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Abstract: The aim of this paper was to examine the effects of the application of
online material on the Bronsted-Lowry theory of acids and bases on the active
construction of knowledge in first-grade grammar school students during the
COVID-19 pandemic. The online material was designed to enable students: a)
to learn the teaching material in smaller parts; b) to assess the acquired know-
ledge after each part of the teaching material; c¢) to progress through the lesson
at their own pace; d) to visualise and interrelate the macroscopic, submicro-
scopic and symbolic representations of the contents about acids and bases by
using a video recording and illustrations; €) to re-examine the accuracy of the
given answers. The research sample consisted of 122 first-grade grammar
school students, who learnt about the Brensted—Lowry theory for the first time.
The instruments used in this research study were two tests (a pre-test and a
post-test), the validity of which was examined by two university professors and
two grammar school chemistry teachers. The applied approach enabled the act-
ive construction of knowledge in the majority of students, while it provided the
teachers with an insight into the progress and outcomes of the process.

Keywords: online education; first grade of grammar school; acids and bases;
COVID-19.

INTRODUCTION

The COVID-19 pandemic has caused major changes in instructional stra-
tegies by introducing a considerable amount of online instruction. The popularity
of online courses had been increasing even before the pandemic, mainly at higher
levels of education, due to greater availability of such instruction, its flexibility
and the fact that it enables students to study at their own pace.!
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276 HOLIK and TRIVIC

A comparison of the effects achieved by classroom education and the ones
achieved by distance education was the subject of numerous research studies in
the previous decades. In a meta-analysis which included 355 research reports and
papers published in the period from 1928 to 1998 there were no significant dif-
ferences between the achievements of the participants taught using traditional
classroom instruction and those taught using distance instruction by means of
various technologies.? Similarly, such differences were not found in some sub-
sequent meta-analyses.3-* Furthermore, a significant difference in the particip-
ants’ level of satisfaction with the quality of teaching was not found.>:¢ Even
though these research studies did not show a significant difference in the out-
comes achieved by distance and classroom education, a study focusing on the
differences between some programmes showed that their outcomes could vary
depending on a series of pedagogical and technological factors.” In some meta-
-analyses, somewhat better effects of distance education in comparison with trad-
itional classroom education were determined, but it was pointed out that careful
interpretation of the average effect was necessary due to various formats of dis-
tance learning.8-

It was established that low-confidence students felt better during online edu-
cation and that they experienced greater freedom and less pressure in that kind of
environment, while the impression of anonymity encouraged them to be more
active, ask questions and complete the assignments.!9 However, students did not
always assess positively reduced participation of teachers in online courses due
to the impression that they had to “teach themselves”. As a result, they chose
online instruction for easier subjects, while they chose traditional classroom ins-
truction for more difficult subjects.!!

Flexibility turned out to be a desirable characteristic of online education to
many students. However, even though students appreciated the applied format of
asynchronous online learning, the ability to access materials at their own pace, at
a time and place that suits them, some of them stated that they preferred regular
real-time engagement and feedback information they could get in that way, i.e.,
synchronous instruction in which the teacher and students simultaneously deal
with the content of the course through interaction. These students believed that,
in various uncertain circumstances, the real-time engagement offered them
greater security and consequently greater motivation to learn.!2 A lack of direct
teacher—student contact in online instruction and different kind of communication
on various online platforms presented a great change for both students and
teachers.10 Therefore, in order to make distance learning more effective, syn-
chronous online instruction and communication are recommended, as well as the
use of interactive technologies, and teacher training in planning and realization of
online teaching.!3.14
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Programs and applications which support synchronous and asynchronous
online learning are constantly improved, enabling and supporting the student int-
eraction with the course content, the teacher and other students.®-15:16 However,
in order to use these applications and to enable the access to various educational
resources, certain technical conditions have to be met, primarily Internet access
and the availability of devices. Apart from providing the technical conditions,
another important issue is the environment in which students can study, i.e., find-
ing a peaceful place in their place of living where they can take the lessons and
participate in the activities. In traditional instruction, this environment is pro-
vided in the classroom by the teacher, who manages the process of teaching and
learning in the school environment.

Teachers’ concern regarding online instruction relates to cheating while
doing the assignments, i.e., copying, which can occur when students are not
under teachers’ direct supervision. A solution to this problem might be writing
some new and specific questions and problems, which students could solve by
using the information found on the Internet, but the information should provide
only partial help with formulating their answers. In this way, students are more
engaged, they are less inclined to cheat/copy and better effects of learning are
achieved.16

Research studies which focused on the degree to which online instruction
and chemistry learning enabled effective formation of new knowledge and skills
compared to traditional instruction also included the skills necessary for experi-
mental work.!7-18 Learning about the chemistry laboratory through distance learn-
ing can be a virtual experience through some platforms, but it can also be a
hands-on experience, which can be achieved by using mail-order laboratory kits.!?

While some students are more engaged within online instruction, others tend
to exclude themselves for various reasons, which raises the question of how to
monitor students’ engagement and progress in the online environment. This can
be achieved by using discussion platforms, organising a test or a quiz, which can
be graded or ungraded, organising a self-quiz and some other activities of form-
ative assessment in order to determine when a student needs some additional
support and assistance.!2 Involving students in solving online homework also can
contribute to their better achievement.20

Engaging students in activities during the COVID-19 pandemic presented a
challenge for teachers, particularly in the situation of a sudden switch to online
instruction. This paper presents an attempt to find a way to improve student inter-
action with the course content in order to enable active knowledge construction
in the online environment.

EXPERIMENTAL

The aim of this research study was to examine the effects of the application of online
material on the Brensted—Lowry theory of acids and bases on the active construction of know-
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ledge in first-grade grammar school students during the COVID-19 pandemic. Based on the
established aim the following research questions were formulated:

1. To what extent do students construct the meaning of the concepts related to the Bren-
sted—Lowry theory of acids and bases using the online learning material?

2. What kind of interaction do students have with the contents of the online material on the
Bronsted-Lowry theory of acids and bases?

The Brensted—Lowry theory of acids and bases was chosen as the teaching content in
this research study since it was studied for the first time in the first grade of grammar school.
Students’ problems with learning the concepts of acids and bases had been pointed out by
some research studies,?! and the cause of the problems with understanding these concepts had
also been observed within the explanations in some textbooks.2

The research study was conducted in the online environment, in line with the recom-
mended organisation of teaching in Serbia in April 2021. The sample consisted of 122 first-
-grade grammar school students (1415 years old). Prior to the beginning of the research
study, the consent for the participation in the research study based on the presented aim and
the method of research realisation had been obtained from the school, and a contract between
the school and the University of Belgrade — the Faculty of Chemistry had been concluded. The
students’ participation in the research study was voluntary, and their achievement in the tests
did not influence their chemistry grade. Through online communication, the aim of the res-
earch study and the expected activities were explained to the students. The links to the online
material and tests, prepared in the Google Forms application, were forwarded to the school’s
chemistry teacher, who sent them to the students to work at the time when their chemistry
class was supposed to be according to their school timetable. That was the first time they stu-
died Bronsted—Lowry theory of acids and bases (according to the chemistry curriculum, the
students in the sample had previously studied the Arrhenius theory of acids and bases in the
seventh grade of primary school, at the age of 13). At the beginning of their work, students
did a pre-test which tested their knowledge of acids and bases acquired at primary school.
Afterwards they learnt about the Bronsted—Lowry theory of acids and bases using the online
material. At the end they did a post-test which examined the knowledge gained by working
with the online material.

The online material on the Bronsted—Lowry theory of acids and bases was prepared in
such a way as to enable students: a) to learn the teaching material in smaller parts; b) to assess
the acquired knowledge after each part of the teaching material; c) to progress through the
lesson at their own pace; d) to visualise and interrelate the macroscopic, submicroscopic and
symbolic representations of the contents about acids and bases by using a video recording and
illustrations; ) to re-examine the accuracy of the answers they produced. The teaching mat-
erial was divided into seven parts. Each part of the lesson was followed by items which
checked the student achievement in learning that part of the lesson and student interaction
with the contents. Students were also expected to select the information based on which they
had formulated their answer to the item, which encouraged them to re-examine the given
answer. Based on the students’ answers the teacher was able to observe within which part they
had had a problem with understanding the contents, which pieces of information they had sel-
ected as relevant to formulating the answers and to plan subsequent additional support accord-
ingly. The text of the online material, the illustrations, the video recording and the items were
prepared based on the corresponding outcomes defined within the chemistry curriculum for
the first grade of grammar school. When formulating the textual part of each segment, special
attention was devoted to the length of sentences, the use of terms which were familiar to stu-
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dents and the explanation of the meaning of new terms, the number of concepts and clear
definition of the new terms.

A pre-test and a post-test were designed according to the research aim and research
questions. The pre-test consisted of five open-ended items. In the first and second item stu-
dents were expected to provide the definitions of acids and bases according to the Arrhenius
theory, which they had studied at primary school. In the third and fourth item, they were to
provide names and formulae of two acids and two bases respectively, while in the fifth item
they were expected to write the term used for a chemical reaction between acids and bases.

The post-test also consisted of five items, three open-ended and two multiple-choice
items. In the first and second item students were expected to provide the definitions of acids
and bases according to the Bronsted—Lowry theory of acids and bases, which they had studied
using the online material. The third item tested students’ understanding of the limitations of
the Arrhenius theory in explaining acid—base properties of substances. In the fourth item they
were to identify amphoteric species among the given examples, while in the fifth item they
were supposed to identify conjugate acid-base pairs.

The validity of the instruments was assessed by two university professors of the Depart-
ment of Chemical Education at the University of Belgrade — the Faculty of Chemistry and two
grammar school chemistry teachers. The reliability of the tests was examined by means of
Cronbach’s Alpha coefficient. The value of Cronbach’s Alpha coefficient in the pre-test
amounts to 0.688, and in the post-test to 0.600, which indicates a lower level of internal con-
sistency of the instruments. This could be related to the specific circumstances in which the
research study was conducted and the newer way of testing students at that time.

To monitor students’ voluntary interaction with the content of the online material the
Google Forms application had been set in such a way that students had to provide answers
only to the items of the post-test.

RESULTS AND DISCUSSION

The characteristics of the distribution of the pre- and post-test scores (the
minimum and maximum number of points achieved, the arithmetic mean, the
standard deviation, the skewness and kurtosis values) are presented in Table I.
The skewness and kurtosis values are within =1 range, so the distribution of the
scores in the pre- and post-testing can be considered to be normal.

TABLE I. The characteristics of the distribution of the pre- and post-test scores (the maximum
number of points is 7 in the pre-test and 5 in the post-test)

Test N Min Max M SD Skewness Kurtosis
Pre-test 122 0 7 4.98 1.52 -0.913 0.852
Post-test 122 0 5 3.63 1.25 -0.852 0.354

Table II shows the number and percentage of students who provided correct
and incorrect answers to the pre-test requirements.

A larger number of students gave a correct definition of acids compared to
bases according to the Arrhenius theory. Furthermore, a larger number of stu-
dents provided the names and formulae of acids in comparison to bases. Stu-
dents’ answers showed that, even though over 40 % of them could not provide a
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definition of acids and bases, they were familiar with the formulae and names of
some acids and bases. Also, a high percentage of students were familiar with the
term neutralization.

TABLE II. The frequency of correct and incorrect answers to the pre-test items

Item Correct answers Incorrect answers
N % N %
1. Definition of acids 73 59.8 49 40.2
2. Definition of bases 61 50.0 59 48.4
3. Names and formulae of two acids 110 90.2 8 6.6
4. Names and formulae of two bases 72 59.0 42.5 34.8
5. Neutralisation 109 89.3 8 6.6

The second research question related to student interaction with the contents
of the online material on the Brensted—Lowry theory of acids and bases. It can be
examined based on their answers to the items following each part of the online
material. The frequencies of students’ correct and incorrect answers to these
items are given below (Table I1I).

Within the first part of the online material, students had an opportunity to
recall the definitions of acids and bases according to the Arrhenius theory. In the
item which followed, they were expected to identify acids and bases based on the
given chemical formulae as well as the ions in the aqueous solution due to which
those compounds exhibit acidic or base properties. The percentage of correct ans-
wers to eight such requirements was high (73-96 %), particularly for the for-
mulae of inorganic bases and inorganic acids, while it was somewhat lower for
the formula of the organic acid. In addition to this, it was observed that a smaller
number of students (between three and nine), who had correctly identified inorg-
anic compounds, did not relate the ion in the solution to the acid—base properties
of that solution. Even though they identified an acid or a base based on its form-
ula, these students had not understood the information given in the first part of
the online material on the electrolytic dissociation and ions due to which solut-
ions exhibit acidic or basic properties, i.e., they had not interrelated the symbolic
and submicroscopic level. The highest percentage of incorrect answers (20.5 %)
related to the example of an organic acid (methanoic acid), while the percentage
of incorrect answers for other examples was below 10 %.

In order to examine the student interaction with the content and the compre-
hension of the text they had read, Table IV presents the frequencies of students’
assessments as to which pieces of information in the first part of the material
were relevant to formulating the answers. They could choose more than one
piece of information. This item referred the students back to the text in the first
part of the online material and offered them an opportunity to re-examine the
answer they produced.

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

(CC) 2024 Serbian Chemical Society.



ONLINE MATERIAL FOR CHEMISTRY LEARNING 28 1

TABLE III. The frequencies of correct and incorrect answers to the items in the online mat-
erial on the Bronsted—Lowry theory of acids and bases

Items following each part of the online material —the  Correct answers Incorrect answers

description of the requirements N %, N %
la. Identifying to which class the compound KOH 111 91.0 7 5.7
belongs?

1b. Identifying the ions due to which KOH solution 98 80.3 7 5.7
has basic properties

lc. Identifying to which class the compound HNO; 117 95.9 3 24
belongs

1d. Identifying the ions due to which HNOj has acidic =~ 98 80.3 3 24
properties

le. Identifying to which class the compound Mg(OH), 105 86.1 7 5.7
belongs

1f. Identifying the ions due to which Mg(OH), 97 79.5 10 8.2
solution has basic properties

1d. Identifying to which class the compound HCOOH 89 73.0 16 13.1
belongs

1f. Identifying the ions due to which HCOOH solution 91 74.6 25 20.5
has acidic properties

2a. Recognising reaction products 99 81.1 22 18.0
2b. Describing observations regarding the chemical 9 7.4 72 59.0
reaction

3a. Identification of acids according to the Brensted- 61 50.0 59 48.4
Lowry theory of acids and bases

3b. Identification of bases according to the Bronsted- 72 59.0 49 40.2
Lowry theory of acids and bases

4a. Recognising ammonia as a proton acceptor 110 90.2 12 9.8
4b. Recognising hydrogen chloride as a proton donor 109 89.3 13 10.7
Sa. Identification of the conjugate base 87 713 34 27.9
5b. Identification of the conjugate acid 85 69.7 35 28.7
6. Explaining the acidic properties of HCl according to 36 29.5b 54 443
the two theories

7. Explaining the basic properties of NH; accordingto 11 9.0b 87 71.3

the two theories

3Within item 1 students were expected to identify acids and bases according to the Arrhenius theory; bthe
percentage of correct explanations according to both theories. There were also partially correct answers to the
items following the sixth and seventh part of the online material (32 % of students provided a correct explanat-
ion for item 6 according to the Arrhenius theory and 54 % according to the Brensted—Lowry theory of acids and
bases, while 10.7 % of students provided a correct answers for item 7 according to the Arrhenius theory and
37.7 % according to the Bronsted—Lowry theory of acids and bases)

The majority of students based their answers on the definitions of acids and
bases in the text, while less than half of the students also based their answers on
the examples of the dissociation of acid and base, given at the symbolic level.
The higher percentage of students who marked the pieces of information relevant
to formulating the answers was in line with the percentages of correct answers to
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the first item. However, less than 11 % of students assessed as relevant some
pieces of information based on which they could not provide answers to the first
item. These students required some additional support in order to understand the
information given in the text and at the symbolic level. It is important that chem-
istry teachers have this in mind when planning the material for learning in the
online environment.

TABLE IV. The frequencies of the pieces of information from the first part of the online mat-
erial on the Bronsted—Lowry theory of acids and bases used to formulate the answer

Information N %

The first theory which described acids and bases was the theory of electrolytic 10 8.2
dissociation. The theory was proposed by a Swedish chemist, Svante August

Arrhenius (1859-1927) in 1887.

According to the theory of electrolytic dissociation, acids are substances which 105  86.1
dissociate in water to give hydrogen ions H* as positive ions.

For example: HCI SELEISHN S (e 51 418
Hydroxides (bases) are substances which dissociate in water to produce 9%  78.7
hydroxide ions OH" as negative ions.

For example: NaOH — 20 s Nat + OH- 51 418
The Arrhenius theory of electrolytic dissociation can explain acids and bases to 8 6.6
a limited extent since it refers only to aqueous solutions.

It can be used to explain the formation of a salt when aqueous solutions of an 13 10.6

acid and a base are mixed (for example, when hydrochloric acid and the aque-
ous solution of sodium hydroxide react, water and sodium chloride, a salt dis-
solved in water, are produced).

In the second part of the online material, information was conveyed to stu-
dents using a video recording which showed a reaction between hydrogen chlo-
ride and ammonia and a text which contained an explanation regarding the form-
ation of NHy™, i e., the formation of ammonium chloride. Students’ understand-
ing of the information explained through the video and the text was checked by a
multiple-choice item in which students were expected to identify symbolically
represented ions formed in the reaction and by an open-ended item, in which they
were expected to describe what in the experiment indicated that hydrogen chlo-
ride and ammonia reacted. The percentage of correct answers to the multiple-
-choice item was high (81 %). However, out of the two thirds of the students who
answered the open-ended item, only 7 % correctly described the indicator of the
chemical reaction in the experiment they had observed. This indicates that a large
number of students did not relate the information from the text regarding the
submicroscopic level of the chemical reaction between hydrogen chloride and
ammonia to the information from the video, in which the reaction is presented at
the macroscopic level. Therefore, students need some additional support with
collecting data on the properties and changes of substances by observation, inter-
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preting the observations at the submicroscopic level and relating them to the
symbolic representations of substances and their changes.

In the third part of the online material, it was explained how the limitations
of the Arrhenius theory in defining acids and bases can be overcome with the
help of the Brensted—Lowry theory of acids and bases and new definitions of
these concepts were given. In the item which followed students were expected to
identify among the options offered which species, represented at the symbolic
level, can act as acids and which as bases. Half of the students correctly iden-
tified the examples of acids, while slightly more than half of them correctly iden-
tified the examples of bases. The fact that a charged particle such as, for example
the NHy* ion, can act as an acid was new to the students, which explains a
somewhat lower percentage of correct answers to this item. The frequencies of
students’ answers as to the pieces of information from the text based on which
they answered the items are presented in Table V (they could choose more than
one piece of information).

TABLE V. The frequencies of the pieces of information from the third part of the online mat-
erial on the Bronsted—Lowry theory of acids and bases used for formulating answers

Information N %
The Bronsted—Lowry theory of acids and bases is broader than the theory of 6 4.9
electrolytic dissociation and also provides explanations for acid-base properties

of substances in non-aqueous solutions.

The theory was proposed independently by two scientists in 1923, the Danish 9 7.4
scientist Johannes Bronsted (1879-1947) and the English scientist Thomas

Lowry (1874-1936).

According to the Bronsted—Lowry theory of acids and bases acids donate H" (it 108  88.5
means that they are proton donors) to other ions or molecules, and bases accept

H* (it means that they are proton acceptors).

A substance can act as an acid (HA) and donate protons, only if there is 38 31.1
another substance which acts as a base (B) and accepts protons.
This can be represented by the following general equation: 47 385

HA+B =2 BH" + A-

The majority of students based their answers regarding the third part of the
online material on the definitions of acids and bases according to the Brensted—
—Lowry theory of acids and bases, while slightly more than a third of students
considered the general symbolic representation of the reaction between acids and
bases to be relevant. Less than a third of students used the information when,
according to the Brensted—Lowry theory of acids and bases, a substance can act
as an acid or a base. The three pieces of information mentioned are indeed rel-
evant to formulating the required answer. At the same time, it was observed that
less than 8 % of students selected some pieces of information which were not
relevant to the item.
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In the fourth part of the online material, the reaction between hydrogen
chloride and ammonia was presented in light of the Brensted—Lowry theory of
acids and bases using the drawings of the models of molecules and ions (the sub-
microscopic level), and a chemical equation (the symbolic level). In the item
which referred to this part, students were expected to identify which species is a
proton donor and which species is a proton acceptor. Approximately 90 % of
students provided a correct answer to this item, and the frequency of the answers
as to which piece of information they used to answer this item is presented in
Table VI.

TABLE VI. The frequencies of the pieces of information from the fourth part of the online
material on the Bronsted—Lowry theory of acids and bases used for formulating the answers

Information N %

The drawings of the models of molecules and ions. 13 10.6
The equation showing the chemical reaction. 14 11.5
The drawings of the models of molecules and ions, and the equation 95 77.9

showing the chemical reaction.

The majority of students based their answer regarding the fourth part of the
online material on the combination of the submicroscopic and symbolic repre-
sentation. Approximately 11 % of students used one or the other form of repre-
sentation for formulating their answer.

In the fifth part of the online material the concepts of a conjugate acid and a
conjugate base, i.e., conjugate pairs, were explained using a text and symbolic
representations. In the item which followed, students were expected to identify
conjugate acid-base pairs in the previously considered chemical reaction.
Approximately 70 % of students provided a correct answer, primarily based on
the textual description of a conjugate acid and a conjugate base (Table VII). Less
than half of the students used the symbolic representation for formulating their
answers.

In the sixth part of the online material, the change which is caused by intro-
ducing hydrogen chloride into water was considered in the light of the Bronsted—
—Lowry theory of acids and bases. In the open-ended item which followed this
part the students were expected to explain the acidic properties of HCI based on
the Arrhenius theory and the Brensted—Lowry theory of acids and bases. Approx-
imately 30 % of the students provided a correct explanation according to both
theories. In addition to this, a correct explanation, but only according to the
Arrhenius theory, was provided by 32 % of students, while 54 % of students pro-
vided a correct explanation only according to the Brensted—Lowry theory of
acids and bases. Table VIII shows the frequency of their answers as to which part
of the online material they considered to be relevant to formulating their answers
(they could choose more than one part).
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TABLE VII. The frequencies of the pieces of information from the fifth part of the online
material on the Bronsted—Lowry theory of acids and bases used for formulating answers

Information N %
A reaction in which a positive hydrogen ion, i.e. a proton, is exchanged is 15 12.3
called a protolytic reaction or protolysis.

When an acid releases a proton, it becomes a species (an ion or a molecule) 70 57.4
which is referred to as a conjugate base.

A base which accepts a proton becomes a conjugate acid. 76 62.3

Protolytic reactions in which protons are accepted and donated can be shown 49 40.2
using the following general representation:

acid 1 + base 2 = base 1 + acid 2

HA + B= A+ BH*

The pairs acid 1 and base 1, and acid 2 and base 2 are called conjugate 30 24.6
pairs, i.e., such pairs consist of two mutually related substances.

This means that, according to the Bronsted—Lowry theory of acids and bases, 5 4.1
each acid has its conjugate base and each base has it conjugate acid.

BH" is the conjugate acid of the base B, while A~ is the conjugate base of the 39 32.0
acid HA.

The stronger an acid is, the weaker its conjugate base is, and the stronger a 24 19.7
base is, the weaker its conjugate acid is.
These relationships influence the equilibrium composition of the system in 17 13.9

which the protolytic reaction takes place.

TABLE VIII. The frequencies of the parts of the online material on the Brensted-Lowry
theory of acids and bases used for formulating the answers to items 6 and 7

The part of the online material Item 6 Item 7

N % N %
1 69 56.6 72 59.0
2 17 13.9 12 9.8
3 23 18.8 17 13.9
4 17 13.9 14 11.5
5 20 16.4 22 18.0
6 77 63.1 0 0
7 - — 88 72.1

The most frequent answers of the students referred to the first part, which is
about the Arrhenius theory, and to the sixth part. These two parts were indeed
relevant to giving the answers.

In the seventh part of the online material, it was explained, in the light of the
Brensted—Lowry theory of acids and bases, what happens when ammonia is int-
roduced into water. In addition to this, the concept of an amphoteric substance
was explained and illustrated with examples. In the item which followed, stu-
dents were expected to explain the basic properties of NHj3 according to the
Arrhenius theory and the Brensted—Lowry theory of acids and bases. Approx-
imately 9 % of students provided an accurate explanation based on both theories,
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10.7 % provided a correct answer based on the Arrhenius theory, and 37.7 %
based on the Bronsted—Lowry theory of acids and bases. The most frequent answers
of the students as to which parts of the material helped them formulate their
answers and they could choose more than one answer (Table VIII), correspond to
the parts of the online material which were relevant to formulating the answers.

The frequencies of correct and incorrect answers to the requirements of the
post-test are shown in Table IX.

TABLE IX. The frequencies of correct and incorrect answers to the requirements of the post-
test

Item Correct answers  Incorrect answers
N % N %

1. Definition of acids 113 92.6 8 6.6

2. Definition of bases 110 90.2 8 6.6

3. The explanation of the difference between the two 71 58.2 23 18.8
theories

4. Identification of ampholyte (correct answer: HCOj3") 95 77.9 27 22.1
5. Identification of conjugate pairs (correct answers: 54 443 61?2 50.0

HCO;7/CO;; HPO,2 /PO, HS/S2)

3Students who provided an incorrect answer, who opted for both correct and incorrect answers (13.9 %), or who
did not mark all correct answers (23.8 %)

By using the online material, a high percentage of students learnt what acids
and bases are according to the Brensted—Lowry theory of acids and bases (but
some students were still more successful at defining acids than bases). After
working with the online material more than half of the students could explain the
limitations of the Arrhenius theory. More than three quarters of students could
identify the species which is an ampholyte based on the symbolic representation,
while less than half of them could identify conjugate acid—base pairs. The per-
centage of correct answers to the last item (Table IX) refers to the students who
correctly chose all conjugate pairs, while the percentage of incorrect answers
includes the students who chose both correct and incorrect answers or whose
choice was incomplete.

CONCLUSION

The results of the conducted research study show positive effects of the
application of the online material for studying the Breonsted—Lowry theory of
acids and bases in slightly more than 70 % of the first-grade grammar school
students. This is particularly significant in the light of the circumstances in which
the instructional strategies were suddenly changed due to the COVID-19 pan-
demic and the fact that problems with understanding acids and bases, which are
basic chemical concepts, were observed even in regular teaching circumstances.2!
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Based on the post-test results the first research question can be answered by
stating that, working under changed circumstances, the majority of students
learnt the definition of acids and bases according to the Bronsted—Lowry theory
of acids and bases (over 90 %) by using the online material and that over half of
them understood the limitations of the Arrhenius theory in explaining the acid—
—base properties of substances in comparison to the Brensted—Lowry theory of
acids and bases. While doing this, students learnt about the new theory auto-
nomously, without their teacher’s help.

Students’ answers to the items which followed each part of the online mat-
erial provide a response to the second research question about student interaction
with the teaching contents. Based on the total number of the answers given (cor-
rect and incorrect), the majority of students were engaged (the average percent-
age of answers per item used to check the acquired knowledge was 91 %). This
result is important since the application the students used to study and do assign-
ments had been adjusted in such a way that they were obliged to answer only the
items of the post-test, and they did not have to answer the items which followed
each part of the online material. Such adjustment was made in order to examine
the student interaction with the content of the online material. The examination
into what pieces of information students had used to formulate their answers
showed that a certain number of students had had difficulty with choosing the
relevant pieces of information. These students needed some additional support in
order to improve the comprehension of the text they had read. In the applied
method of work the teacher can have a full insight into which students need
additional support to what extent and with which contents. The problem which
arose with the video recording in the online material (approximately 7 % of the
students explained what indicated a chemical reaction between hydrogen chloride
and ammonia) also occurs in the traditional classroom during demonstration exp-
eriments. Therefore, students need support with learning how to gather data
about the properties and changes of substances by observing and with relating the
macroscopic, submicroscopic and symbolic level.

The conducted research study showed that students could learn chemistry
using online material, even for the teaching contents for which the regular teach-
ing practice and research studies had shown to be difficult for students to under-
stand. When preparing the online learning material, it turned out that dividing a
lesson into smaller segments and checking the acquired knowledge after each
segment was beneficial. The research study examined the student interaction with
the content and for that purpose questions regarding the pieces of information
based on which the students had formulated their answers were asked, but at the
same time this step caused them to re-examine their answers by reading certain
parts again. In regular practice, it would be useful to offer students some feed-
back information, to encourage them to re-examine the accuracy of the pre-
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viously given answer and to refer them back to the parts which they had not well
mastered. In the applied method of work students progressed through the teach-
ing material at their own pace, but they all worked using the same contents.
Online material which would enable students to use different contents, depending
on how successfully they form their knowledge, can be designed.
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U3BOJI

E®EKTH OHJIAJH YUEIHA O [TPOTOJIMTHYKOJ TEOPUJU KUCEJIMHA U BA3A'Y
IMPBOM PA3PEJJY THMHA3SHJE TOKOM ITAHJEMHIJE COVID-19

AHA-AHJIPEA J. XOJIUK' u IPATHULIA [I. TPUBUR?

"Tumnasuja Muxajno ITyaun, Nikole Tesle 57, Kosauuua u *Ynusepsuiiei y beoipagy — Xemujcxu
Qaxyniuei, Studentski trg 12—16, Beograd

Llum pana duo je na ce uctpaxe edekTy IpUMeHe OHIajH MaTepujajia O MPOTOIUTHYKO]
TEOPHjHU Ha aKTUBHY KOHCTPYKLIHjy 3Hama KOJ yYyeHHKa NPBOT paspena '’MMHa31je TOKOM IMaH-
nemuje COVID-19. [IpunpemMsbeHH OHNAjH MaTepHjai Tpedaso je na oMoryhu yyeHUIMma: a)
yueme rpajjuBa y MamHiM [Jes0BrMa; O) MpoBepy CTeueHOr 3Hama HAKOH CBAKOT Ie/a rpajvBa;
B) HaIlpeJoBamwe KPOo3 JIEKLHjy COICTBEHUM TEMIIOM; T) BU3yanu3alujy omMohy BUIeo CHUMKa
W WIycTpaldja y LWby IOBe3MBalba MaKpPOCKOINCKOT, CyOMHUKDPOCKONCKOT W CHMOOINYKOT
npencTaB/bamba cagpXkaja 0 KUcelnvHaMa M 0a3ama; [j) NPEUCIUTHBaKke TaYHOCTH AaTHUX Ofro-
BOpa. Y30paKk y MCTpakMBamy YMHMIO je 122 y4eHMKa IIPBOT pa3pefia TMMHa3Hje KOju MpBU
OyT y4e O MPOTOJIMTHYKO] TEOPHjU KucenvHa U §aza. UHCTPYMEHTH y MCTPakMBamwy Cy ABA
TecTa (Ipe-TecT ¥ MOCT-TECT), YHjy Cy BaJUIHOCT IPOBEPHIIA [Ba YHUBEP3UTETCKA U [1BA THM-
Hasyjcka mpodecopa xemuje. [Tpumemeny mpuctyn omoryhasBa BehuWHM yuyeHHKa aKTHBHY
KOHCTDPYKIHjy 3Hawa, a HaCTaBHUIIMMa YBUZ Y TOK U UCXOJie TOT Ipolieca.

(ITpumsbeno 30. mapTa, pesunupaHno 3. Maja, npuxsaheno 8. centemdpa 2023)
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