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Abstract

First year students of the Chemistry Education Study Program have some problems in practicum because the students' basic
laboratory skills are low. The current practicum guide is not sufficient to provide information on basic skills for working in
the laboratory. This condition causes students to have problems practicum and there is a potential risk of accidents. This
study aims to produce a handbook for Basic Chemistry | with Occupational Health and Safety (K3) which is feasible to be
implemented in Basic Chemistry Practicum I. This research was a Research and Development (R&D) with a 4-D
development model, consist of 4 main stages, Define, Design, Develop and Disseminate. The research was limited to the
development stage, which ended in the legibility test. Based on expert assessment the results showed that the handbook for
Basic Chemistry Practicum | with K3 was very valid in terms of content (3.75), language (3.70), and media (3.6) from a
maximum score of 4. The results of the readability test from 9 students showed that all students gave clear assessments.
They understood the contents and guidelines for practicum on Basic Chemistry 1 with K3 very well. The conclusion of this
study is Basic Chemistry Practicum | Handbook with K3 content is valid to be implemented from the aspects of content,
presentation, language, media, and readability.
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Introduction

Chemistry is a branch of science that has characteristics based on experiments. In
chemistry learning, understanding concepts and theories need practicum as a direct learning
experience. In chemistry there are two things that closely related, chemistry as a product
(chemical knowledge in the form of facts, concepts, theories, and principles) and the process
(scientific work) (Effendi-Hasibuan, Fuldiaratman, Dewi, Sulistiyo, & Hindarti, 2020;
Hairida, 2018; Maison et al., 2020). Both of these things can be achieved by students through
practicum. Practicum guide is needed to make practicum carried out well or following the
objectives to be achieved. A practicum guide is a facility provided by lecturers/teachers so
that students can learn and work well (Maison et al.,, 2020; Sumarti, Nuswowati, &
Kurniawati, 2018).

Laboratory as a place for practicum takes high seriousness, although it depends on the
guidelines made by teachers or lecturers and students do the work (Hill Jr & Finster, 2016;
WHO, 2011). They must work with the chemicals they use safely. A laboratory is a place for
teaching staff (lecturers and teachers), students, and laboratory workers to make experiment
with chemicals, glassware, and special tools. The use of these chemicals and tools has work
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accidents potential. Most work accidents are caused by unsafe behavior, the rest by unsafe
conditions. The causes of work accidents are due to unsafe behavior (88%), unsafe conditions
(10%), and unknown (2%). Another study conducted by Gibson, Schroder, & Wayne (2014)
also shows that work accidents are caused by unsafe behavior (96%) and unsafe conditions
(4%). Based on these data, it can be concluded that in general, work accidents are the main
cause of carelessness. Therefore it is necessary to make efforts to prevent accidents by
developing awareness (attitudes) to the importance of K3 for those who work in the
laboratory.

Occupational Health and Safety (K3) is important to be implemented because it
prevents and reduces the risk of work accidents, due to the lack of awareness of laboratory
managers on K3 implementation and laboratory infrastructure that does not follow K3 in
work accidents (Dwi, 2017; Greenhaus & Allen, 2011; Styawan, Sukardi, Rahdiyanta,
Wijanarka, & Ngadiyono, 2019). Occupational Health and Safety (K3) requires special
attention because K3 is a form to create a workplace that is safe, healthy, free from
environmental pollution, so that it can reduce and or be free from occupational accidents and
diseases, which in the end can increase work efficiency and productivity (Abraham et al.,
1997; Purnomo & Saputro, 2018; Taylor, 1995; Yamin, 2020). Work accidents not only
cause casualties or material loss, environmental damage, but can also interfere with the
process of achieving the objectives of practicum learning in the laboratory. Therefore, K3
should be attached to the practicum.

As previously explained, the main cause of work accidents is unsafe behavior or
carelessness. Work accidents in the laboratory can be prevented by changing unsafe behavior
into safe behavior for laboratory workers. An alternative effort that can be made is increasing
awareness (attitudes) and practices of occupational safety and health in the laboratory
through the development of a practicum guide with K3. The importance of developing a
practical guide is to activate students and develop student skills through activities in the
practicum guide that has been developed (Prayitno, 2017).

Basic Chemistry is one of the courses in Chemistry Education study program FMIPA
Undiksha and its existence is important because it is one of the basic sciences so this course
is in the first year. Basic Chemistry is also related to further chemistry courses, such as
organic chemistry, inorganic chemistry, physical chemistry, analytical chemistry, and
biochemistry. Basic Chemistry is equipped with practicum, therefore a practicum guide is
needed in conducting Basic Chemistry courses so that the practicum is carried out well and
achieve the objectives. One of them is the Basic Chemistry Practicum Guide | which is the
focus of this development research.

In general, a practicum guide contains objectives, short material related to the title to
be practiced, the tools and materials used, and practicum procedures. The current Basic
Chemistry Practicum | Guide does not include basic skills for working in a laboratory which
is outlined in the form of standard operating procedures (SOP) for working in the laboratory,
to prevent work accidents in the laboratory. As educational students (prospective teachers), it
is important for Chemistry Education Study Program students to master basic laboratory
skills and K3 application in the laboratory which is part of the graduate competence standard
(SKL) so that they will become professional teachers.

Based on the experience of guiding students to carry out Basic Chemistry Practicum I,
there was a lack of students’ skills in practicum, including using chemical tools and
materials, and following work procedures correctly according to Standard Operating
Procedures (SOP). This has the potential to trigger work accidents in the laboratory, thus
results in not achieving the objectives of the practicum. Several reports stated that there had
been work accidents in the laboratory. According to a survey conducted by the Education
Bureau in 2011/2012, it was found that from 401 high schools, there were 348 cases of work
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accidents in the Chemistry laboratory. The Chemistry Laboratory in the school get the second
rank as a laboratory that often have work accidents.

Educational laboratories have a higher risk of work accidents than laboratories for
industrial activities. This happens because in the educational laboratory the practitioners are
still in the learning stage and generally have not mastered work procedures properly. The
activities are carried out using different tools and materials for each practicum, while in
industrial laboratories the activities carried out by the practitioners are carried out
continuously with the same tools and materials every day. This study aims to produce a
handbook for Basic Chemistry | with Occupational Health and Safety (K3) which is feasible
to be implemented in Basic Chemistry Practicum I. This study was conducted to prevent
work accidents in the laboratory.

Materials and Methods

This research is a development research or Research and Development (R&D) using a
4-D development model, consist of 4 main stages, Define, Design, Develop, and Disseminate
(Thiagarajan, Semmel, & Semmel., 1974). Borg & Gall (1983) states that it is possible to
limit research on a small scale, limiting the research steps. The impact of Covid-19 pandemic
has made Undiksha applies WFH (Work From Home), where all the activities of the learning
process and practicum are carried out from home. Related to this, this research can only be
carried out in three stages, Define, Design, and Develop. The development stage ends up with
the legibility test. Practicality tests and test effectiveness cannot be implemented because
there are no practicum activities carried out in the laboratory.

Results and Discussion
Results
Following is the 4-D development procedure used in this development research.

Define Stage

At the defined stage, a needs analysis was carried out through a preliminary study
with interviews, observation, and document study. Based on the preliminary study, it was
found that the problem in organizing the Basic Chemistry | was the low skills of students in
practicum which caused the practicum did not run smoothly, the objectives of the practicum
were not achieved optimally, and had the potential to cause work accidents in the laboratory.
The low skills of first-year students (new students) in practicum were due to their
inexperience during high school. The practicum guide used was the Basic Chemistry
Practicum | guide was compiled by Subagia & Sya’ban (2004). This handbook has not
provided sufficient information regarding work safety and security in the laboratory.

Design Stage

Based on the results obtained in the define stage, then the initial design stage was
carried out. The initial design meant at this stage was the design of the Basic Chemistry
Practicum Handbook I with K3 which was developed before being tested on students. This
stage was media selection and format selection. The media used is an image used to clarify
practical instructions or working procedures in the laboratory, so that students can carry out
practicum correctly and safely. At this design stage, a practical handbook format was also
chosen. The format is the one that meets the criteria of being attractive, easy, and helpful in
learning. The format or systematics of the Basic Chemistry Practicum Handbook | with K3
is presented in Table 1.
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Table 1. Systematics of the Basic Chemistry Practicum Handbook

Practicum Handbook Systematics
. Title
. Preface
. Instructions
. Table of Contents
. List of Attachments
. Rules of Basic Chemistry Practicum |
. Basic Laboratory Knowledge
. Basic Techniques for Laboratory Skills
Contents (Contains Six Experiment I. Title
Topics) I1. Purpose
I11. Basic theory
IV. Tools and Materials
V. Work Procedures
V1. Observation Sheet
VII. Data analysis
VIII. Discussion
IX. Question
X. Conclusion
XI. References
XII. Practicum Ratification Identity Sheet
Closing References
K3 attachment in SOP form
The Example of Report

Introduction

CONO OIS WN B

Develop Stage

The development stage was divided into two activities: expert appraisal and
developmental testing. Expert appraisal is a technique for validating or assessing the
feasibility of a product design. The assessment includes aspects: content, language, and
media. A summary of the results of validation by experts is presented in Table 2.

Table 2 shows that the expert judged very feasible/very valid in all aspects of the
assessed product development. Some suggestions for improvement from experts included
fixing typing errors (typos), improving the consistency of the presentation format and image
layout, and improving image quality. After revisions were made based on the advice of the
experts and after the product was declared feasible by the expert, a development test was
carried out in the form of a legibility test. The legibility test involved 9 students. The
legibility test results are presented in Table 3.

Based on Table 3, it shows that all students assessment gives clear or understood until
it was very clear or very understood about the Basic Chemistry Practicum | with K3 contents
and procedures.

Table 2. Summary of Expert Validation Results

Judges
Rated Aspect First Second Average  Category
Expert Expert

Content Validity
A Content eligibility
1 The contents appropriate with KD 3.67 4.00 3.84 Very Valid
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Judges

Rated Aspect First Second Average  Category
Expert Expert
9 the contents integrated with K3 3.67 4.00 3.84  Very Valid
material
3 Material accuracy 3.54 4.00 3.78 Very Valid
4 Up-to-date material 3.25 3.25 3.25 Valid
5 Encourage curiosity 4.00 4.00 4.00 Very Valid
6 Obedience to Laws and 3.33 4.00 3.67 Very Valid
Regulations
Average 3.73 Very Valid
B Components of presentation
1 Presentation technique 3.56 3.67 3.62 Very Valid
2 Support of presentation 3.83 4.00 3.92 Very Valid
Average 3.77 Very Valid
Validity of Language
1 Straightforward 3.33 3.67 3.50 Valid
2 Communicative 3.67 4.00 3.83 Very Valid
3 Conformity with Indonesian 3.50 3.50 3.50 Valid
language rules
4 Use of terms, symbols, or icon 3.50 4.00 3.75 Very Valid
Average 3.65 Very Valid
Media Validity
1 Size 4.00 4.00 4,00 Very Valid
2 The cover design 3.29 3.43 3.36  Valid
3 The content design 3.33 3.67 350 Valid
Average 3.62  Very Valid

Table 3. Summary of Readability Test Results

Not

No. Rated Aspect Clear

n % n % n % n %

1 The sentence used represents the 0O O O O 5 5556 4 4444
information to be conveyed

Unclear Clear Very Clear

2 The use of language does not O 0 O O 6 6667 3 3333
create a double meaning

3 The words used are understood o o0 o o 7 7778 2 2222
(familiar or familiar)

4 The practicum procedure o o0 O 0O 1 1111 8 8889

presented is easy to understand

5  The images/ tables / charts that o 0 O O 1 1111 8 88.89
are presented are informative and
make it easier to understand work

procedures

6  Clarity of writing chemical 0O 0 O 0 3 3333 6 66.67
formulas and symbols / symbols

7 Systematic clarity of content / 0O 0 O O 4 4444 5 5556

practical guidance material
8  SOP (Standard Operating o 0 O 0 2 2222 7 7171.78
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No. Rated Aspect CI\Ilgatr Unclear Clear Very Clear
n % n % n % n %
Procedure) clarifies the
understanding of practicum work
procedures
9  SOPs and K3 (Work safety and O 0 O O 1 1111 8 88.89

security) information help
understand working in a safe and
secure laboratory
10 A practicum guide equipped with O 0 O O 1 1111 8 88.89
SOP and K3 information makes
you feel confident and doesn't
hesitate to work in the laboratory

Discussion

The results of the analysis of the Basic Chemistry Practicum | Syllabus of the
Chemistry Education Study Program (Silabus Program Studi Pendidikan Kimia Kurikulum
2019) obtained minimum competencies that students must achieve. Students can design,
conduct, and report practicum results by utilizing the potentially available resources to build
science process skills and chemical concepts about the material and its changes; atomic
structure and periodic system; chemical bonds, molecular and crystal structures; concepts in
stoichiometry; and chemical energy. Furthermore, based on the minimum competency
formulation, there were 6 topics of Basic Chemistry | practicum, namely Separation and
Purification of Substances, Chemical Reactions, Determination of Relative Atomic Mass of
Mg, Determination of the Formula of a Hydrate, Continuous Variation and Stoichiometry,
and Determination of the Relative Molecular Mass of Oxygen. These six topics were further
developed with K3 content. From 6 practicum topics successfully identified the risk of
accidents and the concept of K3 action that must be mastered by students. The risks of
accidents include damages to glass, metal and porcelain tools, inhalation of the reaction gases,
direct contact with chemicals through the skin, eyes, mouth and respiratory tract, gas leaks,
and fire hazard (Abbas, Zakaria, Balkhyour, & Kashif, 2016; Harrison, Heslop, Eastman,
Baldwin, & Shallcross, 2011; WHO, 2011).

The concepts of K3 actions important for students to master to prevent work accidents
are training on the use of practical tools, using Personal Protective Equipment (PPE), gas-
producing reactions carried out in a fume hood, and training on the use of a Light Fire
Extinguisher (APAR). The K3 concept or action includes 26 work procedures which were
then formulated or compiled into 26 SOPs (Standard Operational Procedures), namely SOP
for Work Safety, SOP for Washing Volumetric Equipment (Burette, Pipette, and Measuring
Flask), SOP for Titration, SOP for Vacuum Filtering, SOP for Gravity Screening, SOP for
Decantation, SOP for Moving Liquids with Dropper Pipettes, SOP for Sipping and
Transferring Liquids with VVolumetric Pipettes and Measuring Pipettes, SOP for Moving
Liquids, SOP for Transferring Solids, SOP for Heating Liquids, SOP for Weighing
Substances Using a Digital Analytical Balance, SOP for Weighing Substances Using an
Analog Analytical Balance (3-Arm Ohaus Balance), SOP for Making Solutions with Certain
Concentrations of Pure Solids, SOP for Making Specific Concentration Solutions by Dilution,
SOP for Disposing / Handling Waste, SOP for Smelling the Odor of Reaction Gases, SOP for
Testing Acidity / Solubility of Solutions, SOP for Taking Solids from Pure Stock, SOP for
Taking Liquid Substances from Pure Stock, SOP for Drying Solids, SOP Using a Fume
Hood, SOP Using Statives and Clamps, SOP Using a Thermometer, SOP for Steaming
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Liquids, and SOP for Using a Light Fire Extinguisher (APAR). The concept of K3 in the
form of SOP is integrated into the practicum guide using the insertion method (Purnomo &
Saputro, 2018; Taylor, 1995; Yamin, 2020). The preparation of the SOP follows the criteria
as set out in the SOP preparation references (Setyawan et al., 2019; Tathagati, 2014) to the
importance of K3 for those who work in the laboratory.

Occupational Health and Safety (K3) is important to be implemented because it
prevents and reduces the risk of work accidents, due to the lack of awareness of laboratory
managers on K3 implementation and laboratory infrastructure that does not follow K3 in
work accidents (Dwi, 2017; Greenhaus & Allen, 2011; Styawan, Sukardi, Rahdiyanta,
Wijanarka, & Ngadiyono, 2019). Occupational Health and Safety (K3) requires special
attention because K3 is a form to create a workplace that is safe, healthy, free from
environmental pollution, so that it can reduce and or be free from occupational accidents and
diseases, which in the end can increase work efficiency and productivity (Abraham et al.,
1997; Purnomo & Saputro, 2018; Taylor, 1995; Yamin, 2020). Work accidents do not only
cause casualties or material loss and environmental damage, but can also interfere with the
process of achieving the objectives of practicum learning in the laboratory. Therefore, K3
should be attached to the practicum.

Basic Chemistry is one of the courses in the Chemistry Education study program
FMIPA Undiksha and its existence is important because it is one of the basic sciences so this
course is in the first year. Basic Chemistry is also related to further chemistry courses, such
as organic chemistry, inorganic chemistry, physical chemistry, analytical chemistry, and
biochemistry. Basic Chemistry is equipped with practicum, therefore a practicum guide is
needed in conducting Basic Chemistry courses so that the practicum is carried out well and
achieve the objectives. One of them is the Basic Chemistry Practicum Guide | which is the
focus of this development research.

In general, a practicum guide contains objectives, short material related to the title to
be practiced, the tools and materials used, and practicum procedures. The current Basic
Chemistry Practicum | Guide does not include basic skills for working in a laboratory which
is outlined in the form of standard operating procedures (SOP) for working in the laboratory
to prevent work accidents in the laboratory. As educational students (prospective teachers), it
is important for Chemistry Education Study Program students to master basic laboratory
skills and K3 application in the laboratory which is part of the Graduate competence standard
(SKL) so that they will become professional teachers.

Conclusion

Based on the results of this development research, it can be concluded that the
developed product in the form of a Basic Chemistry Practicum Handbook I with K3 is
suitable for use in terms of content, presentation, language, media, and readability aspects.
Following the development procedure, ideally, this research should be continued with
developmental testing, namely practicality testing and effectiveness testing. The last two tests
could not be carried out because practicum activities in the laboratory did not take place due
to WFH policies as a result of Covid-19 pandemic.
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