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Abstract – The Problem Solving Virtual Laboratory 
(PPS VLAB) learning model integrates problem-based 
learning within a virtual environment, enabling 
students to engage in laboratory-style activities to 
address presented issues. A preliminary investigation 
revealed several challenges faced by students, including 
difficulties in mastering hardware concepts, limited 
access to physical computer components, and the risk of 
equipment damage during hands-on practice in 
conventional laboratories. The model’s development 
followed the ADDIE framework comprising: analysis, 
design, development, implementation, and evaluation 
phases. Validation results demonstrated that the PPS 
VLAB model meets the criteria for validity, practicality, 
and effectiveness when applied in computer installation 
and operating system practicum settings. Moreover, the 
study identified a statistically significant improvement 
in learning outcomes among students utilizing the PPS 
VLAB model compared to those using traditional 
methods.  
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1. Introduction

The rapid development of information and 
communication technologies has brought substantial 
changes to the field of education, especially in 
enhancing the flexibility and interactivity of learning 
material delivery. One of the main challenges in the 
learning process, especially in a practicum such as 
computer installation, is the limited physical 
laboratory facilities, hardware availability, and limited 
laboratory usage time. This often hampers the learning 
process and reduces the effectiveness of the practicum 
[1]. 

In addition, computer installation practicum 
activities require adequate hardware and software as 
well as safe and controlled environmental conditions. 
Not all educational institutions have sufficient 
resources to fulfil these needs, both in terms of the 
number of devices, maintenance costs, and the risk of 
equipment damage due to student errors in the 
practical process. 

One potential alternative solution to address this 
issue is the development of a Virtual Laboratory 
learning model. Through a virtual laboratory, students 
can simulate computer installation digitally without 
the need for physical devices. This model offers 
flexibility in terms of time and place, providing 
students with the opportunity to learn independently 
and repeatedly at their own pace. In addition, virtual 
laboratories offer the benefit of personalized learning, 
enabling instructors to tailor instructional content to 
the skills and needs of each student. Virtual laboratory 
media have been proven effective in addressing the 
challenges of practical exercises in science education; 
therefore, to enhance the quality of learning, it is 
strongly recommended to integrate instructional 
media, particularly virtual laboratory media, into the 
teaching and learning process [2]. 

https://doi.org/10.18421/TEM152-71
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The Problem Solving Virtual Laboratory Learning 
Model is a refinement of the problem-based learning 
approach. While it retains the same basic structure, it 
emphasizes problem-solving through hands-on 
laboratory activities. Adapted from the steps proposed 
by Bound and Ton, this model includes several key 
features: (1) The competence to address problems 
using a systematic approach that incorporates 
brainstorming and technical exploration; (2) The 
enhancement of prior knowledge and the assimilation 
of new understanding via case study evaluations; (3) 
The proficiency in utilizing laboratory equipment in 
accordance with relevant theoretical frameworks; (4) 
The skillful employment of accessible media and 
analytical techniques; (5) The capacity to analyze, 
articulate, and communicate practicum outcomes 
through written documentation, visual displays, and 
oral presentations; and (6) The ability to engage in 
cooperative teamwork within structured group 
dynamics [3], [4]. 

The use of Virtual Laboratory approaches is 
consistent with technology-oriented instructional 
strategies and reinforces the principles of an 
independent learning curriculum, which emphasizes 
learner autonomy, innovation, and the integration of 
digital tools in education. Consequently, developing a 
learning model that is systematic, engaging, and 
aligned with the essential competencies of the 
computer installation practicum becomes crucial [5], 
[6]. 

Therefore, the development of a Virtual Laboratory 
learning model in computer installation practicum is 
important to improve the quality of learning, 
overcome facility limitations, and equip students with 
practical experiences that are more flexible, safe, and 
relevant to current technological developments. 

 
2. Literature Review 

 
The underlying philosophy of the Problem Solving 

Virtual Laboratory learning model holds that learning 
becomes most effective when students are actively 
involved in solving problems through technology-
driven laboratory simulations. It integrates the 
principles of constructivism, problem-based learning, 
and virtual technology to foster an engaging, context-
rich, and immersive learning environment. 

 
2.1. Virtual Laboratory Problem-Solving Learning Model 

Philosophy 
 

Contemporary philosophy based on pragmatism is 
very appropriate to be used as the basis for curriculum 
development.  
 
 
 

In terms of teaching models, it has been shown that 
inductive thinking, inquiry, group investigation, 
nondirective teaching and simulation are 
contemporary teaching theories that are suitable for 
use as models in Problem Solving Virtual Laboratory 
learning. At the learning level, it has also been shown 
that constructivism is a learning theory whose 
principles are appropriate and can be applied to this 
model [7], [8]. The following shows a matrix that links 
the philosophical foundations with teaching and 
learning activities in the Problem Solving Virtual 
Laboratory learning model. 

 

1) Constructivism: The constructivist approach has 
been widely applied in various learning contexts 
because it is believed to enhance students’ abilities 
through collaboration, the development of critical 
thinking, and independent exploration of ideas [7], 
[9]. In the context of a computer practicum, this 
principle is highly relevant since students are 
required not only to understand concepts but also 
to solve real problems that arise during the 
installation of hardware and operating systems. 
Constructivism also emphasizes the importance of 
collaborative learning, which provides space for 
students to exchange ideas and receive feedback 
from peers as well as lecturers [10]. This social 
interaction process is believed to strengthen 
understanding and build new knowledge [11]. In 
the computer installation practicum, such 
collaborative activities can be realized through 
group work in solving technical problems, 
simulations, and discussions of practice results. In 
line with constructivist theory, the use of authentic 
tasks in relevant contexts is a key to effective 
learning [12]. This is similar to the characteristics 
of a computer practicum, which are based on 
solving real-world problems, such as hardware 
installation errors, BIOS settings, and operating 
system configuration. By presenting contextual 
problem scenarios, students can engage in more 
meaningful learning and actively participate in the 
process of finding solutions. Therefore, 
constructivist principles serve as a fundamental 
basis for the development of the Virtual Laboratory 
Problem Solving Learning Model (PPS-VLAB). 
This model enables students to conduct 
experiments virtually in an environment 
resembling a real laboratory while also facilitating 
collaboration and interaction. Through PPS-
VLAB, students not only master technical skills in 
computer and operating system installation but also 
develop critical thinking, problem-solving, and 
teamwork skills. This is consistent with previous 
studies that highlight how authentic and context-
based learning resources can enhance motivation 
and learning achievement [13], [14], [8], [15], [16]. 
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2) Connectivism: Connectivism, as proposed by [17], 
is a “learning theory for the digital age” which 
emphasizes that knowledge is distributed across 
networks, and learning occurs when learners are 
able to build and navigate those connections. The 
presence of digital technology demonstrates the 
limitations of traditional learning theories, which 
tend to be mechanical and impersonal, as critiqued 
by [18]. In this context, the development of the 
Virtual Laboratory Problem Solving Learning 
Model (PPS-VLAB) on Computer Installation and 
Operating System Practicum can be seen as a 
concrete application of connectivism. PPS-VLAB 
provides a network-based virtual learning 
environment that allows students to construct 
knowledge through interactions with simulations, 
digital materials, and collaboration in solving 
technical problems. This model affirms that 
connectivism is not merely a theoretical framework 
but can be operationalized in practice within 
learning. PPS-VLAB offers an interactive, 
adaptive, and relevant learning experience for 
students in the digital era, particularly in computer 
installation and operating system practices that 
demand direct problem-solving skills. 

 

2.2. Virtual Laboratory Problem-Solving Learning Model 
 

The Problem Solving Virtual Laboratory (PPS-
VLab) Learning Model is an instructional approach 
that applies an activity-based learning framework 
within a virtual lab setting. It is an extension and 
refinement of the problem-based learning model [14]. 
This model is highly effective for developing 
problem-solving skills, particularly in practice-
oriented courses like computer-related subjects. 
According to [15] that students look more prepared 
and independent in solving a problem when using the 
Problem Solving Virtual Laboratory learning model. 
This model generally consists of three learning stages, 
namely opening moves, middle games, and end 
games. Table 1 illustrates the connection between the 
Problem Solving Virtual Laboratory learning model 
and the indicators of problem-solving skills. 

 
 
 
 
 
 

 

Table 1. Relationship between virtual laboratory problem solving learning model and problem-solving skills 
 

Learning Model Stage 
Problem Solving Virtual Laboratory 

Problem Solving Indicator 

Opening moves Useful description 
 

Middle game 
a. Practical approach to Computer and Operating System installation 

b. Practical approach to the installation of specific computers and operating 
systems 

c. Appropriate use of virtual lab applications 
End game Logical progression 

In brief, the Problem Solving Virtual Laboratory 
(PPS-VLab) learning model is an approach that 
emphasizes hands-on activities within a virtual 
laboratory environment. The model consists of three 
stages: opening moves, aimed at understanding the 
problem; middle game, which focuses on practicing 
technical skills; and end game, which involves 
formulating logical solutions. Through these stages, 
PPS-VLab is designed to strengthen problem-solving 
skills, particularly in practice-oriented learning. 

 
2.3. Syntax of Virtual Laboratory Problem Solving 

Learning Model 
 

The Problem-Solving Virtual Laboratory model is 
an instructional approach that integrates problem-
solving methods with a technology-based virtual 
laboratory environment. This model is designed to 
provide students with opportunities to engage in 
realistic, practice-oriented learning while addressing 
the limitations of physical laboratories, such as high 
costs, limited availability of components, and safety 
risks.  

 

By embedding structured problem-solving steps 
into a simulated environment, students not only 
acquire technical competence in computer installation 
and assembly but also develop higher-order thinking 
skills, including analysis, evaluation, and reflection. 

The syntax of the Problem-Solving Virtual 
Laboratory model for the computer 
installation/assembly practicum is presented in Table 
2. Each step is systematically arranged to guide 
learners from identifying a problem, exploring 
relevant virtual tools, and planning and implementing 
solutions, to evaluating outcomes and reflecting on the 
learning process.  

This structured procedure ensures that students are 
actively engaged, practice technical skills in a safe and 
controlled setting, and strengthen their problem-
solving abilities. 
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Table 2. Syntax of virtual laboratory problem-solving model for computer installation/assembly practicum 
 

Step Activity Description Learning Objectives 
Problem Identification Students recognise problems to be 

solved, such as devices not turning on 
or not being 

detected in the BIOS. 

Understanding problems in computer 
installation/assembly. 

Exploration of Virtual Tools Students recognise virtual components 
(motherboard, CPU, RAM, GPU, etc.) 

and tools (screwdriver, PSU tester, 
diagnostic software). 

Know the functions and workings of tools 
and components in computer assembly. 

Solution Planning Students compile steps to overcome the 
problem, for example: 

• Check the cable connection. 
• Ensure hardware compatibility. 

• Analysing possible causes of 
malfunction. 

• Plan an installation or repair strategy. 

Solution Implementation Students run assembly or repair 
simulations in virtual labs, such as: 

• Attach the CPU to the motherboard. 
• Connect the power and data cables. 
• Perform system boot testing. 

Practice installation, repair and 
configuration skills of computer 

components. 

Evaluation of Results Students check the simulation results: 
• Did the computer switch on 

successfully? 
• Are all devices recognised by the 

system? 
• If it fails, students modify the 

solution and repeat the 
implementation step. 

Evaluate the success of the implemented 
solution and find areas of improvement. 

Reflection and 
Reporting 

Students create report about steps taken, 
obstacles faced, and the end result. 

Sharpen ability thinking 
reflective and technical communication. 

 

 
 

3. Methods 
 

This research utilizes a Research and Development 
(R&D) methodology, adopting the ADDIE model as 
its development framework.  

The ADDIE model comprises five sequential 
phases:  

 

Analysis, Design, Development, Implementation, 
and Evaluation (Table 3). It is widely applicable for 
developing various educational products, such as 
instructional models, practicum strategies, teaching 
techniques, learning media, and instructional 
materials [18]. 

 
 

Table 3. Product development procedure 
 

Step Concept 
Analysis Identifying the causes of gaps in learning 
Design Construct a learning framework that corresponds to the findings obtained from 

the analysis phase 
Development Developing products from the results of the design stage the product validation 

by experts 
Implementation Conducting product trials in the field with involving students and 

Evaluation Conducting Evaluation based on overall effectiveness of the product 

The participants in this study were 20 students 
enrolled in the Computer and Operating System 
course during the July–December 2024 semester, 
under the Department of Curriculum and Educational 
Technology, Faculty of Education, Universitas Negeri 
Padang. 

Data collection instruments are validity 
instruments, practicality instruments, student learning 
outcomes, and student activity observation sheets. 

 
 

The validity assessment utilized a 5-point Likert 
scale on a validation instrument, with the degree of 
validity determined through Aiken’s V coefficient. 
This statistical approach, developed by Aiken, 
quantifies content validity based on expert judgment, 
producing values between 0 and 1. For further data 
analysis, a paired t-test was used. Prior to hypothesis 
testing, preliminary analyses including normality and 
homogeneity of variance tests between the two groups 
were conducted to ensure the assumptions of the 
statistical procedures were met.  
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4. Results 
 

In this section, the findings from the data analysis 
are presented, accompanied by a detailed description 
of the results that align with the study’s objectives and 
research questions. 

 
4.1. Analysis 

 
a. Objective Analysis: Objective analysis was 

conducted to determine the purpose of developing 
the Problem Solving Virtual Laboratory (PPS-
VLAB) learning model as a solution to the 
problems encountered in the field. The purpose of 
the development, namely: 
 

1) Provides an in-depth understanding of the 
practical material covered in the model Problem 
Solving Virtual Laboratory. 

2) Build students' knowledge and skills 
independently in Computer and Operating 
System installation practicum. 

3) Encouraging students to be more engaged in 
thinking critically and solving problems during 
practicum sessions through the use of the 
Problem Solving Virtual Laboratory model. 

4) Making learning materials and media used 
during practicum with the Problem Solving 
Virtual Laboratory model interesting and 
interactive. 

5) Provide an enjoyable learning experience 
during lab work. 

6) Improving student responsiveness during 
practice with the Problem Solving Virtual 
Laboratory model. 

7) Increase interaction between students, lecturers 
and applications. 

8) Provide variations and innovations in the 
delivery of materials, media, strategies and 
learning evaluation. 

9) Make students actively think, conceptualise and 
problem-solve about the things they find during 
the practicum. 

10) Developing a Virtual Laboratory Problem 
Solving model in computer installation and 
operating system practicum. 

 

b. Material Analysis 
 

Material analysis was conducted to determine the 
content or practicum material presented in the 
Problem Solving Virtual Laboratory model selected 
from one of the courses in the Department of 
Curriculum and Educational Technology FIP UNP, 
namely the Computer and Operating System course in 
the July-December 2024 semester for four (4) 
meetings. To support the implementation of the 
Virtual Laboratory Problem Solving Learning Model 
(PPS-VLAB), the practicum materials are 
systematically organized into four core sessions.  

Each session is designed in a continuous sequence, 
starting from the understanding of basic concepts to 
the development of technical skills in computer and 
laptop hardware installation through a virtual 
laboratory. This approach aims not only to equip 
students with theoretical knowledge but also to 
provide hands-on experience in solving technical 
problems through interactive simulations. 

 

Table 4. Research trial materials 
 

Trial 
Week Material Sub-Matter 

Week 6 Computer 
Hardware 

Installation 
Concepts and 

Procedures 

1. Computer Hardware 
System Concepts 

2. Computer Hardware 
Components and 
Functions 

3. Computer Installation 
Practice 

Week 7 PC 
Installation/Ass
embly with IT 

Essential 
Virtual Desktop 

1. Assemble a PC with IT 
Essential Virtual Desktop 

2. Computer Installation 
Practice 

Week 9 PC/Desktop 
Hardware 

Installation 
with Virtual 

Desktop 
Application 
(Continued) 

PC/Computer Installation 
Practice 

Week 10 Virtual Laptop 
Installation 

1. Assembling a Laptop with 
IT Essential Virtual 
Desktop 

2. Laptop Installation 
Practice 

 
1) Week 6 focuses on Computer Hardware 

Installation Concepts and Procedures. At this 
stage, students learn about the concepts of 
computer hardware systems, recognize the 
components and their functions, and conduct 
basic installation practices. This material serves 
as a foundation for understanding the 
interconnection between components and 
installation procedures. 

2) Week 7 is directed toward PC 
Installation/Assembly using the IT Essential 
Virtual Desktop. Students practice assembling a 
PC virtually and performing computer 
installation, enabling them to identify 
installation errors and develop solutions through 
interactive simulations. 

3) Week 9 continues the previous skills with a 
focus on PC/Desktop Hardware Installation 
with a Virtual Desktop Application. At this 
stage, students are given broader opportunities 
to deepen their skills in PC assembly through 
extended practice. The goal is to enhance their 
ability to diagnose problems and perform 
installations independently or collaboratively. 
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4) Week 10 is centered on Virtual Laptop 
Installation. Students are introduced to the 
differences between PC and laptop installation, 
followed by virtual assembly and installation 
practices using the IT Essential Virtual Desktop. 
In this way, they gain an understanding of 
laptop hardware characteristics while also 
obtaining practical experience through 
simulation presented in Table 4. 

 

c. Application Analysis (Software) 
 

The application used for practicum was developed 
with Adobe Flash CS assisted by other supporting 
software. The application is an application that 
supports assembly practice/simulation because it 
contains text, video, animation, and images and is 
interactive. A comprehensive description of the results 
derived from this analysis is presented as follows. 

 

1. Technical Aspects 
 

a. User Interface (UI/UX) 
1) Pros: 

• The interface resembles the physical form 
of a computer with a realistic layout. 

• Interactive drag-and-drop simulation for 
component installation (RAM, CPU, 
motherboard, cables, and so on). 

• The interface is clean and easy to 
understand for beginners. 

2) Disadvantages 
• Simple graphics, less immersive than 

commercial applications such as PC 
Building Simulator. 

• Not flexible for component customisation 
(type of hardware brand/model limited). 

b. Stability and Compatibility 
1) Pros: 

• It can be run in the browser via the UC 
Browser platform without additional 
installation. 

• Stable and lightweight, it does not require 
high computer specifications. 

2) Disadvantages: 
• Only available for students who have flash 

player or UC Browser. 
• It cannot be used offline independently. 

 

2. Pedagogical Aspects 
 

a. Learning Effectiveness 
 

1) Pros: 
• It is suitable for beginners who want to 

understand the computer assembly process 
step by step. 

• Provide simulation real-time about 
introduction, installation, and 
troubleshooting PC components. 

• Includes instructions and practical scenarios 
based on the IT Essentials curriculum. 

2) Disadvantages: 
• It does not replace physical experience in 

handling hardware. 
• Less in-depth for advanced users or IT 

professionals. 
 

b. Competency-based approach 
 

1) Pros: 
• Supports Competency-Based Training 

(CBT) based learning outcomes. 
• Assessment-based: there are automated 

quizzes and feedback for each practical task. 
2) Disadvantages: 

• Assembly scenarios are standardised; they 
do not include PC configuration variations 
for different needs (e.g., gaming, 
workstation, server). 

 

c. Benefit & Efficiency Aspect 
 

• Cost Efficiency: Reduces actual hardware 
requirements for all learners. 

• Scalability: Suitable for large classes or 
distance learning. 

• Safe: No risk of hardware damage or 
electrical faults. 
 

3. Special advantages of virtual laboratory 
 

a. Suitable as learning media in universities that 
implement computer practicum lectures. 

b. An effective, structured, simulation tool suitable 
for practicals in the field of computer assembly 
and technical support. This application is 
especially useful for: 
1. Build a foundation of technical skills 
2. Prepare students for real practice 
3. Support hybrid learning 
4. Although it does not replace hands-on 

practice completely, the Virtual Laboratory 
application is an ideal teaching medium 
before students get their hands on real 
hardware. 
 

c. Infrastructure Analysis: 
 

Facility analysis is necessary to support the 
implementation of the product in the field during the 
learning process. The facilities used to display the 
application include laptops/PCs/smartphones and 
interactive smartboards, which can be accessed by 
both lecturers and students. In detail, the results of the 
analysis on the available facilities and infrastructure 
are presented as follows: 

 

1. Hardware 
 

a) Computer/Laptop with minimum specifications: 
• Core i5/i7 processor 
• Minimum 4 GB RAM (8/16 GB recommended) 
• The onboard graphics card is adequate for 

simulation 
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b) Interactive Smartboard with a large size to foster 
student attraction because they will feel as if they 
are holding the hardware component even though 
it is virtual. 
 

2. Software 
 

a) The Virtual Laboratory application used is 
developed with Adobe Flash CS for computer 
assembly simulation. 

b) Learning Management System (LMS) using e-
learning platform 
UNP to display the assembly tutorial video. 
 

4.2. Design 
 
The design stage constitutes the second phase of 

the ADDIE development model, during which the 
following activities are carried out: 

 

a. Research Instruments 
 

A number of research instruments were employed 
throughout the development process, including the 
following. 

1) Evaluation questionnaires designed to assess the 
aspects of validity, practicality, and 
effectiveness. 

2) Validation of the learning model book includes: 
graphical aspects, content quality, and language 
usage. 

 

3) Validation of lecturer and student guidebooks: 
graphical aspects, content aspects and language 
aspects. 

4) Media/application validation: visual design, 
content suitability, interactivity, ease of access, 
usefulness of technology, flexibility of use, and 
safety of use. 

5) Validation of student activity observation 
instruments. 

 

b. Problem Solving Virtual Laboratory Learning 
Model 

 

To ensure that the PPS-VLab learning model could 
be systematically implemented in practical learning, 
the design phase produced a structured framework. 
This framework outlines a sequence of learning steps 
that guide both lecturers and students in carrying out 
the problem-solving process effectively within a 
virtual laboratory environment. 

As an outcome of the design phase, the Problem 
Solving Virtual Laboratory learning model was 
structured into seven steps or syntaxes (Figure 1), 
namely: 1) Problem Orientation, 2) Participant and 
Team Organisation, 3) Problem Investigation and 
Analysis, and 4) Solution Development (Virtual 
Laboratory Application), 5) Solution Evaluation and 
Validation, 6) Reflection and Generalisation, and 7) 
Summarisation of Results and Refinement. The steps 
in the Virtual Laboratory Problem Solving model are 
described as follows. 

 

 
 

Figure 1. Syntax of the virtual laboratory problem solving learning model
 

  

Reflection and Evaluation

Reflection Formative evaluation Summative evaluation

Solution Implementation

Practical Application Customization and Optimization

Discussion And Collaboration

Work in group Exchange of ideas

Exploration and investigation

use a virtual laboratory experiment

Problem Giving

Problem description Learning Objectives

Introduction

Orientation Motivation
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Furthermore, learning activities in the Problem 
Solving Virtual Laboratory (PPS-VLAB) model are 
structured into several stages that emphasize student-
centered learning and the application of problem-
solving strategies. Each stage provides opportunities 
for students to actively engage in identifying 
problems, designing solutions, conducting virtual 
experiments, and presenting their findings.  

The lecturer serves as a facilitator who guides and 
provides feedback, while students are encouraged to 
explore, collaborate, and construct knowledge through 
interactive virtual practices. The detailed stages of 
these learning activities are presented in Table 5. 

 
 
 

 
 

 
Table 5. Practical learning activities with virtual laboratory problem solving model 
 

No. Stages Activity Description Lecturer's Role Student Role 
1 Problem Introduction Presenting real/con textual 

problems that relevant to the 
learning material 

Presenting the problem 
and guiding the 

discussion 

Observing and understand the 
problem 

2 Problem Identification and 
Objectives 

Analyse the initial information, 
identify what is known and 

asked 

Give problem analysis 
direction 

Identify variables and formulate 
objectives 

3 Virtual Experiment Planning Design the steps of an 
experiment using virtual 

laboratory 

Provides virtual access 
lab, guiding 

Develop procedures and select virtual 
tools 

4 Experimentation and Data 
Collection 

Carry out simulation 
experiments and record the 

data obtained 

Observe, provide 
technical support 

Conduct the experiment and record 
results 

5 Analysis Data Analysis and 
Interpretation 

Analyse experimental results, 
make graphs, tables, and draw 

conclusions 

Facilitate interpretive 
discussion 

Compile report on experimental 
results 

6 Solution Presentation and 
Evaluation 

Retrieved results and solution, 
discuss results between groups 

Provide feedback and 
clarification 

Present results and answer 
questions 

 
 

The construction of a learning model should 
incorporate essential components that define its 
structure. In the context of the Problem Solving 
Virtual Laboratory model for the computer 
installation practicum, these components consist of 
the fundamental elements of instructional models, 
namely:  
(1) syntax, (2) social system, (3) principles of reaction, 
(4) support system, (5) instructional impact, and (6) 
nurturant effect. 

As part of the support system, a virtual laboratory 
application was developed to simulate the process of 
assembling computer components. Figure 2 shows the 
user interface of this application, where learners can 
interact with various options such as Mainboard, 
Internal Driver, Internal Cable, and External Cable. 
These features allow students to systematically 
explore each part of the computer assembly process. 

In the center of the interface, the visualization 
demonstrates the placement of Random Access 
Memory (RAM) onto the mainboard, representing a 
critical step in computer hardware installation. The 
inclusion of such interactive elements enables 
students to observe and practice technical procedures 
in a safe, controlled environment. 

This interactive simulation supports the learning 
objectives by providing hands-on experience without 
the risk of damaging physical components.  

Through this approach, the virtual laboratory not 
only strengthens procedural knowledge but also 
enhances students’ problem-solving abilities, thereby 
aligning with the pedagogical principles of the 
Problem Solving Virtual Laboratory model. 

 

 
 

Figure 2. User interface (ui) of virtual laboratory 
application 

 

4.3. Development 
 
Instrument validation was conducted to assess the 

quality and reliability of the research instruments used 
in this study, including the validity questionnaires for 
the learning model book, the lecturer and student 
handbook, as well as the media and material validation 
questionnaires.  
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In addition, the practicality of the learning model 
and the lecturer and student handbook was evaluated 
through practicality questionnaires, complemented by 
student activity observations using a dedicated 
assessment sheet. The validation process was carried 
out by two experts, one specializing in educational 
media and the other in the field of ICT, ensuring that 
both pedagogical and technological perspectives were 
incorporated into the evaluation. This dual expertise 
provided a comprehensive assessment of the 
instruments, guaranteeing that they were not only 
aligned with instructional design principles but also 
with the technical requirements of digital learning 
environments. 

 
 

As part of this validation, the experts also assessed 
the Problem-Solving Virtual Laboratory application. 
The results indicated that the display aspects of the 
application were generally categorized as High to 
Very High. Very High scores were obtained in the 
areas of text clarity, font type and size, as well as color 
composition and consistency, demonstrating strong 
readability and visual appeal. In contrast, High scores 
were recorded in aspects such as layout, background 
design, font consistency, and image clarity, suggesting 
that minor refinements are still needed to optimize the 
user interface. Overall, the findings confirm that the 
application is feasible and effective for use in learning, 
with only slight improvements recommended to 
further enhance its visual quality and user experience, 
as presented in Table 6. 

 

Table 6. Results of model book product validation on graphical aspects 
 

No. Aspects Assessed 
Validator 1 Validator 2 

∑S n c-1 V Category Score S Score S 
1 Proportional layout (text and 

image layout) 
4 3 4 3 6 2 4 0,75 High 

2 Compatibility design background 
with layout 

4 3 4 3 6 2 4 0,75 High 

3 Clarity of text 5 4 4 3 7 2 4 0,875 Very High 
4 Appropriateness of font selection 5 4 4 3 7 2 4 0,875 Very High 

5 Compatibility font size selection 5 4 4 3 7 2 4 0,875 Very High 

6 Consistency use of font types 4 3 4 3 6 2 4 0,75 High 
7 Image clarity 4 3 4 3 6 2 4 0,75 High 
8 Appropriateness image selection 4 3 4 3 6 2 4 0,75 High 
9 Compatibility selection of colour 

composition 
5 4 4 3 7 2 4 0,875 Very High 

10 Consistency use of colour 5 4 4 3 7 2 4 0,875 Very High 
 

4.4. Implementation 
 

1. Practicality of Learning Model: The practicality 
evaluation of the model book, conducted by two 
lecturers, yielded an average score of 97.33%. This 
result indicates that both evaluators considered the 
model book to be highly practical. Based on the 
assessment results conducted by the same two 
lecturers, the lecturer and student handbooks 
received an average score of 99%, indicating that 
both evaluators regarded the guidebooks as highly 
practical. 

2. Practicality of the Learning Model for Students: 
The practicality assessment of the learning model 
by 20 students resulted in an average score of 86%. 
Therefore, it can be concluded that the students 
perceived the learning model as highly practical. 

3. Practicality of Student Handbook: The evaluation 
of the student guidebooks’ practicality by 20 
students produced an average score of 89%. This 
suggests that, according to the students, the 
guidebooks are considered to be highly practical. 

4.5. Evaluation 
 

After the implementation phase, the subsequent 
step is to evaluate how the developed learning model 
is applied. This evaluation aims to determine the 
effectiveness of the Problem Solving Virtual 
Laboratory model in improving students' learning 
outcomes and engagement in the computer installation 
practicum. Within the ADDIE framework, the 
evaluation phase consists of formative and summative 
evaluations. Formative evaluation was carried out 
during the expert validation stage, followed by 
revisions based on feedback. Meanwhile, summative 
evaluation compares the learning outcomes between 
the experimental and control groups and includes an 
analysis of student activity observations during the use 
of the developed model. 

 
 
 
 
 
 
 
 
 
 
 



TEM Journal. Volume 15, Issue 2, pages 1804-1815, ISSN 2217-8309, DOI: 10.18421/TEM152-71, May 2026. 
 

TEM Journal – Volume 15 / Number 2 / 2026.                                                                                                                             1813 

Learning Outcome Data Analysis: 
 

• Recapitulation of Learning Outcome Data: A data 
recapitulation was carried out to obtain the final 
scores of each class involved in the study, which 
included an experimental group and a control 
group, each comprising 20 students. The 
recapitulated results showed that the 
experimental group obtained scores ranging from 
64 to 100, with an average score of 85.16. 
Meanwhile, the control group achieved scores 
between 60 and 90, with an average score of 
77.2. 

• Normality testing was conducted on the learning 
outcome data of the control and experimental 
groups using the Kolmogorov-Smirnov test. The 
analysis results showed a significance value of 
0.200 for the experimental class and 0.132 for the 
control class. Both values are greater than 0.05, 
indicating that the data are normally distributed. 
Therefore, the normality assumption is fulfilled, 
and the data are suitable for further statistical 
analysis. 

• The homogeneity test was conducted to ensure 
that the research data had equal variances. The 
analysis results showed a significance value of 
0.425, which is greater than 0.05. Thus, the data 
can be considered homogeneous and meet the 
prerequisite for hypothesis testing using the T-
test. 

• Hypothesis Testing: After confirming that the 
data is normally distributed and homogeneous, 
hypothesis testing was carried out using a T-test 
in SPSS. The analysis results concerning the 
differences in student learning outcomes 
between the control and experimental classes are 
presented in the following section. 

 
Table 7. Results of data processing analysis 
 

Learning Outcomes N Mean 
Std. 

Deviation 
Std. Error 

Mean 
Experiment Class 20 85.10 10.432 2.333 

Control Class 20 77.20 8.445 1.888 
 

Based on the Table 7 the experimental class 
achieved an average learning outcome score of 85.10 
with a standard deviation of 10.43. In contrast, the 
control class obtained an average score of 77.20 with 
a standard deviation of 8.44. The detailed results of the 
T-test analysis are outlined below. 

 
Table 8. T-test analysis results 
 

Learning Outcomes 
t-test for Equality of Means 
T df Sig. 

Experimental Class 
and Control Class 2.632 38 0.012 

 

According to the T-test results presented in Table 
8, the significance value is 0.012, which is below the 
0.05 threshold. A detailed analysis using SPSS is 
available in Appendix 24. These findings indicate a 
significant difference in learning outcomes between 
the control and experimental classes. In other words, 
students who engaged with the Problem Solving 
Virtual Laboratory model demonstrated different 
learning outcomes compared to those who did not use 
the model. 
 
5. Discussion 
 

This study utilized the ADDIE development 
model, which consists of five stages: Analysis, 
Design, Development, Implementation, and 
Evaluation. According to [18] a high-quality learning 
model should fulfil the criteria of validity, practicality, 
and effectiveness. After completing the assessments 
for these three aspects, the PPS-VLAB model was 
found to be valid, practical, and effective. A detailed 
discussion of the development research findings is 
provided in the following section. 
 
5.1. Product Validity 

 
All components of the learning materials were 

assessed by two expert validators, with revisions made 
based on their recommendations. The validation 
outcomes showed that the RPS (lesson plan) achieved 
an average score categorized as "very valid." 
Likewise, the model book was deemed "very valid" in 
terms of visual design, content, and language. The 
student handbook also received "very valid" ratings 
across all evaluated aspects—graphics, content, and 
language. The lecturer’s handbook earned the same 
"very valid" classification in each area assessed. 
Similarly, the practicum guidebook was rated "very 
valid" in all dimensions. Based on the overall average 
scores from these validations, it can be concluded that 
the Problem Solving Virtual Laboratory model is 
highly valid and the computer installation practicum 
materials are well-suited and feasible for use in 
learning. 

Several previous research findings support the 
validity results of this study [19]. For instance, 
emphasizes that a well-designed model should 
demonstrate logical consistency between its intended 
design and actual [10], [14], [2]. Expectations pertain 
to the assumption that the model can be effectively 
applied in real instructional settings. Design validation 
consists of a series of activities intended to assess 
whether the product's structure is logically organized 
and appropriate for use as a learning tool. This 
validation is considered rational, as it relies on expert 
evaluations and logical analysis rather than field trials, 
indicating that the model is considered feasible for 
implementation [16].  



TEM Journal. Volume 15, Issue 2, pages 1804-1815, ISSN 2217-8309, DOI: 10.18421/TEM152-71, May 2026. 
 

1814                                                                                                                           TEM Journal – Volume 15 / Number 2 / 2026. 

The results of this study are considered suitable for 
supporting the development of research-based 
products, as they fulfil the required validity criteria 
and are deemed appropriate for application within 
educational contexts. 

A learning model that has been proven valid 
through a validity test can improve students’ 
conceptual understanding. This is in line with the 
objective of developing the Problem Solving 
Virtual Laboratory, which is designed to deepen 
students’ understanding of practicum material.  

In addition, practicum guidebooks validated in 
terms of both content and media are also feasible 
to be used as instructional tools as well as learning 
resources. [18], [14], [1], [7]. 

 
5.2. Product Practicality 

 
Practicality refers to the extent to which a learning 

medium is usable, accessible, and easy to implement 
for its intended users. It is evaluated based on the 
simplicity and user-friendliness of the product in both 
its presentation and application.  

In this study, practicality testing involved two 
lecturers and 20 students over four instructional 
sessions in the Computer and Operating System 
course within the Educational Technology program, 
Faculty of Education, Universitas Negeri Padang, 
during the July–December 2024 semester. The 
lecturers' practicality evaluation focused on the 
usability of the model book, lecturer’s guidebook, and 
practicum manual, while the student practicality 
assessment centered on the learning model, student 
handbook, and practicum guide 

The results of the practicality assessment by 
lecturers revealed that the model book was classified 
as "very practical." Likewise, the lecturer’s guidebook 
and the practicum guide also received ratings within 
the "very practical" category. In parallel, student 
evaluations indicated that the learning model, student 
handbook, and practicum guide were all considered 
"very practical." Based on the combined average 
scores from both lecturers and students, it can be 
concluded that the Problem Solving Virtual 
Laboratory model is practically applicable and well-
suited for use in computer installation practicum 
learning. 

The findings indicated that the developed learning 
model, along with the lecturer’s guidebook, student 
handbook, and practicum guide, were all easy to use 
in the context of computer installation and operating 
system practicum learning.  

 
 
 
 
 

These results are supported by other studies, which 
have similarly shown that practicum guides developed 
and implemented in instructional settings are practical 
and easy to use, thereby contributing to improved 
learning effectiveness [20], [16], [9], [21], [11].  

Therefore, it can be concluded that the developed 
products are applicable, effective, and capable of 
delivering the expected outcomes. 
 
5.3. Product Effectiveness 

 
The Problem Solving Virtual Laboratory model 

provides greater flexibility to students because it can 
be accessed by students at different times and 
locations, but the content of the material and learning 
content remains consistent [22].  

The advantages of virtual lab environments lie in 
flexibility, accessibility, and efficiency in laboratory 
education. This environment allows students to 
conduct experiments, observe scientific processes, 
and learn through computer simulations anytime and 
anywhere. In addition, virtual labs also offer ease of 
system configuration, minimal maintenance, and are 
not easily damaged [3], [5], [11], [21]. 

The integration of constructivist theory in the 
development of the Problem Solving Virtual 
Laboratory model aims to enrich students' learning 
experiences during the computer installation 
practicum. This approach promotes active 
engagement, enabling students to construct their own 
understanding, develop concepts, interpret learning 
content, and solve problems both independently and 
collaboratively. Applying constructivist principles in 
learning fosters greater student involvement by 
allowing learners the autonomy to discover the 
competencies, knowledge, technology, and other 
resources necessary for their personal development. 
The construction of meaning is influenced by several 
factors, including prior experiences, existing 
knowledge, cognitive abilities, and the learning 
environment [23], [2]. 

A virtual laboratory serves as a system designed to 
complement traditional practicum methods. This 
model is expected to offer students the opportunity to 
conduct practical activities via internet access or 
through designated learning software. Such an 
approach enhances learning effectiveness by allowing 
students to engage in independent, self-directed 
learning without relying on instructors or teaching 
assistants, as is common in conventional practicum 
settings [14]. 
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6. Conclusion 
 
Based on the research findings and discussions 

aligned with the study’s problem formulation, the 
following conclusions can be drawn: 

The development of the Problem Solving Virtual 
Laboratory (PPS-VLAB) learning model for the 
computer installation and operating systems 
practicum was conducted using the ADDIE 
framework, which includes the phases of analysis, 
design, development, implementation, and evaluation.  

This process led to the creation of the PPS-VLAB 
model, aimed at supporting and improving practicum-
based learning, particularly in the areas of computer 
installation and operating systems. 

Following the validation process, the PPS-VLAB 
learning model for the computer installation and 
operating systems practicum was rated in the "very 
valid" category, indicating that it is appropriate and 
feasible for use. 

The practicality test results for the PPS-VLAB 
learning model place it in the "very practical" 
category, suggesting that the model is user-friendly 
and can be effectively implemented in the 
instructional process. 

After undergoing an effectiveness evaluation, the 
Problem Solving Virtual Laboratory model was found 
to be effective in enhancing students’ learning 
outcomes and engagement in the computer installation 
and operating systems practicum. 
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