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Abstract

This study explores the effectiveness of virtual laboratories, particularly Tinkercad, compared to traditional
laboratories in developing electronics programming skills among computer technology students. A structured
survey was conducted among 30 students over multiple academic terms to assess their experiences in both
environments. The study evaluates factors such as ease of use, accessibility, hands-on experience, problem-
solving skills, and interaction with instructors. Statistical analysis, including charts and tables, provides a
comprehensive comparison. The findings highlight the strengths and limitations of each approach and offer
recommendations for an improved blended learning model.

The results reveal that virtual laboratories, such as Tinkercad, offer significant advantages in terms of
accessibility and ease of use, allowing students to experiment and learn at their own pace without the
constraints of physical laboratory availability. However, traditional laboratories provide invaluable hands-on
experience and direct interaction with physical components, which are essential for developing practical skills
and deep understanding. The study suggests that a blended approach, combining the flexibility of virtual labs
with the tangible benefits of traditional labs, can enhance the learning experience. This approach would
accommodate diverse learning styles, reinforce both theoretical knowledge and practical skills, and ultimately
produce more competent and confident students in electronics programming.
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1. Introduction

With advancements in educational technology, virtual labs have gained traction as a viable alternative to
traditional labs. Tinkercad, an online simulation tool, allows students to design and test electronic circuits
without requiring physical components. However, the effectiveness of such tools in practical learning remains
a topic of debate. This research aims to compare the impact of Tinkercad and traditional labs in shaping
students' electronic programming skills.

1.1 Background and Motivation

The integration of virtual labs in engineering and technical education has gained significant attention over the
past decade. The need for flexible and cost-effective learning environments has driven institutions to adopt
platforms like Tinkercad. Despite their accessibility, concerns remain regarding the ability of virtual labs to
provide the same level of hands-on experience as traditional setups.

1.2 Problem Statement
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Hands-on training is essential for students in electronics and computer technology. Traditional labs provide
direct interaction with components, while virtual labs offer flexibility and cost savings. The core issue is
whether virtual environments like Tinkercad can adequately develop the same practical skills as traditional
physical labs.

1.3 Research Questions

This study seeks to answer the following questions:

How effective is Tinkercad compared to traditional labs in developing programming skills?

What are the main challenges students face in both environments?

Can a blended learning approach enhance students' learning outcomes?

1.4 Research Objectives

To evaluate the effectiveness of Tinkercad in teaching electronic programming.

To compare students' experiences in virtual and physical labs.

To identify the advantages and limitations of each approach.

To provide recommendations for an improved learning model.

1.5 Significance of the Study

Understanding the effectiveness of virtual labs is crucial for academic institutions looking to modernize their
teaching approaches. The findings of this research will help educators determine the best methods for
integrating virtual and physical labs to optimize student learning outcomes.

2. Literature Review

2.1 The Evolution of Virtual Labs

Virtual labs have evolved significantly over the past two decades, transitioning from basic circuit simulation
tools to comprehensive interactive environments. Platforms like Tinkercad, Proteus, and Multisim now offer
advanced features that allow students to experiment with real-world scenarios [1]. The integration of
simulation tools into engineering education has provided students with a more accessible and cost-effective
method of learning complex systems [2]. Virtual labs enable self-paced learning, allowing students to
experiment without constraints [6]. Virtual labs have revolutionized science and engineering education by
enabling students to conduct experiments remotely [6]. This is particularly beneficial for institutions with
limited resources [3]. Virtual labs provide interactive simulations that enhance conceptual understanding while
reducing the cost of expensive lab equipment [6].

Virtual labs have expanded beyond electronics and are now widely used in disciplines such as chemistry,
physics, and biology [7]. The growing sophistication of simulation tools has improved the ability to replicate
real-world phenomena, leading to increased adoption in educational settings [7].

2.2 Comparing Virtual and Traditional Labs in Education

Several studies have compared virtual and traditional labs in engineering education [3]. Virtual labs such as
Tinkercad improve accessibility, but students in traditional labs demonstrate a more profound understanding
of physical electronics concepts [3]. Virtual labs provide extensive opportunities for trial and error learning,
but they lack the tangible feedback necessary for skill development [6].

A comprehensive meta-analysis examined 50 studies comparing traditional and virtual labs [6]. The findings
suggest that virtual labs enhance theoretical knowledge retention but fall short in developing fine motor skills
essential for hands-on electronic circuit assembly [6]. Hybrid approaches combining both virtual and
traditional labs led to significantly improved learning outcomes [6].

A systematic review found that traditional labs excel in fostering problem-solving abilities and critical thinking
due to the hands-on nature of real-world experimentation [6]. Virtual labs enhance learning flexibility and
allow for repeated practice without additional costs [6].
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Feature Virtual Labs | Traditional
(Tinkercad) | Labs
Accessibility High Limited
Cost-effectiveness High Low
Hands-on experience Limited Extensive
Instructor guidance Limited High
Collaboration Medium High

2.3 Advantages of Virtual Labs

Virtual labs significantly reduce financial burdens for students and institutions by eliminating the need for
physical equipment [4]. Virtual labs improve flexibility, allowing students to access resources remotely [5].
Cost Efficiency: Virtual labs reduce expenses associated with lab equipment, maintenance, and space [4].
Accessibility: Students can conduct experiments from anywhere, eliminating scheduling conflicts [5].

Safety: Virtual labs provide a risk-free environment for students to experiment with circuits without damaging
components [5].

Scalability: Virtual labs allow institutions to accommodate a larger number of students without requiring
additional physical resources [4].

Eco-Friendliness: Unlike traditional labs, virtual environments reduce electronic waste and lower the
consumption of disposable lab materials [4].

Flexibility in Learning: Students using virtual labs benefit from the ability to repeat experiments, enhancing
conceptual understanding [7].

2.4 Challenges of Virtual Labs

While virtual labs offer several advantages, challenges remain [6]. One of the biggest drawbacks is the lack of
direct interaction with physical components, which limits students’ ability to develop essential troubleshooting
skills [6].

Lack of Physical Interaction: Students miss out on the tactile experience of handling real components [6].
Limited Hardware Troubleshooting: Simulated environments do not fully replicate real-world hardware
failures [6].

Instructor Support: Virtual labs require additional instructional support to ensure effective learning [6].
Cognitive Overload: Students unfamiliar with simulation software may experience cognitive overload,
negatively impacting their learning experience [6].

Technical Issues: Internet connectivity and software stability can affect the effectiveness of virtual labs, leading
to frustration among students [6].

Reduced Collaborative Learning: Traditional labs provide more opportunities for teamwork and peer learning,
which is harder to replicate in a virtual setting [9].

2.5 Recent Studies on Blended Learning

To address the limitations of both traditional and virtual labs, blended learning approaches have gained
prominence [8]. Combining virtual and traditional lab environments enhances student engagement and
learning retention [8]. A hybrid approach allows students to develop both theoretical knowledge and practical
skills efficiently [8].

Blended learning models in electrical engineering education have shown that students who participated in both
virtual and traditional lab settings performed 30% better in practical assessments compared to those who relied
solely on one method [8]. Blended learning optimizes knowledge acquisition while also ensuring students
develop essential hands-on competencies [10].

Universities implementing blended learning strategies observed an increase in student retention and
satisfaction rates [8]. Integrating virtual pre-laboratory activities with hands-on practice in traditional labs
ensures a more balanced and effective learning experience, catering to diverse student needs [8§].
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3. Results and Discussion
3.1 Student Proficiency Levels

Proficiency Level | Virtual Lab (Tinkercad) | Traditional Lab
Beginner 0% 13% (4 students)
Intermediate 70% (21 students) 67% (20 students)
Advanced 23% (7 students) 20% (6 students)

Student Proficiency Levels in Both Labs

Traditional Labs

Tinkercad
50+

40+

30F

20

Percentage of Students

10

Beginner Intermediate Advanced

Figure 1: Student Proficiency Levels.
Most students rated themselves as intermediate in both environments, indicating familiarity but not mastery.
Traditional labs had slightly more beginners, likely due to the physical complexity of handling components.
3.2 Interaction with Instructors

Rating Virtual Lab | Traditional Lab
Excellent 63% (19) 67% (20)

Good 33% (10) 27% (8)
Average 3% (1) 6% (2)

Poor 0% 0%

Instructor Interaction Ratings

50+ Traditional Labs
Tinkercad
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Figure 2: Student Proficiency Levels.
Both environments received high ratings for instructor interaction. However, traditional labs had marginally
higher "excellent" scores, likely due to direct face-to-face guidance.
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3.3 Challenges Faced

Challenge Traditional Lab | Virtual Lab
Technical issues 30% (9) 53% (16)
Lack of components 57% (17) N/A
Difficulty handling equipment | 27% (8) N/A
Platform usability N/A 17% (5)
Lack of technical support N/A 37% (11)
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Figure 3: Challenges Faced.
Traditional labs struggled with resource availability, while virtual labs faced technical instability. Students
emphasized the need for better component access in traditional labs and improved software reliability in
Tinkercad.

3.4 Ease of Use
Rating Tinkercad Usability
Easy 63% (19)
Moderate | 37% (11)
Difficult | 0%

Tinkercad Usability Ratings

Moderate
Difficult

Very Difficult

Easy

Very Easy

Figure 4: Ease of Use a Tinkercad
Tinkercad’s user-friendly interface was widely praised, though some students noted a learning curve for
advanced features.
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3.5 Simulation Realism in Tinkercad
Realism Level | Percentage (Students)

Level 5 23% (7)
Level 4 43% (13)
Level 3 33% (10)

Levels 1-2 0%

Lab Preference Distribution

Virtual Lab

Traditional Lab

Figure 5: Simulation Realism in Tinkercad
While Tinkercad’s simulations were deemed realistic for basic concepts, students highlighted limitations in
replicating hardware failures or advanced scenarios.

3.6 Equipment Quality and Safety

Rating Equipment Quality | Safety Procedures
Excellent | 13% (4) 10% (3)

Good 50% (15) 53% (16)

Average | 27% (8) 23% (7)

Poor 10% (3) 13% (4)

Equipment Quality and Safety Ratings
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Figure 6 : Equipment Quality and Safety
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Equipment availability and safety protocols were rated lower than expected, with students advocating for

modernized tools and stricter safety measures.
3.7 Educational Effectiveness
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Percentage (Students)

Traditional Lab

57% (17)

Virtual Lab

43% (13)

Reasons for Lab Preference

Percentage of Students
~ W -y w o ~J =]
o o o (=} o (=] (=]

=
o

mni

mm Traditional Lab
mm Virtual Lab

|

et hﬂ"““ s\“‘ qe“"‘s cated

er? et
0 o
perd®® i aeﬂ‘e( «

cos"

Figure 7: Reasons for Lab Preference

Reasons for Preference:

Traditional Lab: Hands-on experience (76%), tactile feedback (61%), better troubleshooting (44%)
Virtual Lab: Accessibility (82%), cost-effectiveness (68%), safety (53%)

Discussion:

Traditional labs were favored for practical skill development, while virtual labs excelled in accessibility. A
blended approach was suggested to merge these benefits.

3.8 Time and Effort Requirements

Time-Consuming Lab | Percentage (Students)

Traditional Lab

87% (26)

Virtual Lab

13% (4)

Time and Effort Requirements in Labs

Time & Effort Required (%)
N w B~ w o ~
o o o o o o

=
o
T

Traditional Lab

Tinkercad

Figure 8: Time and Effort Requirements
Traditional labs required more time due to manual component assembly and troubleshooting, whereas

Tinkercad allowed quicker iterations.
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3.9 Suggested Improvements
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Figure 8: Suggested Improvements
Students recommended enhancing the realism of virtual labs and upgrading traditional labs with better

components and safety measures.
3.10 Blended Learning Potential

Blended Learning Support | Percentage (Students)

Support

73% (22)

Opposition

27% (8)

Key Benefits of Blending:

Pre-lab simulations in Tinkercad reduce errors in traditional labs (61%)
Hybrid models cater to diverse learning styles (89%)
Key Benefits of Blended Learning
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T
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Figure 10 : key Benefits of Blending
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Students emphasized that combining virtual pre-lab exercises with hands-on practice would optimize learning
outcomes, aligning with findings from prior research.
3.11 Technical Problems in Virtual Labs

Technical Problem Percentage (Students)
Connectivity issues 44% (13)

Software bugs 33% (10)

Inaccurate simulations | 23% (7)

Technical Problems in Virtual Labs
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Figure 11: Technical problems in Virtual
Technical barriers remain a critical drawback of virtual labs, reinforcing the need for stable platforms and
instructor support.

4. CONCLUSION AND RECOMMENDATIONS

4.1 Conclusion
This study examined the effectiveness of virtual and traditional laboratories in developing electronic
programming skills among computer technology students. The findings indicate that while Tinkercad provides
significant advantages in terms of accessibility, cost-effectiveness, and flexibility, traditional laboratories
remain superior in fostering hands-on experience, troubleshooting skills, and deeper conceptual understanding.
The results suggest that a blended learning approach integrating virtual pre-laboratory exercises with physical
lab sessions offers an optimal strategy for enhancing student learning outcomes.
Virtual labs facilitate self-paced learning and experimentation without resource limitations, making them
particularly beneficial for introductory concepts. However, the lack of physical interaction and hardware
troubleshooting poses challenges that cannot be overlooked. Conversely, traditional labs provide tactile
feedback and real-world experience, essential for mastering practical applications, but often suffer from
limitations such as equipment availability, safety concerns, and time constraints.
The study underscores that a hybrid model leveraging the strengths of both environments can maximize student
engagement and skill acquisition, ensuring a well-rounded educational experience in electronic programming.

4.2 Recommendations
Based on the research findings, the following recommendations are proposed to optimize electronic
programming education:
1. Implement a Blended Learning Model:

e Introduce Tinkercad simulations as preparatory exercises before physical lab sessions.
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e Design curriculum modules that integrate both virtual and traditional lab activities.
Enhance Traditional Lab Facilities:
e Upgrade laboratory equipment to ensure availability and reliability.
e Improve safety protocols and provide hands-on troubleshooting exercises.
Optimize Virtual Lab Platforms:
e Improve simulation realism in virtual labs to better replicate real-world circuit behavior.
e Provide offline access to simulation tools for students with limited internet connectivity.
Increase Instructor Support and Training:
e Conduct workshops on blended learning strategies for educators.
e Offer technical support for students using virtual lab platforms.
Future Research Directions:
e Investigate the long-term impact of blended learning on students’ practical skill retention.
e Explore the feasibility of Al-driven virtual assistants for enhancing virtual lab experiences.

By adopting these recommendations, academic institutions can bridge the gap between theoretical knowledge

and practical expertise, ultimately equipping students with the necessary skills to excel in electronic
programming and engineering fields.
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