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Abstract—Technological developments have triggered the emergence of 
various kinds of learning media innovations. Learning media is a very important 
part of the learning process. In this study, researchers designed a learning media 
in the form of a virtual laboratory on the practicum material of the basics of an-
alytical chemistry which is integrated with multi-representation triplets to create 
and describe the results of learning media. The method used in this develop-
ment was Research and Development (R&D) method using the 4-D (four-D) 
development model. Data collection used qualitative and quantitative data. The 
results showed that the validation of the material obtained a percentage of 84% 
(very valid), media validation of 78% (valid), and the results of trials on corre-
spondents obtained a percentage in the range 81-92% (very valid). It can be 
concluded that the virtual laboratory learning media on the analytical chemistry 
laboratory material with the integration of the developed multi-representation 
triplet explanations is feasible to use, especially in the practicum of the basics of 
analytical chemistry on the topic of group I cation analysis and argentometry. 
This shows that the virtual laboratory developed has the potential to support 
online practicum learning, and the macroscopic, submicroscopic, and symbolic 
depiction in the virtual laboratory can help the process of receiving information 
by students. 

Keywords—Virtual Laboratory, Multiple Representation, Analytical Chemistry 

1 Introduction 

The use and application of information technology have grown rapidly. This has 
triggered the development of innovation in the field of education to integrate technol-
ogy in order to improve the quality of education [1]. Facilities in technology allow the 
provision of material outside the classroom and application and/or feedback to take 
place in the classroom [2], especially in science material. One example of technology 
in science education is the use of software such as Moodle, Wiki, Edmodo, or other e-
learning media [3] that supports 21st century skill acquisition [4]. The 21st century is 
marked by the rapid development of science and technology so that science and tech-
nology are one of the important foundations in nation-building. One of the technolog-
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ical developments that underlie the development and advancement of science is chem-
istry. Chemistry is a branch of science that is very close to practicum activities in 
learning to provide meaningful learning experiences [5].  

Practicum is an activity to provide understanding to students about a material. Stu-
dents can understand and solve problems related to concepts taught in class and gain 
deep understanding through the scientific process [6] [7]. Practicum has a very im-
portant position to support the theoretical explanations that exist in chemistry learning 
[8]. Practical activities in chemistry learning are generally practicum types at the con-
firmative inquiry level that carry out practicum activities based on problems, proce-
dures, analysis techniques, and data interpretation that have been prepared by the 
teacher in the form of a practicum manual [9]. Confirmative practicum is still often 
used because it can do a lot of practicum in a class with a large number of students 
with limited time and resources. Practical activities often begin with pre-practicum 
activities and end with post-practicum activities. Pre-practicum in the form of tests of 
students' understanding of the practicum that will be carried out and post-practicum in 
the form of evaluation and reflection. Without pre-practicum activities, student activi-
ty becomes low and practicum activities are just carried out [10]. This is related to the 
findings of the researchers 'observations that in practicum activities, the tendency of 
low prerequisite (initial) knowledge of students has an impact on low learning out-
comes, thus encouraging research to increase students' initial knowledge. Thus, it is 
important to develop practicum learning with technology integration. 

One of the chemical materials that require practicum to support student understand-
ing is basic analytical chemistry studies. The scope of material includes qualitative 
analysis and quantitative analysis chemistry. One of the materials in qualitative chem-
istry is cation analysis and anion analysis, while in chemical analysis, quantitative 
analysis is related to titrimetric analysis, gravimetric analysis, and instrumentation 
analysis [11] [12]. In general, the practice of learning on analytical chemistry material 
is still limited to the order of verbal and practical explanations that are carried out to 
verify the expected results in the practicum module or by the teacher.  

Based on the results of unstructured observations made on three teachers of SMKN 
7 Malang in the chemical analysis program in 2020, one of the materials that are diffi-
cult to teach is qualitative analysis material in the cation analysis and titration chap-
ters. This is because this material is factual, contains many concepts and procedures, 
especially in the form of chemical reaction equations. This finding was reinforced by 
Fathonah's research, which stated that learning outcomes on qualitative analysis 
chemistry tended to be low, and the results of the needs questionnaire distributed to 
30 students of SMK Bhakti Mulia Wonogiri which showed that 53.33% of students 
chose qualitative analysis material as material that was difficult to understand [12]. 
Based on the results of the interview, information was also obtained that the limita-
tions of tools and materials are another common obstacle in implementing practicum 
activities for these materials in schools. The use of practicum methods to teach argen-
tometric titration material and cation analysis carried out at the SMK level is general-
ly limited to basic studies. These activities do not provide experiences to students 
about the real conditions in detail. This results in students not having a complete un-
derstanding of the material, and the general procedure is that students cannot be crea-
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tive to experiment with other conditions or practice before carrying out practicum 
activities. In addition, practicum in the laboratory has not been able to support the 
sub-microscopic aspects, which are one of the demands in studying chemical materi-
als such as argentometric titration and cation analysis. 

Based on the constraints in implementing the practicum on this material, an alter-
native solution that can be done is to use virtual lab learning media that can help stu-
dents understand the concept by performing practicum simulations. Efforts to develop 
practicum learning that are currently being studied are the integration of the use of 
information technology in the form of a virtual laboratory [13]. It is based on the 
premise that information technology provides an alternative learning environment that 
can contribute to meaningful learning [14]. In addition, previous research has been 
conducted by Dyrberg et al. [15] reports that learning preparation in practicum can be 
improved through the use of virtual laboratories as students become more confident 
and comfortable in doing practicum so that students' learning motivation increases. 
The use of virtual laboratories is proven to improve students' understanding [16], and 
can improve the thinking skills of students [17]. Therefore, it is important to develop a 
virtual laboratory, especially in the field of chemistry. 

The virtual laboratory is a series of laboratory learning innovations in the form of 
software (software) to help students in pre-lab preparation, strengthen students' under-
standing of concepts, and as a substitute or complement to real labs because students 
can repeat practical simulations that are not understood. It is hoped that dense chemi-
cal materials such as argentometric titration will be easier to understand, especially in 
the basic concepts and techniques used in practicum using virtual labs.[18] [19]. In 
addition, the microscopic images presented in the virtual lab can be used to help stu-
dents understand concepts [20]. 

The software can be developed so that it can be used flexibly and effectively on 
smartphones [21]. The use of smart telephones can make it easier for students to learn 
before carrying out practicum [22]. In practicum activities, the use of virtual laborato-
ries provides a form of offering in the form of more educational applications, physical 
and chemical simulations assisted by computers/cell phones and copies of natural 
phenomena and experimental conditions [23]. Virtual laboratories can be used to 
acquire conceptual knowledge and develop science process skills [24]. Virtual labora-
tories were created as an additional medium to develop skills to conduct analytical 
experiments, and to develop the ability to interpret experimental results, especially 
during pre-lab lectures [5]. 

Virtual laboratories are very suitable to be developed for chemistry practicum ac-
tivities, including studies from one of the branches of analytical chemistry. Based on 
the characteristics of the basics of analytical chemistry, skills are needed in using 
tools and practicum materials properly. The development of science and technology is 
the foundation of renewal in the revolutionary paradigm [25]. Under Liao et al., in 
this revolutionary era, America, France, and Italy were the best countries in terms of 
planning the development of the industrial revolution. The three countries invest in 
research and information, employment, education, training, and structural moderniza-
tion. One of the investments that supports the progress of human civilization is educa-
tion. In the development of this revolutionary era the world of education also contin-
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ues to make improvements in its system. As Shahroom and Hussin said, education in 
the future will experience significant changes [26]. The learning process no longer 
needs to be done in the classroom. Education in this digital revolution era demands 
the use of digital technology as a tool to improve academic quality [27], and virtual 
laboratory is one of the media that can be used in learning in this digital era, especial-
ly in practicum learning Therefore, this study developed virtual laboratory teaching 
materials with the aim of creating and describing the results of virtual laboratory 
learning media on the basics of analytical chemistry based on multiple representa-
tions. The development of virtual lab learning media is expected to increase compe-
tency attainment in chemistry learning for affective, cognitive, and psychomotor 
knowledge, and can attract learning interest for students to explore subject matter. 

2 Literature Review 

2.1 Virtual laboratory 

Virtual laboratory is a computer-based media that students can use in doing virtual 
experiments [28]. In the virtual laboratory the tools and materials needed for the ex-
periment are readily available on a computer program. As a learning media product, 
virtual labs provide opportunities for students to carry out a series of practical activi-
ties independently via computers or smart devices, either using the internet or without 
internet access [29]. 

The advantages of using a virtual laboratory were expressed by Dalgarno [30]. 
First, a virtual lab is used to demonstrate and provide chemical concepts to students in 
the form of visual representations. Second, virtual labs are used to prepare students 
for laboratory activities. This statement was corroborated by Herga's opinion [31] that 
the use of virtual labs that present visualization at the sub-microscopic level can act as 
a way to attract students' interest in learning a concept that is considered boring. 

2.2 Analytical chemistry and multiple representatives 

Analytical Chemistry is a branch of chemistry that studies theories and concepts 
and how to perform chemical analysis of a chemical substance or substance, which 
can include separation, identification, and determination of components in a sample. 
There are two types of chemical analysis, namely qualitative and quantitative, which 
can be applied to both organic and inorganic chemistry [32]. The qualitative analysis 
aims to state the presence of elements, ions, or compounds in a sample. In contrast, 
the quantitative analysis states the amount or how much of a certain substance is in 
the sample. The substance specified is called the desired constituent or analyte. While 
the amount of a certain substance in a sample is usually expressed as a concentration 
or concentration, for example, percent by weight, molar, grams per liter, or ppm [33] 
[34] 

There are three aspects that must be understood in chemistry, namely macroscopic, 
microscopic, and symbolic (representational), including analytical chemistry. In the 
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macroscopic aspect, it is a representation of chemistry that is obtained or observed 
through observation by the five senses. The microscopic aspect is a representation of 
chemistry that explains the structure and processes at the particle level or about the 
observed macroscopic phenomena, while the symbolic aspect represents the topic or 
concept of chemistry in the form of formula or symbol. 

3 Method 

This study employed Research and Development (R&D) by adopting a 4-D (four 
D) development model. It produced a product in the form of a triplet-based virtual 
laboratory representation of the basics of analytical chemistry. Four- D is divided into 
a sequence of development stages from the define, design, develop, and disseminate 
stages Thiagarajan. However, the dissemination stage was not carried out when the 
research was carried out in April-June 2020 at the Chemistry Department, State Uni-
versity of Malang. 

The development procedure which adopts the 4-D model is described as follows: 
1) Define Stage which includes front-end analysis, learner analysis, task analysis, 
concept analysis, and specifying instructional objectives. At this stage, an analysis of 
basic problems is carried out based on the curriculum used and analyzes the character 
of students regarding analytical chemistry material, 2) Design stage which includes 
the selection of the media used, the format viewer or the design of the storyboard, and 
the initial design related to the components of the virtual laboratory media, 3) Devel-
op Stage including expert validation. At this stage, five aspects were explored in the 
expert validation stage, including media format, language, media content, graphics, 
and aspects of media presence, as well as development trials conducted by legibility 
testing, and 4) Disseminate Stage covers empirical validation, packaging, deployment, 
and use. This stage was not conducted in the present study since the researchers en-
countered time and funding constraints. 

Product testing was carried out with virtual laboratory validation and media legibil-
ity testing. Content validation is an assessment of the rater whose aim is to determine 
the feasibility of the product. Meanwhile, field trials or empirical validation were not 
carried out due to time and funding constraints. Virtual laboratory validation was 
carried out by providing instrument sheets to a lecturer in the chemistry department of 
State University of Malang. In the readability test, an assessment was carried out by 
students. 

The subject of trying to validate is also known as a validator. The validator criteria 
for lecturers are 1) experience in guiding practicum activities, 2) mastering chemical 
materials, especially chemical separation, 3) understanding the guided inquiry learn-
ing model. Meanwhile, the validator criteria for students are chemistry students who 
are taking or have attended a basic class of analytical chemistry at the State University 
of Malang and are proficient in operating smart telephones. There are 25 student vali-
dators. 

The data obtained will be in the form of qualitative and quantitative data. The ex-
planatory items from the qualitative data are comments, suggestions, or criticisms 
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from the validator. While the explanatory items from quantitative data are numbers 
obtained from filling out the validation instrument sheet for development products 
using a Likert scale (5,4,3,2,1).[35]. The quantitative item analysis technique used is 
the average calculation technique proposed by Arikunto [36] as follows: 

  (1) 

Under: 

: average value 
Σx: the number of answers to the validator / test subject assessment 
n: number of validators 
To find out the conclusions from the above average calculation results, a range of 

validation criteria is used. The range of validation criteria for the complete calculation 
results can be observed in Table 1. 

Table 1.  Criteria for Validation Results 

Value Criteria 
0-20% Very Poor 

20-40% Poor 
40-60% Average 
60-80% Good 

80-100% Very Good 

4 Results and Discussion 

4.1 The developed model 

The virtual laboratory application developed by this researcher is named Inter-Val: 
Interactive Virtual Analytical Laboratory. The virtual laboratory application was de-
veloped on analytical chemistry lab material, namely Cation Analysis Group I and 
Argentometry material. This virtual laboratory application was developed by integrat-
ing multiple representations or triplet representations. This developed application is 
operated using a smartphone so that it can be accessed easily anytime and anywhere. 
As it is known, smartphones are items that are always there and taken anywhere with-
out exception by students. Researchers developed this application in order to make 
practical learning media innovations that can overcome problems or things that cannot 
be found in real practicum activities so that this product can be used to overcome 
these problems. The results of the virtual laboratory application development are 
presented to the figure 1, figure 2, and figure 3. 

 
 
 

n
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1. The initial view of the application 

 
Fig. 1. Application start view 

2. Display the menu of the virtual laboratory application.  In this display, there are 
five menus, namely pretest, posttest, virtual lab, materials, and glossary. 

 
Fig. 2. Application menu display 

Based on research Dwiningsih stated that the results of the approval questionnaire 
used virtual laboratory learning media in the chemistry learning process given to stu-
dents showed a percentage of 80% agreed that the chemistry learning process was 
carried out using virtual laboratory learning media, besides the observation results of 
students' activities in using laboratory learning media virtual get a percentage of 
88.75% [13].  

Virtual laboratory learning media in the learning process provides students the op-
portunity to further explore their respective knowledge, which allows students to 
always be active and not only record or listen to what the teacher says. [37]. The vir-
tual laboratory can significantly influence the learning motivation of students [38]. As 
expressed by Jaya in his research, practicum activities in laboratories that are interac-
tive, dynamic, animative can be supported by the existence of a virtual laboratory. 
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[39]. The development of a virtual laboratory is very suitable for chemistry practicum 
activities, especially in the branch of analytical chemistry [22]. Virtual laboratories 
can train students to improve critical thinking [40]. 

Virtual chemistry laboratories provide both students and teachers with potential as 
an educational tool enabling them to introduce new strategies to support higher-level 
skills such as communication and information literacy, self-management knowledge 
skills, problem-solving, independent learning, and cooperative learning. [41]. The 
virtual laboratory has a positive impact on the learning motivation of students [42].  

The virtual laboratory in learning chemistry has many benefits, as expressed by 
Dalgarno et al., [43] that with a virtual laboratory students will feel more relaxed and 
comfortable in the laboratory, do not spend time looking for the equipment used, and 
students can devote more of their attention to the chemical concepts involved in an 
experimental process. 

The multi-representation explanation in the virtual laboratory is the advantage of 
the product developed by the researcher. With the multi-representation explanation, 
students can observe the experimental process from a macroscopic, symbolic, and 
microscopic point of view that cannot be observed in a real laboratory lab. These 
advantages can help improve students' understanding of the process of practicum 
activities, especially in analytical chemistry practicum. This is supported by a state-
ment N. R. Herga & D. Dinevski in his research which states that virtual laboratories 
can be used for learning chemistry because they allow the integration of three levels 
of representation of chemical science understanding through visualization and simula-
tion processes [41].  

Multi representation is an important component of learning chemistry. It takes a 
deeper understanding of studying chemistry, because chemistry is a very abstract 
science. With the multi representation explanation in the virtual laboratory, students 
are helped in understanding the concepts of chemistry, especially in analytical chem-
istry. As expressed by (Hasibuan, et al., 2018) in his research that the explanation of 
the three levels of representation in chemistry can describe abstract material and help 
find a concept so that it makes it easier for students to learn it [44].  

This virtual laboratory cannot replace practicum activities that are carried out di-
rectly in the laboratory. This is evidenced by the results of research conducted by 
(Dewi et al., 2019) that there are differences in the learning outcomes of students who 
are taught with virtual laboratories with students who are taught using real laborato-
ries. It was found that students who were taught real practicum had better learning 
outcomes than students who were taught with virtual laboratories. [45].  However, 
apart from that this virtual laboratory can provide an overview to students regarding 
the practicum that is being carried out. In addition, with the multi-representation ex-
planation in this virtual laboratory, students can observe an experimental process from 
a macroscopic, symbolic, and microscopic perspective that cannot be observed in a 
real laboratory practicum. So, the existence of this virtual laboratory will be very 
helpful and accompany students in learning chemistry, especially learning analytical 
chemistry. It is stated that virtual laboratory is an alternative application to a real la-
boratory when an experiment cannot be done for several reasons [42]. 
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4.2 Developed android-based teaching materials 

Virtual laboratory, as one of the digital applications in the Android version, has 
several specifications, namely, used on smartphones with the Android Operating Sys-
tem (OS), landscape display in 2D (two-dimensional), providing a triplet representa-
tion and interactive explanation. This virtual laboratory application can be used to 
accompany practical activities both before, after, and even during the learning activi-
ties of the analytical chemistry practicum in the laboratory. Before the practicum can 
be used to do a pretest, the results will be automatically sent to the teacher's email. 
After practicum, it can be used to do a posttest to evaluate students after practicum 
activities. When practicum activities can be used to observe material about practicum 
that will be carried out an/ or explanation of phenomena in terms of three levels of 
representation, especially submicroscopic phenomena that cannot be seen with the 
naked eye while doing real practicum activities in the laboratory which aim to help 
students understand the results a practicum process that is carried out. 

This virtual laboratory application presents two practical material topics that can be 
done by students on the virtual lab menu, namely class I cation analysis material and 
argentometry. In the virtual lab menu, several components are presented that support 
practical activities, starting from experimental procedures, tools, materials, and expla-
nation of 3 levels of representation. Students can do a practicum in accordance with 
the procedures provided and choose their own tools and materials used, then take 
actions starting from reacting to the materials and so on by pressing the "do" button as 
shown in Figure 3. 

 
a) Procedures 
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b) Tools and Materials 

 
c) Lab actions 

Fig. 3. Virtual lab menu display 

There are several provisions in this virtual laboratory application, namely on the 
material menu: contains practicum material that can be used for students as a source 
of knowledge related to the practicum that will be done, on the pretest menu: contains 
practice questions before doing practicum as information on students' prior knowledge 
before doing practicum activities, on the posttest menu; contains practice questions as 
an evaluation of students after doing practicum activities, on the virtual lab menu: 
contains practicum activities consisting of tools, materials, experimental procedures, 
and an explanation of 3 levels of representation, on the glossary menu: contains im-
portant words or terms related to practicum analytical chemistry. Menus in V-lab can 
be operated automatically by pressing the available buttons. The button will take the 
user to the page to be addressed or desired. The V-lab developed will be connected to 
the teacher's email, for example, when students access pretest and postest questions. 
The results of the students' work will be known by the teacher with a system that has 
been set, so that there is interaction through the application developed between the 
teacher and students. The components or aspects in this developed application will 
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certainly continue to experience developments in line with existing technological 
developments, so that great benefits can be felt by education units, especially in 
chemistry practicum activities. 

4.3 Validation results 

In the validation stage, it was carried out by 2 chemistry lecturers of State Univer-
sity of Malang, who are experts in analytical chemistry and experts in learning media. 
This validation stage is carried out to ensure that the learning media developed is in 
accordance with the principles of analytical chemistry as it should be. Besides this 
validation also ensures that the learning media developed meets the feasibility of 
being used by students based on the opinions of experts. 

At this validation stage, there are two criteria that are assessed, namely in terms of 
material and media. The instruments used were the material validation questionnaire 
sheet and the media validation questionnaire sheet containing a statement of aspects 
adjusted to the judge. The ranges used on this validation questionnaire are numbers 1 
to 5, where number 1 shows the criteria are not good, unclear, inappropriate, and 
unattractive. Number 2 shows the criteria are not good, unclear, less suitable, less 
attractive, number 3 indicates criteria such as good enough, clear enough, sufficiently 
appropriate, and quite interesting. Number 4 indicates good, clear, appropriate, inter-
esting criteria, and number 5 indicates very good, very clear, very appropriate, and 
very interesting criteria. In addition, comments and suggestions are also presented on 
each validation sheet. 

Based on the validation results of the material validator, a value of 84% was ob-
tained, which means that the material is classified as very valid and suitable for use 
without the need for revision because the validation results assessment points have 
reached numbers in the range of average values 81-100 based on the criteria table. 
Validation results (Arikunto, 2010) and the products produced in this study can be 
used directly to assist and assist in the learning process of analytical chemistry practi-
cum on group I cation analysis material and argentometry material. However, it will 
still be improved based on suggestions and comments from the validator, such as 
adding concepts about analytical chemistry, and adding pretest and posttest questions, 
so that the resulting product becomes a perfect product. Meanwhile, based on the 
results of the media validator, a percentage value of 78% was obtained, which means 
that the media developed is classified as valid because the assessment points of the 
validation results have reached numbers in the average value range of 61-80 based on 
the validation results criteria table. (Arikunto, 2010) and the products produced in this 
study, the media display design has met the requirements in terms of media format, 
language, media content, graphics, and aspects of media presence, so that the product 
can be used. This analytical virtual laboratory learning media product will still be 
revised in accordance with the suggestions and comments that have been given by the 
validator on the media validation questionnaire to improve the media components 
developed. Besides, this revision of media products is also carried out to achieve a 
very valid learning media category. These comments and suggestions help researchers 
in perfecting the learning media products being developed. 
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4.4 Readability test 

Respondents involved in this study were 25 chemistry students of State University 
of Malang. At the point of media presentation, the aspects assessed are the ease of 
understanding the language, the combination of colors, the shape and size of the text, 
and the attractiveness of the appearance or design of the media. The validation results 
showed 84%. At the point of information clarity, the aspects assessed are the ease of 
operating the media, the ease of understanding practicum instructions, the ease of 
understanding practicum activities, the ease of understanding pretest and posttest 
questions, and the ease of understanding the material through the help of pictures and 
animation. The validation results showed 88%. At the point of use of the program, the 
aspects assessed were the ease of running pretest and posttest questions, the ease of 
running practicum simulations, and the interest in doing a practicum. The validation 
results showed 81%. At the point of the effectiveness of the media, the aspect as-
sessed is the ability of the application to increase learning motivation and use it inde-
pendently. The validation result showed 92%. 

Based on the interpretation of the validation result scores, the virtual laboratory ap-
plication in terms of presentation is categorized as very valid because the value ranges 
from 81-92%. This shows that from the user's point of view, all instructions and 
guidelines for practicum procedures in the media can be understood properly, the 
selection of diction and color combinations of letters with the background is correct, 
and can increase learning motivation. Virtual laboratory is a visual-based learning 
media that has a function as a tool in learning activities so as to create a better learn-
ing environment. The use of learning media can arouse student interest and motiva-
tion. This interest provides a great opportunity to achieve learning goals [46]. 

4.5 The developed virtual laboratory for online learning media 

Virtual laboratory can be operated using an android smartphone. The advantage of 
an Android device is that it can facilitate online learning because it can be used as a 
synchronous and asynchronous communication tool anytime and anywhere. These 
advantages can increase learning outcomes while saving education costs. 

Virtual laboratory allow students to carry out practical work indirectly or without 
entering the real laboratory. The urgency of online learning includes 1) the Covid-19 
pandemic, which makes all activities, including learning activities to be carried out 
without face to face, 2) the cost of providing raw materials for expensive practicum 
activities, and 3) demands the use of technology in education. With a virtual laborato-
ry, students can carry out practical activities like practicum in a laboratory. 

The developed virtual laboratory has the potential to be used for learning without 
face-to-face or online. The following are some of the potential virtual laboratories that 
have been developed as follows: 
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1. Supporting online practicum learning. This is very useful because during the pan-
demic, practicum learning tends to be hampered, so the use of a virtual laboratory 
is used  

2. Students can learn and do independent practicum activities at home 
3. Macroscopic, submicroscopic, and symbolic depictions in a virtual laboratory can 

help the process of receiving information by students 
4. Online scoring or assessment. Question assessment and job submissions can be 

done online and sent via email to the teacher. So that the teacher can see the total 
value acquisition or value recapitulation along with the work of students 

5.  Material for group I cation separation and the argentometric titration is available in 
the application so that students can access and study material from anywhere and 
anytime 

Some of the shortcomings in virtual laboratories that have been developed and do 
not support online learning are as follows. 

1. The teacher cannot observe the practical implementation directly 
2. Practical experience obtained by students is lacking 
3. Students will be difficult to guide if there is no awareness and desire to learn 

5 Conclusion 

This study has indicated that the virtual laboratory on argentometry material and 
the separation of class I have a positive impact on online learning. This is supported 
by the acquisition of a development validation score of 84% for material validation 
and 78% for media validation. This score indicates that the virtual laboratory is very 
valid in material validation and valid on media validation. Based on the validation 
results, the suitability of argentometric material and the separation of class I cations in 
the virtual laboratory are correct and only need some improvements in the appearance 
of the media according to the advice of the validator. Meanwhile, the virtual laborato-
ry readability test scores in the range 81-92% which makes the media very valid. This 
shows that from the readability point of view, the media can be understood clearly 
and have used the right word choice. Weaknesses in virtual laboratories can be mini-
mized with policies, commitments, and further product development so that they can 
be focused on online learning media in practicum activities. 
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