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ABSTRACT 

This study aims to develop a virtual laboratory (Vir-lab) based 

guided inquiry on viscosity experiments and know the students' 

perceptions of the products developed. This study was a 

research and development using 4D model that consists of 

four stage: define, design, develop, disseminate. The 

participants were two material experts, two media experts, 

and 43 students. Data collection used expert assessment sheet 

and student response questionnaire. The data were analyzed 

descriptively. The result of this study was a Vir-lab which was 

packaged in e-book form with 3D effects. The activities in the 

Vir-lab are designed based on the syntax of guided inquiry. 

The Vir-lab contains goals, problem formulations, theories, 

hypotheses, tutorial videos, virtual experiments, experimental 

data, data analysis, results, and conclusions. The results of the 

material expert obtained a score of 45 with a very good 

category and media experts obtained a score of 66 with a very 

good category, and the results of the students' perception test 

obtained a score of 60.65 with a very good category.  

The conclusion of this study shows that the Vir-lab is valid and 

suitable for use as a medium for learning physics. 

 

 

 

INTRODUCTION 
 

The laboratory has an important role in science learning [1,2]. In physics learning, laboratories can 

help students understand concepts, define and explain law and theory through hand on activity [3]. 

Laboratory experiments contribute positively to students in understanding science, critical thinking, 

manipulative skills, inquiry, discovery, and problem-solving abilities in physics [4]. But in developing 

countries such as Indonesia, the limitations of laboratory equipment and other supporting facilities are 

the main problems [5]. The limitations of laboratory equipment cause laboratory experiment activities 

to be less optimal so that students do not get direct experience to find or prove the concept of physics. 

In addition, time management, large class sizes and the amount of material that will be discussed are 

obstacles that are often in the practical activity. On the other hand, the development of ICT has 

changed the paradigm of traditional (face-to-face) learning into distance learning (anywhere and 

anytime). But for science fields, often require laboratory exercises to provide effective acquisition and 

hands-on experience skills [6]. 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
mailto:kurniawan_wawan@unja.ac.id1


Virtual Laboratory Based Guided Inquiry: Viscosity Exsperiments 

Wawan Kurniawan, J. Jufrida, Fibrika Rahmat Basuki, Rima Ariani, Olva Fitaloka 

 

DOI: 10.26737/jipf.v4i2.1069  92 

 

The alternative to solve this problem through a virtual laboratory (Vir-Lab).Vir-lab is an interactive 

science situation with a computer application in the form of a science experiment simulation. Virtual 

laboratory or simulation-based laboratory (SBL) are experimental activities on desktop computers by 

manipulating objects and variables such as real experiments [7]. The virtual lab provides opportunities 

for diversifying of activities and the use of various laboratory instruments in different experiments. 

The students have chances to carry out experiments including testing the cases, observing, and 

recording the results in a peaceful and safe environment [8,9]. Virtual laboratories can be used as 

alternatives to still be able to do physics experiments. Besides being cheaper and affordable, it is also 

safer for students as users. Students can also experiment wherever and whenever they need. Virtual lab 

is to provide students knowledge of the physical phenomena  to reduce the limitations of the hands-on 

labs, such as the operating conditions,i.e., time, temperature, and number of cells, and to provide them 

with values for the parameters of a real system that can help with a critical discussion of the measured 

results [10]. 

 

Vir lab is not a substitute for the real lab, but as a supporter of hand on activity. Science learning that 

combines physical labs and augmented virtual laboratory can help students develop and connect ideas 

to explain gas phenomena [11]. There is parity between the hands-on condition, Serious Educational 

Games (SEGs), and the virtual reality (VR) conditions in learning outcomes and cognitive processing. 

But learning through VR and SEGs shows higher cognitive dynamics, increased attention, and critical 

thinking obtained in the subjects involved [12].  An electronic concept-mapping tool had significant 

advantages in supporting the construction of concept maps representing causal relationships in a 

dynamic system. The electronic tool also meant that the concept maps were more consistent in 

structure and names of nodes [13]. 

 

The existing Vir-labs are PhET Interactive Simulations and Amrita Olabs. The PhET Interactive 

Simulations application can be downloaded and can be used offline but there is no integrated guide in 

the virtual laboratory. This makes it difficult for users to understand how to use PhET Interactive 

Simulations. On Amrita Olabs site there is a way to use virtual laboratories and demonstration videos 

but the application cannot be downloaded so it requires users to connect to the internet. This causes the 

ineffectiveness of using a virtual laboratory. Therefore, it is necessary to develop an electronic guide 

that is integrated into a virtual laboratory. 

 

Design and implement 3D virtual labs, which are considered as a low-cost alternative to educators and 

students, in science E-learning [14]. This study focuses on the virtual assembly of instruments, the 

realization of dynamic 3D gauges, and the setup of emulation-based systems, which are key factors to 

provide students with the high-immersion 3D virtual lab. It also describes the setup of the network 

environment of this virtual lab; in this network, the server controls the options, user operations and the 

processes of experiments. Developing Of a Virtual Laboratory for control systems simulation [15]. 

The simulation environment was built on a transparent modeling platform that allowed the users to 

easily modify the controller parameters. The human-machine interface employed both two and three-

dimensional graphics displays enabling real-time monitoring of the quadrotor’s trajectory. The Virtual 

Laboratory was modulated for usage by multiple student groups. The results from these experiments 

indicate that this Virtual Laboratory may be easily integrated into control and simulation courses and 

projects for undergraduate engineering students. Developing blended learning model using project-

based learning via virtual science laboratory in a science classroom for students in secondary schools 

[16]. The model could lead students to understand sciences lessons easier and enable to do 

experiments in lesser time and encourage them to create new further experiments with curiosity. There 

are five modules in the model which are 1) Student Module 2) Instructor Module 3) Blended Learning 

Module from Project-Based Learning and Active learning for students to conducting science projects 

and to check how much they understand what they have learned 4) Virtual Laboratory Module and 5) 

Assessment Module. 
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The purpose of this study was to develop a virtual laboratory based guided inquiry: viscosity 

experiment. Vir-lab developed has differences with existing Vir-labs. Vir-lab developed packaged in 

the form of an e-book with 3D effects. This Vir-lab contains a practical guide, video tutorial, virtual 

laboratory, data analysis, and results and conclusions. This virtual laboratory was developed using a 

3D Professional Pageflip program that is supported by the Camtasia studio 8 program for the 

production of video demonstrations, and Adobe Flash for making virtual laboratories. The developed 

Vir-lab was designed to integrate the guided inquiry model. Guided inquiry is an effective way to vary 

the atmosphere of classroom learning patterns. Guided inquiry learning is group learning where 

students are given the opportunity to think independently and help each other with friends [17]. 

Inquiry-based virtual physics lab is able to introduce design and analysis of virtual physics 

experiments, allowing students to gain deep profound process skills, comprehensive skills, and 

reflection skills in scientific inquiry [18]. 

 

METHOD 
 

Procedure 

This research was research and development using 4D model. The development stage consists of 

define, design, develop, and disseminate [19]. This research was conducted only to develop. 

 

The define phase consists of five stages: front-end analysis, learner analysis, task analysis, concept 

analysis, and specifying instructional objectives. Front-end analysis aims to find out the problems in 

learning physics specifically viscosity. Learner analysis was conducted to determine the characteristics 

of students who ware the subject of research. Task analysis was carried out to determine the expected 

learning outcomes. Concept analysis was carried out to identify the main concepts taught in viscosity 

experiments and design concept maps. Specifying instructional objectives ware formulated for the 

specific purpose of the viscosity experiment. 

 

In the design stage, a virtual laboratory prototype was designed. The steps taken ware media selection, 

format selection and initial design. The initial design was realized in the form of storyboards. 

 

The virtual laboratory development phase consists of two stages: expert validation and development 

testing. Expert validation consists of media experts and material. Development testing was carried out 

on students to find out the perception of a virtual laboratory product. 

 

Subject  

Subjects in this study were two material experts and two media experts as validates and 4th semester 

students of Physics Education department of Jambi University consisting of 43 students. 

 

Instrument 

This expert assessment sheet used an open assessment so that experts can provided improvement 

suggestions on the developed virtual laboratory products. To find out the quality of the product had 

developed, this assessment sheet also used a likert scale with 4 scales (1 = very poor, 2 = not good, 3 

= good, and 4 = very good). The aspect of assessment for material experts included the suitability of 

the material with the learning objectives, the accuracy of the material and the content, the material 

update, and the components of language. The material expert assessment instrument consists of 4 

indicators with 14 questions. Assessment aspects for media experts included cover design, content 

design, application design, presentation and operation components. The media expert assessment 

instrument consists of 5 indicators with 22 questions. 

 

The student response questionnaire was used to determine the student's perception of the virtual 

laboratory product. This questionnaire used a likert scale with 4 scales (1 = very poor, 2 = not good, 3 

= good, and 4 = very good. The assessment aspect of this questionnaire included a virtual guide 

design cover laboratory, virtual guide content design, guide software design virtual laboratory, 

presentation component, ease of operation, and linguistic component. This questionnaire consists of 6 

indicators with 20 questions. Validity of this scale was conducted by two reviewers at physics 
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education department. The reviewers ware asked to verify that it was appropriate for the purpose of 

the study and that the items were clear, readable, and accurate. Reliability was calculated using 

Cronbach's Alpha (0.864). 

 

Data Analysis 

Qualitative data in this study ware suggestions from validators of material experts and media experts. 

The data collected was analyzed descriptively. Quantitative data were the results of expert 

assessments and student questionnaire scores. The data were analyzed using descriptive statistics, the 

analysis was carried out with SPSS 23.0 

 

 

RESULTS AND DISCUSSIONS 

 
Product Specification 

The results of this study are the virtual laboratory based guided inquiry on viscosity experiments. The 

virtual laboratory product specifications are developed as follows: 

1. The Vir-Lab are packaged in the form of e-books with 3D effects.  

2. The Vir-Lab was developed using a 3D PageFlip Professional, Adobe Flash, and Camtasia Studio 8 

program.  

3. The Vir-Lab output was .exe format files that can be run on a PC without having to install software 

3D PageFlip Professional. 

4. The Vir-Lab was integrated three in one that consist of guides, virtual experiments and 

experimental  reports in one product. 

5. The Vir-Lab is prepared based on the syntax of guided inquiry. It contains goals, problem 

formulations, theories, hypotheses, tutorial videos, virtual experiments, experimental data, data 

analysis, results and conclusions. 

6. The Vir-Lab was developed using Indonesia language. 

 

Vir-lab was designed for students to learn independently. Learning activities begin with problems. 

Students are guided to learn the theoretical basis first so that they can formulate hypotheses according 

to the problems proposed. To increase understanding, students can observe experimental videos in real 

terms. To test the hypothesis, students can conduct virtual experiments. Viscosity experiments are 

designed in three stages: measuring the diameter of a solid ball, measuring the mass of a solid ball, and 

measuring time (the length of the solid ball moves from point A to point B) when dropped in a fluid. 

The independent variable is the diameter of the solid ball and the type of fluid. The dependent variable 

is time (long solid ball moves from point A to point B). Experiments can be done with two different 

designs. Experiment I, the effect of fluid density on time (long solid balls move from point A to point 

B). In experiment I, the control variable is a solid ball used the same. Experiment II, the effect of 

spherical diameter on time (long solid balls move from point A to point B). In experiment II, the 

control variable is the same type of fluid used. After conducting the experiment, students can calculate 

the fluid viscosity coefficient. The Vir-lab was designed an integrated manner that combines guides, 

virtual experiments and experimental reports in one product. Students can write experimental data, 

analyze data, results and discussion, and conclusions. The final result can be printed or emailed to the 

lecturer. The following is a virtual laboratory product for viscosity experiments. 
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Figure 1. Virtual laboratory introduction page 

 

 
 

Figure 2. The experimental video of viscosity 

 

 

 
 

Figure 3. Measurement of diameter, mass and time in a viscosity experiment 

 

 

 
 

Figure 4. The virtual experiment of viscosity 

 

 

Expert Assessment   

The virtual laboratory that had been made was validated by material experts and instructional media 

experts. The expert team assessed the feasibility of a virtual laboratory product by providing 

assessments and suggestions for improvement. The validation process was carried out twice, 

assessment and suggestions from experts are used as the basis for virtual laboratory improvements. 

The final assessment of the material expert validation obtained a score of 45 with a very good category 

and media experts obtained a score of 65 with a very good category. The product evaluation results 

from the experts are very good so that the Vir-lab is valid and proper to use. Vir- lab products that 

have been developed are suitable for field trials. 

 

Students Response 

The development test was conducted to find out students' perceptions of the virtual laboratory. This 

trial was carried out by giving virtual laboratory products to 43 respondents. Students ware asked to 

use a virtual laboratory on viscosity experiments. After using the virtual laboratory, students filled out 

the questionnaire given. Questionnaire score results, namely for the virtual laboratory cover design 

indicator is 12.72, the indicator of the virtual laboratory content design is 18.95, the virtual laboratory 

application design indicator is 13.05, the presentation component indicator is 3, 21, the ease of 
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operation indicator is 3.19, and the linguistic component indicator is 9.60. All indicators have very 

good categories. Students are more interested in learning by using vir-lab because they are interactive 

and learn independently. Students can conduct experiments virtually, analyze data, results and 

discussions, and conclusions directly. The final results can be printed or emailed to the lecturer. Vir-

lab is also equipped with a video demonstration of a real experiment. Vir-lab can make learning more 

interesting, more interactive, the amount of teaching time can be reduced, the quality of learning can 

be improved and the teaching and learning process can be done anywhere and anytime [20]. The use 

of virtual laboratories allows students to learn more actively and more enthusiastically because the 

visualization of this media is displayed attractively [3,21]. Virtual laboratories can make learning more 

interesting, interactive, and the quality of learning can be improved and the practicum process can be 

carried out where anytime and anytime [22-24] The use of vir-lab can increase student involvement in 

learning rather than activities carried out using blackboards and chalk in traditional classrooms [25]. 

 

Based on the results of the virtual laboratory development on viscosity experiments, it is expected to 

be used to support hand on activity. The experiments should be supported with ICT through computer 

simulation and the internet connection to eliminate the limitations in conventional laboratory [26]. 

Physical learning uses computer simulation (virtual) or a combination of hand on activity is better in 

understanding the concept of physics [27,28]. Physics teaching using the Istanbul University Virtual 

Laboratory (IUVIRLAB) has a significant difference in learning achievement compared to 

conventional learning. It was found that IUVIRLAB group have the higher score achieved and more 

successful in preventing of misconceptions about electromagnetic field and magnetism [29]. 

 

Vir-lab can be used anywhere and anytime and can provide opportunities for students to actively learn 

independently without the help of assistants [24]. Virtual laboratory provides a positive effect on 

learning outcomes, learning becomes more interesting and interactive, can improve creativity, and 

problem solving abilities [22,23,30,31]. The use of a virtual  laboratory allows students to learn more 

actively and more enthusiastically because the visualization of this media is displayed attractively [3]. 

On the other hand, vir-lab gives students the opportunity to experiment repeatedly until they fully 

understand and at a time and place that is comfortable for them. 

 

The developed Vir-lab was designed to integrate the guided inquiry model. Learning activities are 

designed according to the guided inquiry syntax. The guided inquiry model has been widely used in 

science learning and shows a positive influence. The inquiry-based science education had a positive 

and higher levels of effects of students’ academic achievement, science process skills and attitudes 

towards science [32]. This research is relevant to Wang et al., who design the six main learning 

modules namely (1) introduction to the topic, (2) direct experiment, (3) virtual experiment, (4) team 

work, (5) the actual application and (6) model adjustments [18]. The experimental teaching showed 

that MBI and MBI-VPL pedagogy were more effective in developing student scientific inquiry skills 

compared to traditional methods, with significant improvements in the performance of process skills, 

comprehensive skills, learning attitude, communication skills, and reflection skills. The MBI-VPL 

pedagogy was able to introduce virtual physics experiment design and analysis, allowing students to 

gain in-depth practice of process skills, comprehensive skills, and reflection skills of scientific inquiry. 

 

 

CONCLUSION AND SUGGESTION 

 

The product that has been developed was a vir-lab based guided inquiry in the viscosity experiment. 

Vir-Lab are packaged in the form of e-books with 3D effects. This Vir-Lab product integrates guides, 

virtual experiments and experimental results reports in one product.Vir-Lab was developed using a 3D 

PageFlip Professional, Adobe Flash, and Camtasia Studio 8 program. Output Vir-Lab in the form of 

.exe format files that can be run on a PC without having to install software 3D PageFlip 

Professional.Vir-Lab is prepared based on the syntax of guided inquiry. Vir-Lab contains goals, 

problem formulations, theories, hypotheses, real experiment videos, virtual experiments, experimental 

data, data analysis, results and conclusions.The results of the material expert validation obtained a 
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score of 45 with a very good category and media experts obtained a score of 65 with a very good 

category, and the results of the students' perception test obtained a score of 60.65 with a very good 

category. Vir-Lab is feasible for field trials to determine effect on increasing mastery of the concepts 

of physics. Vir-Lab is used as a lab assistant in real terms in order to improve the understanding of 

physics concepts. 
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