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The blended laboratory model in this study refers to an integrated laboratory
concept combining synchronous (real laboratory activities) using the
Internet of things (IoT) and asynchronous learning with augmented reality
(AR). The application of blended laboratory model in science learning
teachers is still low in Indonesia due to the lack of ICT support for online
learning. This preliminary study was conducted to analyze the need for the
development of the blended laboratory model with 10T and AR involving
45 science teachers and 42 junior high school students as the respondents
with stratified random sampling technique. The research method employed
survey and focus group discussion. The results of the study showed that (1)
67% of teachers and 92% of students have never used AR, (2) 72% of
teachers and 89% of students have never utilized 10T, (3) 65% of science
laboratories in the junior high school do not have proper devices for AR
application, (5) 76% of science laboratories in the junior high schools are
not facilitated with proper equipment for the loT application, (6) the
respondents stated that the development of blended laboratory is very
important (72%) and important (18%) to support IT-based learning,
especially to deal with the conditions after the Covid-19 outbreak.
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INTRODUCTION

Covid-19 outbreak occurs along with the
disruption era of the Industrial revolution 4.0 and
society 5.0 that escalated the massive use of digital
technology among the community and learning
activities throughout the world including Indonesia.
According to Jackman (Sharma & Thanaya, 2016),
this 4.0 revolution era cannot be separated from the
rapid ICT development since technology plays
crucial role in this shift of sociocultural quantum.
Currently, technology has totally changed the way of
people life, such as the learning process. The
teachers’ duties are now to balance skill building with

technology, core principles and suitable learning
experiences for optimal students’ development
(Keoh et al., 2014).

The challenge of science learning in the future is
how to optimize ICT as part of the media that is
needed both during and post Covid-19 pandemic. In
addition, to anticipate the demands of the era of
disruption, we need the partnership for the 21st
century which can be identified from the four
"Learning and Innovation skills" consisting of
creativity, critical  thinking, = communication,
collaboration (Bishop, 2017). This disruption era,
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education is in the knowledge age with an
extraordinary acceleration for knowledge that must
be supported by the application of digital media and
technology called the information superhighway.
The learning activity model in the knowledge age
must be adapted to the future needs among students.
It means that the learning materials should be
designed to be more authentic related to support the
in solving their learning problems. Problem solving
leads students to searches answers and find solution
within the learning context utilizing available
information resources (Trilling & Hood, 1999).
Teachers are challenged to provide creativity in
learning process through examples and direct
practice where they teachers act as a model of
creative behavior. With a supportive environment,
students will be able to make connections between
learning materials and the surrounding environment
through the appropriate learning designs (Seidel et
al., 2009). This demand has raised the urgency of the
integrated laboratory model

The blended laboratory model is a term proposed
by the researchers to put forwards the concept that
combine between realistic laboratory activities
(synchronous) using multisensory based Internet of
Things (loT) with the MQTT protocol and virtual
laboratory activities wusing augmented reality
(asynchronous). The concept of blended laboratory is
inspired by a recent issue that is relevant to this
research, i.e., blended learning. This model is very
important to be developed as part of Indonesia's
efforts to catch up in the field of science and
technology learning among the other developed
countries. The systematic efforts based on clear
achievement indicators are needed, one of which is
the development of this research as a network system
that connects science laboratories with internet
networks and sensor systems to obtain relevant data
information of science learning in real time. This
system is divided into two parts, wireless sensor
nodes and loT (Sharma & Thanaya, 2016).

In general, loT can be interpreted as the
connection of various surrounding objects through an
internet  network. Here, loT requires a
communication line that suits the needs of the system
like the MQTT protocol (Chrisyantar et al., 2018) to
provide realistic practical learning in the science field
to be more meaningful and complete. loT as a
scientific development is very promising to optimize
the quality of life including education based on smart
sensors and smart devices that work together through
the internet network (Keoh et al., 2014). With the
large number of things/objects and sensors/actuators
connected to the internet, massive and real-time (in
some cases) data streams will be automatically
generated by the connected things and sensors. Of all
the activities that exist in 10T is to collect the correct
raw data in an efficient way but the analysis and the

processing of raw data into more valuable
information is the most valuable (Wang et al., 2013).

Although the characteristics of science learning
are hands-on investigations of natural phenomena,
but the Covid-19 pandemic situation and the rapid
development of digital technology drive to develop a
virtual practicum using Augmented Reality (AR).
The AR applications for laboratory activities are
designed in 3-Dimensional (3D) object recognition.
This AR technology is used to provide direction or
guidance to students in the form of integrated science
practicums (Biology, Physics, and Chemistry) with
the virtual 3D object innovations that are displayed,
not only to be seen but also sensed. Users can use
smartphones to track a cube that is specially designed
to display 3D Science objects (Wahyudi & Andria,
2018). The unity of 3D can also be used to create
other interactive content, such as architectural visuals
and real-time 3D animation. Apart from being a game
engine, tis unity of 3D can also be used as an editor
for the existing games (Rahman, 2014).

The problem that needs to be anticipated related
to the application of a blended laboratory is the
supporting ICT facilities and infrastructure in a
laboratory. It means a need analysis of blended
laboratory must be done related to the adequacy of
the supporting facilities for science learning with the
loT and AR. The purpose of this needs analysis is not
to determine the urgency to develop a blended
laboratory because it will be a crucial factor for the
future demands, particularly in science practical
course in junior high schools. This need analysis was
carried out to obtain a map of the ICT which was
required by the science laboratories of junior high
schools in Indonesia related to the application of
blended learning for practical activities. The need
analysis is also needed as a policy recommendation
for partner schools that collaborate with the research
team in developing and testing the blended laboratory
model.

METHOD

This research belongs to a quantitative research
with descriptive survey method. According to
Moleong (2012), descriptive data is in the form of
written or oral descriptions of people and observable
behavior. Similarly, Sugiyono (2014) highlights that,
in the survey method, the researchers collected data
by distributing questionnaires where the researchers
did not give treatment as in the experiment.
Questionnaires are used to obtain data from certain
natural populations. Kusumawati (2015) explains
that descriptive qualitative research requires data in
the form of words and documentation (photos,
videos, tapes, memos, personal documents, official
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documents, other documents) which are obtained
from interviews and field notes.

In this descriptive quantitative study, the collected
data was in the form of a scale based on the
perceptions of teacher and student as the respondents
that illustrated the readiness of the science laboratory
in junior high school to implement the application of
blended laboratory learning with 10T and AR. The
sampling technique was a probability sample
technique with proportionate stratified random
sampling. Proportionate stratified random sampling
refers to a technique or method of taking sample
members from a population that is not homogeneous
and stratified proportionally (Sugiyono, 2014). The
different populations number in each school became
the reason for taking sample members with
proportionate stratified random sampling.

This research was conducted by analyzing the
needs of the science laboratory in junior high school
that had not owned the facilities to develop 10T and
AR learning for blended learning model in science
practicum in junior high school. The population in
this study were 7th, 8th, and 9th grade students from
12 junior high schools through online survey. The
determination of the samples number referred to the
Isaac and Michael table with the 5% error rate which
resulted in a total sample of 45 teachers and 42
students as the respondents.

There were two kinds of variables in this study,
the availability of laboratory facilities to support the
application of AR and IoT and the teachers’ readiness
in mastering ICT to support the practical learning
using the blended learning concept. The availability
of facilities in this study includes availability of
internet network, computers with minimum
specifications that can be connected to AR and loT
applications and supporting devices to implement
virtual laboratories.

The obtained data based on the survey regarding
the need for the development of the blended
laboratory model were calculated using the following
formulas, while the data from observations,
interviews and documentation were analyzed
descriptively.

% = 2x 100 %
N

n = gain scores from the respondent
N = maximum scores from the respondent
% = Percentage

(Suharsimi Arikunto,2009:236).

RESULT

The Covid-19 pandemic has lasted for almost 2 years
and demanded the development of a hybrid
learning/blended learning/mixed method learning
model. In practical activities, this model combines
two learning activities, namely synchronous and

asynchronous which requires students to learn by
utilizing various teaching materials, such as print,
audio/visual and network-assisted, as well as joining
online practicums.

The blended laboratory model in this study employed
an integrated laboratory activity concept that mixed
the realistic laboratory activities (Synchronous) using
the Internet of things (loT) and asynchronous
activities using augmented reality (AR). The
application of blended learning for practical activities
in the science laboratory seems low in Indonesia. One
of the main causes is the lack of ICT support in the
laboratory for online learning. This preliminary study
involving science teachers and junior high school
students as the respondents to analyze the need for
the development of the blended laboratory model in
the context of the adequacy of supporting facilities
for science learning using the loT and AR.

Based on the initial questionnaire that had been
completed by the science teachers and the students,
the several results can be presented as follows. The
majority of teacher and student respondents are not
familiar with AR and loT technology. The results of
the study show that (1) 67% of teachers and 92% of
students have never used AR, (2) 72% of teachers and
89% of students have never used I0T.

TEACHER AND STUDENT EXPERIENCE USING AR AND 10T

u Never Ever

Student

Teacher | -
AR loT AR loT

Figure 1. Techers and Students Experiences in
Using AR dan loT

Though in the pandemic situation, practicum
activities must go on because it is very important to
develop science process skills and students' concepts
understanding. Decaprio (2013:16) mentions that the
laboratory is a place for a group of people who carry
out various research activities, observation, training
and scientific testing as an approach between theory
and practice from any disciplines. It shows that for
whatever reasons the laboratory activities should be
continued although in an online system. It indicates
that AR and 10T technology are very appropriate to
be mastered by science teachers and junior high
school students in this current situation.

Hawkins & Phelps (2013) clarifies that a
virtual laboratory can be used instead of a real
laboratory because it produces an understanding that
is quite similar. The use of virtual laboratories is still
rare in Indonesia, especially in science subjects, so it
needs to be developed and studied further. Virtual
laboratories are claimed to be able to improve student
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learning  achievements, such as cognitive
achievement and scientific attitudes (Tlyslz, 2010).

There are minimum requirements of the IT
facilities to implement virtual laboratories. Based on
the survey results, it was found that 65% science
laboratories of junior high school do not have
appropriate equipment for the AR application, and
76% for loT application. The minimum
specifications to run the blended laboratory model in
the junior high school level is presented in Table 1
below.

Table 1. The minimum infrastructure to run

blended laboratory system
Minimum Specification for IT Software

Specification for AR

1. CPU: Intel Core i5 4590 / AMD Ryzen 5 1400

2. GPU: NVIDIA GTX 1060/ AMD RX 470/570 or
greater

3. RAM: 8GB

4. 0OS: Windows 10 October 2018 or newer

5. Ports: 1x HDMI 2.0 or DisplayPort + 1x USB 3.0
port

6. Bluetooth 4.0

Specification for l1oT

1. the application can be installed on Android devices.

2. the system can only be accessed via the .apk format
file that has been installed on the Android device.

3. The application can be run on at least Android
version 4.2 (Jellybean).

4. Simple user interface to assist the users

Junior High School Science Laboratory Readiness to Apply AR and loT

Ready W Not Ready

Figure 2. The Readiness of Science Laboratory
Infrastructure to implement a blended laboratory for
science practical learning

The existence of a virtual laboratory is the most
practical learning alternative during this pandemic
condition. Mintz (1993) states that computer
simulation can enhance students’ motivation and
desire to learn science. Similarly, Roth & Choudhury
(1993) emphasize that computer simulation can
activate students' science processing  skills.
Lazarowitz & Huppiq (1993) agree that computer
simulation can improve students' science process
skills which is in line with the opinion of Lavoie &
Good (1988) that computer simulation can improve
predictive skills where computer simulation proved
to be an effective tool to improve students' hypothesis

formulation, graph interpretation and prediction
skills. Sahin (2006) also recommend further research
using computer simulations for distance education
laboratories. Lindgreen and Schwartz (2009) add that
four things from the latest simulation design that
influence vivid learning are image quality, attention
grabbing, structure, and sound.

In addition to supporting infrastructure for the
implementation of virtual laboratories, researchers
also need to look at the responses of teacher and
student respondents regarding the importance of
learning using AR and loT technology for science
learning. The results show that 77% of respondents
stated that it was very important and 18% important
about the development of a blended laboratory model
to support IT-based learning, especially to anticipate
conditions after the Covid-19 pandemic.

THE IMPORTANCE OF APPLICATION OF AR AND 10T IN
SCIENCE LEARNING IN JUNIOR HIGH SCHOOL

M Very Important M Important Not Important

Figure 3. The percentage on the perception among
teachers and students on the importance of loT and
AR for Practical Science Leaning in Junior High
School

Theory and practice in science learning
must be in line. It means that the theoretical
learning and the laboratory practicum must run
side by side. The application of ICT in science
teaching like VR-based laboratories is very
meaningful for demonstration (Bakar et al., 2013).
A virtual laboratory can be used instead of a real
laboratory because it can provide similar
understanding among students (Hawkins &
Phelps, 2013). In fact, virtual laboratories are
claimed to be able to improve students’ learning
achievements, such as cognitive achievement and
scientific attitudes (Tuystz, 2010). These two
variables are used as variables in this study
because, theoretically, scientific attitude is
students’ internal factor that has a positive
correlation with student achievement (Sihombing,
2016). It means that the higher scientific attitude,
the better learning achievements will be obtained
by students (Martasari et al., 2012).

CONCLUSION

A virtual laboratory can be used as a substitute for
real laboratory settings because it can present a
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similar understanding among students. That is why,
it should be developed optimally, and, for this reason,
a need analysis has been carried out regarding the
development of a virtual laboratory. The results of
the study showed that (1) 67% of teachers and 92%
of students have never used AR, (2) 72% of teachers
and 89% of students have never utilized 0T, (3) 65%
of science laboratories in the junior high school do
not have proper devices for AR application, (5) 76%
of science laboratories in the junior high schools are
not facilitated with proper equipment for the loT
application, (6) the respondents stated that the
development of blended laboratory is very important
(72%) and important (18%) to support IT-based
learning, especially to deal with the conditions after
the Covid-19 outbreak
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