careful-
ly. In formal learning situations, they prefer lec-
tures and reading and require time to think [25].
Teachers should act as subject experts [16, 17, 26]
in order to effectively work with these students.
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Students who prefer the convergent learning
style are the best at the practical use of ideas and
theories [25]. They aspire to answer the question
"How is the concept applied?" [17]. They prefer
solving problems and making decisions based on
rational solutions. Also, they prefer practical prob-
lem solving rather than dealing with social and in-
terpersonal issues. Individuals with a convergent
learning style are typically logical, pragmatic and
unemotional. In formal learning situations, they pre-
fer experimenting with ideas and participating in
simulations, laboratory work and research, as well
as working with practical applications [25]. In order
to effectively work with these students, teachers
should act as standard setters/evaluators [26].

Individuals who prefer an accommodating
learning style have a strong ability to learn from
direct experience and function well in ambiguous
and uncertain situations. Students with an accom-
modating learning style enjoy achieving challeng-
ing goals and facing challenging endeavors. They
tend to act on intuition rather than logic. They as-
pire to answer the question "What are the possibili-
ties?". In formal learning situations, they prefer
field work and working with others [25]. In order
to effectively deal with these students, teachers
should ask straight questions and create opportuni-
ties for problem-based learning [16], thereby act-
ing as coaches [26].

2. EXPERIMENTAL SECTION

2.1. Aim of the research

This research was conducted with the aim of
answering several research questions: which gen-
eral chemistry content is difficult for Serbian
grammar school students, what learning styles do
students prefer and how does the achievement in
chemistry differ between students with different
learning styles? The answers to these questions
could be important and helpful for teachers be-
cause they could provide them with additional in-
formation about teaching topics that require greater
attention in the learning process. Teachers could
also gain insight into student learning strategies
and could choose appropriate teaching activities in
accordance with the individual preferences of their
students, and all that could make the learning pro-
cess more effective.

2.2.Participants

The research was carried out on a sample of
265 second grade students (the age range was 15—
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16) from seven grammar schools in Vojvodina
(Serbia). The sample comprised 40.0% male and
58.9% female students, with three students (the
remaining 1.1%) choosing not to submit gender
information. Prior to the research, the school prin-
cipal and teachers were asked permission to con-
duct the research. Respondents were volunteers
who agreed to participate in the study anonymous-
ly and were informed that the results would only
be used for scientific purposes. The study was
conducted during regular chemistry classes. After
completion of the study, students were informed
about their preferred learning styles.

2.3. Instruments

Students’ achievement was measured using
a knowledge test, which was constructed for the
purpose of this research. It consisted of 17 ques-
tions. Tasks in the test were formulated as multiple
choice questions because these are most commonly
applied in practice [27]; they enable the testing of
the large amounts of content, answering a large
number of questions in a relatively short time, and
the possibility of guessing the correct answer is
less likely than in alternative type questions [28].
The test covered the general chemistry content in
accordance with grammar school curriculum and
the recommended textbook [29]. It comprised the
following topics: Types of substances, Atomic
structure, Chemical bonding, Disperse systems,
Chemical reactions, Acids, bases and salts, and
Redox reactions. Every correct answer was given
one point. The knowledge test is provided in the
Appendix | as supplementary material.

The students’ learning styles were identified
using Learning Style Inventory, LSI version 3.1.
[30]. The questionnaire consists of 12 items which
are responded to by ranking the offered answers
with the numbers 1-4 in the order which best de-
scribes the individual learning style (1 — refers
least to the respondent, to 4 — refers most to the
respondent). The information about students’ indi-
vidual learning styles was obtained in the manner
described in Kolb [30]. In the first step, individual
scores on four subscales: concrete experience
(CE), abstract conceptualization (AC), active ex-
perimentation (AE) and reflective observation
(RO) were identified based on the students' self-
assessment. This was followed by calculating val-
ues (AC-CE) and (AE-RO) to determine their pref-
erences in the dimension of grasping experience
and information processing. Finally, each student's
preferred style was determined as accommodating,
divergent, convergent or assimilating.

2.4. Data analysis

The knowledge test was characterized by
pre-test and post-test quality assurance characteris-
tics according to the model described in Segedinac,
Segedinac, Konjovi¢ and Savi¢ [31]. According to
this model, the pre-test quality assurance assess-
ment involves multiple validations of tests in terms
of the variety of questions, the adequacy of the
terminology used, the meaning of the requests, and
the length of the sentences. Pre-test quality assur-
ance characteristics were evaluated by an expert
group comprised of a university professor, a re-
search associate and a professor of chemistry from
a grammar school. Post-test quality assurance
characteristics involved the calculation of descrip-
tive and psychometric indicators of knowledge
tests.

Students’ learning styles were determined in
the manner described in Kolb [30]. One-way anal-
ysis of variance (ANOVA) was applied to test the
difference in achievement between groups of stu-
dents with different learning styles. Preliminary
testing confirmed the assumption of normality and
homogeneity of variance. The IBM SPSS (version
21) software package was used for statistical data
processing.

3. RESULTS

3.1. Chemistry achievement

The chemistry knowledge test was applied
to identify learning topics that are the most diffi-
cult for students. This test included general chem-
istry content from all 7 topics covered by the cur-
riculum in R. Serbia: Types of substances, Atomic
structure, Chemical bonding, Disperse systems,
Chemical reactions, Acids, bases and salts, Redox
reactions. The Cronbach’s alpha coefficient was
0.76 and the reliability of the test could be consid-
ered satisfactory [32]. The average score of the test
was 8.32 points. The best score was the maximum
17 points, while the lowest result was 1 point. To
reduce the possibility of students guessing the cor-
rect answer, the suggestion was made to have stu-
dents leave the question unanswered if they did not
know it. Descriptive parameters of the test are
shown in Table 1. The number of questions for a
topic was proportional to the number of classes
planned for that topic. The test comprised ques-
tions of the three levels of difficulty, according to
Bloom’s taxonomy of educational goals:
knowledge, understanding and application levels.

Maced. J. Chem. Chem. Eng. 37 (1), 79-88 (2018)
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Table 1
Descriptive parameters of the knowledge test
Question Topic Difficulty index Discrimination index
1 Types of substances 91 .29
2 Atomic structure .52 41
3 Atomic structure 43 .28
4 Atomic structure .67 31
5 Chemical bonding 51 40
6 Acids, bases and salts .29 .19
7 Chemical bonding .90 .22
8 Disperse systems .35 31
9 Chemical reactions .62 .30
10 Acids, bases and salts 45 A7
11 Atomic structure 43 A7
12 Redox reactions .29 .33
13 Redox reactions .28 .15
14 Chemical bonding 31 .50
15 Atomic structure .52 45
16 Chemical reactions .84 .23
17 Chemical reactions .28 .28

Item difficulty levels ranged from 0.28 to
0.91, with the total value of 0.51 for the whole test,
which is considered optimal [33]. Indices of dis-
criminations for the questions in the test ranged
from 0.29 to 0.48. According to the criterion estab-
lished by Ebel and Frisbie [34], all questions have
acceptable values for discrimination indices. All of
these characteristics indicate that the applied test is
reliable and has acceptable characteristics, and can
therefore be used for research purposes.

Students’ learning styles

In order to investigate the differences in
achievement in chemistry tests for students with
different learning styles, it was necessary to identi-
fy the individual learning style for each participant.
Preferred learning styles were determined using
LSI (version 3.1) which is one of the most fre-
quently used inventories, characterized by good
internal consistency [23, 35, 36]. Values for the
internal consistency coefficients obtained in this
research were: 0.72 for CE, 0.63 for RO, 0.71 for
AC and 0.62 for AE. These values are in accord-
ance with the values obtained in other studies [22]
and can be considered satisfactory. The representa-
tiveness of the items expressed by the normalized
Kaiser-Meyer-Olkin (KMO) coefficient is high and
amounts to 0.74. The values of skewedness and
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kurtosis range from -0.25 to 0.73. Such a distribu-
tion of results can be described as normal, which
makes data suitable for further statistical analysis.

Learning styles of students

The values obtained for the four stages of
the learning cycle are shown in Figure 1. As indi-
cated by the data obtained for a learning cycle, re-
spondents” AC is more pronounced than their CE
in the dimension of grasping experience, while in
the dimension of transforming experience, RO (ob-
servation) is more pronounced than AE (action).

Based on the values obtained in dimensions
AC-CE and AE-RO, it is possible to identify stu-
dents’ preferred learning styles. The distribution of
the students’ learning styles identified using the
LSI instrument, defined as accommodating, as-
similating, divergent and convergent, is shown in
Figure 2.

As indicated by the results, the majority of
surveyed students prefer the assimilating learning
style. This style is preferred by 140 students
(52.8%), followed by divergent learning style
(25.7%), and convergent learning style (13.6%),
while the accommodating learning style is the least
frequent (7.9%). The chi-squared matching test
shows that learning styles in the sample are present
in varying degrees: #* (3) = 126.86, p < 0.01.



84

S. Oli¢, J. Adamov

Concrete Experience (CE)
Experiencing

Actlive

Experimentation (AE) mialill

»
n

=
e
]

100%

Reflective
+ Observation (RO)

Doing

R

Abstract Cc.mc-epl'l:lalization (AC)
Thinking

Fig. 1. Scores in the learning cycle

204 Accommodating Divergent

-104

AE-RO

°o0 %

o @©

Convergent ssimilating

T T T
30 20 -20

Fig. 2. Learning style distribution in the research sample

Table 2

Relationship of learning style and chemistry
achievement

According to the preferred style of learning,
students were divided into four groups. One-way
analysis of variance (ANOVA) was used to exam-
ine differences in achievement between students
with different learning styles (Table 2). Descriptive
characteristics of the knowledge test show that the
distribution of results is normal (Skewedness =
0.44; Kurtosis = 0.07). Levene’s test was applied
to check the assumption on normality and homo-
geneity of variance. The obtained results con-
firmed the assumption (F = 1.704, p = 0.13).

Achievement of students on the knowledge test in relation to students' learning styles

Learning styles N M SD F p
Accommodating 21 8.19 2.75 2.82 .04
Diverging 68 7.48 3.73

Assimilating 140 8.44 3.42

Converging 36 9.47 2.97

As seen from the values shown, the highest
scores were achieved by students who prefer a
convergent learning style and the lowest by stu-
dents with a divergent style. In other words, stu-
dents who are pragmatic, and who prefer problem
solving, experimentation and laboratory work have
the highest achievement. A statistically significant
difference at p < 0.05 was found between the re-

sults of the knowledge test for the four respondent
groups. The eta squared statistic was 0.03, which
indicates a small effect size.

The groups which differ from each other
were identified using the post hoc Tukey HSD test
(Table 3). Subsequent comparisons using the
Tukey HSD test have shown that only the mean
value of the group of students with convergent
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learning style is significantly different from the
mean value of the group of students who prefer
divergent learning style, while the differences be-

Table 3

tween other groups of students were not statistical-
ly significant.

Results of the Tukey HSD test: differences between the achievements of students
of the different learning styles at the general chemistry knowledge test

Learning styles Mean difference Std. error p
Accommodating Diverging 0.70 0.84 0.84
Converging 1.28 0.93 0.52
Assimilating -0.25 0.79 0.99
Diverging Converging -1.99 0.69 0.02
Assimilating —-0.96 0.49 0.23
Converging Assimilating 1.03 0.63 0.37

According to these findings, it can be con-
firmed that the achievement of students in chemis-
try depends on the preferred learning style. This
indicates that there is consistency in the material
that is difficult for students to learn and under-
stand, regardless of the preferred learning style. In
a previous study, it was also found that the role of
learning styles on academic performance on the
fundamental chemical concepts (Atomic structure,
Periodic system of chemical elements and Chemi-
cal bonding) was not statistically significant [37].

4. DISCUSSION

In this study, we investigated the distribution
of learning styles in grammar school students and
the differences in chemistry achievement between
students who prefer different learning styles. An
analysis of arithmetic means of student achieve-
ments for each task revealed that the most common
problems were related to the topics of Chemical
reactions and Redox reactions. Students had the
lowest score in questions which required them to
name those factors which affect the equilibrium
constant of a reaction, calculate the numerical val-
ue of the equilibrium constant, and understand the
process of salt hydrolysis. Students also had diffi-
culties identifying redox reactions and determining
the oxidation states of elements in compounds. The
highest scores were recorded in tasks concerning
types of substances and molar mass. Students were
successful in distinguishing pure substances (ele-
ments and compounds) from mixtures, and in
choosing the correct unit for the molar mass.

The obtained results are in accordance with
numerous previous studies. Van Driel and Griber
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[12] found that students have difficulties under-
standing the chemical equilibrium concept, from
understanding the nature of reversible reactions to
understanding the Le Chatelier’s principle. Sum-
marizing several previous studies, Kind [38] point-
ed out difficulties faced by students in understand-
ing that the equilibrium constant K always has a
constant value for a specific reaction at a specific
temperature and is calculated using Equilibrium
Law, which was confirmed in the present study.
The students participating in this research scored
the lowest number of points in questions that ad-
dressed the factors which affect the equilibrium
constant K and the calculation of the numerical
value of equilibrium constants.

Students’ difficulties in understanding the
chemical equilibrium deserve special attention be-
cause this is a very important chemical concept.
Voska and Heikkinen [39] developed a two-step
diagnostic instrument to identify student conceptu-
alizations (TISC) related to the application of Le
Chatelier’s principle, the equilibrium constant and
the impact of the catalyst. By applying this test, the
most common misconceptions were identified in
the sample of students. These authors established
that over 60% of students believe that it is possible
to predict the effect of temperature change on
chemical equilibrium without knowing whether the
reaction is exothermic or endothermic. Also, the
same number of students think that the addition of
the common ion in the solution-precipitate equilib-
rium system leads to better solubility of the precip-
itate. In another research, Kind [38] stated that it
was necessary for students to understand the math-
ematical relationship between the equilibrium con-
stant K and the concentration of the reactants and
reaction products in order to overcome the identi-



86 S. Oli¢, J. Adamov

fied problems concerning a misunderstanding of
the equilibrium constant. Only when they learn this
will students be able to understand why tempera-
ture affects equilibrium. Also, we must be aware
that the chemical equilibrium concept is very spe-
cific in terms of the chemical language. It has been
established that a lack of understanding of the
chemical language is one of the key factors for the
misunderstanding of this concept [11]. Therefore,
the proper use of terminology and consistency in
its use is very important. Research has shown that
the application of appropriate worksheets [13] and
cooperative learning using the Jigsaw Technique
[14] leads to the increase in student achievement in
the content related to chemical equilibrium.

The concept of a chemical equilibrium in a
water solution of salts is also a point of misunder-
standing among students. In a previous study by
Orwat et al. [10], it was found that students were
able to determine the acidity of the water solution
of a substance on the basis of its chemical formula,
while they were unsuccessful in writing chemical
equations that explain the phenomena of hydroly-
sis. In our research, students could not even predict
the pH value of the salt solution. Understanding a
complex process of hydrolysis requires knowledge
of other basic concepts such as equilibrium pro-
cesses, acids and bases, pH values, chemical
bonds, etc. De Jong and Treagust [15] reached the
same conclusions: they also pointed out the prob-
lems in understanding the oxidation-reduction con-
cept, such as recognizing the relative strength of
oxidizing and reducing agents and the concept of
the oxidation state, as well as identifying redox
reactions on the basis of chemical equations. The
students in our research had the same difficulties.

One of the possible explanations for students
having the lowest achievement in the listed tasks is
that the related topics contain a lot of concepts that
are abstract to them. However, this cannot be the
only reason, since in the questions related to other,
as well as abstract areas such as atomic structure
and chemical bonding, students scored much bet-
ter. The analysis of the curriculum shows that
some parts of the material are completely new to
students, while others represent an upgrade of the
content of the Chemistry course in elementary
school, as well as of other courses (for example,
the term isotope is also thought in Physics course).
The tasks in which the students had the lowest
achievement are those that are related to the topics
that were first introduced in the curriculum of
chemistry for grammar schools. In addition, teach-
ers’ instructions were often oriented to the purely
academic approach to chemistry rather than relat-

ing chemistry to everyday life phenomena. Teach-
ing and learning chemistry requires a broader per-
spective and meaningful learning [40] which can
be achieved by presenting students with problems
that relate to everyday life and satisfy their curiosi-
ty while increasing their motivation for learning
[41].

The present research is based on the use of
Kolb’s Learning Style Inventory (LSI), which
many authors [22,23] consider to be one of the
most widely used measures for identifying pre-
ferred learning styles. Our research shows that
most students in the sample preferred the assimilat-
ing learning style, followed by the diverging and
converging styles, while the accommodating style
was the least present in students. A similar distri-
bution of learning styles has been identified in pre-
vious national surveys [42]. In other research stud-
ies, the assimilating learning style has also been
identified as the most preferred [43, 44]. This can
be explained by the fact that, in formal learning
situations, students with an assimilating learning
style prefer teachers’ lectures [25], which is still
the dominant form of instruction in schools in R.
Serbia [3]. The above indicates that, in learning
chemistry, students like to know the facts, present
them in an organized and logical form, and are
good at systematizing a wide range of information
into a logical structure. Since laboratory and inde-
pendent research work is less common in Serbian
schools [3], it may explain the smaller number of
students with a convergent learning style. Finally,
the result that the number of students who prefer
accommodating learning style is the lowest can
probably be explained by the assumption that con-
fronting students with challenging requirements,
open issues and opportunities for learning through
problem solving is the least represented.

The results revealed that there are significant
differences in chemistry achievement between the
groups of students who have different learning
style preferences. Additionally, it has been docu-
mented that those students with the highest
achievements prefer the convergent learning style.
This means that the highest achievements in chem-
istry are scored by students who try to answer the
question of how to apply the concept. Namely, the-
se students are characterized by logic and pragma-
tism, and a tendency to solve practical tasks and
problems, experimenting with ideas and participat-
ing in simulations and laboratory work. According
to our knowledge, no study has been carried out in
which, using the LSI, the identified learning styles
are related to the achievement in chemistry, and
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there are no relevant results with which the results
obtained in this study could be directly compared.

5. CONCLUSION, LIMITATIONS AND
IMPLICATIONS FOR FURTHER RESEARCH

Generally speaking, students who prefer a
convergent learning style have the highest
achievements in chemistry; the most successful are
pragmatic students who like laboratory work and
practical problem solving. However, the obtained
results confirm that all students have difficulties in
studying certain chemical concepts, such as chemi-
cal equilibrium, salt hydrolysis and oxidation-
reduction reactions. Students do not understand the
meaning of the concept of the equilibrium con-
stant, nor are they able to calculate its numerical
value. Also, students cannot predict the acidity of
aqueous solutions of inorganic salts due to their
hydrolysis. Students are not able to recognize oxi-
dation-reduction reactions on the basis of the reac-
tion equation, nor can they determine the oxidation
states of the elements in the compounds. Given
that these concepts create difficulties in learning
and understanding among all students equally, the
implication of this research is the need to devote
more attention to their study, not only on the theo-
retical (abstract) level, but also to link these con-
cepts to the phenomena in everyday life.

The limitation of this study could be found
in the sample of respondents and the sample of
chemistry content. Namely, the tested students on-
ly attended grammar schools and had a single edu-
cational profile. Also, only students’ knowledge of
general chemistry concepts was investigated.
Therefore, in further research, secondary students
of other educational profiles with curricula that
include chemistry courses (with broader or nar-
rower syllabi) should also be surveyed, and their
knowledge of other chemistry disciplines (such as
organic chemistry, physical chemistry, chemical
technology, etc.) should be tested. Such research
could provide additional information on the distri-
bution of learning styles and the differences in
chemistry achievement among students who prefer
different learning styles. In addition to all of the
above, it should be noted that despite considerable
empirical support for Kolb’s theory of experiential
learning, there are criticisms of the theory and in-
ventory that limit its use. Manolis et al. [21] point-
ed out that the ipsative nature of the scale limits its
psychometric qualities and also stated that the
length of the scale (48 questions) is the disad-
vantage. Finally, the degree to which an individual
possesses a particular learning style cannot be de-
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termined — the scale only identifies the individual’s

preferred style.
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