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Abstract — Remote laboratories are a new domain
that allows students and teachers to conduct
experiments in hands-on exploration remotely. We
studied how constructing an active and authentic
learning in a remote laboratory affects prospective
physics teachers' multiple representation ability. The
research method used is based on the development
procedures of the ADDIE research and development
model. We have designed and validated a learning
design with a remote laboratory environment with 2
physics experiment apparatuses, active and authentic
learning stages, multi-representation ability
assessment, and remote laboratory application
evaluation tools. This study implemented design-based
research with a one-group pre-test and post-test
design. The research was conducted on 28 prospective
physics teacher students. In terms of effectiveness, this
learning design was able to improve significantly [t

(28) = 7.480, p.05] in verbal, visual, and
mathematics representation ability.
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Therefore, it can be used by lecturers and those in
other science fields to improve the quality of learning
and developing prospective physics teachers’ multiple
representation Skills.
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1. Introduction

In the perspective of the challenges of science
education towards technological progress, it is
important to develop skills for prospective physics
teachers. Among these skills is a basic proficiency in
conveying complex physics concepts through a
variety of representations. The ability to understand,
interpret, and communicate scientific concepts
effectively through various forms of representation is
a characteristic of a skilled physics teacher. In an era
characterized by technological advances and
continuously evolving pedagogical paradigms, the
role of prospective physics teachers is not limited to
delivering traditional content. They need to involve
the use of a variety of representations, including
visual, mathematical, and experiential to engage
students with different learning styles and
preferences.

The use of technology in the classroom has been
rapidly increasing in recent years due to the rapid
development of new educational technologies. How
teachers may integrate technology into their
classrooms has become a key issue in recent years.
Several researchers [1], [2], [3] have discovered that
a good balance of material and pedagogy with related
lecturers to share and interchange their classrooms
with technology is essential. Moreover, technology
can be used to overcome pedagogical challenges in
lesson planning [5].

TEM Journal —Volume 13 / Number 2 / 2024.


mailto:siskadesy@umpwr.ac.id
https://www.temjournal.com/
https://doi.org/10.18421/TEM132-16

TEM Journal. Volume 13, Issue 2, pages 1018-1027, ISSN 2217-8309, DOI: 10.18421/TEM132-16, May 2024.

In other words, technology can help teachers use
content, pedagogy, and technology that are
appropriate for each student [6], [7].

How to extend traditional hands-on laboratory
settings across the Internet is a special problem for
online education. Hands-on laboratories have been an
integral feature of undergraduate science education
programs since the beginning of science laboratories
[8]; topics taught through lectures are frequently
supplemented with laboratory experiments. Hands-on
education exposes students to the foundation of the
science laboratory by allowing them to perform
experiments, observe dynamic events, test ideas,
learn from their mistakes, and reach their
conclusions. With the fast advancement of
microprocessors and communication technology, an
increasing number of instruments may be altered and
operated remotely. These new features have enabled
remote hands-on teaching through the Internet.

Remote laboratories are an emerging domain in
science education. These virtual environments allow
students and educators to conduct experiments,
collect data, and engage in hands-on exploration
remotely. This article investigates the field of active
and authentic learning in the context of remote
laboratories, exploring how this innovative approach
serves as an effective means to improve the multiple
representation skills of future physics educators.

2. Theoretical Framework

In this study, we examined how constructing an
active and authentic learning design in a remote
laboratory affected prospective physics teachers’
multiple representation ability. We studied the effects
of a remote laboratory learning design on prospective
physics teachers’ competence in integrating and
using technology in the classroom. Learning design
was also evaluated for three items: (i) phases of an
active and authentic learning process (ii) suitable
direction to operate apparatus and all equipment in
containing a remote laboratory, and (iii) using
multiple assessment techniques.

2.1. Active and Authentic Learning

Active learning is a broad concept that typically
refers to student-centered and engaging instructional
strategies and instructor-led activities [9], [10].
Constructivism is applied as a framework for
developing pedagogical approaches that are designed
to enhance deep knowledge [11], [12]. Active
learning aims to help students plan their own learning
processes with a focus on building internal
knowledge [9], and responsibility [12] for students.
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Authentic learning (AL) is a method of learning
that brings information in real-life contexts and
forces students to think about and solve problems as
if they were occurring in real life [13]. The
constructivist viewpoint is the theoretical basis for
the approach that is used in AL. According to this
approach, students create their understandings of new
ideas and procedures by combining together previous
experience, resources, their studies, and their current
experiences [14]. As a result, participants can draw
comparisons and construct mental bridges between
the concepts they learn and their application to real-
world situations [15].

Work assessment is one type of authentic
assessment that is used to examine particular abilities
that students are required to have. In a performance
assessment, examinees demonstrate their knowledge
and abilities by participating in a process or
producing a product [16]. Students can use
performance assessment to actualize their conceptual
knowledge and abilities to acquire specified
competencies. Students are directed to carry out
instructions and work assignments in an organized
way via performance assessment.

Laboratory work is vital to balance cognitive,
emotional, and psychomotor factors [17]. It can
provide students with opportunities to engage in
authentic scientific practice [14], develop technical
laboratory skills [17], and collaborate with others in
designing and constructing experiments, collecting
and interpreting data, and communicating scientific
content [18].

The basis of instructional laboratory work in the
undergraduate curriculum is that students can
practice in a "hands-on or mind-on" manner [19],
[20]. Work laboratory in this study is regarded as a
learning technique that incorporates students in direct
experience utilizing scientific procedures, laboratory
abilities, and scientific attitudes, based on many
definitions of laboratory work.

2.2. Remote Laboratory

In 1999, the idea of "remote laboratories," which
use the Internet to connect to real plants, was first
placed forward [21]. Experience has shown that
engineering students are more motivated to learn
hard theoretical ideas when they have the chance to
test them out in real-world experiments where
projects and teamwork are important. This is referred
to as active learning [10], [22]. With an increasing
number of students, providing learning experiments
is a challenge with limited time and financial
resources. This problem can be solved by
implementing a remote laboratory for hands-on
experiments. In the current era it is imperative to
provide renewal of learning in education [23].
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In recent years, studies have been conducted to
assess the efficiency of remote laboratories in
teaching. The effects of student learning experiences
in remote laboratories have been reported [23],
[24]. However, from the author's review of the
literature, studies on the effect of remote laboratories
on student group interactions in class have not been
reported.

2.3. Multiple Representations

Learners'  ability to  represent  concepts
in different ways is an interesting topic
in modern science and mathematics education.
A specific idea or problem can be expressed
in different representations [25], [26]. As
a science that studies natural phenomena, physics
must be able to present different representations
to understand the same concept or topic. The ability
to describe physical processes in
multiple representations can help
learners solve physically demanding problems. Maste
ry
of physics content can therefore appropriately derive
from mastery of multiple representations
of physics, namely verbal, mathematical, pictorial, an
d graphical representations [27], [28].

Learning design must consider the complex
relationship between the tasks given to students,
cognitive processes, integrating technology and the
way of perception of the various media used by
teachers [29]. Apart from that, teachers must also be
able to meet students' different learning needs by
utilizing various methods that allow students to
interact with the material they are studying [30].

There are some students who have difficulty
interpreting and understanding verbal instructions but
will easily respond to what they see. Other students
may find it easier to read, and maybe they can also
understand easily by being listeners [31].

3. Method

This research is development research carried out
using the ADDIE research and development design
model. This model is more generic and simple which
helps researchers design products that will help
students improve their abilities in the learning
process [32]. This research is intended to be used as a
guide in developing active and authentic learning in a
remote laboratory environment that is effective and
efficient in improving the multi-representation ability
of prospective physics teacher students. The ADDIE
development model consists of five stages, namely
analysis, design, development, implementation, and
evaluation. In summary, the research process in each
stage of the ADDIE model is as presented in Figure
1.

This research was conducted on 28 prospective
physics teachers (6 men and 22 women) who were
enrolled in the school physics laboratory
course. Participants have taken pedagogy courses,
namely physics education planning and laboratory
management before. All of these courses are taught
in a hands-on laboratory environment. They have
also taken technology-based courses that primarily
focus on digital electronics and basic programming
languages.

* Study and synthesize theories, documents and researches that are relevant.
* Observation the situation and problems of traditional laboratory learning

A

* Design the remote laboratory environment and its apparatus, active and authentic )
learning drafts, model analysis tools and forms of assessment of learning and
multi-representational skills of prospective physics teachers

v

model

* Apparatus validity testing and Pointing out experts depends on their expertise and |
their field of knowledge on remote laboratory learning environment and learning

v

Implementation

The activities carried out are testing the area ofthe product being developed in the
area of prospective physics teacher from department of physics education
Universitas Muhamamdiyah Purworejo

laboratories as an environment

* Students response and activity is analyzed according to each learning steps of
active and authentic in remote laboratory learning. Evaluated the use of remote
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Figure 1. Research process with ADDIE model stage of development

The analysis phase is carried out in several ways
including field studies and literature studies. We
studied the situation and problems of traditional
laboratory learning. During research observations,
data was collected to evaluate active and authentic
learning experiences involving remote laboratory
learning environments for prospective physics
teachers. After that, the data is analyzed together
with theoretical studies, documents and relevant
research to reconstruct a learning model that is more
effective and suits students' needs. In addition,
through relevant research and document, a study of
multiple  representation  skills  measurement
instruments was carried out in remote laboratory
environment.

The results obtained from the analysis phase
become the basis for the second phase. In this phase
we design the remote laboratory environment and its
apparatus, active and authentic learning drafts, model
analysis tools and forms of assessment of learning
and multi-representational ability of prospective
physics teachers.

In the development stage, tool validity testing and
learning  device  validation  were  carried
out. Validation of learning devices was carried out by
two experts in the fields of educational technology
and physics education to ensure the suitability of the
devices to be used to achieve learning objectives.
Reliability tests and agreement tests were also carried
out between the two value results using the Cohen's
Kappa coefficient with the help of the IBM SPSS
Statistics 25 application. The Kappa coefficient is the
Inter-Rater Agreement index that is most commonly
used in measuring agreement on the assessment of
categorical variables assessed by two raters [33].

At the implementation stage, pre-experimental
design was chosen as the experimental research
method. This method is used to find causal
relationships involving only one group of subjects or
no control group which can affect internal validity
[34]. Descriptive statistics are used to analyze data
collected from pre-test and post-test results from
each form of representation using average scores and
standard deviations. After that, as an inferential
statistic, a paired sample t-test was carried out to
compare the pre-test and post-test scores of the
students to determine whether there were significant
differences in their multiple representation abilities
during the study.

At the evaluation stage, researchers evaluated the
observation results of student responses and activities
by analyzing suitability with active and authentic
distance laboratory learning steps. Observation data
was used to evaluate the remote laboratories as an
environment. We used the assessment item from
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learning design development with analysis data using
average scores and standard deviations.
4. Results

The results and analysis of research on how to
construct active and authentic learning in a remote
laboratory on the multi-representational abilities of
prospective physics teachers are presented in detail in
each stages of the ADDIE development model
below.

4.1. Analysis

In physics learning, hands-on activities in the
laboratory have a very important role. In reality,
these activities are often difficult to implement due to
financial and practical constraints. However, along
with the latest technological advances, science
learning laboratory activities can be carried out
through interaction with computers. Remote
laboratories can be a solution for schools that have
limited laboratory equipment through access to
experience and learning outcomes.

In this stage we also conducted a study regarding
indicators of multiple representations ability needed
by prospective physics teachers. In general, multi-
representation ability can be divided into 3, namely
verbal representation (VeR), visual representation
(ViR), and mathematical representation (MR). Study
of assessment indicators for each type of
representation adapted to the learning environment,
remote laboratory, and active and authentic
learning. The assessment indicators for each
representation skill are presented in Table 1.

Table 1. Multiple representations ability for prospective
physics teacher

Representation Indicator

Verbal representation Finding concepts verbally

(VeR) through the presentation of
physical phenomena, data, and
information presented.
Interpret the meaning of a
concept in written form
(verbal).

Mathematics Conclude conditions with

Representation (MR)  mathematical equation
operations to get results.

Visual Connect the variables

Representation (ViR)  contained in a problem in the
form of images, tables,
diagrams, and graphs to solve
problems.

4.2. Design

The distance learning environment is not intended
to replace the conventional classroom, but it is
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designed to enhance learning outside the
classroom. In simple terms, we design a learning
environment with remote laboratory as in Figure 2.

The remote laboratory server can be an
experiment connected to a computer via a standard
interface and with a host computer connected to the
Internet. The client can be any computer connected
to the Internet running a simple browser. In this
research we use data acquisition (DAQ) sensor with
LabView Interface and remote desktop application
for browser. Once connected, teachers and students
will see the same front panel as the local host and
also have the same program functions.

— .
WEBCAM

Experimental physics aparatus l

o / T
l I A |
(4

Data Acquisition System | b | |~ —— Ie Video meeting
& application

Teacher

Lab Server INTERNET

ES

Figure 2. Learning design with remote laboratory
environment

LabView Interface

Guidance is used in the remote laboratory
environment to promote students' self-regulated
learning. In our previous research [35] there were
two essential parts in learning with virtual or remote
environment to support self-regulated learning by
students. First part is about student interaction with
environment (remote laboratory). Second part is
about how  students  communicate  their
experiment. After conducting a literature review,
researchers modified the five phases of active and
authentic learning. These modifications consider
important aspects in the context of a remote
laboratory environment, such as the need to consider
pedagogical implications, the link between student
interactions and laboratory learning, and engaging
students in a reflective process. The modification
process refers to findings and recommendations in
the literature to improve the overall student learning
experience.

In this lesson, lecturers have to create real
experiments in real life. Therefore, in these learning
phases, apart from observing and collecting data,
students are also required to be able to provide good
explanations of the content of physics material,
mathematical equations and benefits for everyday
life. This can be seen in phases 2, 3, and 5 in Table 2.
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Table 2. Students’ activities in each phase of active and
authentic learning

Phase Students’ activities
Phase 1: Observational ~ Observing from simple
experiment observational experiment
Phase 2: Identifying patterns using
Pattern identification appropriate presentation
Phase 3: Developing explanation or
Making hypothesis, mathematical model
explanation, and
models
Phase 4: - Designing experiment

Testing experiment - Making the prediction
based on the explanation

of relation under test

Phase 5:
Reflection and revision

Comparing the outcome to
the prediction

4.3. Development

The application of the remote laboratory concept
for physics learning in schools and universities is
based on physics experimental apparatus and
computerized data acquisition systems. For this
reason, we also developed 2 apparatuses, namely
apparatus for experiments on light energy on the
solar panel and viscosity in fluids.

Solar tracking systems play an important role in
solar energy applications. The first apparatus used an
automatic tracking mechanism using a light sensor
(Figure 3). The control system uses LabVIEW which
is programmed to determine the direction of
movement of the solar panels so that sunlight can fall
perpendicularly on the panels.

q 2023.10.06 0

-4

Figure 3. Apparatus for experiments on light energy with
two axis solar tracker
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An example of the second apparatus that we
developed is a fluid viscosity meter (Figure 4). In this
experiment, students measured the viscosity of
vehicle oil and cooking oil. The automation system
uses a mini reed switch magnetic sensor to detect the
fall of a magnetic ball dropped into the fluid.

Figure 4. Apparatus for experiments on viscosity in fluids

File Edit View Project Operate Tools Window Help

A data  acquisition system using a
computer/laptop requires a conversion process from
analog signals to digital signals. So software is
needed for processing and controlling the
process. One of the softwares that can be used as a
data acquisition system is Laboratory Virtual
Instrument Engineering Workbench
(LabVIEW). LabVIEW is graphical programming so
that users can create instrumentation which is called
a virtual instrument and can be used for remote data
acquisition, analysis design, and distributed
control. The LabVIEW used in this research is used
as users interface (Figure 5) to make it easier for
users to run the system, retrieve, collect, and prepare
data.
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Figure 5. LabView front panel

These two apparatuses have been validated in
laboratories with results that are suitable for use. For
the assessment of multiple representation ability we
found Cohen’s kappa coefficient (k) as 0.78 for
verbal representation (VeR), 0.86 for mathematics
representation (MR) and 0.87 visual representations
(ViR). Meanwhile assessment for evaluation of
implementation for remote laboratory environment
we found Cohen’s kappa coefficient (k) as 0.88 for
active and authentic learning process, 0.93 for
sufficient guidance, and 0.84 various assessment
tools.

TEM Journal —Volume 13 / Number 2/ 2024.

4.4. Implementation

A description of the data from the pre- and post-
test results of each aspect of representation is shown
in Table 3. It was found at the end of the study that
on average the prospective physics teacher students
had developed multiple representation ability at a
sufficient level (69.04/100). Even though their multi-
representation ability in the MR aspect score was the
lowest, their ability in the VeR aspect was at the
highest score.
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Table 3. Pre-test and post-test results of the scale
concerning each representation

VeR Mean ViR Mean MR Mean
(SD) (SD) (SD)
Pre-test 65.34 67.50 65.83
Post-test 78.60 72.86 69.04
Mean 13.26 5.36 3.21
different

After determining the normality of the data using
the Kolmogorov-Smirnov test (pre-test=0.076; post-
test=0.126), data analysis was carried out using the
paired sample t-test. In Table 4, the results of the
paired sample t-test findings are presented for each
aspect and the overall scale. The results showed that
students were able to improve their multiple
representation ability significantly [t (28) = 7.480,
p.05] after implementing active and authentic
learning using remote laboratory environment.

Table 4. Paired samples t-test results concerning each
representation

Representation t Sig. (2- d
tailed)

VeR 6.673 0.010 1.65

ViR 3.264 0.045 1.57

MR 1.029 0.060 -

Total 7.480 0.000 1.86

Except for the MR aspect, the students have been
able to develop their ability in other aspects (Table
4). In fact, their ability in the MR aspect have
increased, but it is not statistically significant. The
overall findings suggest that incorporating a guided
learning environment, as well as integrating remote
labs and other assessment tools, has a major impact
on multiple representation ability.

4.5. Evaluation

At the evaluation stage, the implementation of active
and authentic learning is analyzed according to each
learning phase. Table 5 presents the findings from
observations from two meetings regarding the
learning activities of prospective physics teacher
students. All activities are grouped and reviewed
based on active and authentic learning phases in a
remote laboratory environment.

So far, the learning process for basic physics
experiments is still traditional through direct
observation and data collection in the laboratory
carried out in groups. Students tend to be passive by
filling in existing worksheets and based on existing
theories without analysis. From the results of
observing this activity (Table 5), it can be seen that
the majority of students were active in learning,
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especially during the observation and reflection
phases.

In this case, remote laboratories can help provide
a learning environment so that students have the
opportunity to participate by making real process
calculations in real time. Apart from that, it can be
used to experiment with their curiosity about
equipment and how it works. This means that this
remote laboratory activity allows the lecturer to
introduce several ideas regarding how future teachers
will work. In this solar tracker experiment, students
can access a graphical interface where they can see
changes in light intensity with changes in the angle
of the light's position relative to the cross-section.

Table 5. The mean score of prospective physics teacher
activities

Student activities

Phase ) )
Observational 3.00 3.38
experiment

Identify pattern 2.62 3.25
Making hypothesis, 3.00 3.67
explanation and

models

Testing experiment 2.86 3.00
Reflection and 3.33 3.67

revision

Apart from evaluating the implementation of the
learning phases, we have also evaluated the use of
remote laboratories as an environment and the use of
various assessment tools as seen in Table 6. From the
overall implementation findings show that all
evaluation criteria in learning were implemented at a
moderate level (3.61/5.00). Meanwhile, the average
score for the criteria for following the active and
authentic learning stages in learning is 3.72, which is
the highest score, while the average score for the
criteria for using a distance laboratory with adequate
guidance is 3.45, which is the lowest score.

Table 6. Evaluation criteria for implementation of the
learning phases

Criteria Mean SD
The active and authentic learning 3.72 0.72
process
Suitable direction to operate 3.45 0.94
apparatus and all equipment in
containing a remote laboratory
Using multiple assessment  3.66 0.97
techniques

Achieving the highest score on the evaluation
criteria for active and authentic learning may be

TEM Journal = Volume 13 / Number 2 / 2024.
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because students are already familiar with authentic
learning from previous courses.

During observations of the implementation of
learning at the involvement and investigation stages,
there were still several findings, for example,
students were still just memorizing basic physics
concepts rather than analyzing facts obtained from
the research and information gathering process.

5. Discussion

In this research we have investigated the
effectiveness of creating active and authentic
learning designs on the multiple representation
ability of prospective physics teacher students. It is
important to  measure  teachers'  multiple
representation ability with the aim of providing
insight into teachers' use of technology [29],
[36]. The long-term goal is to provide provisions so
that when they become teachers they can use their
multiple representation abilities to integrate
technology in lesson plans.

From the results of the data analysis above (Table
3 and Table 4), it shows that the multiple
representation ability of prospective physics teacher
students increased rapidly at the end of the lesson.
Students' multiple representation ability was found to
be significantly influenced by lesson
planning. Several other studies have found that
learning planning that involves active students, as
well as authentic learning, can influence students'
perceptions and self-confidence regarding technology
integration [37], [38]. Students who take part in this
learning are senior students in the physics education
department, and most of them have taken content and
pedagogy courses, so implementing a learning model
that requires the integration of technology, pedagogy,
and content is easier. We came to specific
conclusions. Specifically, it can be concluded that the
representation in the VeR and ViR categories of
prospective teacher students increased significantly.
But in the MR category, there was no significant
increase. Students read more about the application of
case studies and present in graphic form
experimental data.

In designing a remote learning strategy, this
laboratory uses a lab interface and visualization to
make the learning experience more realistic. Several
studies show that when learning uses distance or
virtual laboratories, students tend not to always
believe the data obtained [35], [39], [40]. The use of
interfaces and visualization with a web camera is
intended to make students feel like they are in a
realistic work space by carrying out actual
experimental steps. As in the fourth phase, testing
experiment, students are asked to write research

TEM Journal —Volume 13 / Number 2/ 2024.

questions to encourage curiosity, design experiments,
make predictions, and analyze their own results.

Remote laboratories with the addition of
visualization and interface are able to create an
authentic, contextual, and enriching learning
environment. Even though the lab location is far
away, the simulation looks the same on the
screen. Remote lab connections to real devices are an
integral part of the system in creating a realistic
laboratory experience. These findings are very useful
considering that current learning demands are to
place more emphasis on scientific learning [41], and
more authentic lab experiences [42], [43], [44].

In other research on science students, it was also
reported that the learning experiences gained in
laboratory experiments influenced student motivation
in other science courses [8], [17], [4]. The
implementation of authentic remote laboratories,
which actively engage students and are easily
accessible to students, can have a positive impact on
their experience as future physics teachers. This is
very important when in future work they are placed
in schools with limited resources and
equipment. They can consider this remote laboratory
as a solution to these limitations because the online
learning trend will continue to develop and this will
be a solution to access laboratory equipment in other
possible places such as universities or industry.

6. Conclusion

We have succeeded in developing learning designs
in remote laboratory environments with active and
authentic learning. This learning has 5 phases,
namely observational experiment, pattern
identification, making hypothesis, explanation and
models, testing experiment, and reflection evaluation.
This research found that prospective physics teachers’
multiple representation skills were developed
significantly when using active and authentic learning
with remote laboratory environment. This means that
when students are given the opportunity to practice
technology in laboratory learning, their multiple
representation abilities also increase. It can be
concluded that active and authentic learning can be
adapted to each other efficiently.

Based on the results of our research and its
limitations, there are several recommendations for
future research. First, we used various measurement
tools to assess active and authentic learning lesson
plan, yet we were not able to observe students’
misconception in  material physics. Second,
developing active and authentic learning lesson
plan cannot be done instantly and quickly, it takes
quite a long time. For this reason, it is also necessary
to carry out longitudinal studies, for example
observing teachers based on their capability in
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operating remote laboratory and students’ attentions
for remote laboratory activities.

It is primarily suggested that physics teachers
should be exposed to technological tools in their
laboratory and should be wusing their multiple
representations’ ability to develop learning.

Acknowledgements

This research was funded by the Ministry of Research
and Technology/BRIN of the Republic of Indonesia
through the leading applied research in universities
scheme (Contract number: 5/061025/PG/SP2H/JT/2022).
Thank you to Integrated Laboratory Universitas
Muhammadiyah Purworejo for the facilities.

References:

[1]. Best, M., & MacGregor, D. (2017). Transitioning
Design and Technology Education from physical
classrooms to virtual spaces: implications for pre-
service teacher education. International Journal of
Technology and Design Education, 27(2), 201-213.
Doi: 10.1007/s10798-015-9350-z

[2]. Blau, I., Shamir-Inbal, T., & Avdiel, O. (2020). How
does the pedagogical design of a technology-enhanced
collaborative academic course promote digital
literacies, self-regulation, and perceived learning of
students? The Internet and Higher Education, 45,
100722. Doi: 10.1016/j.iheduc.2019.100722

[3]. Liu, S.-H., Tsai, H.-C., & Huang, Y.-T. (2015).
Collaborative professional development of mentor
teachers and pre-service teachers in relation to
technology integration. Journal of Educational
Technology & Society, 18(3), 161-172.

[4]. Owens, D. C., Sadler, T. D., Barlow, A. T., & Smith-
Walters, C. (2020). Student Motivation from and
Resistance to Active Learning Rooted in Essential
Science Practices. Research in Science Education,
50(1),253-277. Doi: 10.1007/s11165-017-9688-1

[5]. Dorner, H., & Kumar, S. (2016). Online collaborative
mentoring for technology integration in pre-service
teacher education. TechTrends, 60(1), 48-55.

Doi: 10.1007/s11528-015-0016-1

[6]. Li, Y., Garza, V., Keicher, A., & Popov, V. (2019).
Predicting high school teacher use of technology:
Pedagogical beliefs, technological beliefs and
attitudes, and teacher training. Technology,
Knowledge and Learning, 24(3), 501-518.

Doi: 10.1007/s10758-018-9355-2

[7]. Tondeur, J., Van Braak, J., Ertmer, P. A, &
Ottenbreit-Leftwich, A. (2017). Understanding the
relationship between teachers’ pedagogical beliefs and
technology use in education: a systematic review of
qualitative  evidence.  Educational  Technology
Research and Development, 65(3), 555-575.

Doi: 10.1007/s11423-016-9481-2

[8]- Rosen, D. J., & Kelly, A. M. (2020). Epistemology,
socialization, help seeking, and gender-based views in
in-person and online, hands-on undergraduate physics
laboratories. Physical Review Physics Education
Research, 16(2),20116.

Doi: 10.1103/PhysRevPhysEducRes.16.020116

1026

[9]. Hartikainen, S., Rintala, H., Pylvés, L., & Nokelainen,
P. (2019). The concept of active learning and the
measurement of learning outcomes: A review of
research in engineering higher education. Education
Sciences, 9(4), 9-12. Doi: 10.3390/educsci9040276

[10]. Hsu, W.-N., & Lin, H.-T. (2015). Active learning by
learning. Proceedings of the AAAI Conference on
Artificial Intelligence, 29(1).

Doi: 10.1609/aaai.v29i1.9597

[11]. Keengwe, J., Onchwari, G., & Agamba, J. (2014).
Promoting effective e-learning practices through the
constructivist pedagogy. Education and Information
Technologies, 19(4), 887—898.

Doi: 10.1007/s10639-013-9260-1

[12]. Lee, E., & Hannafin, M. J. (2016). A design
framework for enhancing engagement in student-
centered learning: own it, learn it, and share it.
Educational Technology Research and Development,
64(4), 707-734. Doi: 10.1007/s11423-015-9422-5

[13]. Barber, W., King, S., & Buchanan, S. (2015).
Problem based learning and authentic assessment in
digital pedagogy: Embracing the role of collaborative
communities. Electronic Journal of E-Learning,
13(2), 59-67.

[14]. Roach, K., Tilley, E., & Mitchell, J. (2018). How
authentic does authentic learning have to be? Higher
Education Pedagogies, 3(1), 495-509.

Doi: 10.1080/23752696.2018.1462099

[15]. Retana, R. C., & Rodriguez-Lluesma, C. (2022).
Authentic learning through the case method in
customized executive programs in Latin America. The
International Journal of Management Education,
20(1), 100599. Doi: 10.1016/j.ijme.2022.100599

[16]. Hambleton, R. K. (2013). Setting performance
standards on educational assessments and criteria for
evaluating the process. In Setting performance
standards, 103—130. Routledge.

[17]. Nikolic, S., Suesse, T., Jovanovic, K., &
Stanisavljevic, Z. (2021). Laboratory Learning
Objectives Measurement: Relationships between

Student Evaluation Scores and Perceived Learning.
IEEE Transactions on Education, 64(2), 163-171.
Doi: 10.1109/TE.2020.3022666

[18]. Hodson, D. (2014). Learning Science, Learning
about Science, Doing Science: Different goals
demand different learning methods. International
Journal of Science Education, 36(15), 2534-2553.
Doi: 10.1080/09500693.2014.899722

[19]. Holmes, N. G., & Wieman, C. E. (2016). Examining
and contrasting the cognitive activities engaged in
undergraduate research experiences and lab courses.
Physical Review Physics Education Research, 12(2),
1-11. Doi: 10.1103/PhysRevPhysEducRes.12.020103

[20]. Spaan, W., Oostdam, R., Schuitema, J., & Pijls, M.
(2022). Analysing teacher behaviour in synthesizing
hands-on and minds-on during practical work.
Research in Science & Technological Education, 1—
18. Doi: 10.1080/02635143.2022.2098265

[21]. Overstreet, J. W., & Tzes, A. (1999). An Internet-
based real-time control engineering laboratory. [EEE
Control Systems Magazine, 19(5), 19-34.

TEM Journal = Volume 13 / Number 2 / 2024.



TEM Journal. Volume 13, Issue 2, pages 1018-1027, ISSN 2217-8309, DOI: 10.18421/TEM132-16, May 2024.

Doi: 10.1109/37.793435

[22]. Chevalier, A., Copot, C., Ionescu, C., & De Keyser,
R. (2016). A three-year feedback study of a remote
laboratory used in control engineering studies. /EEE
Transactions on Education, 60(2), 127—-133.

Doi: 10.1109/TE.2016.2605080

[23]. Xie, C., Li, C, Sung, S., & lJiang, R. (2022).
Engaging students in distance learning of science with
remote labs 2.0. IEEE Transactions on Learning
Technologies, 15(1), 15-31.

Doi: 10.1109/TLT.2022.3153005

[24]. Gamage, K. A. A., Wijesuriya, D. I., Ekanayake, S.
Y., Rennie, A. E. W., Lambert, C. G, &
Gunawardhana, N. (2020). Online delivery of
teaching and laboratory practices: Continuity of
university programmes during COVID-19 pandemic.
Education Sciences, 10(10), 1-9.

Doi: 10.3390/educscil 0100291

[25]. Kohl, P. B., Rosengrant, D., & Finkelstein, N. D.
(2007). Strongly and weakly directed approaches to
teaching multiple representation use in physics.
Physical Review Special Topics - Physics Education
Research, 3(1), 1-10.

Doi: 10.1103/PhysRevSTPER.3.010108

[26]. Kohl, P. B., & Finkelstein, N. D. (2008). Patterns of
multipe representation use by experts and novices
during physics problem solving. Physical Review
Special Topics - Physics Education Research, 4(1), 1—
13. Doi: 10.1103/PhysRevSTPER.4.010111

[27]. Dufresne, R. J., Gerace, W. J., & Leonard, W. J.
(1997). Solving physics problems with multiple
representations. The Physics Teacher, 35(5), 270.

Doi: 10.1119/1.2344681

[28]. Ivanjek, L., Susac, A., Planinic, M., Andrasevic, A.,
& Milin-Sipus, Z. (2016). Student reasoning about
graphs in different contexts. Physical Review Physics
Education Research, 12(1), 010106.

Doi: 10.1103/PhysRevPhysEducRes.12.010106

[29]. Fatmaryanti, S D, Suparmi, Sarwanto, Ashadi, &
Kurniawan, H. (2018). Magnetic force learning with
Guided Inquiry and Multiple Representations Model
(GIMuR) to enhance students’ mathematics modeling
ability. Asia-Pacific Forum on Science Learning and
Teaching, 19(1), 1-22.

[30]. Kim, J. (2020). Learning and teaching online during
Covid-19: Experiences of student teachers in an early
childhood education practicum. International Journal
of Early Childhood, 52(2), 145-158.

Doi: 10.1007/313158-020-00272-6

[31]. Slavin, R. E. (2019). Educational psychology:
Theory and practice. Pearson.

[32]. Branch, R. M. (2010). Instructional Design: The
ADDIE Approach. Springer US.

Doi: 10.1007/978-0-387-09506-6

[33]. Hsu, L. M., & Field, R. (2003). Interrater agreement
measures: Comments on Kappan, Cohen’s Kappa,
Scott’s m, and Aickin’s o. Understanding Statistics,
2(3),205-219. Doi: 10.1207/S15328031US0203_03

TEM Journal —Volume 13 / Number 2/ 2024.

[34]. Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2012).
How to design and evaluate research in education
(Vol. 7). McGraw-hill New York.

[35]. Fatmaryanti, Siska Desy, Pratiwi, u.,
Akhdinirwanto, R. W., & Sulisworo, D. (2022). A
Task Model for Supporting Virtual Laboratory Based
on Inquiry Skills, Social and Scientific
Communication. International Journal of Evaluation
and Research in Education, 11(1), 385-391.

Doi: 10.11591/ijere.v11i1.21737

[36]. Yesildag Hasangevi, F., & Giinel, M. (2013).
College Students’ Perceptions toward the Multi
Modal  Representations and  Instruction  of
Representations in Learning Modern Physics.
Eurasian Journal of Educational Research, 53, 197—
214.

[37]. Lee, Y., & Lee, J. (2014). Enhancing pre-service
teachers’  self-efficacy beliefs for technology
integration through lesson planning practice.
Computers & Education, 73, 121-128.

Doi: 10.1016/j.compedu.2014.01.001

[38]. Janssen, N., Knoef, M., & Lazonder, A. W. (2019).
Technological and pedagogical support for pre-service
teachers’ lesson planning. Technology, Pedagogy and
Education, 28(1), 115-128.

Doi: 10.1080/1475939X.2019.1569554

[39]. J Wang, J., Guo, D., & Jou, M. (2015). A study on
the effects of model-based inquiry pedagogy on
students’ inquiry skills in a virtual physics lab.
Computers in Human Behavior, 49, 658—669.

Doi: 10.1016/j.chb.2015.01.043

[40]. Estriegana, R., Medina, J. A., & Barchino, R. (2019).
Student acceptance of virtual laboratory and practical
work: An extension of the technology acceptance
model. Computers and Education, 135, 1-14.

Doi: 10.1016/j.compedu.2019.02.010

[41]. National Research Council. (2015). Enhancing the
effectiveness of team science. National Academies
Press.

[42]. Churiyah, M., & Malang, U. N. (2021). Design
Mobile Learning Application with Performance-
Based Authentic Assessment as A Remote Learning
Tool for Higher Education. /lkégretim Online, 20(3),
550-559.

[43]. Brinson, J. R. (2015). Computers & Education
Learning outcome achievement in non-traditional (
virtual and remote ) versus traditional ( hands-on )
laboratories : A review of the empirical research.
Computers & Education, 87,218-2317.

Doi: 10.1016/j.compedu.2015.07.003

[44]. Sauter, M., Uttal, D. H., Rapp, D. N., Downing, M.,
& Jona, K. (2013). Getting real: the authenticity of
remote labs and simulations for science learning.
Distance Education, 34(1), 37-47.

Doi: 10.1080/01587919.2013.770431

1027



