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Abstract. This study aims to analyze physics learning based on HOT Laboratory. The research method uses a literature
review. Data collection was based on the Scopus, DOAJ, I0P Science, and Google Scholar database sources. The types of
documents come from journal articles and conference papers with the keywords "HOT-Laboratory", "HOT-Lab", "Higher
order thinking laboratory" and "HOT Lab" from 2015-2021. Based on a search through Harzing's Publish or Perish with
these keywords, 957 articles were found. Articles that are eligible and reviewed are 21 articles. The literature review used a
procedure adapted from PRISMA. Published documents are checked based on pre-determined content analysis criteria
involving a year of publication, author, article source, the topic of practicum material, research subject, HOT Laboratory
model innovation. The results showed that the topic of physics material that is often used in research is electricity. The
dependent variable that is often used for research on the HOT Laboratory model is critical thinking skills. Other dependent
variables used creative thinking skills, problem-solving skills, decision-making skills, collaboration skills, and scientific
communication. The HOT Laboratory model is mostly applied to prospective physics teacher students. The HOT real
laboratory is a practicum model that is often used in research. The HOT real laboratory provides real experience and
laboratory skills for students. The innovation of the HOT Laboratory model was developed into a HOT Virtual Laboratory
based on considerations of effectiveness and efficiency, the development of ICT. The e-module-based HOT Laboratory is
based on the easy accessibility of e-modules and the development of ICT. The HOT Laboratory model can be applied to
material topics related to the student context, and to develop habits of minds.
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INTRODUCTION flexibility and interactive learning; making it
easier to understand various abstract concepts;
having the ability to demonstrate theory;
generating satisfaction in acquiring theoretical
knowledge (Darrah et al., 2014; Hut, 2006; Odeh
et al., 2015).

The main objective of physics practicum is to
increase knowledge of physics; develop practical
skills; arouse interest, develop creative thinking
and problem-solving abilities; improve scientific
thinking skills and provide practice in
experimental methods (Deacon & Hajek, 2011).
Practical activities also offer context-rich
learning experiences, improve conceptual
understanding, develop practical skills (Byers,

21st-century skills can be trained and
developed in classroom learning and practical
work in the laboratory. Practical activities have an
important role in the science education
curriculum (Mamlok-Naaman & Barnea, 2012).
Practicum is understood as a core activity in
science education (Ha & Kim, 2020). Practicum
in the laboratory is an integral part of teaching and
learning physics that can generate motivation and
achievement in learning physics; develop basic
experimenting skills; become a vehicle for
learning to apply the scientific method; develop
higher-order thinking skills; provide practical
skills; and a vehicle for confronting students' .
preconceptions (Hofstein & Lunegt]ta, 2004: 2002), and is the best way to reflect on the nature

Srisawasdi & Kroothkeaw, 2014; Susantini et al., of science (Brewe et al., 2009). S
2012). The facts show that laboratory activities in

several schools in West Java mostly use
cookbooks that lead to verification laboratory

A virtual laboratory is very important to support 310(_3Iel_ aCt'V.'t'eSI' tea_chers haave d|f|f|cu_lty
practical activities for students of educational Ieglgnlng, mp_e_mentlr;]g, Iar|1( feva Eatl_ng
institutions (Potkonjak et al., 2016). The virtual 'avoratory activities, the fack of  physics

laboratory has several advantages compared to a practlctumf eqm?r:nent, practt!cum ac’il.v!';!es are
real laboratory including saving learning time; Eeﬁ)gr?e_ rom theory, ptrac "(\:/IUTka;“é' ;?S are
developing independent learning; increasing eld twice in one semester (Mali ctiawan,

2015; Malik, Aliah, Susanti, Ubaidillah, &

Physics practicum activities can be carried out
through real laboratories and virtual laboratories.
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Ramdani, 2020). The cookbook verification
experiment style often dominates science in
schools (Ha & Kim, 2020). Practicum using
cookbooks is limited in task instructions and
focuses on procedures (Millar & Abrahams,
2009). The traditional ‘“cookbook” practicum
emphasizes more on proving facts and concepts
and does not involve mental processes and
students’ habituation of thinking during the
learning process (Saribas et al., 2013).
Verification laboratory activities tend to teach
students to use formulas in worksheets in solving
elasticity =~ problems  without  reasoning
conceptually (La Braca & Kalman, 2021).

HOT Laboratory is a combination of creative
problem-solving learning model and problem-
solving laboratory model (Lisdiani, Setiawan,
Suhandi, Malik, & Safitri, 2019). HOT
Laboratory has five stages: 1) understanding the
challenges, 2) producing ideas, 3) preparing for
practicum activities, 4) carry out practicum
activities, and 5) communicate and evaluate the
results of activities, then decomposed into 11
activities, namely: real-world  problems,
determining and evaluating ideas, experimental
guestions, tools and materials, predictions,
method questions; exploration, measurement,
analysis, conclusion, and presentation. The
verification practicum model consists of 9 stages,
namely: objectives, theoretical basis, tools and
materials,  preliminary  assignments, trial
procedures, measurements, analysis, conclusions,
and final reports (Malik, Setiawan, Suhandi, &
Permanasari, 2018; Setiawan et al., 2018; Safitri,
etal., 2019; Lisdiani etal., 2019). The verification
laboratory consists of 9 stages: objective,
theoretical basis, tools and materials, preliminary
assignment, experimental steps, measurement,
analysis, conclusion, and final report (Setiawan et
al., 2018).

The Higher Order Thinking Laboratory (HOT
Lab) has been applied as an experimental model
in colleges and schools. The HOT Laboratory
model shows good results in student achievement
after using it as a learning activity. The results
show that the practice of developing competence
is good if it is used more than once (Setiawan et
al., 2018). HOT Laboratory improves decision-
making skills (Erlina et al.,, 2018), critical
thinking skills (Malik et al., 2018), scientific
communication skills (Malik et al., 2018; Malik
& Ubaidillah, 2021), creative thinking skills
(Malik, Setiawan, Suhandi, & Permanasari,
2018), and problem-solving (Sutarno et al., 2019)

Studies on higher order thinking laboratories
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are still relatively new, so a literature study was
conducted to reveal the scope of the HOT
Laboratory topics from 2015 to 2021. This
research answers the following research
questions: 1) How is the topic classification of
physics practicum material used in HOT
laboratory research? 2) What is the research
objective (bound variable) in HOT laboratory
studies? 3) What are the characteristics of HOT
laboratory research subjects? 4) How is the
innovation of the HOT Laboratory model? 5)
Why is HOT Real Laboratory much in demand by
researchers in research? 6) Why was HOT
Laboratory developed into a HOT Virtual
Laboratory and an integrated HOT Lab e-module
and what was the impact? For this reason, a
literature review approach was carried out with
the aim of analyzing the results of previous
research on HOT Laboratory in physics learning.

METHODS

Based on research questions about the scope
of HOT Laboratory research systematically. A
systematic review using a modified procedure of
Systematic  Review and  Meta-Analysis
(PRISMA) (Page et al., 2021). The procedure
consists of identification, screening, eligibility,
and inclusion. The research procedure is shown in
Figure 1.

Research data collection was carried out using
online searches from data-based journal indexers
such as Google Scholar, IOP Science, DOAJ,
Scopus published between 2015-2021. The
keywords used in the search were: “HOT-
Laboratory”, “High order thinking laboratory”,
and “HOT Lab”. From the search data using
Publish or Perish obtained 957 articles. The
articles reviewed were 21 articles that were
considered eligible.

All data used in this study are considered
eligible if they meet the following criteria: the
research was conducted at the primary,
secondary, and higher education levels, the
subjects used as the object of research were the
field of physics education, the research subjects
were students, students, teachers or lecturers,
references came from journals and published
online national and international proceedings.
Publications in the form of theses, theses, or
dissertations that have not been published as
journals are not used in this study. Types of
articles that come from book chapters, book
reviews, editorials, and commentaries are
excluded from the analysis. Data that meets the
criteria are then coded for further analysis. All
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articles were analyzed based on 4 categories: 1) based on research subjects, 4) classification based
classification based on topic/practical material, 2) on HOT Laboratory model innovation. Data were
classification based on research objectives analyzed and completed with frequency and
(research independent variable), 3) classification percentage.

Searching articles Article search results
{Google Scholar, I0P, DOAI, Scopus) n=957

h 4

Identification

Identifying title, abstract, and
keywords, of the relevant article

l

=0
E Assessing the full-text articles for
u eligibility
’ l
= . .| Excluded the full-text articles
= Eligible » -
= n=22 n=1
=
- l
Studying/analyzing the included the
full-text articles
S y
= C ] 21 article were
2 Synthesizing/Concluding the - considered in the
- included full-text articles analysis n =21
Figure 1. Research procedure
RESULTS AND DISCUSSION physics practicum learning with a variety of

T diverse materials. Based on a study of 21 articles
related to HOT Laboratory in physics practicum,

) ) ~ the classification of materials is shown in Table
Research with the topic of HOT Laboratory in 1

Distribution of physics material topics in HO
Laboratory

Table 1. Distribution of physics material topics in HOT Laboratory

No Material topics Frequency Percentage (%)
1 Electrical circuits 6 28.57
2 Heat transfer 3 14.29
3 Elasticity 3 14.29
4 Force 1 4.76
5 Hooke law 1 4.76
6 Concept and physics law 1 4.76
7 Basic physics practicum 1 4.76
8 AC Transformer 1 4.76
9 Photoelectric effect 1 4.76
10 Basic physics practicum 2 1 4.76
11 Wave 1 4.76
12 Kinetic theory of gases 1 4.76
Total 21 100
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The data in Table 1 shows that for HOT basic topic at all school levels, with a broad scope
Laboratory research, the most electrical circuit and often misconceptions (Masson et al., 2014;
materials used in research (Malik et al., 2018; Memis & Seven, 2015). Students often have
Setiawan, Suhandi, & Permanasari, 2018; Malik et difficulty understanding electrical circuits (Baser,

al., 2018). Research studies using electrical circuit 2006).

materials in the HOT virtual laboratory model have
been carried out by Sapriadil et al. (2019). Research
that applies the HOT Laboratory model to force
(Setiawan et al., 2018), Hooke law (Safitri et al.,
2019), heat transfer (Malik et al., 2019; Lisdiani et
al., 2019), concepts and laws of physics (Ismail et
al., 2019), elasticity (Malik et al., 2018; Malik &
Ubaidillah, 2020), photoelectric effect (Sutarno et
al., 2019), basic physics practicum 2 (Putra,
Agustina, et al., 2021), basic physics practicum
(Malik & Setiawan, 2015), AC transformer (A.
Malik et al., 2017), Kinetic theory of gases (Erlina
etal., 2018).

Electrical material is a basic material and is
studied by other science majors (Tiruneh et al.,
2017). The concept of electricity is one of the main
concepts in physics and requires experimentation
(Gunawan et al., 2017). The topic of electricity is a

Research objectives (research variables) in
HOT Laboratory research

Based on an analysis of 21 articles on HOT-
Laboratory, the research objectives revolve
around descriptively comparing the effect of
HOT-Laboratory as a treatment in the
experimental class and verification of lab models
as a treatment in the control class. The research
objectives studied ranged from critical and
creative thinking skills that were measured
simultaneously, critical thinking skills, creative
thinking skills, scientific communication skills,
creative problem-solving skills, and decision-
making skills. The classification of research
objectives of the 21 research articles is presented
in Table 2.

Table 2. Research objectives in HOT Laboratory research

No Research purposes Frequency Percentage (%)
1 Critical thinking skills 9 42.86
2 Creative thinking skills 5 23.81
3 Scientific communication skills 3 14.29
4 Critical and creative thinking skills 2 9.52
5 Critical thinking skills and creative problem solving 1 4.76
6 Decision-making skills 1 4.76
Total 21 100

Research related to testing the effect or impact
of the HOT Laboratory, among others, is research
that aims to compare students' creative thinking
skills and critical thinking skills taught using the
HOT Laboratory model and laboratory
verification model. (Setiawan et al., 2018). Study
form Safitri et al. (2019) aims to measure
differences in students' creative thinking skills
given two different models of laboratory
activities. Other research related to critical
thinking skills and decision making (Erlina et al.,
2018) by applying HOTVL physics practicum in
the experimental class and virtual verification lab
in the control class. Research related to scientific
communication skills provides two different
models of practice (Malik et al., 2018; Malik &
Ubaidillah, 2021; Sapriadil et al., 2018).

The data in Table 2 shows that studies that
focus on critical thinking skills by applying the
HOT Laboratory model using e-modules (Putra et
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al., 2021). HOT Laboratory research that focuses
on improving students' creative thinking (Safitri
etal., 2019; Ismail et al., 2019), and the influence
of HOT Laboratory on creative thinking skills in
prospective physics teachers (Malik et al., 2018).
Based on the information in Table 2, the critical
thinking skills variable is the most dependent
variable in the HOT Laboratory research. HOT
Laboratory has succeeded in improving students'
21st century skills.

Characteristics of research subjects HOT
Laboratory

Research that examines the HOT laboratory
using a variety of research subjects. Based on the
21 articles studied, the distribution of research
subjects was obtained from prospective physics
teacher students from various universities, and
high school students. The data on the distribution
of research subjects are presented in Table 3.
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Table 3. Characteristics of research subjects HOT Laboratory

No Research subjects Frequency Percentage (%)
1 Pre-service physics teacher 16 76.19
2 High school student 5 23.81
3 Middle school students 0 0.00
4 Elementary School Students 0 0.00
Total 21 100.00

The data in Table 3 shows that research related
to the HOT Laboratory is the most widely used
research subject by prospective physics teacher
students, followed by high school students.
Meanwhile, research has never been conducted
with students from junior high school and
elementary school as the subject.

HOT Laboratory research on prospective
physics teachers has been carried out by
(Setiawan et al., 2018) which uses research
subjects from pre-service physics teacher
students at one of the universities in Bandung.
Study by Malik et al. (2018) using the research
subject of prospective physics teacher students at
the physics education study program at UIN
Sunan Gunung Djati Bandung. Study by Sutarno
et al., (2019) using the research subject of pre-
service physics teachers in the Physics Education
study program at Bengkulu University with 35
prospective physics teachers consisting of 9 men
and 26 women with an age range of 19-22 years.
Study by Malik & Ubaidillah (2020) using the
subject of prospective physics teachers at 4
Islamic colleges. Pre-service physics teacher are
future agents of change in laboratory learning.

Research has been carried out by Safitri et al.,
(2019) using research subjects of high school
students in class XI in one of the districts of
Sukabumi, West Java with a total sample of 61
(consisting of 30 experimental class students who
were taught by the HOT laboratory and 31
students were taught using the verification lab
model). Study by (Lisdiani et al., 2019) using
research subjects of class XI high school students

in one of the Tasikmalaya districts, West Java.
The research subjects were 72 students. Study by
Ismail et al. (2019) using research subjects of high
school students in Indonesia.

The research subject if viewed from Piaget's
cognitive theory of students aged 11 years and
over is a formal operational stage. High school
students and prospective physics teachers have a
better level of abstraction and are able to think
better when compared to the concrete operational
stage (students aged 7-11 years) (Baptista et al.,
2019; Nakiboglu, 2008). HOT Laboratory is
designed to develop higher-order thinking skills,
students are required to abstract, plan actions,
make decisions from several choices of ideas,
design experiments, and evaluate actions. So it is
natural that the research subjects in junior high
and elementary students have not become
research subjects. There is an opportunity for
junior high school students to be used as research
subjects using the HOT Laboratory, but they need
extra support from the teacher. The cognitive
characteristics of junior high school students are
the transition from the formal operational
thinking stage to the concrete operational stage.

HOT Laboratory Innovation

Based on an analytical review of 21 articles
related to the HOT Laboratory, there are several
variations of the types of strategies used by
researchers in physics practicum activities. The
HOT Laboratory strategy study data is shown in
Table 4.

Table 4. Classification based on HOT Laboratory innovation

No Type Frequency Percentage (%)
1 HOT Real Laboratory 17 80.95
2 HOT Virtual Laboratory 3 14.29
3 HOT Laboratory based e-Modul 1 4.76
Total 21 100

The data in Table 4 shows that the HOT
Laboratory development innovation is based on a
literature study. HOT Laboratory innovation
carried out by Erlina et al., (2018) in practical

activities using virtual laboratory media, HOT
Virtual Laboratory. Giving HOT Virtual
Laboratory treatment in student practicums can
train students to identify problems through
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observation, make several alternative decisions,
make the best decisions and act to find decisions.
HOT Virtual Laboratory in physics practicum
activities gave a positive effect as much as 78%
of students experienced a high increase, 19% of
students experienced a moderate increase and 3%
experienced a low increase in decision-making
ability. Research recommendations can be carried
out on other physics learning materials and at
different levels (Erlina et al., 2018).

Other research conducted by Putra et al.,
(2021) by innovating the e-Module-based HOT
Real Laboratory. The e-Module-based HOT Real
Laboratory was developed with ADDIE model
development research with valid results. The
results showed that the e-Module-based HOT
Real Laboratory improved the critical thinking of
prospective students for physics teachers.

HOT Real Laboratory

HOT real laboratory is a real practicum
activity carried out in a laboratory and oriented to
the development of higher-order thinking skills
(Makiyah et al., 2019; Malik et al., 2017). HOT
Laboratory in its implementation is categorized
into HOT real laboratory and HOT Virtual
Laboratory. HOT Laboratory as an initial
practicum model designed for real experimental
activities in the laboratory.

HOT Laboratory is a development of the
integration of design problem solving laboratory
and creative problem solving (Malik & Setiawan,
2015). The HOT Lab in the electrical circuit
practicum consists of 5 processes which include
understanding challenges, generating ideas,
preparing practicum, implementing practicum
and communicating and evaluating results, in
which there are 11 stages which include:
answering context-rich problems, determining
and evaluating concepts, answering experimental
problems, prepare materials and tools, answer
predictions, answer method questions, explore,
measure, analyze, draw conclusions, and present
results (Malik et al., 2018).

HOT Laboratory in its development
underwent a syntax change in the RLC electrical
circuit experimental activities, namely the
existence of a session before the practicum, the
practicum implementation session, and the
session after the practicum. Sessions before
practicum (understanding real world problems,
defining and evaluating ideas, answering
experimental questions, answering conceptual
guestions, answering predictions); during the
practicum  session  (preparing tools and

discussing: exploration, measurement, processing
and analyzing data, writing conclusions); session
after practicum (presenting) (Malik et al., 2018).

The HOT real laboratory model is most widely
used in practical activities compared to the HOT
virtual laboratory. HOT real laboratory activities
have advantages, namely, training science
process skills, skills in using measuring
instruments, collaboration skills, skills in
measuring physical quantities, and training in
thinking habits. Collaborative skills in HOT real
laboratory activities can be developed because, at
each stage, students work together in groups that
allow constructing knowledge through social
interaction with peers (Altan et al., 2017).

Impact of using HOT real Laboratory can
improve scientific communication skills (Malik,
et al., 2018), critical thinking skills (Malik et al.,
2018) and creativity (Malik et al., 2018),
problem-solving, decision-making, and
collaboration skills (Malik & Setiawan, 2015).
HOT real laboratory activities in the presentation
stage students are trained to communicate the
results of the practicum. Presentation activities
are an opportunity to exchange scientific ideas
between students. Students' scientific
argumentation skills improve after group
presentations (Belland, 2010). Students can argue
to reject or accept hypothesis testing from the
results of other students' investigations.

HOT Virtual Laboratory

Technological developments have changed
the direction of laboratory-based physics learning
in order to prepare students for diverse careers in
the future (Holmes & Lewandowski, 2020). Lack
of laboratory experience theory and laboratory
learning pedagogy are proposed to guide the use
of laboratories in laboratory-based science
education (Kelley, 2021). Laboratory-based
physics learning has developed towards a virtual
laboratory as many previous studies have done.
Virtual laboratory activities in essence still adhere
to the pedagogical goal, which is to help students
develop attitudes, skills and knowledge (Darrah
et al., 2014; De Jong et al., 2013; Martinez-
Jiménez et al., 2011; Saribas et al., 2013).

HOT Virtual laboratory is a practicum model
oriented to higher order thinking skills integrated
with computer simulation technology that
represents actual laboratory conditions (Sapriadil
et al., 2019). HOT Virtual laboratory is here as a
solution to the limitations of practical tools in
terms of number and function, real laboratory
activities that spend a lot of time assembling
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equipment and measurements (Sapriadil et al.,
2018), improve information technology literacy,
facilitate high-level abstraction of microscopic
material concepts (Sutarno et al., 2019).

The HOT Virtual Laboratory model was
developed by Sutarno et al (2019) by combining
the problem solving laboratory model from the
University of Minnesota (Heller & Heller, 2010)
and the HOT Lab model developed by
researchers  from  Universitas  Pendidikan
Indonesia (A. Malik et al., 2017). At each stage
of the HOT Virtual Laboratory, it refers to the
development of aspects of critical thinking skills
and problem solving (Sutarno et al., 2019).

HOT Virtual Laboratory model syntax
developed by Sutarno et al (2019) consists of a
pre-laboratory phase and a laboratory activity
phase. The pre-laboratory phase consists of
preparatory steps, problem description, problem
formulation, pre-prediction questions, group
predictions, and determination and selection of
ideas. The practicum activity phase consists of an
exploration  phase (equipment  functions,
procedures, data collection, and data analysis), an
explanation phase, and a conclusion drawing
phase. The HOT Virtual Laboratory model has a
difference from the PSL and HOT Laboratory
models, namely that there is a difference in the
explanation stage. At the explanation stage,
students explain the results and process of the
experiment (Sutarno et al., 2019).

HOT Virtual Laboratory syntax developed by
Sapriadil et al. (2019) adopting the design stages
of the HOT Laboratory model developed by
Malik et al., (2018) which consists of 11 phases
of activities which include: real world problem;
define and evaluate ideas; experimental
questions; tools and materials prediction;
guestions about methods; exploration;
measurement;  analysis;  conclusion; and
presentation. The use of virtual laboratory Phet is
integrated in the exploration and measurement
stages.

Research shows that HOT Virtual laboratory
improves creative thinking skills in electrical
circuit materials (Sapriadil et al., 2019), problem
solving skills, critical thinking skills, practicum
time efficiency, explaining microscopic concepts
(Sutarno et al., 2019) and improve scientific
communication skills (Sapriadil et al., 2018).
Through meaningful practicum design students
can solve real problems and students can build
scientific concepts through interaction in groups
(Deacon & Hajek, 2011).

Study by Sapriadil et al. (2019) develop HOT

Virtual laboratory. The results of the study show
that the HOT Virtual Laboratory improves
creative thinking skills and improves students'
scientific communication skills on electrical
circuits (Sapriadil et al., 2018), and decision
making skills (Erlina et al., 2018). HOT Virtual
Laboratory overcomes the limitations of practical
tools available in schools but still pays attention
to learning objectives that access higher-order
thinking skills, and students can manipulate
variables without fear of errors that cause fire.

The use of virtual laboratories is useful for
improving the quality of teaching, students can
conduct experiments independently before they
come to the laboratory, students can revise
practicum  activities  anytime  anywhere,
manipulate independent variables, improve
understanding of concepts (Martinez-Jiménez et
al., 2011), interactive, increase motivation, and
interest of students (Granado et al., 2007), and
cost efficiency (De Jong et al., 2013). The use of
virtual laboratory in physics learning is more
effective than hands-on laboratory (Darrah et al.,
2014). Virtual laboratory computer-assisted
physics learning can improve student
achievement and attitudes (Azar & Sengiilec,
2011), improve teaching experience and quality
of education (Daineko et al., 2017). However, the
lack of a virtual laboratory is that it does not
develop practical skills such as skills in using
measuring instruments, skills in measuring
physical quantities, and mastery of experimental
methods (Daineko et al., 2017).

Sari et al. (2019) conducting research
comparing real laboratory activities with the help
of computers and virtual laboratories with
computer assistance in physics practicum. The
results showed that computer-assisted real
laboratory research was more effective in
improving students' attitudes, motivation,
understanding and graphic interpretation skills
than virtual laboratories (Sari et al., 2019).
Several HOT Laboratory developments that have
been carried out by previous researchers provide
information that has not been done before.

HOT Laboratory based e-Module

The HOT Laboratory-based e-Module design
was developed referring to the HOT Laboratory
model which has 5 stages and decomposed 11
activities. Stages of HOT Laboratory real-world
problems, determine and evaluate ideas,
experimental questions, tools and materials,
predictions, guestions  about  methods,
exploration, measurement, analysis, conclusions,
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and presentations (Makiyah et al., 2019; A Malik
et al., 2017). The e-module was developed from
the HOT Laboratory model that integrates a
virtual laboratory by emphasizing problem-
solving and critical thinking skills consisting of
processes, namely understanding
challenges/problems, creating ideas, conducting
laboratory activities, producing results, or
solving problems (Putra, Agustina, et al., 2021).

The background of the development of the e-
module-based HOT Laboratory by Putra et al.
(2021) the development of information
technology is increasingly rapid, electronic
modules can be accessed anywhere at any time,
e-modules are integrated in a virtual laboratory
system to create interactive learning. The use of
e-modules in physics learning is more effective
than using print modules (Astalini et al., 2019).
The advantages of e-modules can be accessed via
smartphones, computers and make it easier for
educators to assess student performance reports
(Dhina et al., 2019), fun and improve student
understanding (Sari et al., 2019). E-modules are
interactive and can be accessed anywhere and
anytime by students (Fadieny & Fauzi, 2019), e-
modules in learning physics improve the
competence of educators in terms of teaching
methodologies, general values and culture
(Krasnova & Shurygin, 2019).

Research opportunities that can be carried out
based on literature reviews to integrate virtual
laboratory activities in pre-laboratory activities
with HOT Real Laboratory. Virtual laboratory
activities are carried out before students carry
out real experiments in the laboratory. Martinez-
Jiménez et al. (2011) stated that pre-experimental
virtual laboratory activities make students more
ready to carry out real experiments in the
laboratory. Deacon & Hajek (2011) pre-
laboratory activities can improve performance
when students do practicum activities.

After studying the syntax of the HOT
Laboratory, students can practice habits of mind.
Habits of mind are seen as important in the
learning process because it will show that
learning the material is not only result-oriented
but also implied in the learning process (Costa &
Kallick, 2012). Indicators on habits of mind need
to be applied to students in order to act smart, be
successful in academics and as a provision to face
life. Habits of mind can be integrated in
laboratory activities and science learning in the
classroom (Volkmann & Eichinger, 1999).

CONCLUSION

Based on a review of 21 research articles about
the HOT Laboratory, information was obtained:
1) most of the material applied in the research is
electrical circuits, electrical material is the basic
material for physics and other science education,
contains abstract concepts and students often
experience misconceptions. 2) most of the
research objectives from the implementation of
the HOT Laboratory are to improve critical
thinking skills, critical thinking skills are
important for students as part of 21st-century
skills, some higher-order thinking skills are also
used as dependent variables in the study. 3) most
of the research subjects are physics teacher
candidates, physics teacher candidates as agents
of change in physics learning are equipped with a
laboratory experience that trains and develops
high-level skills. Physics teacher candidates are
able to think abstractly, design experiments, and
make decisions in every choice. 4) The
innovation of the HOT Laboratory model is the
type of HOT real laboratory, HOT virtual
laboratory, and HOT laboratory based on e-
module. 5) HOT real laboratory is the most
widely used model in research. HOT real
laboratory contributes to accessing science
process skills, skills in using measuring
instruments, measuring physical quantities, and
providing hands-on experience to students, and
improving 21st-century skills. 6) HOT Virtual
laboratory was developed to bridge the
limitations of practical physics tools, delivery of
microscopic  concepts,  developments in
information and communication technology, and
time and cost-efficiency. The use of virtual
laboratories during exploration and measurement
activities. HOT Virtual laboratory can improve
creative thinking, critical and problem-solving
skills. The e-module-based HOT laboratory was
developed in order to make it easier for students
to access modules online, e-modules can be
accessed anytime anywhere, and involve ICT.
The e-module-based HOT laboratory can
improve students' critical thinking skills. The
HOT Laboratory model can be developed with
virtual laboratory activities placed in the pre-
experiment before students do the practicum. The
HOT Laboratory model can be applied to material
topics related to the student context and is applied
to develop students' habits of mind.

REFERENCES

Altan, S., Lane, J. F., & Dottin, E. (2017). Using
habits of mind , intelligent behaviors , and
educational theories to create a conceptual

103



Mujib Ubaidillah, et. al. / International Conference on Science, Education and Technology 2022: 96-107

framework for developing effective teaching
dispositions.
https://doi.org/10.1177/0022487117736024
Astalini, Darmaji, Kurniawan, W., Anwar, K., &
Kurniawan, D. A. (2019). Effectiveness of
using e-module and  e-assessment.
International Journal of Interactive Mobile
Technologies, 13(9), 21-39.
https://doi.org/10.3991/ijim.v13i09.11016
Azar, A., & Sengiilec, O. A. (2011). Computer-
Assisted and laboratory-assisted teaching
methods in physics teaching : the effect on
student physics achievement and attitude.
Eurasian Journal of Physics and Chemistry

Education, 1(0), 43-50.
www.eurasianjournals.com/index.php/ejpce/
article/download/613/284

Baptista, M., Martins, 1., Conceicdo, T., & Reis, P.
(2019). Multiple representations in the
development of students’  cognitive
structures about the saponification reaction.
Chemistry Education Research and Practice,
20(4), 760-771.
https://doi.org/10.1039/c9rp00018f

Baser, M. (2006). Effects of conceptual change and
traditional confirmatory simulations on pre-
service teachers’ understanding of direct
current circuits. Journal of Science Education
and Technology, 15(5-6), 367-381.
https://doi.org/10.1007/s10956-006-9025-3

Belland, B. R. (2010). Portraits of middle school
students  constructing  evidence-based
arguments during problem-based learning:
The impact of computer-based scaffolds.
Educational Technology Research and
Development, 58(3), 285-3009.
https://doi.org/10.1007/s11423-009-9139-4

Brewe, E., Kramer, L., & O’Brien, G. (2009).
Modeling instruction: Positive attitudinal
shifts in introductory physics measured with
CLASS. Physical Review Special Topics -
Physics Education Research, 5(1), 1-5.
https://doi.org/10.1103/PhysRevSTPER.5.0
13102

Byers, W. (2002). Promoting active learning
through small group laboratory classes.
University Chemistry Education, 6(1), 28—
34.

Daineko, Y., Dmitriyev, V., & Ipalakova, M.
(2017). Using virtual laboratories in teaching
natural sciences: An example of physics
courses in university. Computer Applications
in Engineering Education, 25(1), 39-47.
https://doi.org/10.1002/cae.21777

Darrah, M., Humbert, R., Finstein, J., Simon, M., &

Hopkins, J. (2014). Are virtual labs as
effective as hands-on labs for undergraduate
physics? A comparative study at two major
universities. Journal of Science Education
and  Technology, 23(6), 803-814.
https://doi.org/10.1007/s10956-014-9513-9
De Jong, T., Linn, M. C., & Zacharia, Z. C. (2013).
Physical and virtual laboratories in science

and engineering  education.  Science,
340(6130), 305-308.
Deacon, C., & Hajek, A. (2011). Student

perceptions of the wvalue of physics
laboratories. International Journal of Science

Education, 33(7), 943-977.
https://doi.org/10.1080/09500693.2010.481
682

Dhina, M. A., Hadisoebroto, G., & Mubaroq, S. R.
(2019). Development of e-practicum module
for pharmacy physics learning. Momentum:
Physics Education Journal, 3(2), 95-102.
https://doi.org/10.21067/mpej.v3i2.3763

Erlina, E., Setiawan, A., & Suhandi, A. (2018).
Improving the capability of decision making
high school students through physical
practicum activities using HOTV-lab model.
International Conference on Mathematics
and Science Education, 3, 217-220.
http://science.conference.upi.edu/proceeding
/index.php/ICMScE/article/view/195

Fadieny, N., & Fauzi, A. (2019). The analysis of
instructional media in development of
lightning e-module for Physics learning in
Senior High School. Journal of Physics:
Conference Series, 1185(1).
https://doi.org/10.1088/1742-
6596/1185/1/012078

Granado, E., Colmenares, W., Strefezza, M., &
Alonso, A. (2007). A web-based virtual
laboratory for teaching automatic control.
Computer Applications in Engineering
Education, 15(2), 192-197.
https://doi.org/10.1002/cae.20111

Gunawan, Harjono, A., Sahidu, H., & Herayanti, L.
(2017). Computer-based experiment of free
fall movement to improve the graphical
literacy. Jurnal Pendidikan IPA Indonesia,
6(1), 41-48.
https://doi.org/10.15294/jpii.v6i1.8750

Ha, S., & Kim, M. (2020). Challenges of designing
and carrying out laboratory experiments
about Newton’s second law: The case of
Korean gifted students. Science and
Education, 29(5), 1389-1416.
https://doi.org/10.1007/s11191-020-00155-1

Heller, P., & Heller, K. (2010). Problem solving

104



Mujib Ubaidillah, et. al. / International Conference on Science, Education and Technology 2022: 96-107

labs, in cooperative group problem solving in
physics (Vol. 3, Issue 1). Department of
Physics ~ University  of  Minnesota.
http://www.sciencedirect.com/science/articl
e/pii/S0160738315000444%250Ahttp://epri
nts.lancs.ac.uk/48376/%255Cnhttp://dx.doi.
0rg/10.1002/zamm.19630430112%250Ahtt
p:/iww.sciencedirect.com/science/article/p
ii/S0160738315000444%250Ahttp://eprints.
lancs.ac.uk/

Hofstein, A., & Lunetta, V. N. (2004). The
laboratory in science education: Foundations
for the twenty-first century. Science
Education, 88(1), 28-54.
https://doi.org/10.1002/sce.10106

Holmes, N. G., & Lewandowski, H. J. (2020).
Investigating the landscape of physics
laboratory instruction across North America.

Physical Review Physics Education
Research, 16(2), 20162.
https://doi.org/10.1103/PhysRevPhysEducR
es.16.020162

Hut, P. (2006). Virtual laboratories. Progress of
Theoretical Physics Supplement, 164, 38—
53. https://doi.org/10.1143/PTPS.164.38

Ismail, A., Setiawan, A., Suhandi, A., & Rusli, A.
(2019). Profile of physics laboratory-based
higher order thinking skills ( HOTs ) in
Indonesian high schools. Journal of Physics:
Conference Series, 1280(052053), 1-7.
https://doi.org/10.1088/1742-
6596/1280/5/052053

Kelley, E. W. (2021). LAB Theory, HLAB
Pedagogy, and Review of Laboratory
Learning in Chemistry during the COVID-19
Pandemic. Journal of Chemical Education,

98(8), 2496-2517.
https://doi.org/10.1021/acs.jchemed.1c0045
7

Krasnova, L., & Shurygin, V. (2019). Blended
learning of physics in the context of the
professional development of teachers.
International ~ Journal ~ of  Emerging
Technologies in Learning, 14(23), 17-32.
https://doi.org/10.3991/ijet.v14i23.11084

La Braca, F., & Kalman, C. S. (2021). Comparison
of labatorials and traditional labs: The
impacts of instructional scaffolding on the
student  experience and  conceptual
understanding. Physical Review Physics
Education Research, 17(2).
https://doi.org/10.1103/PhysRevPhysEducR
es.17.010131

Lisdiani, S. A. S., Setiawan, A., Suhandi, A., Malik,
A., & Safitri, D. (2019). The Implementation

of HOT Lab Activity to Improve Students
Critical Thinking Skills. Journal of Physics:
Conference Series, 1204 01203, 1-6.
https://doi.org/10.1088/1742-
6596/1204/1/012033

Makiyah, Y. S., Malik, A, Susanti, E., &

Mahmudah, I. R. (2019). Higher order
thinking real and virtual laboratory (
HOTRVL ) untuk  Meningkatkan
keterampilan abad ke-21  mahasiswa

pendidikan fisika. Diffraction, 1(1), 34-38.

Malik, A., & Setiawan, A. (2015). The development
of higher order thinking laboratory to
improve transferable skills of students.
International Conference on Innovation in
Engineering and Vocational Education
(ICIEVE 2015), 1-6.
https://doi.org/10.2991/icieve-15.2016.9

Malik, A., Setiawan, A., Suhandi, A., &
Permanasari, A. (2018). Enhancing pre-
service physics teachers * creative thinking
skills through HOT lab design. AIP
Conference Proceedings, 070001(August
2017), 070001-1-070001-070007.
https://doi.org/10.1063/1.4995177

Malik, A., Setiawan, A., Suhandi, A., &
Permanasari, A.  (2017).  Learning
Experience on Transformer Using HOT Lab
for Pre-service Physics Teacher’s. Journal of
Physics: Conf. Series, 895 (2017), 1-8.

Malik, A., Setiawan, A., Suhandi, A., Permanasari,
A., Dirgantara, Y., Yuniarti, H., Sapriadil, S.,
& Hermita, N. (2018). Enhancing
communication skills of pre-service physics
teacher through hot lab related to electric
circuit. Journal of Physics: Conference
Series, 953(012017), 1-8.

Malik, A., Setiawan, A., Suhandi, A., Permanasari,
A., Nasrudin, D., Yuningsih, E. K, &
Rochman, C. (2018). The Impact HOT Lab
to increase student’s critical thinking skills.
Asian Education Symposium (AES 2017),
January, 184-188.
https://doi.org/10.5220/0007300801840188

Malik, A., Setiawan, A., Suhandi, A., Permanasari,
A., Samsudin, A., Dirgantara, Y., & Hermita,
N. (2019). The development of higher order
thinking laboratory (hotlab) model related to
heat transfer topic. Journal of Physics: Conf.
Series, 1204(012060), 1-7.
https://doi.org/10.1088/1742-
6596/1204/1/012060

Malik, A., Setiawan, A., Suhandi, A., Permanasari,
A., Samsudin, A., Safitri, D., & Hermita, N.
(2018). Using hot lab to increase pre-service

105



Mujib Ubaidillah, et. al. / International Conference on Science, Education and Technology 2022: 96-107

B

physics teacher ’* s critical thinking skills
related to the topic of RLC circuit. IOP Conf.
Series: Journal of Physics: Conf. Series,
1013(012023i), 1-6.

Malik, A., Setiawan, A., Suhandi, A., Permanasari,
A., & Sulasman, S. (2018). HOT Lab —
Based Practicum Guide for Pre-Service
Physics Teachers HOT Lab — Based
Practicum Guide for Pre-Service Physics
Teachers. IOP Conf. Series: Materials
Science and Engineering, 288 (2018), 1-7.
https://doi.org/10.1088/1757-
899X/288/1/012027

Malik, A., & Ubaidillah, M. (2020). Students
critical-creative thinking skill: A multivariate
analysis of experiments and gender.
International Journal of Cognitive Research
in Science, Engineering and Education,

8(Special Issue 1), 49-58.
https://doi.org/10.23947/2334-8496-2020-8-
S1-49-58

Malik, A., & Ubaidillah, M. (2021). The Use of
Smartphone Applications in Laboratory
Activities in  Developing  Scientific
Communication Skills of Students. Jurnal
Pendidikan Sains Indonesia, 9(1), 76-84.
https://doi.org/10.24815/jpsi.v9i1.18628

Malik, A, Setiawan, A., Suhandi, A., & ... (2017).
The impact of HOT lab to increase student’s
critical thinking skills. In ... for Educational
Equity. researchgate.net.
https://www.researchgate.net/profile/Adam-
Malik-
9/publication/328863487_The_Impact HO
T Lab to Increase Student’s Critical Thi
nking_Skills/links/5beb940d4585150b2bb4
ec06/The-Impact-HOT-Lab-to-Increase-
Students-Critical-Thinking-Skills.pdf

Malik, Adam, Aliah, H., Susanti, S., Ubaidillah, M.,
& Ramdani, W. S. (2020). Science
laboratory activities: A profile of the
implementation and constraints of junior

high school natural science teachers.
Scientiae Educatia: Jurnal Pendidikan Sains,
9(1), 96-108.

https://doi.org/http://dx.doi.org/10.24235/sc.
educatia.v9i1.6517

Malik, Adam, Ruswandi, U., Setiawan, A.,
Suhandi, A., & Permanasari, A. (2018). How
to Improve Creative Thinking Skills of Pre-
Service Physics Teachers? In  2nd
International Conference on Sociology
Education (ICSE 2017), January, 1063—
1067.
https://doi.org/10.5220/0007110910631067

Mamlok-Naaman, R., & Barnea, N. (2012).

Laboratory activities in Israel. Eurasia
Journal of Mathematics, Science and
Technology  Education, 8(1), 49-57.

https://doi.org/10.12973/eurasia.2012.816a

Martinez-Jiménez, P., Varo, M., Garcia, M. C.,
Pérez, G. P., Martinez-Jiménez, J. M.,
Posadillo, R., & VVaro-Martinez, E. P. (2011).
Virtual web sound laboratories as an
educational tool in physics teaching in
engineering. Computer Applications in
Engineering Education, 19(4), 759-769.
https://doi.org/10.1002/cae.20362

Masson, S., Potvin, P., Riopel, M., & Foisy, L. M.
B. (2014). Differences in brain activation
between novices and experts in science
during a task involving a common
misconception in electricity. Mind, Brain,
and Education, 8(1), 44-55,
https://doi.org/10.1111/mbe.12043

Memis, E. K., & Seven, S. (2015). Effects of an
SWH Approach and Self-Evaluation on
Sixth Grade Students’ Learning and
Retention of an Electricity Uni. 11(3), 32-48.

Millar, R., & Abrahams, 1. (2009). Practical work -
Research Database, The University of York.
School Science Review, 91(334), vol 91, no.
334, pp. 59-64.
http://ww.gettingpractical.org.uk/documen
ts/RobinSSR.pdf%0Ahttps://pure.york.ac.uk
Iportal/en/publications/practical-
work(c03cbc1b-69e7-4d33-879b-
05081247b0ee)/export.html

Nakiboglu, C. (2008). Using word associations for
assessing non major science students’
knowledge structure before and after general
chemistry instruction: The case of atomic
structure. Chemistry Education Research and
Practice, 9(4), 309-322.
https://doi.org/10.1039/b818466f

Odeh, S., Shanab, S. A., & Anabtawi, M. (2015).
Augmented reality internet labs versus its

traditional and  virtual  equivalence.
International ~ Journal ~ of  Emerging
Technologies in Learning, 10(3), 4-9.

https://doi.org/10.3991/ijet.v10i3.4354

M. J., Mckenzie, J. E., Bossuyt, P. M.,
Boutron, I., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A,
Brennan, S. E., Chou, R., Glanville, J.,
Grimshaw, J. M., Hrébjartsson, A., Lalu, M.
M., Li, T., Loder, E. W., Mayo-wilson, E.,
Mcdonald, S., ... Moher, D. (2021). The
PRISMA 2020 statement: an updated
guideline for reporting systematic reviews.

Page,

106



Mujib Ubaidillah, et. al. / International Conference on Science, Education and Technology 2022: 96-107

Systematic Reviews, 1-11.
https://doi.org/https://doi.org/10.1186/s1364
3-021-01626-4

Potkonjak, V., Gardner, M., Callaghan, V., Mattila,
P., Guetl, C., Petrovi¢, V. M., & Jovanovic,
K. (2016). Virtual laboratories for education
in science, technology, and engineering: A
review. Computers and Education, 95, 309—
327.
https://doi.org/10.1016/j.compedu.2016.02.0
02

Putra, R. P., Agustina, R. D., Pitriana, P., Andhika,
S., & Setia, M. D. (2021). Developing HOT-
LAB-Based Physics Practicum E-Module to
improve Practicing critical thinking skills.
Journal of Science Education Research, 5(2),
43-49.

Safitri, D., Setiawan, A., Suhandi, A., Malik, A., &
Ashri, S. (2019). The effects of higher order
thinking ( hot ) laboratory design in hooke
law on student * s creative thinking skills.
Journal of Physics: Conf. Series, 1204 (2019,
1-7. https://doi.org/10.1088/1742-
6596/1204/1/012037

Sapriadil, S., Setiawan, A., Suhandi, A., Malik, A.,
Safitri, D., Lisdiani, S. A. S., & Hermita, N.
(2018). Optimizing students ’ scientific
communication skills through higher order
thinking virtual laboratory ( HOTVL ).
Journal of Physics: Conference Series, 1013
01205, 1-6. https://doi.org/10.1088/1742-
6596/1013/1/012050

Sapriadil, S., Setiawan, A., Suhandi, A., Malik, A.,
Safitri, D., Lisdiani, S. A. S., & Hermita, N.
(2019). Effect of Higher Order Thinking
Virtual Laboratory (HOTVL) in Electric
Circuit on Students ’ Creative Thinking
Skills. IOP Conf. Series: Journal of Physics:
Conf. Series, 1204(012025), 1-7.
https://doi.org/10.1088/1742-
6596/1204/1/012025

Sari, U., Pektas, H. M., Celik, H., & Kirindi, T.
(2019). The effects of virtual and computer
based real laboratory applications on the
attitude, motivation and graphic skills of
University Students. International Journal of
Innovation in Science and Mathematics
Education, 27(1), 1-17.
https://doi.org/10.30722/ijisme.27.01.001

Sari, Y. P., Sunaryo, Serevina, V., & Astra, . M.
(2019). Developing E-Module for fluids
based on problem-based learning (PBL) for
senior high school students. Journal of

Physics:  Conference  Series,
https://doi.org/10.1088/1742-
6596/1185/1/012052

Saribas, D., Mugaloglu, E. Z., & Bayram, H.
(2013). Creating metacognitive awareness in
the lab: Outcomes for preservice science
teachers. Eurasia Journal of Mathematics,
Science and Technology Education, 9(1),
83-88.
https://doi.org/10.12973/eurasia.2013.918a

Setiawan, A., Malik, A., Subandi, A., &
Permanasari, A. (2018). Effect of Higher
Order Thinking Laboratory on the
Improvement of Critical and Creative
Thinking Skills. IOP Conf. Series: Materials
Science and Engineering, 306(012008), 1-8.
https://doi.org/10.1088/1757-

1185(1).

899X/306/1/012008
Srisawasdi, N., & Kroothkeaw, S. (2014).
Supporting students’ conceptual

development of light refraction by
simulation-based open inquiry with dual-
situated learning model. Journal of
Computers in Education, 1(1), 49-79.
https://doi.org/10.1007/s40692-014-0005-y
Susantini, E., Thamrin, M., Isnawati, H.,, &
Lisdiana, L. (2012). Pengembangan petunjuk
praktikum  genetika  untuk  melatih
keterampilan  berpikir ~ kritis.  Jurnal
Pendidikan IPA Indonesia, 1(2), 102-108.
https://doi.org/10.15294/jpii.v1i2.2126
Sutarno, S., Setiawan, A., Kaniawati, |., & Suhandi,
A. (2019). The development of higher order
thinking virtual laboratory on photoelectric
effect. Journal of Physics: Conf. Series,
1157(032034), 1-7.
https://doi.org/10.1088/1742-
6596/1157/3/032034
Tiruneh, D. T., De Cock, M., Weldeslassie, A. G.,
Elen, J., & Janssen, R. (2017). Measuring
Critical Thinking in Physics: Development
and Validation of a Critical Thinking Test in
Electricity and Magnetism. International
Journal of Science and Mathematics
Education, 15(4), 663-682.
https://doi.org/10.1007/s10763-016-9723-0
Volkmann, M. J., & Eichinger, D. C. (1999). Habits
of Mind : Integrating the Social and Personal
Characteristics of Doing Science Into the
Science Classroom. School Science and
Mathematics, 99(3), 141-147.
https://doi.org/10.1111/j.1949-
8594.1999.th17462.x

107



