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Abstract 

. These conditions can hinder the achievement of practicum objectives and potentially cause work accidents. This 

study aims to produce an Encyclopedia of Chemistry Laboratory Equipment to support Basic Chemistry Practicum 

Learning. This research is a Research and Development (R&D) with a 4-D development model. The method used 

to collect data is observation, interviews, and questionnaires. The instrument used to collect data is a test sheet. The 

data analysis technique used is descriptive qualitative, and quantitative analysis. The results of the research are 

expert judgments. The results show that the Encyclopedia of Basic Chemistry Laboratory Tools is valid in terms of 

content (3.86), language (3.94), media (3.86), and video (3.7) from a maximum score of 4. The readability test 

results of 9 students showed that all students gave a precise assessment. They clearly understand the information 

about laboratory equipment used as an entry in the Encyclopedia of chemical laboratory equipment. This study 

concludes that the Encyclopedia of Chemistry Laboratory Tools is feasible to implement the content, language, 

media, video, and readability to support learning Basic Chemistry Practicum. 
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Introduction 

 Chemistry is a branch of science that has characteristics based on experiments. In studying 

chemistry, the practicum is needed as a hands-on learning experience to understand concepts and theories 

(Muchlis et al., 2020; Orimogunje, 2014). In carrying out practical activities in the laboratory, chemical 

laboratory equipment is needed. When students work in the laboratory, they must conduct experiments 

using various chemical laboratory equipment (Rasmawan, 2018; Wright et al., 2018). Knowledge and 

skills in using chemical laboratory equipment are important factors to support practicum activities (Su & 

Cheng, 2019; Zammiluni et al., 2018). In that case, it can result in errors in using tools and obtaining 

practicum results, resulting in practicum objectives not being achieved optimally (Herga, 2016; Tatli, 

2010). In that case, it will prevent equipment damage and avoid accidents that can endanger the 

practitioner himself, others, and even the laboratory (Cahyaningrum et al, 2019). 

The laboratory as a place for the implementation of practicum requires high sincerity. The 

teacher or lecturer's guidelines are important so that the students are doing the work well. They have to 

work with chemicals and various chemical equipment (Bortnik et al., 2017; Vysakh et al., 2020). The 

practical manual used by students as a guide for conducting experiments in the laboratory only contains 

the names of the laboratory equipment used. It does not provide information on the specifications, 

functions of these chemical tools and the use of them correctly. A laboratory is a place for teaching staff 
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(lecturers and teachers), students, and laboratory workers to conduct experiments with chemicals, 

glassware, and special tools (Walker et al., 2019; Wan Yunus & Mat Ali, 2018). Improper or unskilled 

use of chemical equipment is an unsafe behavior that can cause work accidents .. Most work accidents in 

the laboratory are caused by unsafe behavior, the rest by unsafe conditions. According to the research 

results of the National Safety Council (NSC), the cause of work accidents is due to unsafe behavior 

(88%), unsafe conditions (10%), and the cause is unknown (2%) (Council, 2011). Another study also 

showed that work accidents were caused by unsafe behavior and unsafe conditions (Ma et al., 2022; 

Nasrallah et al., 2022). Based on these data, it can be concluded that work accidents are mainly caused by 

unsafe behavior, one of which comes from students' low knowledge and skills about laboratory 

equipment. Therefore, it is necessary to prevent work accidents in the laboratory due to students' lack of 

knowledge and skills about chemical laboratory equipment by providing an encyclopedia. Encyclopedias 

are one type of enrichment book, namely books that function to enrich students' knowledge, skills, and 

personality (Goldstein & DellaSala, 2022; Tockner & Mehner, 2022). Encyclopedias do not have a direct 

relationship with the applicable curriculum, so that the existence of this book can be maintained despite 

changes to the applicable curriculum.  

Encyclopedias are a learning resource that provides basic and complete information about a 

problem (HCorke, 2016; Li et al., 2012). Encyclopedias can provide visualizations that attract students' 

interest in the learning process (Huang & Wang, 2017; Lin et al., 2014). Encyclopedias as learning 

resources can present knowledge broadly and contextually. Basic Chemistry is one of the courses 

programmed in the Chemistry Education Study Program, FMIPA Undiksha. The course is important 

because it is one of the basic sciences, so it is programmed first. Basic Chemistry is also very closely 

related and is a prerequisite for further chemistry:,, organic chemistry, physical chemistry, analytical 

chemistry, and biochemistry. Basic Chemistry course material is matriculative and aims to generalize 

students' initial knowledge and skills before taking advanced chemistry lectures. The material given in 

the Basic Chemistry lecture is the same as the chemistry material that students have obtained at the 

Senior High School level. Basic Chemistry is equipped with a practicum, where the topics practiced are 

aimed at strengthening the understanding and mastery of the concepts contained in the Basic Chemistry 

course.  

Based on the experience of guiding students to carry out Basic Chemistry Practicum, students 

lack the skills to carry out practical’s work, including lack of skill in using chemical laboratory 

equipment. A preliminary study was conducted by interviewing colleagues who are lecturers in Basic 

Chemistry courses. It was found that the problems faced in implementing the Basic Chemistry Practicum 

were the lack of knowledge and skills of students about chemical laboratory equipment: names, uses, and 

how to use chemical laboratory equipment, which resulted which results in learning activities cannot run 

smoothly. The results of interviews conducted with first-year students to explore the causes of their low 
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knowledge and skills about chemical laboratory equipment were found out thatthey lacked of experience 

in conducting chemistry practicums while in high school. It is in line with the fact that many high schools 

cannot hold chemistry practicums according to the curriculum demands due to various reasons, such as 

limited tools and chemicals, and there are no laboratory assistants to help organize practicums.  

As educational students (prospective teachers), students of the Chemistry Education Study 

Program need to master knowledge and skills about chemical laboratory equipment. Other research 

findings also state that students must master knowledge of laboratory equipment (Herga, 2016; Tatli, 

2010; Vysakh et al., 2020). Other findings also state that knowledge of the use of laboratories is very 

important so that learning activities can run smoothly (Arista & Kuswanto, 2018; Bortnik et al., 2017; 

Walker et al., 2019). It is part of the competency standard for graduates to become professional chemistry 

teachers, including having the competence to manage practicum activities in the laboratory. Based on the 

above background, the research entitled "Development of an Encyclopedia of Chemistry Laboratory 

Tools to Support Basic Chemistry Practicum Learning" was conducted. This research aims to develop an 

Encyclopedia of Chemistry Laboratory Equipment to support Basic Chemistry Practicum Learning. The 

resulting encyclopedia is an enrichment textbook containing names, uses, and how to use chemical 

laboratory equipment. Especially for the use of laboratory equipment, besides being presented in writing 

textbooks, it is also presented in videos. 

Methods  

   This is a Research and Development (R&D) using a 4-D development model, consisting of 4 

stages: Define, Design, Develop, and Disseminate (Lukman et al., 2019). This research is limited on a 

small scale, including limiting research steps. The WFH (Work From Home) policy was implemented 

due to the COVID-19 pandemic on Undiksha. Practical activities are carried out from home. This 

research can only be done in three stages: Define, Design, and Develop. The development stage ends 

with a readability test. Practicality and effectiveness tests cannot be carried out because there is no 

practicum in the laboratory because of WFH Practicality tests and the need for using encyclopedia 

activities to support Basic Chemistry Practicum activities. The methods used to collect data are 

observation, interviews, and questionnaires. The instrument used to collect data is a test sheet. The 

technique used to analyze the data is descriptive qualitative,, and quantitative analysis. Qualitative 

descriptive analysis was used to analyze data in expert input. Quantitative descriptive analysis is used to 

analyze the data in the form of expert scores. 
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Results And Discussion  

Results 

The results and discussion can be presented following the development procedure used in this 

development research, namely 4 D. In the define stage, a needs analysis is carried out through a 

preliminary study using interviews, observation, and document studies. Based on the preliminary study, it 

was found that the problems in the implementation of the Basic Chemistry Practicum were the low 

knowledge and skills of students in carrying out practicums. It caused the practicum cannot run 

smoothly, the practicum objectives were not achieved optimally, and it could cause work accidents in the 

laboratory. The low skills of first-year students (new students) in conducting chemistry practicums are 

due to their lack of experience in conducting chemistry practicums while in high school due to WFH 

(Work from Home) during the covid-19 pandemic. 

As with other practical manuals, the main topics included are the title of the practicum, the 

theoretical basis, and work procedures. It is unusual for a practicum guide to contain knowledge about 

names, uses, and how to use chemical laboratory equipment. This manual only emphasizes work 

procedures and is not designed to provide information regarding knowledge and skills in using laboratory 

equipment. Students need to know the name of the tool, its use, and how to use the chemical laboratory 

equipment used in Basic Chemistry Practicum activities in the laboratory. By knowing the name of the 

tool, the use, and how to use the tool, students will be able to carry out Basic Chemistry Practicum 

smoothly, safely, or avoid work accidents and achieve practicum goals optimally. 

From the concept analysis, it can be determined that the chemical laboratory tools that need to be 

included in the Encyclopedia of Chemistry Laboratory Tools to Support Basic Chemistry Learning, 

namely the tools related to the topics of Basic Chemistry Practicum I are separation and purification of 

substances, chemical reactions, determination of the relative atomic mass of Mg, determination of the 

formula of a hydrate, continuous variation and stoichiometry, thermochemistry, relative molecular mass 

determination of oxygen factors affecting the rate of reaction, and rate of reaction. Meanwhile, the topics 

for the Basic Chemistry II Practicum are effect of concentration on chemical equilibrium, freezing point 

depression of urea, acid-base titration, preparation and properties of colloids, electrolysis of KI solution, 

determination of the electromotive force of chemical cells, alkali and alkaline earth metals, halogen 

elements, and aldehydes and ketones. In addition to the analysis of the Syllabus for the Basic Chemistry I 

course. The Syllabus for the Basic Chemistry II course is also based on high school chemistry laboratory 

equipment analysis according to Permendikmas Nomor 24 Tahun 2007 concerning Standards for 

Facilities and Infrastructure for Elementary School, Junior and Senior High School.  

Based on the basic chemistry practicum topics and Permendiknas Nomor 24 Tahun 2007 it can 

be identified 57 laboratory tools must be known by name, use, and how to use them, which are then 
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designated as entries or entries in the developed Encyclopedia. Of the 57 pieces of laboratory equipment, 

there are 19 glass instruments, 38 non-glass instruments. Design Stage. Based on the results obtained in 

the define stage, the initial design stage is carried out. The initial design intended is the Encyclopedia of 

Chemistry Laboratory Tools design, developed before being validated by experts and tested on students.  

In design stage, media selection and format selection are carried out. The media used is an image 

media useful for clarifying entry information about laboratory equipment contained in the Encyclopedia. 

Students can know the names, uses, and how to use Basic Chemistry laboratory equipment correctly and 

safely. At this design stage, an encyclopedia book format was also chosen. The format chosen meets the 

criteria of being attractive, facilitating, and helping in learning (Pusat Perbukuan, 2007). The format or 

systematics of the Encyclopedia of Basic Chemistry Laboratory Tools is as follows  cover, preface, 

instructions, table of contents, introduction, encyclopedia of basic chemistry laboratory tools, references 

and index. The presentation of the textbook is designed with a B5 paper size. The font used is Times 

New Roman 11 and Agency FB. The font in the textbook uses the Times New Roman in the description 

of the material. In contrast, the Agency FB font is used in the sub-chapter title so that the title looks 

contrasting compared to the description of the material. The material description is presented with 1.15 

spaces. The development stage is divided into two activities, namely: expert appraisal and developmental 

testing. The expert appraisal is a technique for validating or assessing the feasibility of a product design. 

The Encyclopedia is assessed to cover aspects of content, language, and media. A summary of the results 

of validation by experts is presented in Table 1. 

 

Table 1 shows that the experts rated it very feasible/valid on all aspects of product development, 

namely content aspects 3.9, language aspects 4.0, and media aspects (3.6) (from a maximum score of 4). 

Some suggestions for improvement from the experts include correcting typing errors (typo), improving 

the consistency of format and layout of presentation and image layout, and improving image quality. 

After making improvements according to the advice of the experts, the product development 

encyclopedia was declared feasible. Then a development test was carried out in the form of a readability 

test involving 9 students. The results of the readability test are presented in Table 2. 
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Table 2 shows that all students gave a clear or understood assessment until it was very clear or 

very understood about the names, uses, and how to use chemical laboratory tools presented in the 

Encyclopedia. Especially for how to use laboratory equipment, apart from being presented in writing in a 

book, it is also presented in a video. A summary of the results of expert validation of the video product 

developed is presented in Table 3. Based on Table 3 shows that the product development in the form of 

videos on how to use laboratory equipment is considered feasible or valid with a score of 3.7 (maximum 

score 4). 

 

Discussion 

Students will more easily understand the submission of information about using laboratory 

equipment if presented in videos. Learning videos will make it easier for students to understand the 

learning material presented in the video (Pamungkas et al., 2018; Putri et al., 2020; Rusmawan, 2013). It 

is in line with, illustrating that a person's learning outcomes are obtained through direct (concrete) 
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experience, the reality that exists in one's life environment, then through artificial objects to the verbal 

symbol (abstract) (Chien et al., 2020; Suprianti, 2020; Tse et al., 2019; Yuniarni et al., 2020). The more 

concrete students learn teaching materials through direct experience, the more experience students gain. 

Conversely, the more abstract students gain experience, for example, only relying on verbal language, the 

fewer experience students will get (Agustien et al., 2018; Rehusisma et al., 2017; Wulandari, 2020). 

 Learning encyclopedias from video (audiovisual media) provides better learning outcomes than 

learning only from encyclopedia textbooks. Video as a learning resource has advantages in learning 

because it can display moving images and sound, a special attraction because students can absorb 

messages or information using more than one sense (Dede Trie Kurniawan & Maryanti, 2018; 

Rachmavita, 2020). It is undeniable that the activities of the Basic Chemistry Practicum in the laboratory 

are closely related to laboratory equipment and chemicals. The success of achieving the practicum 

objectives is largely determined by knowing the practitioner's names, uses, and skills using laboratory 

equipment (Arista & Kuswanto, 2018; Diawati et al., 2017). In addition, the knowledge and skills of 

practitioners using laboratory equipment also greatly affect work safety in chemical laboratories. 

Practitioners who are skilled at using laboratory equipment will prevent equipment damage and avoid 

accidents that can endanger the practitioner's self, others, and even the laboratory as a whole (Abdjul et 

al., 2019; Grandi et al., 2011; Vysakh et al., 2020). 

 Encyclopedia of laboratory equipment as enriching teaching materials will help students 

understand the names, uses, and how to use chemical laboratory equipment. Encyclopedia has benefits 

for students any benefits for students, including adding insight and knowledge, answers to questions that 

require facts, being reading material, helping students find assignments, knowing things in detail, 

knowing the origin of things, being a source of learning, as reference material, as entertainment, and 

make children love culture more. Given the importance of having knowledge and skills in using chemical 

laboratory equipment, students should study the Encyclopedia before doing practical work in the 

laboratory. The Encyclopedia of laboratory equipment is not only important for students or students. 

Still, it is important for anyone who works in the laboratory, including teachers or lecturers, and 

researchers. 

Conclusion  

 Based on the results of this development research, it can be concluded that the Encyclopedia of 

Chemistry Laboratory Equipment to Support Basic Chemistry Practicum Learning is feasible to use in 

terms of content, presentation, language, media, video, and readability aspects. Following the 

development procedure, this research is continued with developmental testing, namely practicality,, and 

effectiveness testing. The two last-mentioned tests could not be carried out because practicum activities 

in the laboratory did not occur due to the WFH (Work From Home) policy due to the COVID-19 

pandemic. It also provides information that this research has weaknesses or shortcomings. The feasibility 
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of developing products is limited to expert validation and readability tests, practicality and effectiveness 

tests have not been carried out.  
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