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ABSTRACT

The virtual STEM laboratory is a STEM-based learning media alternative as practicum media because the
laboratory has some limitations. This study aims to determine the perspective of chemistry teachers on the
existence and use of virtual STEM laboratories. The method used is descriptive qualitative research, where the
teacher's perspective is obtained from filling out questionnaires and interviews that have been conducted with
eleven chemistry teachers with different teaching periods. The results showed most of the teachers delivered
material based on the syllabus and delivered practicum-based material in a combination. Eight out of eleven
teachers stated that a chemistry laboratory was available in their school, but chemistry practicum was only carried
out on materials where the tools and materials were readily available. All teachers agreed with a virtual STEM
laboratory because it can complement unsufficient facilities. The teacher used virtual STEM laboratory to deliver
materials in the topics of atomic structure, reaction rate, stoichiometry, acid-base, chemical reactions, redox,
chemical equilibrium, voltaic cells, electrolytes and non-electrolytes solution, thermochemistry, electrolysis, and
the colligative properties of solutions. This study concludes that all teachers agree with the development of a virtual
STEM laboratory and are enthusiastic about using it to support chemistry learning.
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1. INTRODUCTION

The laboratory is a means of supporting learning
activities in schools, one of which is chemistry
learning. Understanding chemistry depends on
understanding abstract things, so it is not easy to
connect various chemical concepts [1]. Abstract
material can be studied by conducting experiments or
practicum in the laboratory because it is proven that
learning in the laboratory positively impacts students'
chemistry learning outcomes [2]. Practicum activities
in the laboratory make a positive contribution to
achieving learning goals [3]. The laboratory can be
useful for learning when the teacher's ability [4],
facilities and infrastructure, and laboratory
management are included in the excellent category [5].
Several obstacles cause chemistry lab work in schools
is not always done. Facilities and time constraints are

the obstacles that many schools experience when
doing chemistry lab work [6], [7]. The rapid
development of technology, especially in education,
can help overcome the obstacles experienced.
Chemical materials that are abstract and difficult to do
practicum can take advantage of technology to support
the material's delivery. Technology can help overcome
obstacles in carrying out practicum in real laboratories.

One technology that can be used to overcome
obstacles in a real laboratory is using a virtual
laboratory. The virtual laboratory is one of the media
innovations that can support and enhance chemistry
learning [8]-[10]. The virtual laboratory is considered
an alternative pedagogical approach to address the
limitations in real laboratories. Virtual laboratories are
proven to support practicum-based chemistry learning
[11]-[23]. Virtual laboratories help improve students'
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understanding, skills, and learning independence
towards chemistry learning [14], [15].

As the demands of the 21st century, STEM skills
can be obtained from practicum activities, which are
among the applications of chemical literacy. STEM
education can lead students to have multidimensional
abilities because it is seen as skills, abilities, factual
knowledge, procedures, concepts, and metacognitive
abilities for further learning [16] so that STEM is
considered essential to be introduced to the world of
education. STEM can be integrated via a virtual
laboratory. Virtual STEM laboratories improve
students' understanding of chemistry and improve
STEM literacy [17], [18]. Unfortunately, STEM
integrated virtual laboratories are still rare; this is in
line with the lack of understanding regarding STEM.
To prepare STEM skills obtained from practicum
activities, research that focuses on the teacher's
perspective is needed. This study is intended to
describe the chemistry teacher's perspective on the
virtual STEM laboratory. This research is expected to
provide an overview of a virtual STEM laboratory is
needed to be developed.

2. METHOD

This research is a qualitative descriptive study that
aims to see the chemistry teacher's perspective on
virtual STEM. The teacher's perspective is obtained
from the results of filling out the questionnaire and
interviewing the teacher. Eleven teachers filled out a
questionnaire on the google form, and four teachers
were selected to conduct interviews in the existence of
a virtual STEM laboratory. Eleven teachers were
research subjects from different schools with varying
teaching periods.

A questionnaire consists of twelve open-ended
questions related to chemistry learning, chemistry
laboratory conditions, virtual STEM laboratory, and
teacher expectations. The question items in the
questionnaire were then developed to become material
in preparing the interview sheets. Interview sheet with
in-depth interview protocol. There are several items
with a different number in each category—the
teacher's categories related to chemistry learning,
schools, virtual STEM laboratories, and teacher
expectations. In addition to these four categories, there
is one question regarding other matters related to
chemistry learning that the teacher wants to convey to
researchers. The data from the interview results were
then analyzed and coded to be interpreted using the
rubric that had been made. The data obtained is
divided into two, namely appropriate/ inappropriate
and exposure to a summary of each teacher's answers.
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3. RESULTS AND DISCUSSION

The teacher's perspective is obtained from the
results of a survey and in-depth interviews. The survey
and interview sheets were adapted from several
sources [19]-[21], which have been adapted to the
researchers' needs. The question items are categorized
into four categories: chemistry learning, school
facilities, virtual STEM laboratories, and teacher
expectations. The results of the questionnaire and
interview are summarized in table 1.

3.1 Chemistry Learning

Based on Table 1, in the category related to the
chemistry learning point a, most of the teachers have
delivered the material following the learning
objectives and the applicable syllabus, but there are
still two teachers who are not suitable. Point b in this
category, some teachers do a combination in
delivering material that requires experimentation to
support student understanding. From the questionnaire
results, some teachers chose to play experimental
videos related to the material being taught; some
teachers demonstrated and invited students to do
simple experiments. Based on the results of in-depth
interviews with four teachers, they conveyed theories
related to the material before carrying out a simple
experiment or playing an experimental video. The
material being experimented on was material that did
not require various tools and materials. Activities in
the laboratory are proven to positively impact student
learning outcomes because abstract material can be
experimented with [2].

3.2 Chemical Laboratory Conditions at
School

The next category relates to laboratory conditions
in schools. Eight teachers said that the school where
they taught had a chemistry laboratory available, but
in schools G4, G8, and G9 there were no chemistry
laboratories. Three teachers whose schools do not yet
have a laboratory conducted several simple
experiments in the classroom using available tools and
materials in the surrounding environment. Not all
practicum-based materials were carried out
experiments. The four teachers only conducted
experiments on the material with experiments using
simple tools and materials. Like the research
conducted by Nuswowati, of the 25 practicum
programs in SMA, with 22 programs analyzed, only
eight programs were appropriately completed. The rest
were never completed [6].
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Table 1. Analysis the chemistry teacher’s perspective
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Category ‘ S8 TSP
Chemistry Learning
e The material is delivered according to the syllabus. G, G2, G3, G4, G6, G7, G5, G
G8, G9, G10
e The method of delivering material that requires Combination
experimentation to support student understanding

Chemical laboratory conditions at school

e Practical activities are carried out in the laboratory. G1, G2, G5, G6, G7, G10, G3, G4, G8, G9

G11

e The duration of students often doing the practicum.

Practicum is carried out if the tools and

materials are in the laboratory.

Virtual STEM lab

e Opinions regarding virtual STEM laboratories

G1, G2, G3, G4, G5, G6, -
G7, G8, GY, G10, GN

e Material suitable for virtual STEM laboratories

Atomic structure, reaction rate, molecular
shape, stoichiometry, acid-base, chemical
reactions, redox, chemical equilibrium, voltaic
& electrolytic cells, chemical bonds, electrolyte
& non-electrolyte solutions, thermochemistry,

colligative properties

e The use of virtual STEM laboratories to replace

traditional laboratories

G2, G5, G8, G G1, G3, G4, G6, G7,

G9, G10

e Willingness to use a virtual STEM laboratory

G1, G2, G3, G4, G5, G6, -
G7, G8, GY, G10, GM

Expectations for learning chemistry 9

e Expectations for virtual STEM labs

e The skills students have after the use of virtual STEM

laboratories

Notes:

a indicates that the teacher's answer "Corresponds."
b indicates that the teacher's answer "Unsuitable.”
¢ show teacher to- (1,2,3,4,5,6,7,8,9,10,11)

d these categories are described in the discussion

The next point is related to the duration of frequent
students doing the trial. Most of the teachers said they
rarely did practicum, but G7 said that once a month,
they always did experiments in the laboratory, and
G10 often did practicum because it was adjusted to the
essential competencies of each material. The obstacles
faced by many teachers during practicum activities are
the availability of tools and materials in the laboratory.
Besides, the time duration is considered insufficient,
and there are no laboratory assistants in several
schools. G6 also said that sometimes the schedule that

coincided with other teachers also became an obstacle
to doing a practicum in the chemistry laboratory.
Previous research that facilities and time constraints
are obstacles to chemistry practicum in schools [6],

[7].

In interviews with four teachers, they were asked
about computer laboratories to support chemistry
learning. They said that so far, they had never used a
computer laboratory to support learning. Computer
labs are only used for chemistry exams. However, in
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the four schools, Wi-Fi is available, which can support
student learning.

3.3 Virtual STEM Lab

From the results of the interviews, three teachers
have attended training that discussed the STEM
approach. STEM is an integrated approach to four
main subjects (science, technology, engineering, and
mathematics) to emphasize students' ability to solve
problems creatively and innovatively [22]. Based on
the Table. 1, all the teachers expressed positive things
regarding the virtual STEM laboratory. Most of the
teachers said that a virtual STEM laboratory could
help with learning activities, especially for materials
that required practicum to support understanding and
there was no chemistry laboratory in schools. In
contrast to this, G10 states that the virtual STEM
laboratory is a renewal that can develop teachers' and
students' abilities. Virtual laboratories can improve
learning outcomes, learning independence, and
students' ability to understand concepts and their
implementation in life [15].

Next, questions are asked regarding which material
is suitable for a virtual STEM laboratory. Nine
teachers gave their opinions regarding the appropriate
material as listed in Table 1, while the other two
teachers said it would be better if they were in the
virtual STEM laboratory. Understanding chemistry
cannot be separated from understanding things that are
abstract [1]. Next is the teacher's opinion about using
virtual STEM laboratories as a substitute for real
laboratories. Based on Table 1, seven teachers stated
that they disagreed that virtual STEM laboratories
should replace real laboratories. For them, a virtual
STEM laboratory is a support and an alternative to a
real laboratory. The virtual laboratory is an alternative
for teachers as a practicum medium if the real
laboratory cannot be used for various reasons [13],
[23]. So, experiments in real laboratories must still be
done to support learning, especially for material that is
not enough to just use virtual laboratories in teaching
[19]. While experiments with virtual laboratories can
help students visualize the phenomena that are the
basis of an experiment, so that students are helped
when doing real experiments [24], and are one of the
media that can be used to support learning [8], [9],
[12]. The next point is related to the willingness of
teachers to use virtual STEM laboratories to teach
practicum-based chemistry learning. Judging from
Table 1, all teachers are willing to use the virtual
STEM laboratory. STEM can be presented in a virtual
laboratory so that students can build skills acquired
through STEM learning [18]. A virtual STEM
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laboratory can assist in achieving learning goals in a
more time-efficient manner. This is following the
practicum role in learning chemistry, which makes it
easier to achieve competency in knowledge, skills, and
shape student character [25].

3.4. Expectations for Learning Chemistry

The teacher expressed some hopes after using the
virtual STEM laboratory. Practicum with a virtual
STEM laboratory is expected to be able to make
students more familiar with chemical concepts so that
learning outcomes and student creativity can increase.
The virtual STEM laboratory makes students feel
more actively involved during the experiment because
they can control the experiments themselves [23],
[26]. Students must be actively involved in STEM
learning [27]. The teacher also hopes that students
have more thinking and creativity skills than
practicum with ordinary laboratories. Student
creativity needs to be continuously trained so that
students' high-level thinking skills increase [28].
Virtual STEM laboratories can also improve students'
STEM literacy [17], where the skills obtained from
STEM literacy can help solve problems in real life
[29]. Creative students can increase their knowledge
of learning and its relationship in life [30].

The eleven teachers who were the subjects in this
study did not provide expectations or input that
focused on STEM. They convey more hope for virtual
labs. However, the expectations expressed by some of
these teachers implicitly alluded to the STEM learning
outcomes. The teacher hopes that students have the
critical thinking, creative, literacy skills, and can take
advantage of technology more than practicum with
real laboratories. Students' 4C skills can be improved
through STEM-PjBL learning [31]. The teachers have
understood and understood the outcome of STEM
learning, so they showed a positive perspective
towards the virtual STEM laboratory and were very
enthusiastic about the development of the virtual
STEM laboratory.

The virtual STEM laboratory is expected by
teachers to be able to help the learning process. The
teacher shares some of the advantages of the virtual
STEM laboratory in chemistry learning. With the
virtual STEM laboratory, students still get real
experiences like in traditional labs [9], [32], which can
improve students' science process skills [32], support
the chemistry learning process [9]. In addition, with a
virtual STEM laboratory, students can gain a better
understanding of theoretical topics [33] and can
implement them in life. It is hoped that the virtual
STEM laboratory that will be developed is easily
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accessible and applied in chemistry learning. Teachers
really hope that the virtual STEM laboratory can help
with problems related to real laboratories in schools so
far. However, in addition to strengths, virtual
laboratories also have weaknesses, namely, students'
skills in using laboratory equipment and tools,
measuring, and collaborating with friends cannot be
obtained from a virtual STEM laboratory [34].

In addition to the four categories previously
discussed, in the interviews conducted with four
teachers, they also conveyed several things related to
chemistry learning. G1 said always to motivate
students to be interested in learning chemistry with
pleasure. Students are invited to try new things such as
practicums with virtual STEM laboratories so that it is
more fun because they seem to like playing games on
their cellphones or laptops. Student motivation can be
obtained from activities that involve students in
project-based learning [35]. G2 said that all of the
materials would not be conveyed if practicum-based
materials were carried out by practicum all because
each material needed several repetitions to understand
the students. It is felt that a virtual STEM laboratory
will be very helpful in delivering chemistry material,
understanding students, in a more efficient time so that
all material can be conveyed. According to G3,
chemistry learning must be made as attractive as
possible, teachers must be creative so that learning is
not monotonous and students are always happy and
comfortable when learning. The virtual STEM
laboratory will be very attractive to students. After all,
it is considered contemporary because it can be done
on students' laptops or cellphones. This is supported
by the results of research which states that chemistry
teachers must use computer simulations in learning so
that student performance and motivation in learning
chemistry increases [36]. G4 said that every chemistry
lesson must have something different so that students
don't get bored but still the material is conveyed and
students understand, because the way the teacher
delivers the material can affect student understanding
[37].

4. CONCLUSION

Nine out of eleven teachers stated that the material
presented in chemistry learning was following the
syllabus. Practical-based material is delivered in a
combination way, namely the delivery of theory
before demonstrations, practicum, or experimental
video screenings are carried out. Meanwhile,
regarding the laboratory condition in the school, eight
teachers said that a chemistry laboratory was available,
and three other teachers said there was no chemistry
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laboratory in the school they taught. Practical
activities are only carried out on materials whose tools
and materials are easy to obtain and can be done
simply. In the category related to virtual STEM
laboratories, eleven teachers agreed with a virtual
STEM laboratory because they considered virtual
STEM laboratories complementary when traditional
laboratories were inadequate. According to them,
materials suitable for virtual STEM laboratories
include atomic structure, reaction rate, molecular
shape, stoichiometry, acid-base, chemical reactions,
redox, chemical equilibrium, voltaic & electrolysis
cells, chemical bonds, electrolyte & non-electrolyte
solutions, thermochemistry, and colligative nature.
Eleven teachers have a positive perspective on the
virtual STEM laboratory. They already know about
STEM, but do not explain it explicitly when answering
their hopes for a virtual STEM laboratory. From the
research that has been conducted, it is known that all
teachers are enthusiastic and agree to use a virtual
STEM laboratory to support chemistry learning.

The results of this study can be used as a basis in
developing a virtual STEM laboratory. The use of
virtual STEM laboratories in chemical materials or
other materials that require practicum can be a
consideration for schools in supporting learning
during the Covid-19 pandemic.
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