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Students’ opinions toward interactive apps used for teaching chemistry

The solution of the problem of effective use of apps is not only in the analysis of learning outcomes, but also
in consideration of the students’ opinions toward learning chemistry with the help of these applications. Good
results can undoubtedly be achieved in teaching chemistry if traditional and interactive teaching methods are
intelligently combined. Mobile interactive apps allow educators to teach regardless of place and time, they
provide the opportunity to learn both in the classroom and outside, and this is their big advantage. It also gives
the teacher opportunity to interact with students on a more personal level with the help of mobile digital devices
that the learners use regularly. This article, presents the results of a study of students' opinions about the use of
mobile interactive applications in chemistry lessons. The approbation was carried out at a specialized school of
information technologies in Karaganda (Kazakhstan), at the school Chyn¢, and at the first private language
gymnasium Hradec Kralové (Czech Republic). The results showed that more than 60 % of the students enjoy
interactive apps, which positively affects their opinions towards the subject.

Keywords: chemistry, interactive apps, interactive teaching, information and communication technologies,
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Introduction

In the past two decades, despite the boom in information and communication technologies (ICT) for
education, the dominant paradigm of the educational system around the world has not changed. It is still largely
based on the transfer of knowledge to passive learners, where teachers impose content and methods on stu-
dents. According to Falcao et al. [1], technologies were simply aggregated into this outdated structure, despite
the radical changes they brought in people's lives. Schools are at the core of education systems. At the same
time, the ratio of computers to school size has been identified as a potential factor that influences student
academic achievement [2].

According to OECD (Organisation for Economic Co-operation and Development) [3] statistics, the av-
erage percentage of households with internet access at home increased from 74 % in 2012 to 88 % in 2017
among its member countries. Moreover, 96 percent of 15-year-old students have a computer, smartphone, or
tablet at home across the OECD countries [4]. The growing use of smartphones and tablets by the population,
in general, increases opportunities to support learning and motivation in the educational domain. Students’
access to ICT at schools and homes has also been improved by increased national investment in ICTs and
lower prices for ICT tools [5]. Integration of mobile digital devices with learning has been validated as a
promising way to improve the educational achievements, motivations, and interests of students [6], to engage
learners [7], improve academic performance through sharing learning with social networks [8]. Ally and
Prieto-Blazquez [9] emphasized that smart devices are crucial for both teachers and students, as learning can
be available in different time zones and locations. However, Moos and Marroquin [10] research have shown
that the effects of participation in technological activities on students' academic interests are often short-lived
because the technology novelty wears out quickly.

© 2021 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 103


https://doi.org/10.31489/2021Ch3/103-114
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.31489/2021Ch3/103-114
mailto:sadastayer@mail.ru

T. Sadykov, H. Ctrnactova, G.T. Kokibasova

Interactive apps can be used not only as software applications but also for communication and entertain-
ment [11, 12]. From an educational community perspective, interactive apps can be viewed as communication
channels used for information sharing, social and learning support, as well as for problem solving [13]. Stu-
dents can quickly find information online, but finding out which sources are credible and useful is difficult for
them [14]. Weimer [15] and McCombs [16] suggest that successful implementation of educational apps re-
quires changes in content function instructor’s role, learning responsibility, personalization of learning, pro-
cesses and purposes of assessment. This often means establishing positive interpersonal relationships, facili-
tating the learning process adapting to the individual, social and class learning needs, and encouraging students
to take responsibility and personal challenges. In another study, 1-Chun et al. [17] have created some of the
steps to introduce digital lesson applications. First, the teacher starts with a brief introduction and expresses
motivation regarding the learning content at the beginning of the lessons. Then, the prompting activity: the
student is asked a question, and the learner has some time for reflection before answering. After that, within
the framework of activity students should complete a small exercise or a simple simulation related to a learning
concept. During the period of performing, the embodied experience becomes learning clues to assist the stu-
dents’ mental processing for knowledge construction. Through this example, student gains knowledge regard-
ing what and how the concept can be applied when the character provides further analysis and explanation.
After the exemplifying process the student can better understand the learning concept by speaking out the
summary of the example or ideal case in a concise sentence. Finally, the student can ask as many times as
he/she wants to clearly understand the learning concept, which would be obscure to him/her.

The aim of the paper was to study the students’ opinions based on interactive apps application in chem-
istry teaching. This article also covers 10 popular and mostly free apps in 5 areas of activity that can be used
to learn chemistry.

1. Chemical molecular viewers. This type of apps can simulate models of molecular systems, and users
can manipulate the model to visualize it under different conditions (Fig. 1). Moreover, students can visualize
abstract concepts as well as explore and test scientific modelling to promote deep learning and conceptual
understanding in science [11].
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Figure 1. Chemical molecular viewer

Some students tend to prefer to learn from animations compared to other forms of representation. For
these reasons, animation is an attractive option for educators. Examples of molecular viewer apps for lower-
secondary schools:

» Chem Tutor provides visual representations of atoms: Lewis structures, energy diagrams, and orbital
diagrams. Students receive an introduction to the representations and worked on two problem sets, in which
they used representations to learn about atomic structure. Moreover, Chem Tutor provides error-specific feed-
back [18].

» ACD/Chemsketch is designed specifically to support the teaching of chemistry, so it contains many
graphical options to facilitate the creation and editing of various chemical structures. Students can drag and
rotate 3D models, zoom in and out, record frames, and manipulate the view in many ways [19].

«Jmol is a computer app for molecular modelling chemical structures in 3 dimensions. It can be integrated
into web pages to display molecules in a variety of ways (ball-and-stick models, space-filling models, ribbon
diagrams) [20].
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2. Periodic Table and databases apps. Several apps address the need for portable devices as study guides
or easy chemistry helpers [21]. Although the web browsers on mobile devices can access modern Periodic

Table and online databases for browsing, there is also an increasing shift to lightweight apps dedicated to the
platform (Fig. 2).

Figure 2. Periodic Table and databases apps

These apps can also be integrated to search chemical names or other identifiers of chemical structures in
chemistry lesson [22]:

« Periodic Table is a digital application that is more geared towards learning general or inorganic chem-
istry and reinforcing various aspects of the periodicity of elements.

« iElements provides a good Periodic Table with a lot of information for each element such as its name,
symbol, atomic number, phase, density, melting point, boiling point, heats of fusion and vaporization, specific
heat, oxidation states, electronegativity.

* Mobile Reagents provides access to an 11 million reagent database and can be searched by exact or
partial name and formula, or by using the camera to take a photograph of a chemical structure and automatically
convert it to a structure search query.

3. Chemical calculation and reaction apps. In addition to chemical compounds and related chemical

reactions, their balancing, common calculations, search and associated details are certainly of interest to chem-
ists (Fig. 3).

Chemical Reactions

LDy

Reaction101

EROCBE
CEEERP

Chemical reaction

Figure 3. Chemical calculation and reaction apps
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These applications are intended to aid routine calculations in the field of chemistry [21-22]:

* MolWeight is a tool that allows calculation of the molecular weight and other key properties of the
compound. Moreover, a calculator is provided to determine the molecular weight of any substance by its chem-
ical formula.

» Chemical reaction and Reaction101 are used as a chemical reaction editor with features for reaction
balancing. The individual reaction components can be easily found by name, formula, structure or structure
similarity methods. These apps use molecular weight (calculated from structures) and stoichiometry to derive
any of the missing quantities, saving laborious calculations and manual checking.

4. Virtual chemical laboratory apps (Fig. 4). In traditional laboratory work students usually spend a lot
of time in data collection while doing only simple manipulation and analysis of data. However, this tactile
experience of learning might produce naive and mistaken explanation by students. Such experience would not
be enough to prepare future scientist [23]. As a consequence, virtual application labs are still considered the
most effective approach, as students can instantly run a high-quality lab [24], save time in data collection and
processing, and change the system configuration that often cannot be changed in a real laboratory [25]. The
main advantage of a virtual lab is the safety that it offers for handling dangerous equipment and reagents [26].
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Figure 4. Virtual chemical laboratory apps

Here are examples of virtual chemical laboratory apps for lower-secondary schools:

» Chem Collective offers several virtual chemistry experiments and includes tools such as scenario-based-
learning activities, tutorials and tests [27];

» ChemLab is the interactive chemistry lab simulation that is necessary to create your own virtual labor-
atory experiment. The database contains a large selection of chemicals and commonly used laboratory equip-
ment [28].

5. Game-based learning apps. In game-based learning self-explanation can help students to generate more
explicit representations of their knowledge, and, in turn, can positively affect accessibility, recall and transfer
of knowledge [29]. Sadykov and Ctrnactova [30] stated in their research that students enjoy working with
interactive tasks, and this has a positive effect on their attitude towards the subject. In addition, gamification
involves the use of features such as scores, badges, rankings, and rewards, making immediate feedback possi-
ble. It encourages students to participate in the learning environment and allows them to complete tasks
(Fig. 5). During gamification it is possible to monitor and assess successful learning and provide feedback on
the assessment to students for formative purposes [31].

Here are some examples of game-based learning apps for lower-secondary schools:

« Learningapps.org is an interactive game-based app that allows the teacher to create personal interactive
tasks and exercises. These programs also allow students to use their mobile devices for learning, and the
teacher, respectively, can see the results of students on their own device. This model of organization of educa-
tional interaction is called Bring Your Own Device (BYOD) or Bring Your Own Technology (BYOT). The
ability to provide immediate feedback to all participants increases the interactivity and adaptability of learning
[30].
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Figure 5. Game-based learning apps

+» Kahoot is game-based learning and platform used in classrooms. It can be used with any subject, any
age, and any device equipped with either cell signal or internet, and players do not even need to register to sign
up for an account. This game also provides a tool for creating quizzes including adding pictures and videos to
the questions. It also makes it possible to publish and share your own quizzes, as well as edit quizzes made by
others [32].

Experimental

We have developed our questionnaire to study the students’ opinions based on application interactive
lessons with mobile apps during ten interactive lessons. The questionnaire used in this research consisted of
ten closed-ended questions. A three-level rating scale from 1 to 3 (1 — Agree, 2 — Neutral, 3 — Disagree)
was chosen as the most appropriate for measuring participants’ opinions.

In the introductory part the students were briefed on the purpose of the questionnaire. The first part of the
guestionnaire collected factual data concerning, in addition to age and gender, the type of school and the level
of students in chemistry for the last year. The second part of the questionnaire concerned the attitude of lower-
secondary school students towards interactive forms of learning.

Questions 1, 2, 7, 9 were aimed at determining the interest and motivation of the students in the interactive
lesson conducted using interactive apps compared to traditional lessons. Questions 3 and 4 determined how
interactive lesson is understandable and does not pose any significant difficulties. In questions 5, 6, 8, 10 we
were interested in whether students find this method interesting or useful and would they like to learn this way
more often.

The survey participants were asked the following questions:

1. Do you like interactive lessons with the use of mobile apps?

2. Do you think that interactive lessons are more interesting than traditional?

3. Was the explanation in the interactive lesson with the use of mobile apps clear enough to understand
the topic well?

4. Do you think that the interactive lessons had too much information, diagrams, and images, so you
found it difficult?

5. Was knowledge gained in an interactive chemistry lesson with the use of mobile apps applied in real
life?

6. Would you like if an interactive lesson with the use of mobile apps like these could be carried out more
often?

7. Were you interested in using the mobile apps with a mobile phone or tablet?

8. Do you like the Kahoot and Learningapps.org apps? Is it quick and interesting and does it help you to
check your knowledge?

9. Do you think that solving tasks with interactive apps more interesting than traditional ways?

10. Would you like if interactive apps like these could be used more often?

Results and Discussion

Part 1. The verification of interactive materials was carried out in two groups of students: 8-KZ (15 male
and 11 female adolescents) from specialized school-board information technologies in Karaganda (Kazakh-
stan); 8-CZ (8 male and 10 female adolescents) from first private language gymnasium Hradec Kralové (Czech
Republic). Interactive materials were tested on the topics: “Chemical reaction, Factors affecting the rate of
chemical reaction, and Classification of chemical reactions” (Fig. 6-7). Among the respondents there were
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52 % male and 47 % female adolescents. The average age of students was 13.5 years. According to the types
of schools, we used Chemical reaction, Reaction101, Kahoot apps in our interactive lessons.
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Figure 6. The results of the survey. Part 1 for 8-KZ group students
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Figure 7. The results of the survey. Part 1 for 8-CZ group students

As can be seen in Figure 8, the majority of respondents (64 %) rated interactive lessons with using mobile
apps positively, and more than 60 % of respondents think that interactive lessons are more interesting than the
traditional (questions 1-2). 62 % of respondents would like to an interactive lesson more often, about 30 % of
respondents rated their attitude to this form of learning with the answers “neutral”, and only 5-8 % of respond-
ents expressed a completely negative attitude to this form of learning (question 6).

Most of the students (64 %) believe that interactive lessons with the mobile apps were illustrative and did
not contain too much information, diagrams, and pictures, 30 % of the surveyed students answered “neutral”,
16 % of students find it too difficult (question 4). About 70 % of students believe that the knowledge that was
obtained in an interactive chemistry lesson can be applied in real life, only 5 % of students consider this chem-
istry lesson to be of little use for real life (question 5).
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Figure 8. Total results of the survey. Part 1

More than two-thirds of respondents were interested in using interactive apps on a mobile phone or tablet,
only 15 % of respondents were not interested in this form of learning (question 7). More than 70 % of respond-
ents rated solving tasks using interactive apps more interesting than the traditional way, and 53 % of respond-
ents would like to be engaged in this way of learning more often (question 9-10).

There was a significant difference between the two group’s grades from Kazakhstan and the Czech Re-
public regarding answers. It can be seen from Figures 6-7 that group 8-KZ rated the interactive materials more
positively than group 8-CZ, which had a significantly higher “neutral” response rate.

Part 2. The verification of interactive materials was carried out in two groups of students: 8-KZ (15 male
and 10 female adolescents) from specialized school-board information technologies in Karaganda (Kazakh-
stan); 8-CZ (8 male and 10 female adolescents) from school in Chyné (Czech Republic). Interactive materials
were tested on the topics: “Periodic table, Chemical bond” (Fig. 9-10). Among the respondents there were
48 % male and 52 % female adolescents. The average age of students was 13.5 years. In this part 2 we used
various applications such as Learningapps.org, Periodic table and Database apps.
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Figure 9. The results of the survey. Part 2 for 8-KZ group students
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Figure 10. The results of the survey. Part 2 for 8-CZ group students
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Figure 11. Total results of the survey. Part 2

As can be seen in Figure 11, the majority of respondents (70 %) rated interactive lessons with using
mobile apps positively and think that interactive lessons are more interesting than the traditional, only 9 %
prefer the traditional form of the lessons (questions 1-2). Further question 4 showed that 56 % of respondents
believe that interactive lessons with the mobile apps were illustrative and did not contain too much information,
diagrams and pictures, 16 % of students find it too difficult.

45 % of students answered “agree”, 43 % — “neutral” and 12 % — “disagree” at the question 5 “Do you
think that the knowledge that was obtained in an interactive chemistry lesson can be applied in real life?”.
Questions 7 and 8 were asked to find out whether students like to use mobile apps on a mobile phone and
tablet. The respondents rated this method of learning mostly positively (70 %), only 8 % of respondents believe
that it is not suitable for learning.

In questions 6 and 9 respondents were asked if they would like an interactive lesson and solving tasks
with mobile apps carried out more often, 65 % of respondents answered positively.

There was a significant difference between two group’s grades from Kazakhstan and the Czech Republic
regarding answers. It can be seen from Figures 9-10 that group 8-KZ rated the interactive materials more
positively than group 8-CZ, which had a significantly higher “neutral” response rate.
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Figures 12-13 showed a significant difference in some responses to the questionnaire in Kazakhstan and
Czech Republic. The differences are particularly evident in questions 2, 6, 7, and 9. In our opinion, this differ-
ence is due to the fact that verification of interactive lessons with mobile apps carried out in one school and
two groups in Kazakhstan, and two schools and two groups of students taught by two different teachers in the
Czech Republic. Another factor may be the generally lower interest in learning using ICTs, due to the wide-
spread and frequent use of this technique only for entertainment purposes in the Czech Republic.
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Figure 12. Total results in Kazakhstan
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Figure 13. Total results in Czech Republic

Conclusions

A literature review of previous studies has shown that mobile apps used for lower-secondary school im-
prove achievement and engagement. It is clear that students with mobile digital devices can access virtual
information equivalent to a large research library.

During the verification of interactive materials we are faced with the willingness of teachers to use tablets
and mobile phones, but also with the lack of scientific training and understanding of current science and
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technology issues on the application market. There was no statistically significant difference between the use
of different types of mobile apps during ten interactive lessons. One of the possible alternative explanations
for this result is the small amount of methodological literature for the use of interactive applications for tablets
and mobile phones in teaching chemistry.

Special chemical software can help students to generate more explicit representations of their knowledge,
positively affect accessibility, recall and transfer of the knowledge to chemists. In this study we have defined
and described the interactive apps supporting an increase in the activity of students, and the effectiveness of
the learning process for lower secondary schools. This study was limited by a relatively small sample size;
however, the findings have important implications for teacher professional development and educational app
design.

This result suggests that interactive apps support learning and increase student enjoyment, and this posi-
tively affects their attitude towards the subject. We think that one way to solve this problem is to involve
teachers in the app’s development process. Moreover, we believe that the combination of mobile phones and
tablets allows multiple students to perform the activities at the same time, and this encouraged them to interact
with each other. Therefore, in the next research we will focus on verification of the use of interactive apps as
well as identifying the most effective apps for teaching chemistry in other schools in both Kazakhstan and the
Czech Republic.
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XUMHSHBI OKBITY/Ia HHTEPAKTUBTI KOCBIMILIAJAP NMaiiajgany 00MbIHIIA
OKYLIbLIAPABIH HMiKipJepi

MHTepakTHBTI KOCHIMIIANApABI THIM/I MaianaHy MacelleciH IIelry Tek Oaraiay apKbUIBI OKY HOTHIKENIepiH
Tajyjay FaHa eMec, COHBIMEH KaTap OKYIUBUIApABIH OCHl KOCHIMIIAJIAp apKbUIBI XUMUSHBI OKBITYFa IereH
nikipyepin eckepy Oousbin TaObIaabl. Ce3cCi3, OKBITYIBIH IOCTYPIi JKOHE MHTEPAKTHBTI 9MICTEPiH YTHIMIIBI
y#JecTipe OTBIPBIN, XHMHSHBI OKBITyJa JKOFapbl HOTIDKeJepre KO JKeTKi3yre Oosamsl. MoOwmimbai
MHTEPAKTUBTI KOCHIMINAJIAPABIH YJIKEH apTHIKUIBUIBIFBL OJAP OKBITYIIBUIAPFA OpPHBI MEH YaKbIThIHA
KapamacTaH cabak Oepyre, CBIHBINTA J1a, OJ1aH THIC JKepiepAe A€ OKyFa MyMKiHIik Oepeni. CoHpaii-ak, Oy
MYFaJliMre OKYIIBIAp MEH JKYHenmi TypHAe KOJAaHAaThIH MOOWIBAI CaHIBIK KYPBUIFBUIAPIBIH KOMETiMeH
OKyLIBUIAp MEH JKeKe JeHrelae KapbIM-KaThlHaC »kacayFa MYMKIHAIK TyFbI3anbl. Makanaga XuUMUs
cabakrapbiHIa MOOMIIBAI UHTEPAKTHBTI KOCHIMIIANAPAbI KOJIAHY TYPAaIbl OKYIIBUIAPABIH MiKipJIepiH 3epTTey
HoTIDKeNepi KenripinreH. Amnpo6aums Kaparanaeinarsl (KasakcTaH) MaMaHIAHABIPBUIFAH —aKMapaTThIK
TexHosorusap Mektebinme, XbiHs MekteOinne (Uexus) sxone I'pamen Kpanosteir (Yexust) OipiHmi jxeke
TIIMIK TUMHa3WAChIHAA OKyprisinmi. Hormkecinme oxkymbuiapasiH 60 %-maH  acTaMbl  MHTEPAKTHBTI
KOCBIMIIIaJIap MEH JKYMBIC iCTey/Ii YHATATHIHBIH KOPCETTi, OYJI ONap/IbIH XUMUS MTOHIHE JIereH Ko3KapacklHa OH
acep erei.

Kinm ce30ep: XxuMusi, MHTEPaKTHBTI KOCBHIMIIAIAP, MHTEPAKTHBTI OKBITY, aKMapaTThIK-KOMMYHUKAIMSIIBIK
TEXHOJIOTHSIIAP, MHTEIUIEKTYaIIbl KYPBUIFBLIAP, JKeKe KYPBUIFBIHBI3IB albl KemiHi3 (BYOD, Herisri mexrer,
OKYILIBUIAPABIH MiKipiepi, OKYIIbIIAPABIH KbI3BIFY ITBUTBIFBI.

T. Canpixos, I'. Urpuanrosa, I'.T. Kokubacosa

MHuenus Yaamuxcst 00 HHTCPAKTUBHBIX IPUJI0KCHUAX,
IMPUMECHACMBIX JIJISI Oﬁy‘leHI/Iﬂ XHMHUH

Penrexne npooneMsl 3 HEKTHBHOTO HCIOI30BaHNUS HHTEPAKTHBHBIX NPHIIOKEHHUIT 3aKIII09aeTCs HE TOJIBKO B
aHaIM3e Pe3yJIbTaTOB 00YUYEHHs C IIOMOIIBIO OLIEHOK, HO U B y4eTe MHEHHI ydaIuxcsi Ha 00yueHHe XUMHH C
MOMOLIBIO STUX TPUIIOKEHUH. BecCropHO, pasyMHO coYeTast TPaJULMOHHBIC U HHTEPAKTHBHBIC METOIbI 00Y-
YEHHMs1, MOXKHO JOOUTHCS BBICOKUX PE3YJIbTaTOB B 00y4YEHHH XMMHH. BOIBIINM IITF0OCOM MOOMIIBHBIX HHTEPaK-
TUBHBIX IPHJIOKEHHUH SBISETCS U TO, YTO OHU MO3BOJISIIOT TPETIOAaBaTelsiM 00y4aTh BHE 3aBUCHMOCTH OT Me-
CTa M BPEMEHH, Jal0T BO3MOXKHOCTh YYHUTHCS KaK B KJIACCe, TaK U 3a €ro MpejeiaMi. JTO TakKe BO3MOXKHOCTD
B3aMMOJEIHCTBOBATh C YYallUMHUCS Ha OoJjiee JIMYHOCTHOM YPOBHE C IOMOIIBIO MOOWIIBHBIX LH(POBBIX
YCTPOWCTB, KOTOPBIE yUallrecs UCIONB3YIOT Ha PEryJIsipHOil ocHOBe. B 1aHHOM cTaThe aBTOpaMu MPUBEICHBI
Ppe3yJIbTaThl HCCIEA0BAHUS MHEHHUS YYAIHXCsl 00 UCHOJIb30BAHUH MOOHIBHBIX HHTEPAKTUBHBIX MPUIIOKEHUN
Ha ypoKax XUMHH. Anpobanus nposoamiack B Crerpann3npoBaHHOHN IIKoJIe HH(OPMAIIMOHHBIX TEXHOJIOTHit
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T. Sadykov, H. Ctrnactova, G.T. Kokibasova

B Kaparaune (Ka3zaxcran), B mkone XsiHe (Uexus) u B mepBoit YactHol s3p1k0B0# rumuaszuu ['panen Kpanose
(Yexus). PesynbpraThl nmokasany, 4ro 6omnee 60 % ydamuxcs Moiy4aroT yAOBOJILCTBHE OT PabOTHI C MHTEPaK-
THBHBIMH IPHIIOKEHUSMH, YTO IOJOKUTEIBHO BIHACT HA UX OTHOLICHUE K IIPEMETY.

Knioueswvie crosa: XuMust, THTEpaKTUBHBIE IIPHJIOXKEHNS, HHTEPAaKTHBHOE 00ydeHHe, HHPOPMAIMOHHO-KOMMY-
HHUKAaI[MOHHBIE TEXHOJIOTHH, HHTEJUICKTyalbHbIE YCTPOWCTBA, IPHHECH CBOE COOCTBEHHOE YCTPOWCTBO
(BYOD), ocHOBHasI IIKOJIA, MHEHHS! Y4YaIlIUXCsl, BOBICYCHHOCTD yUAIIMXCS.
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