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Abstract

This article examines various perspectives on low-cost laboratory seen from the scope of the laboratory model or
form, laboratory embodiment method and technical implementation of activities in the laboratory. Through
bibliometric analysis, the search begins with the keyword Low Cost Laboratory (LCL) in the Scopus database on
June 19, 2022. Supporting tool, in the form of VOSviewer software are used to visualize networks between authors
by analyzing the role of authors who contribute to the theme, networks between countries that contribute to the
theme, keyword analysis of articles with that theme and citation analysis with that theme as well. Scopus data
base excavation on that date found 219 documents from 1933 to 2022. LCL models will provide an overview of
many alternatives that can be used as cheap laboratory role models to support learning activities.

Keywords: LCL. Bibliometrics, VOSviewer, Author Analysis, Keyword Analysis.

INTRODUCTION

The learning process is an activity that synergizes between teachers, students and the support
of facilities and infrastructure (Hilman, 2017). Furthermore, to realize learning outcomes, it is
necessary to set units in the form of SKS (Semester Credit System). The curriculum is a set of
tools or systems that must be implemented within a certain period of time (Direktorat
Pembelajaran, 2019). Knowledge and skills possessed by students can be improved in learning
and science activities with the role or function of laboratory facilities (Selamet et al., 2020). To
improve students' understanding and practice their skills in every scientific experiment, the
laboratory is the most effective place and means to realize the learning process and learning
outcomes (Hofstein & Lunetta, 1982). Special abilities in terms of science in accordance with
scientific disciplines must be realized (Remington-Doucette & Musgrove, 2015). The role of
the laboratory becomes an inseparable part to support these special abilities, whether they are
conventional laboratories (Hofstein & Lunetta, 1982)where participants are directly involved
in learning activities and are present in classrooms and virtual laboratories (Suhar, 2014)-
(Agarina et al., 2018) simulation lab (Tiwari & Singh, 2011), telelab (Casini et al., 2003),
remote laboratory (Limpraptono et al., 2020) who are not present in class (Gunasekaran &
Potluri, 2012). Problems that often arise in realizing the two types of laboratories are related to
the university's ability in terms of budget (Selamet et al., 2020). In laboratory operations,
another problem arises when the resources, in this case the teachers, have not been upgraded
to master the new technology used. The practicum module used has not yet supported the
direction of an effective learning model with the involvement of students who focus on
themselves(student centered) (Cech & Bures, 2004).Several educational institutions have been
proven in terms of meeting the needs of laboratories to achieve learning outcomes. One of them
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is to create a laboratory with low funding but still does not leave the main function of the
laboratory (Reck, 2016)-(Mostefaoui et al., 2017). The term that is often used is low cost
laboratory (Mostefaoui et al., 2017), affordable laboratories (Reck, 2016), online laboratory
(Bochicchio & Longo, 2014), virtual laboratory (Agarina et al., 2018), telelab (Casini et al.,
2003), simulation laboratories (Marcia K. Rothgeb, MSN, 2008)-(lonescu et al., 2013), web
laboratories and federation labs,(Angulo etal., 2013), which describes the realization of cheap,
affordable financing, easy to use, easy to maintain and easy to upgrade in technology (Ma et
al., 2010). This article discusses LCL from various perspectives, first, LCL is seen from the
perspective of research opportunities from that theme. Second, the novelty of the research by
analyzing the role of the authors who contributed to the theme. Third, keyword analysis of
articles with that theme and citation analysis with that theme as well. Fourth, discuss the
bibliometrics study of LCL. This article also discusses the names of the authors who
contributed the most to the writing of LCL articles, the affiliates who contributed to the writing
of LCL articles and the network of fellow authors.

METHOD

Meta-analysis has been used in this preparation of qualitative research articles (Wolf, 1986)
where numbers and statistical data extracted from research articles will be used to organize and
extract information from the data obtained. Finally, even the comprehensiveness of the results
of the methods used can be obtained as much as possible. Furthermore, the meta-analysis
method was narrowed down to the steps and procedures of bibliometrics analysis techniques
(Glanzel, 2003). Bibliometrikks technique analysis aims to explore a lot of article information
obtained from big data on the development of printed literature (print-based literature) using
mathematical and statistical principles (bibliometrics) (Glanzel, 2003)-(Cobo & Herrera,
2011). To facilitate understanding of the process or stages can be explained with the method
bibliometrics by Figure 1 as follows:

N N
Phase 1 Phase 2 o Bhases N Phase 4
Dats Mining and Collection Data Visuslization /> Data Analysis /,) Recommendation
Dara Base: Sropus |Article,
Conference Paper, Rewiew, Result, Discussion, £ R
Review and Note)
19332022

Figure 1: Bibliometrics-Based Research Process
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Figure 1 describes the study and analysis based on bibliometrics, to simplify or unify the
perception of the image. The following is an explanation of the 4 phases used:

1) Phase 1: Data mining and collection

a.

Decide on a theme, the determination of the theme is carried out based on the needs of the
research that will be carried out by the author, so that later in terms of the completion time
of this article, it is in accordance with the target. Determination of this theme must also
consider the ability or knowledge of the author to the scope of the theme itself. Finally, an
article that reviews the development of literature using mathematical and statistical
principles (bibliometrics) bring significant usefulness or novelty to the author's research
plan. The theme raised in this article is about affordable laboratories. In a simple sense, an
affordable laboratory has two syllables, namely, a laboratory which is defined as a learning
tool that understands concepts and improves skills in conducting scientific experiments.
While affordable in the languange big vocabulary has the meaning achieved, taken, so that
an affordable laboratory is defined as a form of realization of learning facilities at low cost
without leaving the actual function.

. Define keywords, The use of appropriate keywords allows the articles we need to be met

according to the criteria, especially in attracting significant traffic from search engines. The
definition of keywords can be interpreted as the main concept in the form of words in the
article and its discussion. Keywords can be obtained from existing branches of science. A
simple technique that can be proposed is by choosing the most representative keywords in
the discussion of an article. The most effective words can index an article and help attract
as many articles as possible, involving an internet network connect of to a computer. Low
Cost Laboratory is the keyword used in the search for articles in the database Google
Scholar, Scopus, and Crossref from 1933-2022.

Data acquisition, the data obtained is a database of journals in Google Scholar, Scopus, and
Crossref (Klapka & Slaby, 2018) -(Harzing & Alakangas, 2015). Scopus indexed articles
are articles with reputable quality and content that can provide information for analysis
using bibliometric approaches and studies (Donthu et al., 2021) -(Ellegaard & Wallin, 2015).
Scopus is the largest database of abstracts and citations from peer-reviewed literature:
Article, Conference Paper, Review, Book Chapter, Short Survey, Note, Book, Conference
Review, Editorial and Report (Chadegani et al., 2017). The search feature on Scopus data
allows it to be known by observing the following results: the year of publication that can be
set by a range of years, the year of citation following the year of publication, the number of
article/paper titles that can be downloaded in one keyword determination, how many
citations are there, citations per year during the entry range of years, citations per paper or
article, authors per article, H Index value, G Index value, normal h index, h index and others.
The articles obtained are articles or journals which are the results of research from 1933-
2022 with the keyword LCL. The source of an article or journal that is used as a literature
review must have quality and reputation with several indicators, first, accredited which
allows readers to assess the contents of a journal. Speaking of being accredited, at least have
an International Standard Serial Number (ISSN). Second, articles or journals that are used
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as literature reviews comply with publication ethics by publishing them regularly. Third, the
nature and content of a journal has scientific principles from a scientific branch and fifth,
journals that are published regularly must be indexed, both domestic and foreign indexing
institutions.

2) Phase 2: Data visualization

a. Define supporting tools, "OpenRefine" (Ham, 2013)-(Verborgh, R., & De Wilde, 2013)
This software provides convenience to select all data obtained from Scopus can be cleaned
of all keywords that are less related to the theme. Furthermore, the downloaded file in csv
format is analyzed using Vosviewer (van Eck & Waltman, 2010). Vbibliographical
visualization on Vosviewer in the form of a data set containing bibliographic fields (author,
article title, author ID, year of publication, publisher identification, publisher link, DOI no,
affiliation, abstract and so on). In determining the type of data, Vosviewer can extract data
types from the web of science indexer, Scopus, dimensions and pubmed. In the world of
research, Vosviewer is used for bibliometric analysis, showing gaps or gaps for research,
looking for the most dominant reference in its contribution to the theme of the article in
question (Society & Society, 2022). Other supporting software in the form of Mendelay
provides convenience in writing the bibliography in this article (Lambodara Parabhoi,
Arabinda Kumar Seth, 2017).

b. Export data, Data with the csv file type downloaded from the Scopus data base will be
processed in the softwareOpenRefine. This software is useful for cleaning data, restoring
data consistency and detecting duplication of data to eliminate one of them (Verborgh, R.,
& De Wilde, 2013). With this process for exporting and processing data in VOSviewer, it
will be very accurate in visualizing bibliometrics in Co-authorsip, Co-occurrence and
Citation analysis.

3) Phase 3: Data analysis

a. Bibliometrics analysis. Analysis of data with VOSviewer on 219 documents that were
successfully downloaded with the keyword LCL highlighting the type of analysis; a). Co-
authorsip which provides information on the collaboration of one author with another with
the unit of author and country, b). Co-occurrence provides information on the keywords of
articles that are widely used and interrelated between authors and the unit of analysis Author
keyword, c). Citation provides information on the citation relationship of one document to
another when tested or searched for its relationship with other documents.

b. Discussion analysis. Discusses various types/laboratory models in the context of LCL in
the downloaded Scopus database and their metadata.

4) Phase 4: Recommendation

The results of the discussion in the form of LCL models will provide an overview of many
alternatives that can be used as cheap laboratory role models to support learning activities and
its explanition.
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RESULT AND DISCUSSION

A scarch process has been carried out on the Scopus database by searching in the title-abstract-
keywords related to LCL. Keywords used: TITLE-ABS-KEY LCL in the range 1933-2022 on
June 19, 2022:

Conference
Review Review Note
1.6% 0,4% 0.4%
Book Chapter % of a total 219 documents
0,9%
= = Article
= Conference Paper
Conference .
Paper Review
29.2%

= Book Chapter
= Conference Review
= Note

Article
65.2%

Figure 1: Percentage of publications by document type from 1933 to 2020

Figure 1 contains Article (143), Conference Paper (64), Review (8), Book Chapter (2),
Conference Review (1), Note (1). All of them are forms of documents generated from searches
with LCL keywords in the Scopus database.

25

20
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AMOUNT OF PUBLICATIONS

Figure 3: Percentage of Publications of Document Types about LCL from 1933 to 2022
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In Figure 3. it can be seen that the results of research related to the LCL keyword show 1).
Research on the LCL theme was first started in 1933-1975 with one document. 2). LCL theme
research with a minimum of 10 documents was seen in 2012, 2015, 2016, 2017, 2019, 2020
and 2021. 3).

At the beginning of the study up to 2011 or 79 years, there were less than 10 documents
produced each year. This condition shows that the writers in some countries are less productive
and less interested in writing articles related to the LCL theme. This condition was also seen in
2022 where at the time of this research (19 June 2022) there were shows 7 documents related
to the theme.

Author Analysis

The author's analysis of the Scopus indexed database with the LCL theme is done by extracting
the csv file with the author's unit of analysis on the VOSviewer software menu. The results of
the csv file extraction can explain how much an author contributes in publications, citations
and total link strength.
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Figure 4: Author with Document and Citation Power

Figure 4 of the author's unit of analysis analysis on VOSviewer software explains that there are
43 authors who have at least 2 documents and at least 2 citations in their publications. Figure
4 also describes the 7 authors with the highest citations and total link strength with at least 2
documents, 251 citations and 12 total link strengths.
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Figure 5: Visualization of VOSviewer Based on Authors Network

Figure 5, there are 14 clusters of authors, the highest number of citations are 7 authors in cluster
I (circled in red) with a total of 2 documents and networked together. It should be noted that
the highest number of citations lies not in the number of documents owned, but in the number
of people who cite in the authors cluster. Cluster | (circular) whose authors are Briton Ln,
Dawarakanath V. and their friends have networks in one cluster and do not network with other
clusters. It can be seen that there is no link that connects the network with 13 other clusters.
Cluster 1 consisting of Britton L.N., Warakanath V., Heinson C., Jackson A.C., Levitt D.B,
Malik T. and Pope G.A has a shared network of 251 citations and 12 total link strengths. Cluster
2 (circled in black) with 6 authors Castro M., Hernandez R., Pastor-Vargas R., Robles A_, Ros
S., Tobarra L. have a higher total link strength than cluster 1, this tendency is caused by the
dominance of the number of documents per author and citing each other.
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Figure 6: Author Visualization for Country Network
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Figure 6, there are 68 countries contributing in publications in the Scopus database with the
keyword LCL. United states has the highest number of documents (58 documents) with 945
citations and 8 total link strengths. To clarify the analysis of the involvement of countries in
producing publications, see table 1:

Table 1: Countries Involved in Issuing Documents

No Country Documents Citation Total link strength
1 United States 58 945 8
2 India 18 140 3
3 | Spain 18 111 4
4 | United Kingdom 14 58 5
5 | Germany 11 148 6
6 | Australia 9 144 4
7 | Ntaly 9 77 1
8 Canada 8 73 2
9 | Brazil 7 127 2
10 | Belgium 6 15 3
11 | Turkey 5 34 1
12 | Czech Republic 4 8 1
13 | Greece 4 116 0
14 | Poland 4 8 2
15 | France 3 9 1
16 | New Zealand 3 29 0
17 | South Africa 3 10 0
18 | Argentina 2 10 1
19 | China 2 11 2

20 | Ecuador 2 1 0

21 | Georgia 2 11 1

22 | Hungary 2 1 |

23 | Mexico 2 5 1

24 | Netherlands 2 62 0

25 | Norway 2 8 0

26 | Spe 2 251 2

27 | Thailand 2 1 0

28 | Uruguay 2 7 1

29 | USA 2 2 0

Table 1 is generated based on the given filtering that each country provides at least 2 documents
related to the research theme, so that in table 1 there are 29 countries that have at least 2
documents from the given filter. In terms of publishing Scopus detects articles from 134
publishers spread across 68 countries. Table 1 also shows the top 10 countries with at least 6
documents from 1933-2021.

Keyword Analysis

This analysis provides clarity on how many keywords are in the articles in the Scopus indexed
database. Of the 219 articles that were successfully downloaded, there were 2573 keywords,
40 keywords that appeared at least 5 times in 219 articles and were related to the main search
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keywords. Figure 7 is visualization of VOSviewer with keyword analysis in all keywords unit.
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Figure 7: Keyword Visualization of LCL for Various Clusters

Figure 7 shows 4 clusters of 2573 keywords extracted from VOSviewer with 40 keywords that
are often used together in 219 documents of Scopus indexed database. The LCL keywords for
searching publications in the Scopus database are divided into 4 clusters, it is confirmed that
in all clusters (1 to 4) contains major LCL themes from various perspectives, scientific
disciplines, implementation techniques, strategies/methods of realization and management of
the LCL framework itself.

Cluster 1 is marked in red, the trend of the existing keywords interpreting many LCL practices
in the fields of engineering, education and finance. The most dominant financing theme in
terms of publications is marked with the largest yellow ball color and has appeared in the last
5 years in this cluster.

Cluster 2 is marked in green, has a tendency to publish in medical, health, psychology and
human sciences. Looking at the publications in this cluster, it is more indicated of low-cost
medic techniques and cheap handling of various psychological cases.

Cluster 3 is dominated by blue, this publication tends to be in the fields of biology, agriculture
and chemistry. Experimental practice in this science with a neat and sequential procedural
method (SOP).

Cluster 4 is dominated by yellow color which shows the fields of economics science, computer
simulation and laboratories. In this cluster, the number of publications is not too many and
appeared in the period 2003 to 2012.
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From a technology point of view and LCL realization strategies can be categorized into 9 types,
namely:

I.

Integration of hardware assembly and software simulation, this category allows the
assembly of affordable or inexpensive hardware, for example Arduino (Docekal et al., n.d.)-
(Ausilio, 2012), Rasberry Pi, Atmega microcontroller (Ma et al., 2010). On a practical level,
the assembly of the LCL module begins with a simulation to avoid errors in module
realization. Utilization of available modules in the form of module packages, facilitates
integration between modules for the same function. Integration between modules in one
motherboard makes this module more practical, portable (Abdullah et al., 2018) so that it
can be placed anywhere for practicum-based learning needs. Another convenience, this LCL
model can be used as a final projectfor students who have completed their studies.

. The simulation is in the form of MATLAB licensed software (T{iudf, 2017). This LCL model

does not come into direct contact with physical equipment. Simulation allows proof of
theory into this software. Simulation also allows cost savings from the actual practicum (T

tior, 2017). A programming for numerical computing and visualization, this software is
used to analyze data, develop algorithms, and create systems/models in an application.

. Lab View, programming design simulation, this is computer software in the fields of data

acquisition, control engineering, automation and instrumentation, this software is widely
used for signal processing and data visualization (Mahata et al., 2010).

. Hardware assembly of affordable modules based on the system designed, this type of LCL

makes the system/model complete and for continuous function (Docekal et al., n.d.).
Starting with looking, for related information, the material in the lecture, the learning
objectives to be achieved and the practicum modules circulating in the market to be used as
comparisons. Prioritizing the price of components that are cheap, affordable and easy to
procure, allows the budget spent to be much more economical than the price of factory-
made modules. The module material is in accordance with the needs of the curriculum.

. Making prototypes with affordable modules, is a form of LCL that resembles the original

(Urban, n.d.). At the practical level, this prototype is used to represent the characteristics
and output data.

. Creation of data acquisition tools with open-source hardware and software (Fisher & Gould,

2012) In this type the combination of hardware/hardware with open-source
software/software to realize an affordable, LCL allows avoiding branded software and
expensive hardware (Pearce, 2012).

. Laboratory demonstration with standard procedures, and ISO standards (Bonachea, 2019).

This LCL model has fixed and strict management requirements, as well as legal
accountability.

. Ajoint federation (shared function) and cross-institutional laboratory model with an agreed

common framework (Loro et al., 2018), an online-based laboratory model (Sains et al.,
2021), virtual (Suhar, 2014) -(Budai & Kuczmann, 2018) -(Agarina et al., 2018), and remote
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lab (Limpraptono et al., 2020) shared with other institutions. This laboratory uses small,
inexpensive and affordable devices. Lightweight Directory Access Protocol (LDAP) (Yeh
et al., 2002) device that regulates panel administration, access to other servers that serve as
the provider entity does all the work, namely: authenticating users, giving them
authorization to use the laboratory, and providing laboratories on the laboratory provider
side (Angulo et al., 2013). LDAP is one of the protocols used in this federation's laboratory.
Avoiding expensive server procurement and maintenance costs is one way for institutions
to avoid spending excessive laboratory budgets.

9. Web-based laboratory model for the provision of an open-source platform, online tutorials
and courses (Aparicio & Sotelo-, n.d.), virtual lab, remote lab and remote lab, LCL model
that provides free/open-source features to be shared in one community. The term remote
laboratory (telelab) (Casini et al., 2003) which takes into account the lack of infrastructure,
the condition of the existing internet network (low bandwidth), remote and remote locations,
where accessibility of laboratory experience for students must be achieved well (Mostefaoui
et al., 2017). Automatic Control Telelab (ACT) is an example of a control telelab with
Matlab/Simulink design, experiment simulation, changing control parameters and
evaluating and analyzing experimental results, all of which can be done by students anytime
anywhere (Casini et al., 2003). Virtual LCL, a form of laboratory that resembles a real
laboratory. With an interactive display, familiar to users and inexpensive, it allows
students/users as if they were in a real laboratory. Users can be creative with various
experiments without the risk of worrying about the destruction of this virtual laboratory.

CONCLUSION

Studies and bibliometric analysis with the keyword LCL provide an overview of the trend of
publication growth in the last 6 years (2015-2021). This trend shows the efforts of an
educational institution from various disciplines to realize LCL in order to support the
achievement of learning, medical practice, engineering, laboratory demonstration of biology
and chemistry. It can be seen that the United States, India, Spain, United Kingdom and
Germany are the 5 countries that contributed the most publications and citations in recent years.

This LCL keyword analysis itself which is carried out in every learning practice is solely aimed
at reducing excessive costs or budgets. Several forms of LCL revealed in this study are broadly
in the form of, 1) Module assembly for a function at an affordable price, 2) Integration of
module and software assembly at affordable prices, 3) Simulation with software, 4) Virtual
laboratory, 5) Joint laboratory web (federation), and 6) Laboratory management with fixed
standards.

In the future, LCL technology in the form and strategy of implementation will be a big demand
for institutions because of the high cost of laboratory equipment. With the keywords efficient,
affordable, cheap and easy to maintain, it takes serious efforts with research in various
disciplines to realize LCL. As a closing discourse, efforts to realize LCL in every practice of
deep learning in educational institutions must get support from management.
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RUBRIC: SOCIAL STUDIES SHORT ANSWER

FOCUS

State a clear claim/topic sentence and stay focused on supporting it.

MEETS EXPECTATIONS A precise claim/topic sentence based on the historical topic and/or source(s) is
present. The response maintains a strong focus on developing the claim/topic
sentence, thoroughly addressing the demands of the task.

APPROACHES A claim/topic sentence based on the historical topic and/or source(s) is present,
EXPECTATIONS but it may not completely address the demands of the task, or the response does
not maintain focus on developing it.

DOESN'T MEET The claim/topic sentence is vague, unclear, or missing, and the response does not
EXPECTATIONS address the demands of the task.
EVIDENCE

Represent relevant historical information accurately.

MEETS EXPECTATIONS The most appropriate evidence is presented to support the topic sentence, and all
information is historically accurate.

APPROACHES Appropriate evidence may be presented to support the topic sentence, but it may
EXPECTATIONS be inadequate or contain some historical inaccuracies.

DOESN'T MEET Evidence is general, inappropriate, or inadequate in support of the topic
EXPECTATIONS sentence, or is largely inaccurate.

DEVELOPMENT

Explain how evidence supports the topic sentence.

MEETS EXPECTATIONS The response demonstrates reasoning and understanding of the historical topic
and/or source(s), and sufficiently explains the relationship between claims and

support.
APPROACHES Some reasoning and understanding of the historical topic and/or source(s) are
EXPECTATIONS demonstrated. The response attempts to explain the relationship between claims

and support.

DOESN'T MEET The response does not demonstrate reasoning and understanding of the
EXPECTATIONS historical topic and/or source(s), and explanation of the relationship between
claims and support is minimal.

ORGANIZATION

Present ideas in a logical structure that shows the relationships between ideas.

MEETS EXPECTATIONS An effective organizational structure enhances the reader's understanding of the
information. The relationships between ideas are made clear with effective
transitional phrases.



APPROACHES
EXPECTATIONS

DOESN'T MEET
EXPECTATIONS

LANGUAGE

An organizational structure is evident, but may not be fully developed or
appropriate. Transitional phrases may be used but the relationships between
ideas are somewhat unclear.

An organizational structure is largely absent and the relationships between ideas
are unclear.

Communicate ideas clearly using vocabulary specific to the historical topic.

MEETS EXPECTATIONS Ideas are presented clearly, using vocabulary specific to the historical topic. If

APPROACHES
EXPECTATIONS

DOESN'T MEET
EXPECTATIONS

errors in conventions are present, they do not interfere with meaning.

Ideas are mostly clear, using some vocabulary specific to the historical topic. Some
errors in conventions are present that may interfere with meaning.

Ideas are not clear, using little to no vocabulary specific to the historical topic.
Several errors in conventions interfere with meaning.



