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Abstract: The transition to online learning since the start of the Covid-19 pandemic has forced all parties to 

respond quickly to the use of information technology. Various applications are used in the learning process. Of 

course, this was followed by the digitization of learning tools, including the Laboratory Management course 

held by the Science Education Study Program of the University of Sarjanawiyata Tamansiswa. Learning tools 

are needed to accommodate Course Learning Outcomes (CLO), one of which is a module. The modules are 

comprehensive, systematic, and accompanied by a planned learning experience designed to help students master 

the learning objectives. This research is a preliminary stage of research on the digitalization of module products 

which was carried out using the Borg and Gall models. This study aims to describe the need to develop the 

digitalization of the Science Laboratory Management course module to strengthen the laboratory skills of 

prospective science educators. The method used is a literature study of the needs and other considerations 

related to the development of module products. The study results stated that digitizing the Laboratory 

Management module makes it easier for students to access materials anywhere and anytime. Learning becomes 

more focused and structured. The e-module was developed by considering the laboratory skill needs of 

prospective science educators. The selected laboratory skill indicators include mastery of practical tools, 

accuracy and accuracy of work, Occupational Safety and Health, and handling of chemicals.  
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INTRODUCTION 

The Covid-19 pandemic that has been going 

on since 2019 has brought many changes in every 

aspect of life, including education. Face-to-face 

learning in higher education is temporarily 

suspended and replaced with online learning. Based 

on the Joint Decree of the Minister of Education 

and Culture, Minister of Religion, Minister of 

Health, and Minister of Home Affairs Number 

05/KB/2021, Number 1347 of 2021, Number 

HK.01.08/MENKES/6678/2021, Number 443-5847 

of 2021 concerning Implementation Guidelines. 

Learning in the Time of the Covid-19 Pandemic 

Ministerial Decree 4, which regulates face-to-face 

learning, still provides guidelines based on the 

conditions of the Covid-19 pandemic in their 

respective regions. At the beginning of 2022, 

online learning was still instructed to be carried out 

in all universities, even though it had begun to 

allow implementation with blended learning. 

Blended learning is one of the innovative models 

that integrate technology with the demands of 21st-

century learning and is relevant to education during 

the COVID-19 period [1]. The policy of the 

University of Sarjanawiyata Tamansiswa in the 

Even Semester of the Academic Year 2021/2022 

still applies whole online learning. The Science 

Education Study Program students thoroughly 

study from home and conduct face-to-face learning 

virtually using the university's Learning 

Management Systems (LMS). 

Students and lecturers are required to be 

able to adapt quickly to the technology that is 

currently developing. Technology is the primary 

solution to obstacles in the learning process during 

the pandemic. The university provides LMS 

through the https://sipedar.ustjogja.ac.id page as an 

online learning facility for students and lecturers. A 

lecturer has to offer learning tools for his students. 

Online learning is increasingly evident, and it 

demands innovation in the tools developed by 

lecturers. Learning tools have begun to be arranged 

online digitally to be appropriate for use in virtual 

classrooms for teaching. In addition, many 

obstacles during learning require that learning 

devices be enabled to be accessed anywhere and 

anytime students want to learn. Students strived to 

become independent learners. Meanwhile, lecturers 

continue to carry out their primary duties as 

professional educators by transforming, 

developing, and disseminating knowledge [2]. 

During the Covid-19 pandemic, the Science 

Education Study Program regularly reviewed the 

curriculum and produced the OBE-Based Merdeka 

Belajar Kampus Merdeka Higher Education 

Curriculum product in 2021. The Science 

Laboratory Management course is one of the 

results of the curriculum review product. This 

course is held in even semesters. This course aims 

to provide skills in the management of science 

laboratories which include: laboratory 

administration, laboratory facilities and 

infrastructure, laboratory management 
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organizations, laboratory work health and safety, 

laboratory design, and science practicum 

guidelines. This course prepares prospective 

science educators who can master science 

management laboratories in junior high schools. 

The teacher's laboratory skills are expected to 

counter school challenges after Covid-19. Some of 

the problems of teachers in schools are due to the 

lack of teacher resources, difficulties in uniting 

teachers in the implementation of learning, low IT 

teacher skills, more time used to prepare for 

learning, teachers not having devices, and internet 

network constraints [3]. 

Following the University's Policy, the 

Science Laboratory Management course will 

continue to be conducted online. Lectures are 

carried out using Sipedar as LMS, assisted by the 

university academic portal, google suites, Youtube, 

and WhatsApp. In the current semester, there are 

various obstacles in carrying out lectures. These 

obstacles include (1) student learning achievement 

is still not optimal, (2) it is challenging to 

administer laboratory inventories, (3) students 

cannot fully predict work accidents in the 

laboratory, so the design of preventive measures is 

not optimal, (4) difficulties in designing 

laboratories. Science (5) students experience 

problems designing a junior high school science 

practicum. Learning during the pandemic causes 

students to have limited access to science 

laboratories. The laboratory is served virtually. It, 

of course, has yet to fully provide an opportunity 

for improving student laboratory skills. Besides, 

students tend to wait for learning material from the 

lecturer even though the course syllabus has been 

given. Students have yet to become independent 

learners. Student interest in learning decreased. 

One of the efforts to overcome these 

obstacles is to provide structured, systematic, and 

exciting learning tools [4][5]. The module is a 

learning device arranged systematically and has a 

specific purpose in the learning process [6]. 

Modules have characteristics in the form of the 

most minor and complete learning units that 

distinguish them from other teaching materials. 

Technically, there are 4 module elements: the title, 

instructions for using the module, material, and 

evaluation. Modules can help reduce 

misconceptions during the material transfer 

process, especially when students start their 

independent study [7]. Lecturers can use the 

module to document complete, structured, and 

systematic learning resources. 

The limitations of space and time in the 

learning process due to the pandemic demand 

innovation. Material concepts must be innovatively 

delivered quickly, accurately, effectively, 

practically, and easily accessible [8]. A lecturer 

must be able to develop teaching materials 

(modules) for the courses he teaches [9]. The 

module's presentation can be transformed into 

electronic form to be given the term electronic 

module or virtual module. Electronic modules are 

very effective in increasing students' learning 

motivation. Besides that, it is also effective in 

improving student learning outcomes and critical 

thinking skills [10]. Modules packaged in digital 

form provide freedom and convenience to access 

material wherever and whenever students want to 

learn. Students will be facilitated in a directed 

manner when doing an independent study using e-

modules. It will encourage and support students' 

achievement of Subject Learning Outcomes. 

Through this preliminary research activity, 

data will be obtained in the form of a needs 

analysis for the development of the Laboratory 

Management e-Module. The research questions are 

(1) what is the role of digital-based modules in the 

learning process? (2) how is the module suitable for 

the Science Laboratory Management course in the 

Science Education Study Program of the University 

of Sarjanawiyata Tamansiswa? (3) how does the 

digital module improve the laboratory skills of 

prospective science educators? 

 

RESEARCH METHOD 

The research is carried out in the Science 

Education Study Program of the University of 

Sarjanawiyata Tamansiswa in the Even Semester of 

the 2021/2022 Academic Year. This research is the 

preliminary stage of the whole research series on 

developing the Science Laboratory Management e-

Module using the development model from Borg 

and Gall [11]. The initial study contains the steps of 

research and information collection. This primary 

research method uses a qualitative descriptive from 

a literature review appropriate to the needs and 

other considerations related to the e-Modul 

product. Researchers examined data from various 

sources of books, literature, research reports, 

scientific essays, theses, dissertations, and printed 

and electronic articles based on the selected topics 

[12], [13]. The initial stage in this research is done 

by reading data sources or literature from various 

trusted sources such as e-books, scientific articles, 

or websites, then analyzing the contents of data 

sources related to laboratory management. The last 

stage is to conclude the results of the analysis. This 

method is carried out to provide relevant 

information based on data sources and provide a 

clear picture of laboratories and laboratory 

management in schools. The study results are in the 

form of a qualitative description of the analysis of 

research needs. 

 

RESULTS AND DISCUSSION  

The Role of Digital-Based Modules in the 

Learning Process  

Teaching materials are any variety of 

learning resources that can increase our 
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understanding of something as a form of problem-

solving or as advanced material for self-

improvement [14]. Teaching materials are all forms 

of learning materials or materials that are arranged 

systematically based on learning principles to 

achieve competencies that have been formulated to 

create an atmosphere that allows for learning [15]. 

Teaching materials are all materials used to assist 

teachers/instructors in learning activities in the 

classroom, systematically arranged and manifested 

in the written or verbal form [16]. Thus, teaching 

materials are a series of materials arranged with a 

specific purpose to provide convenience for 

students and teachers in the learning process.  

Quality teaching materials are (1) suitable 

teaching materials, namely following content 

validity, where content validity states the 

components of the material based on knowledge; 

following construct validity, where all material 

components are interconnected; and following 

criterion validity, which is adjusted to textbook 

assessment standards from the National Education 

Standardization Agency, (2) teaching materials 

used effective, which can provide good learning 

outcomes, (3) practical teaching materials, which 

are easy to use by teachers and students [17]. 

Quality teaching materials are teaching materials 

that can accommodate the needs of students to 

learn, understand, and master a material concept. 

Aspects of validity, effectiveness, and practicality 

in developing teaching material must be 

considered. 

Teaching materials have various types, with 

the characteristics and objectives of each. A 

module is a form of teaching material that is 

packaged entirely and systematically, which 

contains a set of planned learning experiences and 

is designed to assist students in mastering learning 

objectives [4], [18]. The module has characteristics 

in the form of the smallest and complete learning 

unit that distinguishes it from other teaching 

materials. Generally, the material in the modules 

presented is more complex when compared to other 

forms of teaching materials. Modules can be 

viewed as the embodiment of individual learning 

[19]. The module functions as a means of 

independent learning so that students can learn at 

their own pace [16], [20]. The module contains a 

series of learning activities that are systematically 

designed, contain learning objectives, and allow for 

self-study. 

The components of the preparation of the 

module consist of: (1) Title; (2) Learning 

Instructions for Both Teachers and Students; (3) 

Competencies to be achieved; (4) Supporting 

information; (5) Practice Questions; (6) Work 

Instructions; (7) Evaluation and Assessment; (8) 

Bibliography [18], [21], [19]. The characteristics of 

the module teaching materials are as follows [14], 

[22], [7].  

a. Self-Instructional; module as a means to learn 

yourself  

b. Self-Explanatory Power; the module can explain 

itself by presenting simple language, readable 

content, and systematically arranged. 

c. Self-Contained; the module contains the entire 

learning material to provide an opportunity to 

study thoroughly. 

d. Self-Paced learning; the module can be used to 

learn at a pace that suits itself without waiting 

for other slower or faster learners.  

e. Stand-Alone; the module can stand alone, does 

not depend on other teaching materials, and does 

not have to use other complementary teaching 

materials to learn.  

f. Adaptive; the module adapts to the development 

of science and technology, is flexible to use, and 

can be used for a certain period.  

g. User-Friendly; the module can be easily used. 

Every instruction and information must be 

helpful in the learning process. This can be 

achieved by selecting language and terms that 

are easy to understand or commonly used.  

h. Individualized Learning Materials; modules are 

designed according to the abilities and 

characteristics of the students who are studying 

them.  

i. Communicative and Interactive Learning 

Materials; modules are designed with practical 

communicative principles and involve 

interaction with students studying them. 

 

In general, the module is in the form of 

printed teaching materials. Along with the times, 

the module's presentation can be transformed into 

digital form so that it is given the term electronic 

module (e-Modul) or virtual module. E-Module is a 

form of presenting self-study materials arranged 

systematically into the minor learning units to 

achieve particular learning objectives. It is 

presented in an electronic format that includes 

animation, audio, and navigation, which makes 

users more interactive with the program [8]. E-

Modules are forms of teaching materials following 

the characteristics of teaching materials that have 

been packaged in a unified whole, which are 

systematically arranged to be studied independently 

and more actively by learners according to their 

speed or ability without guidance from the teacher 

[20]. 

The Covid-19 pandemic has also positively 

impacted the education sector, including the 

emergence of various digital-based modules. These 

digital modules are one of the efforts of teachers 

and lecturers in dealing with face-to-face 

limitations due to the ongoing pandemic. E-

Modules can act as flexible and mobile materials. 

The efficiency of this form can be used anywhere 

and anytime when students want to learn. One of 

the weaknesses of web-based digital modules is 
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that data quota is still needed to access or 

download. However, the benefits of the module 

still outweigh the drawbacks. Digital modules 

make it easier for teachers and lecturers to transfer 

knowledge systematically and in structure. Students 

can learn with a clear flow even though they are not 

accompanied by a lecturer directly. Digital modules 

are also paperless, so they are environmentally 

friendly, facilitate documentation, and reduce 

operational costs. In the future, it is hoped that all 

modules can be converted into digital form, even 

though the pandemic is about to end. 

 

The Suitability of Module Development in the 

Science Laboratory Management Course in The 

Science Education Study Program 

The Science Laboratory Management course 

with the IPA21422 course code is one of the 

compulsory courses that weigh two credits. This 

course is held in even semesters and is offered in 

semester 4. This course aims to provide skills in 

science laboratory management which include: 

laboratory administration, laboratory facilities and 

infrastructure, laboratory management 

organization, laboratory work health and safety, 

laboratory design, and IPA practical guide. The 

Science Laboratory Management course has CLO, 

namely (1) Mastering science laboratory 

administration, science laboratory facilities and 

infrastructure, laboratory organization, 

occupational health and safety laboratories, (2) 

Designing science laboratories, and (3) Designing 

science practicums. 

Science learning in schools should be done 

by involving students in the investigation. To 

support this learning, the school must have an 

adequate laboratory. For more than a century, 

laboratory experiences have been purported to 

promote central science education goals, including 

the enhancement of students' understanding of 

concepts in science and its applications; practical 

scientific skills and problem-solving abilities; 

scientific ‘habits of mind’; understanding of how 

science and scientists work; interest and motivation 

[23]. As prospective junior high school science 

educators, students must master concepts and 

theories about science and education and recognize, 

understand, master, and manage science 

laboratories in schools. A survey conducted by Sani 

[24] stated that the management of school 

laboratories needed to have been carried out 

correctly. The management needs to learn how to 

manage the laboratory. The management in 

question is the principal, laboratory assistants, 

teachers, and all related parties responsible for the 

school laboratory. Many school laboratories have 

not maximized their use and have even been 

transformed into classrooms or rooms far from the 

regular use of laboratories [25]–[29].  

The teacher's lack of understanding of the 

meaning and function of the laboratory for science 

learning is the main focus of the Science 

Laboratory Management course in the Science 

Education Study Program. It is challenging for 

lecturers to teach students when face-to-face 

learning is limited due to the Covid-19 pandemic. 

Therefore we need a learning device in the form of 

teaching materials relevant to learning outcomes 

and the situation and conditions faced. Digital-

based learning modules were chosen to be 

developed to overcome various obstacles being 

faced. The development of digital modules was 

chosen because this form of teaching material was 

considered appropriate and suitable for independent 

student learning due to the lack of maximum during 

virtual learning.  

The development of digital-based modules 

is also appropriate in following technological 

developments and is suitable for generation Z. In 

the module; material content will be presented that 

can accommodate students to (1) be able to identify 

science laboratories and the infrastructure used, (2) 

be able to formulate science laboratory 

organizations, ( 3) Able to study various science 

laboratory designs, (4) Able to design science 

laboratory, (6) Able to perform laboratory 

administration, (7) Able to study occupational 

health and safety in a laboratory (8) Can categorize 

existing practicum tools and materials in the 

laboratory and how to treat it, (9) Able to design 

science practicum guidelines. This module allows 

students to become independent learners with more 

structured and systematic learning resources. 

  

Improving the Laboratory Skills of Prospective 

Science Educators through the Implementation 

of E-Modules  

An educational laboratory, from now on 

referred to as a laboratory, is an academic support 

unit at an educational institution, in the form of a 

closed or open room, permanent or mobile, 

systematically managed for testing, calibration, and 

production activities on a limited scale, using 

equipment and materials based on scientific 

methods, notably in implementing education, 

research, and community service [30]. Laboratories 

need to be in schools to support learning, especially 

science subjects. Science studies and tries to 

understand natural phenomena through 

observations. Science is a family of sciences with 

unique characteristics, namely studying real natural 

phenomena, either in the form of reality or events 

and causal relationships [31]. In essence, science 

includes four main elements, namely process, 

attitude, product, and application. These four 

elements are characteristics of science that cannot 

be separated from each other. The integrated 

science concept has implications for science 

teachers to master science from physics, chemistry, 
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and biology so that transferring knowledge in the 

classroom is carried out effectively and efficiently; 

it positively impacts student learning outcomes 

[32]. 

Facilities and infrastructure that can support 

effective learning for students include laboratories. 

The laboratory is a place to conduct experiments 

and training that encourages a safety and security 

culture, so the environment becomes a safe place to 

teach, learn, and work [33]. A laboratory is a place 

for observing, experimenting, practicing, and 

testing the concept of knowledge and technology 

[34]. The laboratory becomes a center of 

experience in observing and testing the material in 

the science field (covering Physics, Biology, and 

Chemistry) obtained in class [31]. The use of 

laboratories can improve the quality of science 

learning. So far, teachers still need to start using the 

laboratory; one of the reasons is that the teacher's 

ability to use tools and materials still needs to be 

improved [5]. The effectiveness of science learning 

will not be fulfilled if there is no support from the 

ability of prospective teachers to carry out 

activities, especially in managing laboratories as a 

form of success in science learning [35].  

The limited ability of teachers in the aspects 

of mastery of science practicum, mastery of 

equipment, and practicum materials requires 

prospective science educators to improve further 

and master their laboratory skills. On the other 

hand, enthusiastic and knowledgeable teachers are 

necessary for the benefits of quality facilities and 

an established system to be fully realized [36]. 

Laboratory management skills are also crucial for 

prospective science educators to master. Laboratory 

management is a process of using resources 

efficiently and effectively [37]. Laboratory 

management is related to using facilities, managers, 

and all activities in the laboratory [34]. Laboratory 

management or management (Laboratory 

Management) is an effort to manage laboratories 

based on standard management concepts. The 

science laboratory's function to improve student 

learning quality depends on the teacher's view of 

science and learning [38]. Therefore, prospective 

science educators must be equipped with laboratory 

managerial skills. 

The Science Laboratory Management E-

module was developed by considering the mastery 

of science laboratory skills. The indicators for 

laboratory management skills include: (1) 

Knowing, being ready, and operating the tools 

correctly according to the practicum guide, (2) 

Understanding the function of practicum tools 

correctly, (3) Being able to choose the right tools 

and practicum materials, (4) Being able to use and 

read measuring instruments correctly, (5) Can carry 

out practical safety handling in the event of an 

accident in the laboratory, (6) Know and classify 

chemicals [39]. Implementing laboratory 

management in schools includes planning, 

procurement, inventory, storage, arrangement, use, 

maintenance, and removal [40].  

The Laboratory Management course module 

was initially uploaded to the LMS facilitated by the 

university, namely through the 

https://sipedar.ustjogja.ac.id page. Uploading 

digital modules on this page will be efficient 

because students are used to accessing Sipedar as 

long as the university sets the online learning 

policy. Science Education Study Program students 

are familiar with the icons displayed on the LMS so 

that in the future, they will have no difficulty 

following the instructions presented in the 

electronic module. In the e-module, topics to hone 

and improve students' laboratory skills include (1) 

Laboratory and its Equipment, (2) Laboratory 

Design, (3) Laboratory Organization, (4) 

Laboratory Administration, (5) Introduction to 

Materials and Tools Practicum, (6) Procurement of 

Laboratory Equipment and Materials, and (7) 

Health and Safety of Laboratory Work. In addition, 

the e-module will also provide laboratory 

virtualization and various activities to achieve CLO 

and improve the laboratory skills of prospective 

science educators. 

 

CONCLUSION  

Implementing online-based Science 

Laboratory Management courses in the Science 

Education Study Program as the follow-up of the 

learning process policies during the Covid-19 

pandemic requires directed and measured 

preparation. Online learning causes students to 

have limited access to science laboratories. 

Structured and effective digital-based teaching 

materials for the learning process can overcome 

these problems. Digital teaching materials make it 

easy for students to become independent learners. 

Digitizing teaching materials can provide 

opportunities for students to access the limitations 

of contextual learning in the laboratory. The 

Science Laboratory Management E-module is a 

digital teaching material that is systematically 

arranged and contains content for CLO 

achievements aimed at improving students' 

laboratory skills. The activities in the e-Modul are 

directed at the laboratory skill indicators of 

prospective science educators.  
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