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Abstract: Chemistry learning is inseparable from lab activities. Strengthening scientific 
concepts, skills and attitudes go through some experiments. Online learning is a 
consequence of the Covid 19 pandemic. It is a must option to make sure that students 
do not lose knowledge and skills causing academic setbacks. Online learning 
technology does not only aim to convey theoretical materials but also facilitates lab 
activities. This article tries to identify online learning technology applied to support 
activities in chemical laboratories and identify the advantages and disadvantages of 
their applications. This researcher writes this paper based on a review of the literature 
collected using the ERIC search. There are 17 selected readings reviewed manually. The 
analysis results show that Zoom meetings, video conferencing platforms, and the 
DryLab20 network technology are useful for synchronous laboratory learning. Video 
experiments, simulations, online modules, web-assign, Schoology, formative, Canva, 
and learning management systems can be used for asynchronous laboratory learning. 
There is a possibility of combining synchronous-asynchronous laboratory learning 
programs. Online laboratory learning has advantages in visualizing laboratory 
activities even though it cannot yet practice the skills acquired in real laboratories. 
There should be deep considerations regarding the use of online learning technology 
in laboratories after the pandemic regarding its advantages and disadvantages. 
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Introduction  

 

 

Laboratory activities are a significant part of 
chemistry learning. There have been considerations for 
involving laboratory activities in chemistry learning 
from the 1980s until the last few years (DeKorver & 
Towns, 2015; Seery et al., 2019). There are so many 
studies on activities in chemical laboratories. Many 
practitioners encourage lab activities for students. 
Student reflection on their experiences is the main factor 
in designing proper activities in the laboratory (Seery et 
al., 2019). 

The Covid-19 pandemic hit suddenly as a global 
threat and had many negative impacts on human 
individuals and social life. During the pandemic, there 
must be remote and restricted social interactions. 
Schools and universities have shifted their face-to-face 

conventional to distance learning by utilizing 
educational digital platforms and technology (Campbell 
et al., 2020). Distance learning runs without any direct 
meetings between educators and students. The 
implementation of distance learning emphasizes 
independent learning. There should be appropriate 
learning techniques in designing and conveying the 
materials and activities. It is also necessary to organize 
good communication between educators and students 
(Abidin et al., 2020). Interaction in distance learning can 
be through recordings, audio and video teleconferences, 
multimedia, and written correspondence (Yeşİloğlu et 
al., 2021). Meanwhile, online learning is one kind of 
distance learning that requires a strong internet network 
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to perform many types of learning interactions (Fikri et 
al., 2021). 

All educational levels must be able to adapt to 
online learning. People think that universities can adjust 
themselves easily to remote learning during the 
pandemic. It is because they have been familiar with 
online learning (Rudenko et al., 2020). This is not entirely 
true, considering that there are several types of classes 
such as lectures, tutorials, workshops, laboratories, and 
fieldwork works that can run more effectively in direct 
meetings (Yeşİloğlu et al., 2021). 

Before the pandemic, there had never been a 
sudden and large transition that disrupted students' 
learning in the chemistry laboratory. Many educators 
find it an uphill task to provide online laboratory 
experiences concerning pedagogical goals and actively 
involve the students (Tran et al., 2020). Chemistry 
learning must be able to provide valuable laboratory 
experience within pandemic constraints (Holme, 2020). 
Chemistry educators face many issues in carrying out 
activities in the laboratory due to the rapid transition 
from direct to remote learning (Tran et al., 2020).  

Research related to effective learning in 
laboratories, which was originally the best, is now 
receiving increasing attention (Bretz, 2019; Cooper & 
Stowe, 2018; Eubanks, 2015). This is in line with the 
argument that ineffective laboratory learning may be 
due to inappropriate skills or learning design (Hancock 
& Hollamby, 2020; Hensen & Barbera, 2019; Seery, 2020; 
Walker et al., 2016) as well as reports that virtual 
laboratory experiences can achieve the same learning 
goals (Dunnagan et al., 2020; Ferrell et al., 2019; 
Makransky et al., 2019; Winkelmann et al., 2017). 

The Covid-19 pandemic has ended and most of the 
learning activities at schools have been carried out 
normally as they were. Even so, educators continue to 
utilize technology and online learning media to make a 
more varied and interesting atmosphere for the 
students. It also makes them active, independent, and 
creative (Widyasari, 2022) through hybrid learning 
(Lapitan et al., 2021). 

Budai & Kuczmann (2018) explained that online 
laboratory activities can run in the form of remote and 
virtual laboratories. Remote laboratories facilitate the 
students to conduct experiments in real-time supported 
by the internet. Meanwhile, in the virtual laboratories, 
the students simulate experiments using special 
software. Both methods can unite into a learning 
management system (LMS). The LMS can control user 
access and ensure that learning resources are presented 
under the same conditions (Ruano et al., 2016). 
(Yeşİloğlu et al., 2021) have also used images and videos 
in online learning in the chemistry laboratory. 

There have been many studies examining the use of 
online learning technology in activities in chemical 

laboratories. However, there are no articles that review 
these studies. Previous research needs to be summarized 
to provide teachers with a description of online learning 
technology that can support activities in the laboratory 
as an effort to overcome the limitations of equipment 
and materials in the laboratory, as well as explaining the 
research that has been carried out. This article aims to 
determine the online learning technology that has been 
used to support learning activities in the chemistry 
laboratory and to review the advantages and 
disadvantages of this online learning technology. 

 

Method 
  

This paper is prepared based on a literature review 
through an explicit and systematic mapping of thinking 
with the boundaries of knowledge (Tranfield et al., 
2003), explicitly and systematically (Garza-Reyes, 2015). 
The following figure briefly presents the research 
method: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Stages of Literature Review 

 
The literature reviews are carried out in February 

2023 with the ERIC's search sources. The descriptors 
consist of online courses in chemistry since 2019. The 
initial search results select the most appropriate 
literature for this research. Next, there are 17 selected 
kinds of literature to be studied in depth, and the 
information obtained is compiled into a text. 

 

Result and Discussion 
 
Online Learning Technologies in Chemistry Laboratories 

Table 1 shows that online chemistry laboratory 
learning can be done synchronously, asynchronously, or 
in a synchronous-asynchronous mixture. 
 
Synchronous learning 

Synchronous learning gathers the educators and 
the students at one time by utilizing the internet 

Determining 
descriptor 

Initial search 
results 

Selecting appropriate 
literature 

Reviewing selected 
literature 
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network. It has the same system as traditional classroom 
learning because educators and students can interact 
directly through cyberspace. The media used in 
synchronous learning include video conferencing, 
Google Meet, and Zoom meetings (Sulistio, 2021; Firman 
et al., 2021; Ramadhan et al., 2022). The use of 
synchronous learning does not only support learning in 
the classroom but also the laboratory.  

Bruce et al. (2021) designed distance learning 
related to activities in the chemical laboratory. The 
students carry out all laboratory activities 
synchronously in the Zoom virtual lab room. They 
simplified experiments in real laboratories using simple 
tools and materials around the students' environments. 
Experiments using UV-VIS and FTIR use Arduino-based 
instruments that can be made at home. Campbell et al., 
(2020) also developed synchronous laboratory learning 

using the DryLab20 network technology. This software 
contains a breakout room according to the main branch 
of the chemistry subject. The breakout room is useful for 
having discussions according to interest groups. 

Davy & Quane (2021) utilized narrative laboratories 
in teaching real-time laboratories online. They turned 
the face-to-face laboratory experience into a written 
document with text, images, and pictures that describe 
the setup, process, results, and calculations of the 
experiment. They used videos recorded from a 
secondary computer at a separate location using the 
online Zoom platform. The narrative laboratories with 
instructor videos require texts to explain or describe 
certain situations. For example, describing changes in 
temperature during acid/base titrations should add 
necessary text in the video. 

 
Table 1. Online learning technology in the chemistry laboratory 
Online learning technology  Materials 

Phet simulation combined with Screencast (Vandenplas et al., 2021) Bond energy and intermolecular attractions 
Virtual Zoom laboratory (Bruce et al., 2021) a. Measurement and calibration 

b. Introduction to the investigation 
c. Polymers and cross-links 

d. Paper chromatography 
e. Precipitation and COM (filtration system) 

f. Solution heating 
g. Spectroscopy 

WebAssign, Schoology, Formative, PowerSchool, Zoom (Kelley, 2020) Making rock candy and popping balloons 
Zoom and Cavas (Baker et al., 2020) Physical chemistry practicum 
The virtual learning platform, YouTube, EZGC Pro chromatogram 
online simulation modeling, laboratory simulation program, Web 
Chromedia (Valle-Suárez et al., 2020) 

a. Spectroscopy technique 
b. Chromatographic technique 

c. Engineering applications 
Learning Manajement System (LMS) (Simon et al., 2020) a. Chemical terms, chemical/physical changes, 

atomic theory, forensic chemistry 
b. Conservation of mass, theory of chemical bonds, 

food chemistry 
c. pH, chemical equilibrium, medical chemistry, 

cosmetic chemistry 
d. Ideal and real gases, nanochemistry, polymers, 

chemistry, and sports 
e. Environmental chemistry, spectroscopy, and 

astrochemistry 
Emergency Remote Teaching (ERT) Chemical Experimentation uses a 
multimodal laboratory included in the Course Management System 
(CMS) (Sandi-Urena, 2020) 
 

a. Lavoisier's combustion experiment 
b. Electroscope construction 

c. Periodic table 
d. Composition of the NaHCO3/Na2 CO3 mixture 

e. Measurement 
f. Separation 

g. Density 
h. Manufacture of acid-base indicators and pH of 

household materials 
i. Acid-base titration simulation 

j. Calorimeter simulation and heating curve demo 
k. Gravimetric analysis of chloride solutions 

IONiC (Interactive Online Network of Inorganic Chemists), WebMO 
installed on TCNJ’s Electronic Laboratory for Science and Analysis 

General chemistry 1 & 2, analytical chemistry, organic 
chemistry 2, quantum chemistry, environmentally 
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Online learning technology  Materials 
(ELSA), LabFlow (www.labflow.com), Google meet, Zoom LMS (Chan 
et al., 2020) 

friendly and sustainable chemistry, and independent 
research 

 
DryLabs20 (Campbell et al., 2020) Organic chemistry, inorganic chemistry, physical 

chemistry, analytical chemistry 
enzlab Simulation (Worrall et al., 2020) 
 

Enzyme reaction kinetics 

Synchronous Online Delivery (SOD) uses a video conferencing 
platform (VCP), ChemCollective Simulation, PhET, WebMO, and 
videos from YouTube integrated into SOD (Jones et al., 2021) 

Introduction to chemistry 

Zoom with the narrative lab in the form of a video experiment (Davy 
& Quane, 2021) 

Titration, synthesis of compounds, and purification of 
substances 

Synchronous online laboratory and LMS (Tran et al., 2020) Organic and analytical chemistry 
Blackboard collaborate ultra is integrated into LMS, Webex zoom, 
google drive, zoom, and Snapchat (Buchberger et al., 2020) 

Analytical Chemistry 

Learning and Content Management System (LCMS) (Yeşİloğlu et al., 
2021) 

General chemistry, analytical chemistry II, organic 
chemistry II 

The online lab is based on a Raspberry Pi with a webcam and servo 
(Soong et al., 2021) 

Titration 

Online Module, LMS (Mahaffey, 2020) Heat capacity 

Asynchronous learning 
Asynchronous learning is different from 

synchronous one. In synchronous learning, educators 
and students are at different times. In this case, the 
students have flexible time in accessing information and 
materials provided by the educators (Ismiyarti et al., 
2021; Muyassaroh et al., 2022; Sulistio, 2021). The 
following sections explain the online learning 
technology in learning in the chemistry laboratory. 

Vandenplas et al. (2021) studied the use of Phet 
simulations combined with Screencasts narrated by an 
expert. The results showed that the Screencast treatment 
did not have a significant impact on reducing cognitive 
load. However, the teachers can introduce new topics 
through simulations or Screencast assignments. The 
students can gain precious experiences that allow them 
to make observations and collect data. Therefore, they 
can align various understandings and compile 
scientifically accurate explanations. 

Valle-Suárez et al. (2020) combined several media 
in online learning in instrumental analytical chemistry I, 
instrumental analytical chemistry II, and drug analysis 
courses. They used a virtual learning platform provided 
by the university combined with learning strategies 
adapted to the type of content and learning objectives. 
Some videos from YouTube and websites related to 
technical notes from providers of tools and materials 
support the learning of experimental procedures. For 
example, in teaching the analysis of pesticides on soil 
samples using gas chromatography, online videos are 
the media to explain the techniques and basic operations 
of gas chromatography. Pro EZGC chromatogram 
modeling online simulation is used in explaining 
compound separation experiments. The content of the 
Chromedia website and the NIST chromatogram 

generator can evaluate the student's understanding of 
the basic concepts of chromatography. The results show 
that online learning technology can reduce the 
percentage of students who fail these three courses. The 
average learning outcomes are better than that 
conducted through face-to-face learning. This is because 
the teaching and learning process is more individual and 
personal. 

Simon et al. (2020) conducted online chemistry 
learning for non-chemistry students. They utilized the 
LMS to deliver materials and carry out assessments 
centered on laboratory activities. The assessment 
includes reading quizzes, reflection on laboratory 
projects, and participation. The readings are in the form 
of teacher notes and YouTube videos that contain 
quizzes to measure conceptual understanding of the 
reading. Project reflection is in the form of a laboratory 
activity report that consists of data and observation 
tables, questions, and reflection assignments. The 
students also hold discussions and provide feedback as 
a form of participation. 

The Learning and Content Management System 
(LCMS) is useful for learning in the chemistry laboratory 
(Yeşİloğlu et al., 2021). Online laboratory courses start 
with the delivery of theories using PowerPoint and web 
applications like Whiteboard. Next, the lecturer displays 
a video related to the experiment on the video-sharing 
platform. The lecturer explains the media and materials 
used in the experiments and emphasizes the 
experimental process. The students make observations 
and predictions related to the experiments. The 
experimental results are discussed after the video has 
been presented. 

Mahaffey (2020) used online practices using the 
LMS modules. The students can work on experiments 

http://www.labflow.com/
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using the internet network in the online module. They 
must complete a pre-test and post-test quizzes, have 
discussions, and submit reports through the LMS. The 
Raspberry Pi online lab equipped with a webcam and 
servo can also teach and explain titration practices 
(Soong et al., 2021). Remote titration experiment uses 
some laboratory skills, thereby enabling other follow-up 
experiments. Titration over the internet has great 
potential to address accessibility issues 

Worrall et al. (2020) developed the Enzlab 
simulation technology. It is a web-based application 
(Javascript-AngularJS) for simulating the kinetics of 
enzyme reactions. The simulation is more accurate and 
realistic than the original and has a capacity of 1,2 x 
106different enzymes. It does not require downloading 
any software. The use of this simulation has proven to 
be successful as an exercise that the students can do at 
home. 

 
Synchronous-asynchronous learning 

Synchronous-asynchronous learning means 
learning that combines synchronous (direct meetings) 
and asynchronous learning (teachers and students are 
not in one meeting). The researcher has also developed 
a combination of synchronous-asynchronous learning 
(Mamahit, 2021). 

Sandi-Urena (2020) applied the distance learning 
method to develop students' non-technical experimental 
skills and scientific practice. They implemented 
Emergency Remote Teaching (ERT) Chemical 
Experimentation using a Multimodal Laboratory 
included in the Course Management System (CMS). 
There are some kinds of learning assignments like 
problem-based projects and prescriptive online 
simulations. The students must complete the tasks 
asynchronously while discussions are carried out 
synchronously with a longer duration. During the 
learning, there are online modules provided related to 
learning topics. Educators supervise the students to 
make sure they stay focused on learning. 

Kelley (2020) designed a chemistry laboratory 
learning by utilizing Zoom combined with some media 
like Webassign, Shcoology, and Formative. Webassign 
and Shcoology aim to distribute assignments and 
learning materials. The formative is to collect quiz and 
test results. Zoom functions for having synchronous 
question and answer and reflection discussions. The 
experiment is carried out by the students at home. In 
providing experimental materials, the students receive 
materials from the school (experiment 19) and work on 
practicum materials themselves (Experiment 20). 

Synchronous zoom and asynchronous Canvas 
learning has been utilized in the implementation of the 
physics-chemistry practicum (Baker et al., 2020). Zoom 
aims to display experimental videos, discuss answers to 

lab questions, and assist the students in solving 
problems. Canvas helps the teachers to upload trial 
instructions and quiz questions and helps the students 
to upload quiz results before trials and send learning 
results. The students discuss their home works in 
synchronous learning. This concept can reinforce 
concepts in learning. The t-test results show no 
significant differences in communication skills, error 
analysis, data processing, and acquisition of 
interpretation of experimental reports during online and 
face-to-face learning 

Chan et al. (2020) used different media for teaching 
chemical experiments, including IONiC (Interactive 
Online Network of Inorganic Chemists), WebMO 
installed on the Electronic Laboratory for Science and 
Analysis (ELSA), LabFlow (www.labflow.com), Google 
Meet, Zoom, and LMS. Technology selection varies by 
materials. Synchronous online meetings aim to facilitate 
group work. They are also space for the students to ask 
questions. Teachers create pre-class videos and reading 
assignments to create active learning time without 
compromising content. 

Jones et al. (2021) applied synchronous online 
delivery (SOD) using a video conferencing platform 
(VCP) in laboratory teaching. They also used 
ChemCollective, PhET, and WebMO simulations for 
experiments supplemented with videos from YouTube. 
The students are divided into breakout rooms to 
complete simulation-based laboratory activities and 
return to the main room for in-class discussions. 

Tran et al. (2020) used synchronous and 
asynchronous laboratory learning. Experimental video 
recordings and materials are uploaded to the LMS for 
organic laboratory activities. In analytical laboratory 
activities, the lecturers provide some notes, reading 
materials, and data that students will use in calculations. 
They found it difficult to make video experiments for the 
analytical laboratory because the experiments in the lab 
may take 3-5 hours long. The students can attend 
synchronous lectures, access online content, and submit 
assignments seamlessly and asynchronously. 

Buchberger et al. (2020) transitioned projects in the 
analytical laboratory to online learning. Online learning 
activities focus on assessing the data obtained in face-to-
face laboratory activities. They utilized Zoom combined 
with other media like Blackboard Collaborate Ultra 
integrated into LMS, Webexzom, Google Drive, and 
SnapChat. 
 
Advantages and Disadvantages of Online Learning in the 
Chemistry Laboratory 

Online learning plays a vital role during the Covid-
19 pandemic. This includes learning in the chemistry 
laboratory. Even though the pandemic is over, online 
laboratory learning can still be carried out by 
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considering the advantages and disadvantages. Online 
laboratory learning does not limit the students from 
conducting experiments directly at home (Bruce et al., 
2021; Kelley, 2020). Direct experiments at home can help 
them visualize and improve their understanding of 
chemical interactions (Bruce et al., 2021). The students 
can also prepare work schedules independently (Kelley, 
2020). However, experiments at home have problems the 
students cannot ask for help and see what their friends 
are doing, as well is the risk of using hazardous 
materials. Also, not all students get the materials they 
need for experiments, and it is difficult to use large 
kitchen equipment to handle small amounts of 
chemicals (Kelley, 2020). Inadequate rooms mean that 
experimental activities at home cannot be carried out 
optimally (Bruce et al., 2021). 

Online laboratory learning can run by utilizing 
simulations, video experiments, and online modules 
that are integrated into synchronous learning such as 
zoom and other video conferencing platforms as well as 
asynchronous learning such as a learning management 
system (LMS). Zoom and synchronous learning can 
facilitate students for discussion, direct interaction, 
reflection, and asking questions in group work (Chan et 
al., 2020; Jones et al., 2021; Kelley, 2020). Meanwhile, the 
LMS automatically displays a list of tasks and due dates. 
This can train students' time management skills, 
planning, and responsible attitudes (Simon et al., 2020). 

The advantages of simulations, video experiments, 
and online modules in online laboratory learning are 
that they can increase students' affective, cognitive, and 
motivation (Baker et al., 2020). Online learning provides 
comfort for students because face-to-face learning is 
intimidating, especially for those who are less confident 
about engaging in class discussions or asking questions 
(Potgieter et al., 2019). Laboratory simulation programs 
allow students to conduct experiments, make mistakes, 
and improve themselves (Blackburn et al., 2018). The 
students can also replay simulations and videos, thereby 
improving their understanding of the theory (Yeşİloğlu 
et al., 2021). 

Online learning using simulations and video 
experiments is more efficient because it allows the 
students to explore the basic principles of analytical 
techniques better than in ordinary laboratories. 
Electronic platforms also assist educators in e-learning 
modalities, enhance learning strategies, and facilitate 
experimental learning needs (Valle-Suárez et al., 2020). 
Using simulation applications can save costs (Jones et al., 
2021; Worrall et al., 2020; Yeşİloğlu et al., 2021) like in 
experiments that use enzymes, because enzymes are 
relatively expensive, save time, and work more safely 
(Yeşİloğlu et al., 2021). 

There are advantages to using simulations, video 
experiments, online modules, and other platforms in 

synchronous and asynchronous laboratory learning. 
Nonetheless, many researchers still find some 
limitations. Among them are difficulties in controlling 
individual examinations (Valle-Suárez et al., 2020), 
difficulties in finding representative spaces and 
avoiding distractions during synchronous sessions 
(Chan et al., 2020), and difficulties in managing time 
outside campus time (Chan et al., 2020). They also 
cannot replace the skills acquired when there is an 
experiment in a real laboratory (Campbell et al., 2020; 
Tran et al., 2020; Yeşİloğlu et al., 2021). Technological 
limitations hinder students’ participation, and poor 
internet connection disrupts online learning 
significantly (Baker et al., 2020; Jones et al., 2021). The 
students are less independent in making decisions 
because they depend on available platforms (Davy & 
Quane, 2021), and their understanding of equipment, 
materials, and laboratory activities is still weak (Tran et 
al., 2020; Yeşİloğlu et al., 2021). Students also report less 
experience in online learning (Jeffery & Bauer, 2020; 
Petillion & McNeil, 2020) such as a decrease in their 
involvement compared to real laboratory learning that 
provides interaction and communication between 
lecturers, assistants and students (Dekorver et al., 2020; 
Phipps, 2013; Tan et al., 2020). 
 

Conclusion  

 
Online laboratory learning can be run by utilizing 

proper technology or media. Laboratory learning can 
jonestake place synchronously, asynchronously, or both. 
The Zoom platform, video conference platform, and 
DryLab20 network technology have been used for 
synchronous laboratory learning. Meanwhile, 
asynchronous learning can use video experiments, 
simulations, online modules, web assignments, 
Sghoology, Formative, Canva, and a Learning 
Management System (LMS). Online labs can also 
incorporate synchronous and asynchronous learning. 
This method has many advantages, including helping 
the students to improve their understanding and 
visualize chemical interactions even though the 
implementation cannot train practical skills acquired in 
real laboratories.  
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