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Abstract

Engineering Mechanics is one of the most important foundation subjects in first-year engineering
education. It develops the analytical ability of students to understand force systems, equilibrium, friction,
trusses, kinematics, and kinetics. However, many students face difficulty in understanding these concepts
through traditional teaching methods because several topics require imagination and spatial visualization.
This paper studies the effectiveness of 3D animation as a teaching-learning tool in Engineering Mechanics.
The study compares conventional classroom teaching with animation-supported instruction. A survey and
performance analysis of students were conducted after teaching selected topics through both methods.
Results indicate that 3D animation improves conceptual understanding, attention, classroom engagement,
and examination performance. It also helps students visualize motion and force interaction more clearly.
The paper concludes that integrating 3D animation into engineering education can significantly improve
learning outcomes and student interest.

Keywords: Engineering Mechanics, 3D Animation, Visualization, Learning Outcomes, Technical
Education, Interactive Teaching
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Many students entering first-year engineering have
1. Introduction difficulty understanding Engineering Mechanics
) because it contains abstract concepts such as:

Engineering Mechanics is a core subject for
students of civil, mechanical, electrical, computer,
and allied engineering branches. It provides the
basis for advanced subjects such as Strength of
Materials, Theory of Machines, Fluid Mechanics,
Structural Analysis, and Machine Design.

e Resultant of force systems

e Free body diagrams

e Equilibrium of particles and rigid bodies
e Frictional behaviour

e Motion of particles

e Projectile motion

e Truss member forces
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e Work, energy, and momentum principles

Traditional teaching methods generally depend on
blackboard explanations, static diagrams, and
textbook figures. While useful, these methods may
not adequately explain motion-based and three-
dimensional concepts. Modern digital tools now
make it possible to teach these concepts through 3D
animation, simulation, and visual demonstrations.

3D animation can show movement, force direction,
reactions, acceleration, and structural behaviour
dynamically. This creates a better learning
experience and reduces the gap between theory and
practical understanding.

The objective of this research is to evaluate the
effectiveness of 3D animation in improving student
understanding of Engineering Mechanics.

2. Literature Review

Many researchers have studied the role of

technology in engineering education.

Previous studies show that visual learning tools
improve student attention and retention. Animation
helps students understand movement and sequence-
based topics better than static images. In science
and mathematics education, simulations have
improved problem-solving ability and conceptual
clarity.

Engineering subjects especially benefit from
animation because many systems involve motion,
load transfer, and geometry. Researchers found that
CAD models and animated demonstrations help
students understand mechanisms and structural
systems.

Studies in mechanics education indicate that
students commonly struggle with:

¢ Direction of forces
o Sign conventions
¢ Relative motion

https://ijctjournal.org/
o Frictional effects

e Truss force distribution

e Beam reactions

Animation-based teaching has been reported to
improve these learning difficulties by making
invisible concepts visible.

However, in many colleges, mechanics is still
taught mainly by conventional methods. Therefore,

more practical studies are needed to examine
classroom effectiveness of 3D animation.

3. Objectives of the Study

The main objectives of this research are:

1. To study the impact of 3D animation on

student understanding of Engineering
Mechanics.
2. To compare traditional teaching and

animation-based teaching methods.

3. To improve visualization of difficult
mechanics concepts.
4. To increase student engagement and

classroom interaction.
5. To analyze academic performance after
animation-supported teaching.

4. Methodology

4.1 Sample Selection
The study was conducted on 60 first-year
engineering students. Students were divided into

two groups:

e Group A: Traditional teaching method
e Group B: 3D animation supported teaching

4.2 Topics Selected

The following Engineering Mechanics topics were
selected:
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Resultant of concurrent forces
Free body diagrams

Projectile motion

Friction on inclined plane

5. Truss analysis by method of joints
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1. RESULTANT OF CONCURRENT FORCES

W = mg (Weight)

The resultant R is the vector sum of all concurrent forces. Free body diagram shows all external forces

acting on the body.

4. FRICTION ON INCLINED PLANE

5. TRUSS ANALYSIS (METHOD OF JOINTS)
10kN

¥ N (Normal Reaction)

3D truss showing joints, members, supports
and applied loads.

Friction opposes the tendency of motion
along the plane.

Y V=0 6. PARTICLE IN 30 MOTION s
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Particle moves along a curved path with
velocity (v) and acceleration ().

3D trajectory of projectile showing path,
ight and range.

4.3 Teaching Tools Used
The following tools were used:

o PowerPoint for presentations

e Blender for 3D animation

e AutoCAD for diagrams

e Projector and classroom display
4.4 Data Collection

Two methods were used:

1. Student Test Scores after topic completion
2. Feedback Survey using rating scale

4.5 Survey Questions

https://ijctjournal.org/
Students rated the following:

e Better understanding of concepts

o Easier visualization

o Increased interest in subject

e Better problem-solving confidence
e Improved memory retention

S. Results and Analysis

5.1 Academic Performance

Parameter Traditional 3D Animation
Method Method

Average  Test 62% 1%

Score

Attendance 74% 89%

Student .

Participation Moderate High

Concept Clarity | Medium High

The data shows clear improvement in student
performance through animation-supported teaching.

5.2 Feedback Analysis

Feedback Parameter Positive Response
Better Visualization 92%
More Interesting Lectures | 88%
Easier Understanding 90%
Better Confidence 84%
Want Future Use 95%

Students strongly preferred 3D animation for
mechanics topics.

5.3 Topic-wise Benefits

Force Systems
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Students better understood vector addition,

direction of forces, and resultant location.
Projectile Motion

Animation clearly demonstrated trajectory, velocity
components, and range.

Friction

Students could observe normal reaction, limiting
friction, and motion tendency.

Trusses

Animated load transfer helped understand tension
and compression members.

6. Discussion

The results show that 3D animation significantly
improves learning in Engineering Mechanics.
Students often fail to imagine how forces act or
how motion occurs in real systems. Animation
removes this difficulty by showing dynamic visual
models.

Traditional methods remain important for
derivations, problem solving, and board work.
However, combining traditional teaching with
animation gives the best results.

Benefits observed:

e Better concentration during lectures

o Improved attendance

o Faster understanding of difficult topics

e Increased confidence in solving numerical
o Better exam performance

Challenges include:
e Need for software and projector facilities

e Time required for animation preparation
o Faculty training in digital tools
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Even simple animations made in PowerPoint or
basic software can create a positive impact.

7. Conclusion

Engineering Mechanics is often considered difficult
because many concepts are abstract and require
visualization. This research confirms that 3D
animation is an effective teaching-learning tool for
the subject.

Students taught through animation showed higher
academic scores, better engagement, and stronger
conceptual understanding compared to traditional
teaching alone. Animation is especially useful for
force systems, projectile motion, friction, trusses,
and particle motion.

Therefore, engineering colleges should integrate 3D
animation into regular classroom teaching. It can
improve learning quality, student satisfaction, and
overall educational outcomes.

8. Recommendations

1. Use animation in first-year engineering
classrooms.

2. Develop topic-wise digital content for

mechanics.

Train faculty in educational software tools.

[98)

4. Combine board teaching with smart
visualization.
5. Conduct future studies on larger student

groups.
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