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Abstract. In the new normal era along with the closure of the Covid-19
pandemic, face-to-face lectures and real laboratories have been suspended
throughout the world. In this condition, digital teaching and resources such as
virtual laboratories are alternative learning media that are feasible to apply.
Considering that virtual laboratories are relatively web-based digital learning,
virtual laboratories are available all the time and are able to provide realistic
science skills to students. Due to the emergency adaptation conditions for Covid-
19, the implementation of virtual laboratories tends to be carried out in urgent
conditions, so they are not managed comprehensively. This research into the
development of virtual laboratory guidelines focuses on the need for
implementing virtual laboratory learning so that it is right on target in accordance
with the needs of academic policies and Merdeka Belajar. The development of
this guideline is oriented towards research on the development of the 4D method
using questionnaires, interviews, observations and tests. Validation results show
that the virtual laboratory guidelines are declared valid with a percentage of 97%.
Meanwhile, in small-scale user testing or development stages, virtual laboratory
guidelines tested as Highly Capable [90%] are used as a reference for preparing
academic documents in preparation for implementing virtual laboratory learning.

Keywords: Development, LKPD, HOTs, Critical Thinking, Fourt Grade of
Elementary School.

1 Introduction

Since the Covid-19 pandemic disaster in 2020, the education sector has been faced with
an emergency adaptation situation where face-to-face learning has been eliminated.
One of the areas of science that is experiencing difficulties is science education where
practicums cannot be carried out. This emergency adaptation apparently provides an
opportunity for virtual laboratory-based learning to be held in the virtual classroom [1]
[2]. This condition has made virtual laboratories become a popular learning medium
among practicum learning practitioners [3]. The virtual laboratory itself actually existed
long before the pandemic hit the world. However, its use is still relatively rare because
the practicum process is facilitated in face-to-face meetings or real laboratories. This
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emergency adaptation certainly provides learning challenges, namely preparation for
implementing a virtual laboratory which is carried out in a short time [4] and in urgent
conditions [5]. So it cannot be denied that the implementation of virtual laboratories
creates obstacles, especially in learning outcomes for students who find it difficult to
adapt [6] [7]. Virtual laboratories also provide no less benefits, including being able to
be used as a distance learning medium [4] [8], as a medium to hone students' digital
literacy [9] [10], as well as as a learning medium that attracts students' interest [11]
[12]. In order for these benefits to be realized, good virtual laboratory management is
needed. This management is regulated in academic documents such as university aca-
demic guidelines, so that the learning process can remain targeted and achieve common
goals.

Badan Akreditasi Nasional Perguruan Tinggi [BAN-PT] issued BAN-PT letter
Number 2 of 2017 concerning National Accreditation Standards [SAN] which explains
that the assessment of Standar Penjaminan Mutu Internal [SPMI] by higher education
institutions is the basis for assessing and determining accreditation ranking status [13].
Based on the BAN-PT regulations, it is mandatory for universities to implement SPMI
which is one of the higher education academic documents. One of the learning process
standards in the National Higher Education Standards explains that learning must be
holistic, integrative, scientific, contextual, thematic, effective and collaborative, stu-
dent-centered [14].

Apart from paying attention to national higher education standards, universities are
also adapting to the latest curriculum during the Merdeka Belajar Kurikulum Merdeka
[MBKM]. MBKM is a curriculum that provides opportunities for network expansion
in study programs in carrying out learning across study programs and even across uni-
versities [15]. Apart from paying attention to national higher education standards, uni-
versities are also adapting to the latest curriculum during the Merdeka Curriculum or
Independent Learning Curriculum [MBKM]. MBKM is a curriculum that provides op-
portunities for network expansion in study programs in carrying out learning across
study programs and even across universities [16]. With regard to digital literacy, virtual
laboratories can be a medium in the process of honing related literacy because it in-
volves the use of digital platforms [17].

In the process of preparation and implementation of the laboratory which takes into
account academic policies and the Kurikulum Merdeka, a guideline document for im-
plementing virtual laboratories is needed to revitalize technology-based virtual labora-
tory management [ 18]. In the process of preparation and implementation of the labora-
tory which takes into account academic policies and the Merdeka curriculum, a guide-
line document for implementing virtual laboratories is needed to revitalize technology-
based virtual laboratory management
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2 Methods

In developing virtual laboratory guidelines based on academic policy and the Independ-
ent Curriculum, this research is oriented towards 4D model development research by
Thiagarajan.
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Fig. 1. Research Steps for Development of Virtual Laboratory Guidelines

In carrying out the development stages, this research is based on scientific sources
and methods. The initial process of product development involves collecting survey
data on virtual laboratory needs which is distributed to respondents in the scope of ac-
ademic stakeholders, educational practitioners, laboratory assistants and practitioners.
This process is a form of identification process step which is used as the basis for com-
piling components of laboratory guidelines so that they are appropriate and on target.

Next, the virtual laboratory guidelines design stage is carried out. In this stage, the
research carried out Focus Group Discussion activities which invited respondents with
a similar scope. This Focus Group Discussion is also a research commitment in explor-
ing information and insight in preparing related guidelines. For this reason, the FGD
presents experts who are competent in the field of higher education academic docu-
ments and virtual laboratories both from within and across universities. After the infor-
mation and data were extracted, virtual laboratory guidelines were prepared with an
attractive design and contained content according to the guidelines' requirements and
were made into draft I. Draft [ was distributed to 4 validators with similar competency
scopes both in media and material. The validation results were analyzed using the val-
idation equation on media and material expert instruments as follows [19].
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Table 1. Percentage analysis eligibility criteria

Percentage Information
80-100 Good/Valid/Decent
60-79 Fairly good/fairly valid/decent enough
50-59 Not good / not valid / not worth it
0-49 Not good [change]

The validation results that have gone through the revision stage are then used as draft
1I to be distributed to respondents who use the guidelines, namely academic officials at
dean level and laboratory assistants. This validation process is an effort to determine
the readability value of the guidelines both in terms of material and media [20]. this
research. Data from the development stage is measured by the average user score.

By adapting to motivational instruments, the use of guidelines by responses can be
converted as an indicator of ability in calculations

m
P = ik 100%
The variable P is the percentage score for the ability to develop guidelines according
to the questions listed on the instrument. Variable m is the score obtained by the re-

spondent after working on the questions, and M is the maximum score, namely 100.
The results obtained can be converted into the following criteria

Table 2. Table of Respondent Ability Indicators.

Percentage Information
86% <P <100% Very capable
72% <P < 86% Capable Enough
58% <P <72% Capable
44% <P <58% Less Fortunate

Apart from measuring indicators of respondents' ability to use virtual laboratory
guidelines, respondents were also given a questionnaire that explored the condition of
virtual laboratory guidelines within the scope of practicality consisting of effective, in-
teractive, efficient and creative aspects. Similar to the validation instrument, this prac-
ticality instrument is presented in a Linkert scale questionnaire with a score range of 1-
5. The final stage in developing this guideline is the step of disseminating the guideline
to parties who need it, including academic officials and laboratory managers. The anal-
ysis used in this research is quantitative descriptive which analyzes scientific data from
4 stages of development research. In this deployment stage, virtual laboratory guide-
lines based on academic policies and the Independent Curriculum have been revised
according to input from user respondents.
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3 Result and Discussion

The principle of choosing and acting under certain conditions to determine decisions is
a basic ability in carrying out policies [21]. In teaching and learning activities, academic
policy is a step to overcome problems regarding educational development. Therefore,
academic policies must be based on comprehensive thinking and consider all related
parties from graduate users, academic community members and alumni. Academic
stakeholder officials must also always consider the identity values of higher education
before formalizing academic policies because academic policies are useful as determin-
ing references and guidelines in planning and implementing education, research and
community service. All of these efforts lead to continuous improvement of academic
quality.

From the survey results regarding the need for virtual laboratories, it was recorded
that 41% of respondents stated that they strongly agreed with the urgency of virtual
laboratories in learning in higher education. The virtual laboratory as a virtual learning
process simulation forum is able to create interactions that mutually regulate users [4].
The development of the times that have entered the era of society 5.0 has led to a learn-
ing character that adapts to the needs of students. In line with this, various efforts to
develop learning documents need to be carried out, one of which is a variant of learning
method innovation which is the result of an analysis of learning creativity needs [22].
The creativity of learning that can be done is virtual laboratory learning which is able
to create a process of observing, investigating and interpreting findings so it needs to
be prepared as well as possible.

Preparation for virtual laboratory learning must be carried out comprehensively so
that a virtual laboratory digital platform can be provided in the form of animation me-
dia, videos, e-books and so on. Virtual laboratory animations have been developed on
various sites or pages, including Go-Lab [9], PhET [23], BASF [11], Practical Circuit
Design [24], TinkerCad [25], etc. The laboratory platform was developed unilaterally
by the website developer, but there has been no research into the preparation of related
virtual laboratory guidelines that suit the academic atmosphere of higher education.
Regarding the analysis of the Independent Curriculum, the virtual laboratory has a stra-
tegic role if it can be implemented well. To gain insight, Focus Group Discussion ac-
tivities were carried out and produced the first draft of virtual laboratory guidelines
based on SPMI and MBKM.
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Fig. 3. Validation Graphic

The overall percentage of aspects is at 97% which is equivalent to valid in terms of
material and media aspects. Some validator input is oriented towards deeper explora-
tion regarding examples of virtual laboratory platforms that can be used as references.
The results of the revision and validation have been made into draft II which is then
distributed to users of the guidelines, including dean level academic officials and labor-
atory managers in science and teacher training programs. This step is a development
stage where the results of draft II testing have been carried out quantitative descriptive
analysis.

Apart from the benefits of virtual laboratories that have been stated previously, vir-
tual laboratories can have a positive impact on the integrity of students where the pro-
cess of implementing virtual laboratories will lead students to take responsibility for
their virtual laboratory projects [24] [26]. These findings are the motivation for prepar-
ing guidelines so that virtual laboratory learning can be carried out optimally. After
carrying out the validation process, the guidelines were tested on a small scale on re-
spondents who had capabilities as academic officials and laboratory managers. The trial
process instrument consists of 2 instruments, namely practicality and effectiveness in-
struments. Practical instruments are oriented towards monitoring user satisfaction in
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effective, interactive, efficient and creative aspects. The results of the survey distribu-
tion show that 92% of users agree that practical virtual laboratory guidelines are used
as a reference in preparing virtual laboratory learning.
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Fig. 4. Percentage Graph of Practical Aspect Trial Results

For effectiveness testing, respondents were asked to answer questions on an instru-
ment consisting of 14 questions regarding needs, facility standards, organizational
structure, management, learning planning documents, and practicum implementation
documents. Each answer has an answer grid with a maximum score of 100. The results
of the analysis show that the lowest score is in the aspects of management and practi-
cum implementation documents. In the management aspect, respondents were asked to
develop work rules and safety regulations needed to carry out virtual laboratory practi-
cums. Meanwhile, in the practical implementation document aspect, respondents were
asked to create a virtual laboratory module format according to the planned practicum.
The scores obtained showed that only 50% of respondents were able to answer correctly
in the categories "Able to determine 1-5 points of rules and 1-5 work safety" and "Able
enough to develop the required virtual laboratory practicum module format [incomplete
learning phase".

The module format in the SPMI and MBKM Based Virtual Laboratory Guidelines
refers to the Go-Lab virtual laboratory platform. The factor that makes the practical
implementation document aspect the aspect with the lowest score is that the respondent
worked independently without integrated discussion with other laboratory managers.
In addition, the time for collecting trial data was relatively short, so respondents did not
have much time to develop. However, overall, the trial results were effectively used in
developing virtual laboratory learning documents by 82%. Therefore, virtual laboratory
learning has 2 opposing sides, namely one side has a positive effect because it is able
to incorporate technology into learning, but on the other side it provides gaps in mis-
conceptions, because students have to spend time and think about operating the tech-
nology rather than understanding the essence of the theory given [27] [28]. Thus, to
minimize the negative effects of virtual laboratories, a virtual laboratory learning mech-
anism is needed that has been prepared comprehensively so that its implementation can
be carried out optimally [29] [30].
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Table 3. Percentage analysis eligibility criteria.

Aspect indicator Max. Score
Virlab Demands  Determine practicums that can use virtual laboratories 5
Facility Standars Determine the need for facilities that will be provided in 5

the realization of the implementation of the virtual la-
boratory
Organizational Determine the virtual laboratory organization 5
structure
Implementing regu- Develop virtual laboratory work rules and safety 10
lations
Learning planning  Develop a learning plan for implementing a virtual la- 55
document boratory
Practical implemen- Develop a virtual laboratory practical module format 20

tation documents

4 Conclusion

The development of this guideline is oriented towards research on the development
of the 4D method using questionnaires, interviews, observations and tests. Validation
results show that the virtual laboratory guidelines are declared valid with a percentage
of 97%. Meanwhile, in small-scale user testing or development stages, virtual labora-
tory guidelines tested as Highly Capable [90%] are used as a reference for preparing
academic documents in preparation for implementing virtual laboratory learning. Vir-
tual laboratory learning mechanism is needed that has been prepared comprehensively
so that its implementation can be carried out optimally.
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