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Abstract. Students are capable of mastering skills relevant to the 21st-century if they properly understand their 

concepts and efforts to improve their skills. This process required a good application of innovative learning models.  

This research, aims to examine the effect of project-based learning, using virtual media, on conceptual cognizance, in 

terms of prior academic knowledge. This was a quasi-experimental study, with a pretest-posttest control group design, 

conducted in one of the secondary schools in Mataram, Indonesia. The sample was selected purposively, involving a 

total of 52 students, spread across the experimental and control group. Data was collected by a series of multiple 

choice. The final assessment shows that the scores of the experimental class were higher than the control class as 

students with low, medium, and high initial knowledge properly understood the physics concepts. Furthermore, over 

60% of experimental class students could answer questions appropriately in the aspects of remembering, 

understanding, applying, and analysing. However, on average, less than 50% of students could answer correctly in 

high cognitive aspects, such as evaluation and creation. Generally, project-based learning with the aid of virtual media 

impacts positively on mastering the concepts.. 

INTRODUCTION 

Education is a process, which involves the potential development of qualified human resources through the 

learning process [1]. Furthermore, practicing this system in the 21st-century requires students to think creatively, 

critically, collaboratively, communicatively, and further solve problems correctly. Quality in literacy can be 

observed from the components that exist in the process, which includes, teachers, learning models, resources, and 

the media. 

 The learning process must be able to provide opportunities for students and teachers to interact effectively 

and create meaningful outcomes. Furthermore, the procedure requires that the teacher is capable of building a 

pleasant atmosphere and motivate students to be actively involved. As one of the components, the teacher must 

be able to process and use learning models and media in a precise and detailed manner, in order for learning 

objectives can be achieved optimally. The media applied by teachers had to facilitated the delivery of material 

appropriately.  

Physics is an aspect of human activities, in the form of knowledge, ideas, and concepts, organized concerning 

the environment and obtained from experience through science [2]. It consists of theoretical and practical 

expressions in the form of facts, concepts, principles, and laws. Gunawan stated that some concepts in physics are 

abstract (difficult to visualize), which tend to serve as obstacles for teachers in the process of delivering 

information in learning activities, so the concept is not conveyed properly [3]. This certainly has an impact on 

learning interests, with regards to accepting physics lessons, further causing low conceptual understanding.  

Another problem that often occurs is that the application of learning media is not optimal, especially when 

integrated with the learning model. The application of media and learning models that are appropriate to the 

students' initial abilities and characters will be fatal. This creates an ineffective learning atmosphere. This problem 
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causes obstacles in the development of students' ability to understand concepts, discover and try new things, 

decrease learning interest, and ultimately reduce conceptual understanding.  

Theoretical awareness is a reciprocal relationship between the basic elements in a large structure (facts from 

knowledge that students must know), which function together to solve certain problems. Furthermore, in the 

Bloom's taxonomic revision within the framework of learning outcomes, Krathwohl defines conceptual 

understanding as part of knowledge, the first dimension of education and cognition, having the ability to 

remember, understand, apply, analyze, evaluate, and create as its measurement elements [4]. 

Experimental activities are essential in learning physics as one for proving concepts [5], and project-based 

learning is one of such innovations. The main idea was directing the students to problems and the solutions involve 

project work. Students will give more effort in completing assigned projects, so that they indirectly carry out 

active learning and are trained to think creatively. Through these assignments, students would understand the 

concepts that are being studied. Hence, learning becomes more meaningful. Yance concluded that project-based 

learning could improve physics learning outcomes in all aspect cognitive, affective and psychomotor [6]. 

Supported by Condliffe, which stated that this approach had a positive influence on cognitive abilities [7]. 

In addition, the use of an appropriate strategy, effective learning media is also important. It is a crucial task 

for an educator is to be capable of creating study innovations, which would further support students in conceptual 

understanding [8], one of which is by utilizing computer-based media. Ngang revealed that in a world of 

information technology, teaching is often used by instructors as a means of learning and its evaluation [9]. Tondeur 

stated that professionally developing a teacher is an important element, especially to implement more effective 

technology, which further improves learning [10]. Through IT, students easily access information needed to 

support the learning process [11] and learning assisted by virtual media, therefore improves their mastery of 

conceptual skills in each of the cognitive aspects and sub-subjects studied [12];[13]. The use of computerized 

means, including high-tech laboratories can also increase their ability to solve problems in each step of the way 

[14]. 

Students in their daily lives are familiar with tasks based project. all of these tasks are contained in active 

learning in study groups.as a project, but in the process, students did not produce meaningful learning because 

teacher prioritize cognitive outcome (15). Project-Based learning should focus on process of the project, not only 

promoting the good and bad final outcomes. Larmer also provided two meaningful project-based learning criteria, 

namely, students must generate interest in the given project, and the project must be in accordance with the 

learning objectives. 

Meaningful project-based learning requires the media as a device to transfer and motivate students. Computer 

based media such as virtual lab is very suitable to fulfil the task. Computer simulations have been known positively 

support students’ motivation in learning [16], [17], [18]. Computer-based and simulation media are able to provide 

an increase in students' understanding of concepts [19], [20]. These studies proved that computer simulations 

support project-based learning into more meaningful learning, which is able to motivate students and improve 

their understanding of concepts as learning objectives. 

Several factors influence the increase in the conceptual understanding of prospective teachers, such as the use 

of instructional media. Rakhmawan [21] stated that the use of laboratory-based learning could improve conceptual 

understanding of prospective teachers; however, real laboratory use cannot be done at any time. Problems that 

often encountered, such as lack of facilities and infrastructure, abstract concepts, security, and high 

implementation costs. Laboratory use can still be fulfilled with the help of virtual laboratories as studies by 

Finkelstein et al. [22], and Gunawan et al. [23] found that the use of virtual laboratories can help improve the 

quality of learning and increase student creativity. Better student creativity will make it easier for students to find 

and understand the concepts they are learning. 

It is essential for teachers to understand the characteristics of each student towards the cognitive process. In 

learning, it is important to note their initial abilities, in order to provide information on the study strategies to be 

implemented, hence producing a more meaningful training to all present. Furthermore, the activity of identifying 

a student’s original ability is aimed at determining what must be taught. Therefore, this study objective is to 

analyze the conceptual understanding after project-based learning with virtual media, based on the initial abilities 

of students. 

 

METHOD 

This research is a quasi-experimental study with a pretest-posttest control group design, which was carried out 

in a secondary school in Mataram. The selection took place with purposive sampling technique, with a total 

number of 52 students, scattered amongst the experimental and control groups. The empirical unit was treated 

with project-based learning, using virtual media, while the control group was given a conventional study 
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treatment. Furthermore, their conceptual understanding was compared based on their initial abilities. These data 

were obtained from multiple choice test instruments, which have been analysed for validity, reliability, differences 

in power, and level of accuracy. The test device consisted of six cognitive aspects, which include, C1 

(remembering), C2 (understanding), C3 (applying), C4 (analysing), C5 (evaluating) and C6 (creating). 

Comparison of the theoretical cognizance of both groups was carried out by simple analysis, which was based on 

their original ability, the number of correct answers to each aspect and each sub-material of optical instruments. 

RESULTS AND DISCUSSION 

Conceptual understanding can be interpreted as the cognizance of certain theories and their application in daily 

life. Furthermore, it is not limited to that. However, it can also be described as the ability to understand, apply, 

classify, generalize, synthesize, and deduce the information obtained [24]. In this study, virtual media-based 

project learning was used to improve the theoretical understanding of the subject, and multiple choice instruments 

were used to measure this. The results further showed that there were differences based on the students' initial 

abilities, as shown in Figure 1. 

 

 

FIGURE 1. Comparison of Students’ Conceptual Understanding Results  Based on Initial Ability 
 

Based on Figure 1 above, there are notable differences between the average scores of both groups, based on 

their initial abilities. The experimental group, given a project-based treatment with virtual media, has a higher 

score than the control who were given conventional learning. The original ability of students influenced the final 

test results of their conceptual understanding. Those with low abilities possess low average scores and otherwise. 

Hevriansyah & Megawanti [25] revealed that the presence of good initial abilities fosters positive learning 

outcomes. This is because they find it easier to follow the study process and understand the information obtained 

therein. Furthermore, this acquisition is also influenced by the quality of learning media applied as the use of high-

tech electronic assistance proved impact positively. Gunawan et al. [26] showed that the use of virtual laboratories 

was able to provide better mastery of the theory at each cognitive level, compared to the conventional learning 

models. Furthermore, this tends to improve their thinking skills; hence, they can solve problems with aspects of 

high-level cognition. In this study, the theoretical understanding score was also analyzed based on the students' 

answer to each cognitive aspect. 
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FIGURE 2. Comparison of The Students' Correct Answers Based on Initial Ability 
 

Figure 2 explains the percentage of students who correctly answered the questions in each cognitive aspect. 

Generally, students with low, medium and high initial abilities could properly answer questions in low-level. 

However, the percentage decreased with higher cognitive aspects. This is, therefore because the higher aspect 

involves questions like C5 (evaluating) and C6 (creating), which are categorized as difficult to solve. Over 60% 

could answer the questions in the area of remembering, understanding, applying, and analyzing correctly, while 

less than 50% could precisely respond in the aspect of evaluating and creating.   

The remembering category contains questions that were quite easy because they do not involve high degree 

of thinking processes, rather, only the ability to recognize or recall a term, formula, etc was required, without any 

demands to understand or use it. Furthermore, most students were still able to answer correctly, questions in the 

understanding and application category. Although the cognitive aspect is still relatively easy and moderate as it 

relates with the ability to decipher something, after it is known, remembered and also the possibility of been seen 

from various perspectives. Understanding is therefore a level of thinking, which is a level higher than 

remembering, were students are asked to determine the meaning of the message taught, including oral, written 

and graphical communication. Questions within the application category however involved tasking the use 

procedures that were understood before in certain situations. 

A slight decline was recorded in the percentage of students who answered correctly in the cognitive aspects of 

analyzing when compared with previous areas, some of which were classified as moderate and difficult. However 

this was still above 60%. Students who have been provided with project-based learning were capable of answering 

appropriately. Furthermore, analyzing is the ability to detail or describe a material or condition in bits and also 

being able to understand the relationship between each part or factor with the other. Students were therefore 

required to be able to break down information that has been understood into its constituent parts and further detect 

how they are related to one another. 

The percentage that answered correctly decreased further in high cognitive areas, as seen in evaluating and 

creating, were less than 50% could provide justified explanations. Furthermore, these facets require that students 

provide consideration of situations, values, ideas or certain methods, based on existing criteria and standards. The 

cognitive processes in this category include interpreting, considering, examining, deciding, arguing and 

criticizing. Were creativity is concerned, students were required to combine several elements together, so as to 

build a logical and functional sum and to further arrange these elements into new patterns or structures. Therefore, 

it is necessary to have a high level of thinking ability in order to master the aspects of evaluation (C5) and creation 

(C6). Furthermore, the application of virtual simulations, helped develop critical thinking skills [27], solve 

problems in physics [28], as well as improve student’s creativity through writing, verbal communication, basic 

mathematical calculations and image patterns [29]. 

The analysis above illustrates that the ability of students to answer questions of theoretical cognizance was 

elevated in the low cognitive aspects, which further decreased in the higher forms, as students with low, medium 

and high initial ability answered them quite well. It is important for teachers to note the original capacity of the 

trainee as this provides info on how to manage the learning environment. Hevriansyah & Megawanti [16] revealed 

that students are expected to be able to sharpen their initial skills because each material studied will certainly 

relate to the next. Furthermore, it is not uncommon for those who are good at high school today to have been 

influenced by their original skillsets obtained at the elementary and junior high school level. 

CONCLUSION 

Project-based learning with virtual media can assist to increase conceptual understanding. Noteworthy 

differences were observed in the average score of theoretical cognizance, based on the initial abilities of students. 

Furthermore, those who have a low original skillset possessed the least average score and otherwise. While 

analyzing the answers to each cognitive aspect obtained, it was observed that students with all types of initial 

abilities could answer questions appropriately. More than 60% of the experimental class possessed higher 

efficiency in the aspects of remembering, understanding, applying and analyzing. However, in high cognitive 

aspects (evaluating and creating), less than 50% of students could correctly answer questions on an average 

because it contains difficult questions. In conclusion, project-based learning, using virtual media has a positive 

impact on the conceptual understanding of students. 
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