ISSN 1392-0340 (Print)
ISSN 2029-0551 (Online)
https://doi.org/10.15823/p.2021.144.9

@l VYTAUTO DIDZIOJO
5 % UNIVERSITETO

&) SVIETIMO
;«;@ AKADEMIA

\ &2\

Pedagogika / Pedagogy NG
2021, t. 144, Nr. 4, p. 158-179 / Vol. 144, No. 4, pp. 158-179, 2021  Lim

Virtual Chemistry Laboratory in Blended
Online Learning Mode: The Influence on
Students’ Motivation and Achievement

Jaslin Ikhsan', Nur Fitriyana?, Zulham Arif?

' Yogyakarta State university, Chemistry Education Department, Faculty of Mathematics and Natural Sciences,

1 Colombo St., ID-55281 Sleman, Yogyakarta, Indonesia, jikhsan@uny.ac.id

Yogyakarta State university, Chemistry Education Department, Faculty of Mathematics and Natural Sciences,
1 Colombo Sr., ID-55281 Sleman, Yogyakarta, Indonesia, nur.fitriyana@uny.ac.id

Yogyakarta State university, Alumnae of Chemistry Education Master Programme, Faculty of Mathematics and
Natural Sciences, 1 Colombo St. ID-55281, Sleman, Yogyakarta, Indonesia

Annotation. This study aimed to seek the influence of ViChem-Lab in blended online learning
mode towards students’ motivation and achievement in chemistry. A quasi-experiment with pre
and post-test non-equivalent control group design was implemented. The findings illustrate that
the use of ViChem-Lab in blended online learning gives the strongest influence on self-efficacy,
curiosity, attention, and satisfaction, respectively, as part of students’ motivation. It implied the
rise of students’ achievement.
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Introduction

The rapid development of science and technology gives significant attention to educa-
tors, practitioners, students, and people dealing with the educational field. This develop-
ment brings a substantial contribution to achieving a 21st-century learning system. The
learning instruction in the academic area such as chemistry should be held in interactive,
joyful, challenging, and gives sufficient spaces to develop students’ rational thinking be-
cause it will be implied on strengthening students’ motivation in learning chemistry. Ifa
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student intends to study chemistry that came from either themselves or their environment,
they have high motivation to learn chemistry. This motivation predicts students’ success
in chemistry learning (Ferrel et al., 2016). The stronger students’ motivation in learning
chemistry, the higher the students’ opportunity to be successful in achieving learning
outcomes. These students’ motivation in chemistry learning is driven by their attention,
curiosity, self-efficacy, and satisfaction (Keller & Kopp, 1987). The attention is related to
students’ interests. Chemistry teachers should design the chemistry learning activities
using a new learning environment to attract students’ attention. At the same time, the
curiosity of the students in studying chemistry could be challenged by posing problems
that should be solved using varied pedagogies. In addition, students’ self-efficacy defines
students’ confidence in underpinning the likelihood for success. Further, the satisfaction
allows the students to acquire knowledge in a new setting (Bolte et al., 2013). The four
factors, as mentioned earlier, are the driving factors in enhancing students’ motiva-
tion in chemistry learning. Unfortunately, lowering students’ motivation in chemistry
learning is still a major problem for chemistry teachers (Wiyarsi et al., 2017). Giivercin
et al. (2010) stated that students’ motivation to learn science, i.e., chemistry, declines as
the grade level increases. Thus, to increase students’ motivation in chemistry, it needs
an interesting teaching method, practical work, utilization of technology, and a joyful
educational environment (Augustinovi¢, 2019).

Recent studies have been implemented varied treatments as an effort to improve stu-
dents’ motivation in learning chemistry, e.g., info technology in chemistry (Zhikina &
Portjanskaya, 2007); problem-based learning (Demirel & Turan, 2010); home experiments
(Gendjova, 2007); distance learning technologies (Abakumova et al., 2016); Hermann
whole brain teaching (Bawaneh et al., 2011); inquiry-based teaching (Peciuliauskiené &
Belakoz, 2019); and collaborative learning based Science, Technology, Society, and Engi-
neering (Priyambodo et al., 2021). Those studies have been focused on using technology
and students-centred learning paradigm. Thus, the development of technology contributes
to the enhancement of students’ skills, cognitive characteristics, and motivation (Stosi¢,
2015). A media that provides the relevance of chemistry and technology needs to be
implemented to enhance students’ motivation.

On the other hand, students’ motivation became a significant predictor of students’
chemistry achievement (Akbas & Kan, 2007). However, the decline of students’ achieve-
ment in chemistry may cause by the nature of the chemistry concept. Since the chemistry
lesson is one of the science subjects that required comprehensive and systemic thinking,
thus mostly high school students considered chemistry a difficult subject. This difficulty
is caused by the abstractness concept of chemistry (Sirhan, 2007; Sokrat et al., 2014), the
multiple representation properties of chemistry (Sirhan, 2007; Treagust et al., 2000; Salta
& Tzougraki, 2004), and the need of reasoning skills (Coll et al., 2005). Furthermore,
regarding the nature of the chemistry concept, laboratory work activities have a pivotal
role in chemistry learning instruction (Elliot et al., 2008). The laboratory work activities
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aim to support the reasoning and understanding of naturally abstract chemistry concepts.
Unfortunately, the chemistry laboratory work activities face many preparation challenges
until its implementation. The challenges include: the lack of tools and materials, the lim-
ited allocation of learning time in the school, the unavailability of laboratory technicians,
and expensive tools and materials used in the chemistry laboratory. Still, many students
show their negative feelings toward the hands-on laboratory activities (Spagnoli et al.,
2016) due to the limitation of laboratory activities they have performed. Therefore, such
limitations of the hands-on laboratory could be overcome by instructional media that can
interpret laboratory work activities, i.e., Virtual Chemistry Laboratory (ViChem-Lab).

ViChem-Lab can be defined as a series of computer programs that visualize abstract
phenomena or complex experiments performed in real laboratories (Tatli & Ayas, 2013).
Therefore, the ViChem-Lab can enhance the learning activities to develop students’
problem-solving skills, especially in chemistry. ViChem-Lab plays as a supporting media
in gaining new experiences, and it can motivate students to actively participate in the
experimental work (Ardac & Akaygun, 2004). The ViChem-Lab provides meaningful
experiences for students due to its important concepts, principles, and learning process
in chemistry. Through the ViChem-Lab, students have the opportunity to repeat the
experimental simulation and deeply explore its chemistry concept. The ViChem-Lab
contains an interactive simulation of chemistry experiments; hence, it will attract stu-
dents’ interest and attention, increasing their motivation to learn chemistry. However,
the effectiveness of that media in chemistry learning was still debated, although several
studies have been proven that ViChem-Lab is the potential to improve student’ s learn-
ing outcomes, as suggested by Latifah et al. (2018); Wijayanti et al. (2019); and Solikhin
et al. (2019). Moreover, previous studies describe that the ViChem-Lab as supplement
brings an enhancement of students’ achievement (Spernjak & Sorgo, 2017; Bozkurt,
2008); self-efficacy (Dyrberg et al., 2016); attitude (Dyrberg, et al., 2016); and students’
independence (Latifah et al., 2018). Furthermore, the use of ViChem-Lab is increasing
since the hands-on laboratory work was so costly much (Hawkins & Phelps, 2013).
Unfortunately, many chemistry teachers still act skeptical about the effectiveness of
ViChem-Lab. Therefore, the research investigating the application of ViChem-Lab on
chemistry learning towards students’ attitude, i.e., motivation and students’ cognitive,
i.e., achievement in chemistry, is needed.

Phrased differently, the advancement of technology led the teaching-learning instruc-
tion to be held through the combination of face-to-face and online learning instruction.
This learning instruction is called blended online learning (Lalima & Dangwal, 2017;
Musawi, 2011; Jahjouh, 2014). In blended online learning, all curriculum prepared in an
online class with some classes take place in the face-to-face learning mode that corre-
sponds with the agreement among students and teachers (Volungeviciené et al., 2020).
The lectures combine physical and digital methods organized in the same location,
either in the digital or physical, with the same conditions and intensity. Thus, blended
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online learning integrates innovation and technological progress through an online
learning system with the interaction and participation of traditional learning mode. The
blended online learning mode evolved as an effective learning activity with a technology-
enhanced online setting (Baragash & Al-Samarraie, 2018; Bidara, 2016). Blended online
learning offers many advantages, such as providing students’ learning-centered, increas-
ing students’ learning engagement and ease of use, improving learning independence,
and growing learning flexibility (Volungeviciené et al., 2020; Zacharis, 2015). The role
of blended online learning is potential to predict students’ satisfaction as an outcome
(Kintu, 2017). Therefore, the emerging use of blended online learning that combines with
ViChem-Lab is promising.

Since the ViChem-Lab in this research can be found on mobile phones or com-
puter devices thus, it can be accessed through online and offline learning modes. The
ViChem-Lab was provided in the online phase in the Modular Object-Oriented Dynamic
Learning Environment (Moodle). The Moodle is a platform mostly used to supplement
face-to-facelearning at blended online learning mode (Sharma et al., 2019). As suggested
by Gulbinskiené et al. (2017), Moodle platform helps to develop metacognitive awareness
and fosters students’ learning independence. The students could feel free to repeat the
experimental simulation anywhere and anytime through their own devices. Thus, it
significantly improves students’ understanding of the chemistry concept. Furthermore,
online learning leads the online discussion one with another were improved. The stu-
dents could prepare the face-to-face learning instruction well, which increases students’
achievement. Accordingly, the existence of this instructional media could enhance the
utilization of technology-based media (Calimag et al., 2014). Thus, the ViChem-Lab offers
a new learning environment that signifies students’ motivation is improving. A better
student motivation will increase students’ strong desire to reach their targets, which will
be implied in students’ achievement (Suyatno et al., 2019).

Therefore, this research is concerned to seek the influence of ViChem-Lab in blend-
ed online learning mode on students’ motivation and achievement toward chemistry.
It should be promising since the ViChem-Lab provides effective interactive media as a
supplement or replacement for the chemistry laboratory work in the learning instruction.
Moreover, the presence of blended online learning gives extra learning time and learning
material for students that makes a flexible learning instruction were held (Fitriyana et al.,
2021; Wiyarsi et al., 2019).

Research Focus and Questions

Along with the development of science and technology in the 21st-century learning
system, the construction of ViChem-Lab offers an alternative way in the chemistry labo-
ratory work. Many researchers in the chemistry learning area are focused on developing
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the media of ViChem-Lab. Despite the effectiveness of ViChem-Lab as the supplement or
replacement of the hands-on laboratory activities still controversial, many studies reported
it is as potential media. Thus, the study that seeks the effectiveness of ViChem-Lab as
media in the chemistry laboratory work is still significant to be investigated.

In this research, the ViChem-Lab was used to supplement the chemistry learning
activities. It contains an interactive simulation of chemistry experiments; hence, it will
attract students’ interest and attention toward chemistry, enhancing students’ motivation
to learn chemistry. Moreover, the ViChem-Lab is provided in the Moodle, and thus with
ablended online learning mode, students were easily flexibly accessing the ViChem-Lab.
They can freely repeat the chemistry experiment simulation every time and everywhere,
which significantly improves students” understanding of chemistry concepts. Further-
more, online learning leads the online discussion with another enhanced. The students
became well prepared in the face-to-face learning instruction; thus, their achievement
improved. Through the online phase of blended online learning, the students prepare the
laboratory report through the online learning platform. According to the aforementioned
discussion, this research’s sole objective is to investigate the influence of ViChem-Lab in
blended online learning mode on students’ motivation and achievement toward chemistry.
The research questions below are elaborated to lead this study.

Question one: How was the profile of students’ motivation toward chemistry in ap-
plying ViChem-Lab compared with the Hands-on Lab?

Question two: Is there any significant difference in students’ motivation among
ViChem-Lab group and the Hands-on Lab group?

Question three: How was the profile of students’ achievement toward chemistry in
applying ViChem-Lab compared with the Hands-on Lab?

Question four: Is there any significant difference in students” achievement among
ViChem-Lab group and the Hands-On Lab group?

Methodology of Research

Design of Research

This research aimed to investigate the influence of the use of ViChem-Lab in blend-
ed online learning mode on the two different dependent variables, namely students’
motivation and achievement toward chemistry. It is implemented in the chemistry
lesson with the topic of electrolyte and non-electrolyte solution and redox reaction. A
quasi-experiment with pre-test and post-test non-equivalent control group design was
employed in this research. Therefore, two types of student groups were enrolled in this
research, the experimental and control groups. The experimental group was devoted to
using ViChem-Lab while the control one used a hands-on lab. Moreover, the pre-post
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design requires the data of students’ motivation and achievement were collected before
and after the treatment. The research design of this study is seen in Table 1.

Table 1
Research Design

Student Group

Variable
Experimental Control
Research Treatment ViChem-Lab in blended Hands-on laboratory in
online learning face-to-face learning
Pre-test
Students’ Motivation Questionnaire Yes Yes
Students’ Achievement Test Yes Yes
Post-test
Students’ Motivation Questionnaire Yes Yes
Students’ Achievement Test Yes Yes
Sample of Research

Two different student groups were used in this research: the experimental and control
groups. The experimental group used ViChem-Lab in blended online learning (referred
to as ViChem-Lab group henceforth). In contrast, the control group implemented a
hands-on laboratory in face-to-face learning (called as hands-on group hereafter). The
two student groups consist of 33 students and 30 students, respectively, for ViChem-Lab
and Hands-on groups. These two groups were drawn from a public secondary high
school in Sleman Regency, Yogyakarta, Indonesia, as the population. The students have
similar characteristics such as the age around 15 years old, enrolled in science program
of secondary school, and has suitable facilities in conducting blended online learning.

Furthermore, the two student groups were enrolled in the tenth grade and selected
through cluster random sampling technique. Before establishing the research samples, the
student’s prior knowledge analysis was conducted through one-way ANOVA technique.
The collected data of previous knowledge using the formative test in the chemical bond-
ing material of chemistry. The analysis shows that there was no significant difference in
students’ prior knowledge of a total of 5 groups in the population (Sig. found to be > 0.05
significant level). Thus, the researcher randomly picked two student groups as the re-
search samples in this study. The two student groups were voluntarily agreed as part of
the research sample in this study.
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Data Collection Tools

Two dependent variables, the students’ motivation and achievement toward chemistry,
were collected. The data of students” motivation was collected using Students’ Motivation
Questionnaire (SMQ), while the data of students’ achievement were obtained through
Students’ Achievement Test (SAT). The SMQ and SAT were administered before and after
the research treatment given on both student groups. The researchers well developed
these two data collection tools.

Student Motivation Questionnaire (SMQ)

The SMQ was used to determine the level of students’ motivation in chemistry learn-
ing activities. The SMQ was developed according to the indicator of motivation covering
the aspect of attention, curiosity, self-efficacy, and satisfaction. The SMQ consists of 20
items statements with a Likert-type scale ranging from always that signified 4 points to
never that implied 1 point.

The validity and reliability of SMQ were carried out before it was used to collect stu-
dents’ motivation data. The SMQ employs face, content, and empirical validity. A group
of experts was confirmed the face and content validity of SMQ. They gave feedback to
improve the quality of SMQ in terms of appropriateness of the motivation content, the
suitability of the items with the indicators to be achieved, and the correct Indonesian
grammar procedures. After necessary revision, according to the experts’ feedback, the
SMQ was administered to a total of 66 students out of the research samples to obtain
empirical validity. These data were analysed, and it was found that a number of 20 items
of SMQ were empirically valid. Furthermore, from these data, the reliability of SMQ
was calculated, and it was found to be intensely reliable with the Cronbach Alpha value
of 0.753 (Gruilford, 1978). Therefore, the SMQ could be used as reliable tool to obtain
students’ motivation data. The SMQ indicators distribution is shown in Table 2.

After the SMQ was confirmed as useful and reliable tool to obtain the data of students’
motivation, this SMQ was distributed into the sample before and after the experimental
manipulation have been implemented on both student groups. Through paper and pencil
administration, the research samples need to fulfill the SMQ. They were told that the
results of the SMQ was not affected the final grade of the chemistry lesson. Moreover,
the identity of the respondent was also kept a secret. Therefore, the students were asked
to fill the SMQ honestly following their experience and feeling in this context.

Students’ Achievement Test (SAT)

The SAT was used to measure the pre-test and post-test on the chemistry concept of
electrolyte and non-electrolyte solution and redox reaction. The SAT aimed to determine
the eliciting of students’ achievement after the experimental manipulation given to the
two student groups enrolled in this research. The SAT consists of multiple-choice ques-
tions with a total of 5 alternative answers. It was constructed following the cognitive level
of revised Bloom Taxonomy covering remembering (Cl1), knowing (C2), applying (C3),
analyzing (C4), evaluating (C5), and creating (C6) (Karthwohl, 2002).
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Table 2
SMQ Indicators Distribution

. Total of
Aspect Indicators I(; em: Sample of Item

Attention  Giving attention in dealing I'will discuss the chemistry learning ma-
and preparing chemistry 5 terial with my friend even though it is out
learning activities of the school’s chemistry learning time

Curiosity Expending high enthusiasm I am actively involved in searching for
in understanding chemistry 5 any references that support chemistry
concept learning material

Self-efficacy Using more effort in master- 5 I feel challenges to master the difficult
ing chemistry concept chemistry concept

Satisfaction Showing good impression I feel satisfied with the chemistry learn-
toward chemistry learning 5 ing instruction held by my teacher
activities
Total 20

The initial of the SAT consists of a number of 40 multiple-choice questions. Before
using the SAT to collect the data of students” achievement, the validity and reliability of
SAT were calculated. The validity of SAT was conducted through the face, content, and
empirical validity. The face and content validity of SAT was obtained by asking experts’
judgments regarding the appropriateness of chemistry content and item conformity with
the indicator to be achieved. Feedback from the experts was considered, and necessary
revision was made to improve SAT quality. After the correction was made, the experts
declared that the SAT has a good face and content validity.

Furthermore, the SAT that has been stated to have a good face and content validity was
then administered to a total of 60 students out of the research samples which have com-
pleted the electrolyte and non-electrolyte solution and redox reaction materials. It aims as
the requirement of the empirical validity. This empirical validity was conducted through
a paper and pencil test, and the results were analyzed following the correlation of Biserial
Point (Wiersma & Jurs, 1990). After the analysis, it yielded that a number of 30 multiple
choice questions were valid. It represented the indicators and competency achievement of
electrolyte and non-electrolyte and redox reaction topics; therefore, as many as 30 multiple
choice questions of SAT were used to collect the data of students’ achievement in this research.

In addition, the reliability of the SAT was analyzed through the result of empirical
validity data. The analysis followed the Kuder Richardson-20 test. The analysis results
show that the SAT was highly reliable, with the value of Cronbach’s alpha reliability found
to be 0.767. It means that the SAT has strong category reliability (Gruilford, 1978), and it
can be used as a reliable instrument to obtain the data of students’ achievement in this
research. The distribution of SAT indicators with the cognitive levels according to the
revised Bloom Taxonomy are illustrated in Table 3.
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Experimental Manipulation

The implementation of ViChem-Lab in blended online learning was held for eight
meetings teaching-learning activities. The experimental manipulation given in the
experimental class was ViChem-Lab in blended online learning. The blended online
learning provides the possibilities in conducting online and face-to-face learning. Hence
the ViChem-Lab group held the chemistry learning activities in two ways, online and
face-to-face phase. As a comparison, the control class employs a hands-on laboratory in
face-to-face learning, the usual chemistry teaching-learning instruction. The comparison
of the experimental manipulation perceived in both classes is shown in Table 4.

Table 3
The Distribution of SAT Indicators

SAT Content Knowledge

Number of items on the
Cognitive Level

C1 C2 C3 C456

Properties of electrolyte and non-electrolyte solution 4
The cause of electrolyte solution conducts electricity 1 1 2
Classification of solutions based on their properties in 3 1 1
conducting electricity
The type of compound of electrolyte solution 3 1
The concept of redox reaction 1 2 2 2
Redox reaction equation 1 5
Total 2 10 9 9
Table 4
Experimental Manipulation
Student Group ViChem-Lab Group Hands-On Group

Learning the concept of electrolyte
and non-electrolyte solution and
redox reaction topic

Laboratory work activities using
hands-on and enrichment using
ViChem-Lab simulation

Discussion

Presentation

Face-to-face
learning

Learning the concept of electrolyte
and non-electrolyte solution and re-
dox reaction topic

Laboratory work activities using
hands-on laboratory

Discussion

Presentation

Written reporting of the laboratory
work activity

Online discussion

Online reporting of the laboratory
work activity

Repeating the ViChem-Lab simulation

Online learning

166

Pedagogika | 2021, t. 144, Nr. 4



In this research, the ViChem-Lab is provided in the Moodle; hence it can be accessed
before the students deal with face-to-face or online learning instruction. The utilization
of ViChem-Lab was initiated in face-to-face learning under teacher supervision. Since
the ViChem-Lab was prepared in the Moodle, the students in ViChem-Lab group could
easily repeat the experimental simulation they did in the face-to-face phase. Hence, the
students will enrich their knowledge and their understanding of chemistry concepts re-
garding the experimental they performed. Moreover, the online stage of blended online
learning improves students’ interactions through the online discussion forum with the
teacher or their peers. In addition, the students reported the experimental simulation they
perceived through ViChem-Lab in the online session. The illustration of ViChem-Lab
used in this research is depicted in Figure 1.

Figure 1.
Hlustration of ViChem-Lab in Blended Online Learnin
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slaluh 10y g el sk b oot arul

Lanan elektrolt kuat:
14 HNO, #H;50,, CH,CO0M dan NH,OH

On the other hand, the hands-on group as a comparison class, performing the
laboratory work activities using hands-on laboratory, the usual facilities to experience
laboratory work in the chemistry instruction. The students participated in the laboratory
work in a small group of 3-4 students. Hence, they work in a small collaborative group.
The discussion among teachers and students is held in the school’s face-to-face learning
when the teacher has spare time. The reporting of the laboratory activities conducts in
written form. The students should submit their reporting a week after the experiment
has been conducted.
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Data Analysis

The study was implemented towards two groups focused on their motivation and achieve-
ment. Since the data of students’ motivation belongs to ordinal data, thus Mann-Whitney
U test was used to determine the significant influence of teaching intervention on students’
motivation among the two groups. At the same time, the Independent Sample T-Test was
used to determine its effects on students’ achievement. The normality and homogeneity test
were performed towards the students” achievement data as the prerequisite of the independ-
ent sample t-test analysis. In addition, the profile of students’ motivation and achievement
toward chemistry were explored through descriptive statistics. Moreover, to determine the
profile of the improvement of students’ motivation and achievement toward chemistry, the
normalized n-gain category analysis was used. It was calculated by categorizing the n-gain
of students’ motivation and achievement toward chemistry as high (n-gain > 0.7), medium
(0.7 2 n-gain > 0.3), and low (n-gain < 0.3) following Hake (1998).

Findings of Research

The findings of this research are presented in this section. The descriptive statistics
of students’ motivation and achievements, such as the number of students, ideal score,
mean score, and standard deviation, are depicted in Table 5.

Examining the data in Table 5, the ViChem-Lab group gives a better result in students’
motivation and achievement toward chemistry than the hands-on group. Both groups
experienced a significant improvement in students’ motivation and achievement before
and after the experimental manipulation. However, the ViChem-Lab group brings a
better enhancement on the two variables aforementioned.

Table 5
The Descriptive Statistics
Students’ Motivation Students’ Achievement
Parameter ViChem- Hands- ViChem- Hands-
Lab Group On Group Lab Group On Group
Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test

Number of students 33 33 30 30 33 33 30 30
Ideal Score 80 80 80 80 100 100 100 100
Mean Score 39.88 66.12 50.49 61.97 30.55 83.76  30.07  79.90
Std. Dev. 531 3.65 7.43 5.27 11.93 4.26 10.16 4.96

It can be implied that the ViChem-Lab in blended online learning mode gave a more
substantial effect than the hands-on laboratory in face-to-face learning. Furthermore,
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the profile of students’ motivation according to the results of n-gain category analysis
on the two groups is shown in Tables 6.

Table 6
The Profile of Students’ Motivation Toward Chemistry
Dependent Variable Vi-Chem-Lab Group Hands-on Group
n-gain Category n-gain n-gain Category n-gain
Students’ motivation 0.65 Medium 0.35 Medium
Attention 0.56 Medium 0.26 Low
Curiosity 0.66 Medium 0.39 Medium
Self-efficacy 0.85 Medium 0.64 Medium
Satisfaction 0.56 Medium 0.20 Low
The profile of students’ motivation according n-gain category analysis
N-Gain Level
Vi-Chem-Lab Group Hands-on Group
High  Medium Low High Medium Low
Students’ motivation 30% 70% 0% 10% 50% 40%
Attention 21% 76% 3% 7% 47% 47%
Curiosity 55% 33% 9% 7% 60% 33%
Self-efficacy 82% 18% 0% 43% 43% 13%
Satisfaction 18% 76% 6% 0% 40% 60%

As seen in Table 6, it was clearly depicted that the students’ motivation was improv-
ing since the value of n-gain on the two groups has a positive value. Still, the results of
n-gain category analysis in the ViChem-Lab group were better than the hands-on group.
The value of n-gain on each indicator of students’ motivation in the ViChem-Lab group
was signified into a medium category with the highest value found on the self-efficacy
indicator. A same result was found on the hands-on group that self-efficacy is one of the
indicators of students’ motivation that gives the most substantial influence. However,
the ViChem-Lab group provides greater improvement than the hands-on group. Similar
results were found on the profile of students’ achievement (see Table 7). The two groups
signified a high category of n-gain. However, the ViChem-Lab indicated a stronger
enhancement in students’ achievement. Therefore, the ViChem-Lab strongly influences
students’ motivation and achievement among the two groups of this research.

In addition, to examine the significant differences in students’ motivation and achieve-
ment among the two groups, the Mann-Whitney U test and Independent T-test analysis
was performed. The Mann-Whitney U test determining the significant differences in
students’ motivation was presented in Table 8.
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Table 7
The Profile of Students’ Achievement Toward Chemistry

Dependent Vi-Chem-Lab Group Hands-on Group
Variable n-gain Category n-gain n-gain Category n-gain
Students’ achievement 0.76 High 0.71 High

The profile of students’ achievement according n-gain category analysis

Students’ Group

Interval Level
Vi-Chem-Lab Group Hands-on Group
n-gain > 0.7 High 75.76% 53.33%
0.7 2 n-gain = 0.3 Medium 24.24% 46.67%
n-gain < 0.3 Low 0% 0%
Table 8
Mann-Whitney U Test Determining the Significant Differences on Students’ Motivation
DT e s Sy e Sl N
Students’ 0.647  0.104 Vi-Chem-Lab 43.120  1423.000 128.000 0.000
motivation 0357 0242  Hands-on  19.770  593.000
Attention 0.560  0.163 Vi-Chem-Lab 39.480  1303.000 248.000 0.001
0.264  0.340 Hands-on 23.770 713.000
Curiosity 0.662  0.243 Vi-Chem-Lab 39.730  1311.000 240.000 0.000

0.392  0.306 Hands-on 23.500 705.000

Self-efficacy  0.854 0.191 Vi-Chem-Lab 38.000  1254.000 297.000 0.004
0.634 0.329 Hands-on 25.400 762.000

Satisfaction 0.558 0.167 Vi-Chem-Lab 43.050  1420.500 130.500 0.000
0.203  0.290 Hands-on 19.850 19.850

Table 8 describes significant differences in students’ motivation (p-value 0.000 < 0.05)
toward chemistry between the ViChem-Lab and Hands-on groups with the favor on
ViChem-Lab group. Each indicator of students’ achievement covering attention, curi-
osity, self-efficacy, and satisfaction also signified a significant difference among the two
groups. Thus, the ViChem-Lab in blended online learning mode can improve students’
motivation towards chemistry.

Phrased differently, concerning the influence of ViChem-Lab in this research towards
students’ achievement was analyzed using the Independent T-test. Before the Independent
T-test was performed, the test assumptions covering the normality and homogeneity tests
were confirmed to be fulfilled. The data of students’ achievement on the ViChem-Lab
group (Sig. 0.348 > 0.05) and the Hands-on group (Sig. 0.194 > 0.05) were found to be
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normally distributed. The two groups were also found to be homogeny in terms of their
achievement (Sig. 0.138 > 0.05). The Independent T-test analysis findings that describe
the significant differences in students” achievement toward chemistry in both groups
were illustrated in Table 9.

Table 9
Independent Sample T Test Examining the Significance Differences on Students’
Achievement

Dependent  Student ) Mean Std. Error  Coben’s
Variable Group Mean SD  df tvalue Sig, Difference Difference d

Students’ Vi-Chem-
achievement Lab

Hands-on 0.713 0.074

0.757 0.058 61 2473 0.016 4430 1.791 0.091

From Table 9, it is proven that there was a significant difference in students’ achieve-
ment among the ViChem-Lab and hands-on group (Sig. 0.016 < 0.05) with the favor
of the ViChem-Lab group. It was also explained that ViChem-Lab in blended online
learning contributes as much as 9.1% of the variance of students’ achievement. There-
fore, the experimental manipulation was significantly influenced by this research on
students’ motivation and achievement toward chemistry.

Discussion

The shift of the 21st-century learning system leads to integrating technology in
teaching-learning instruction such as chemistry. Several factors influenced the quality
of chemistry learning, but the most prominent one is through the learning media. It was
supported by a study conducted by Eyler and Giles (2008) that describes the media used
by the teacher brings the effectiveness of learning instruction. Learning media contrib-
utes to promoting the students to achieve learning objectives. Moreover, instructional
learning media also potentially improves students’ cognitive learning outcomes as the
essential outcomes in chemistry learning.

In the chemistry learning activities, the laboratory work has the primary role in
contributing to developing and understanding chemistry concepts (Elliot et al., 2008).
The role of technology could be used as the media to visualize the abstractness of the
chemistry concept. Thus, the ViChem-Lab should be a potential alternative media to
supplement or replace of chemistry hands-on laboratory work activities. The ViChem-Lab
is essential in order to support and motivate students in doing laboratory work. It also
could develop students’ thinking and understanding (Tatli & Ayas, 2012). Moreover,
the ViChem-Lab was interactive multimedia; thus, the students were engaged visually,
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auditory, and kinaesthetically, leading to an easier understanding of the chemistry
concept. Kemp and Dayton (2002) suggested that interactive media makes the learning
activities exciting and will be elaborating students’ curiosity. Yet, in this research, the
students show their high enthusiasm and effort to be focused on the learning activities
using ViChem-Lab. Therefore, it leads to the great improvement of students’ motivation
and achievement in this research.

In terms of students’ achievement, since the ViChem-Lab is a modern visualization
media, it contributes to bridging the macro and micro concepts to learn the scientific
and chemical concepts. The ViChem-Lab could set up students’ conceptions, principal,
process, and meaningful experience (Tatli & Ayas, 2013). It also allows the students
effortlessly to repeat the experimental simulation on their own; thus, they can conduct
a deep analysis regarding the chemistry concept of electrolyte and non-electrolyte solu-
tion and redox reaction topic. As revealed by Shin et al. (2000) and Jeschke et al. (2010),
ViChem-Lab could help the students understand the chemistry concepts. This learning
method offers a joyful and meaningful learning environment (Ardac & Akaygun, 2004;
Jeschke et al., 2010). Hence, it significantly increases students’ achievement after per-
ceiving ViChem-Lab in the learning activities. The results of this research confirmed the
previous research that the ViChem-Lab helps the students understand the nature of the
concepts they learn that brings a better students’ achievement (Shin et al., 2000; Jeschke,
et al., 2010). For example, in doing the laboratory work about the ability of electrolyte
solution in conducting electricity, the ViChem-Lab was visualized the concepts very
well by providing the ionization of the electrolyte solution. Therefore, the students show
significant improvement in understanding the chemistry concept.

Furthermore, the ViChem-Lab in this research was provided in blended online
learning. Blended online learning offers a combination of face-to-face and online phase
learning activities. The blended online learning integrates the variety of media and
tools used in an online learning environment. In addition, it also combines the teach-
ing-learning approaches with the bridge of technology. Since the ViChem-Lab student
group enrolled in the blended online learning mode, they enrolled in the exact location
of chemistry learning, either physical or digital. Hence, the chemistry learning activities
were performed physically and digitally because the students were utilizing the Vi-
Chem-Lab media flexibly. This virtual learning environment could facilitate the teachers’
work by differentiating learning content, monitoring students’ learning outcomes, and
giving feedback to students and their parents (Kondrataviciené, 2018). Yet for students,
the blended online learning prepares the online discussion and assignment submission
instead of the additional learning time. Thus, students enrolled in the ViChem-Lab group
have extra learning time through the online phase of blended online learning that leads
to enhancing students” achievement (Fitriyana et al., 2020).

On the other hand, assessing students’ motivation is important to encourage students
to choose and prepare for their future profession (Poteliiiniené, 2018). The students’ mo-
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tivation was affected by their attention, curiosity, self-efficacy, and satisfaction (Keller &
Kopp, 1987; Peciuliauskiené, 2020; Dyrberg et al., 2016). As in this research, the imple-
mentation of ViChem-Lab was used to supplement the hands-on laboratory work activi-
ties. This research revealed that the ViChem-Lab has a significant influence on students’
motivation to learn chemistry. In detail, the ViChem-Lab influenced the four aspects of
students’ motivation with the strongest until the most minor effects were found on self-
efficacy, curiosity, attention, and satisfaction, respectively. Self-eflicacy provides the most
substantial controlled aspects of motivation after students experience ViChem-Lab. The
previous work confirmed that the students had significantly improved their confidence in
conducting laboratory work experiments through the presence of ViChem-Lab (Dyberg
etal., 2016; Kolil et al., 2020). This finding suggests that the students felt better prepared
and believed in their understanding of the experiment and the chemistry concept. The
remarkable improvement of self-efficacy means the students believe in their capability
towards chemistry teaching materials, and thus it improves students’ achievement.
Moreover, students show their enthusiasm toward ViChem-Lab because it provides a
new learning environment for them. This fact leads to increased curiosity and attention,
which were significant in this research. Still, since the students showed a high enthusiasm,
it also contributes to their satisfaction with the chemistry learning activities (Kintu, 2017).

Conclusion and Recommendation

The significant influence of ViChem-Lab in blended online learning mode on students’
motivation and achievement toward chemistry has been examined. The implementation
of ViChem-Lab in blended online learning was promising since it improves students’
motivation and achievement toward chemistry. In detail, the ViChem-Lab influences
the four indicators of students’ motivation with the strongest effects found on self-
efficacy, curiosity, attention, and satisfaction. Since self-efficacy was the most contributed
factor, it implied the enhancement of students’ achievement. The high strengthening of
self-efficacy means the students believe in their capability towards chemistry teaching
materials after perceiving ViChem-Lab in blended online learning mode. Thus, it brings
the improvement of students’ achievement. Hence, the use of ViChem-Lab in blended
online learning should be emphasized to be further used in chemistry learning to pro-
mote students’ motivation and achievement toward chemistry.

This study performed ViChem-Lab as the supplement of the hands-on laboratory.
As a supplement to hands-on laboratory, students could improve their practical skills
through the hands-on laboratory. They may develop their understanding of the concept
of chemistry that is particularly abstract through the presence of ViChem-Lab. There-
fore, another researcher interested in this topic is recommended to use and compare the
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effectiveness of ViChem-Lab in blended online learning as the replacement of a hands-on
laboratory in future studies. Thus, the potential of ViChem-Lab in blended online learning
as a supplement or replacement for the hands-on laboratory will contribute towards the
new knowledge on the effectiveness of the use of virtual laboratory.
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Santrauka

Siuo tyrimu buvo siekiama i$analizuoti virtualios cheminés laboratorijos migraus mokymosi
rezimu jtakg mokiniy motyvacijai ir pasiekimams mokantis apie elektrolity ir ne elektrolity
tirpalus bei redokso chemijos reakcijas. Siam tikslui pasiekti buvo atliktas kvazieksperimentas
su nelygiavertémis kontrolinémis grupémis prie§ bandymg ir po jo.

Tyrime dalyvavo dvi desimtoky klasés i§ Indonezijos Jogjakartos Slemano regiono valstybinés
vidurinés mokyklos. Viena klasé buvo eksperimentiné, jai buvo taikytas ,,Virtualios cheminés
laboratorijos“ miSrus internetinis mokymasis, o kontroliné klasé mokési praktinéje laboratorijoje
kontaktiniu badu.

Duomenys apie mokiniy motyvacija buvo renkami naudojant mokiniy motyvacijos
klausimyng, o duomenys apie mokiniy pasiekimus - naudojant mokiniy pasiekimy testa.
Duomenys buvo analizuojami naudojant aprasomaja statistikg, n-gain kategorijy analize, Mann-
Whitney U testg ir nepriklausoma imties t-testo metoda.

Sio tyrimo rezultatai parodé, kad virtualios cheminés laboratorijos naudojimas misriame
internetiniame mokyme daro didele jtakg mokiniy motyvacijai ir pasiekimams chemijos
srityje. Be to, virtuali cheminé laboratorija suzadino smalsumg, démesinguma, pasitenkinima ir
saviveiksminguma. Tai yra keturi mokiniy motyvacijos rodikliai, kurie gerina pasiekimus. Taigi,
virtualaus mokymosi laboratorija turéty buti naudojama chemijos pamokose kaip potenciali
mokymosi priemoné, skatinanti mokiniy motyvacijg ir pasiekimus chemijos srityje.

Esminiai Zodziai: virtuali chemijos laboratorija, praktiné laboratorija, misrus mokymasis
internetu, mokiniy motyvacija, mokiniy pasiekimai.
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