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The Application of Virtual Tools in Teaching Dynamics in Engineering  
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Abstract: Student success in Dynamics, a core subject in Mechanical Engineering courses, requires conceptual understanding of complex systems.  Dynamics covers motion of 
particles and objects, and usually relies on 2 dimensional images and/or written descriptions to explain models and problems. This paper explores the value of visual representation 
of Dynamics problems with an assumption that it would facilitate student understanding of the content. Two approaches were applied for representation of Dynamics problems 
with the premise of Bring Your Own Device (BYOD): used with augmented reality and web animation activities. Responses from students and reflection from lecturers were 
collected and reviewed in relation to the applicability and the ease of use. Students and lecturers both appreciated the benefits of visual representation of complex models, and 
the possibility of manipulating with virtual objects. Lecturers also appreciated the easy access and use of tools during the class. 
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1 INTRODUCTION 
 

Animated digital models enable the visual representation 
of systems easily accessible to different audiences, including 
learners new to a subject area. In engineering, complex 
problems with data and formulas can be visually presented in 
an animated 3D models, showing dimensions, forces, and 
movement. These types of animations are often used when 
engineers are sharing details about complex models with 
colleagues or clients, but are not commonly used with 
students. Likewise, augmented reality (AR) has been used in 
the engineering field, but not as commonly with students. AR 
overlays virtual objects, static or moving, on the real world 
and may utilise a range of advanced hardware and software 
systems [1] such as smartphones or specialised headsets. Use 
of digital representation like virtual reality (VR) and AR in 
engineering include engineering drawing and machine 
elements, electrical and civil examples [2-9]. AR has also 
been utilised in other fields including of higher education 
[10-15].  

The need to better visualise technical models strongly 
relates to technical subjects such as engineering, particularly 
where real-life demonstration may not be possible: for 
example, a satellite in space. Driven by the commitment for 
improvement in student engagement and outcomes, in this 
paper different visualisation methods were trialled to 
ascertain their suitability and effectiveness.  

Engineering Dynamics is a core subject in Mechanical 
Engineering undergraduate courses and often has students 
struggling to comprehend an array of complex systems that 
relate to motion of objects. With digital tools and online 
content offerings a standard in education today, the next step 
of inclusion of animated visualisations is a logical one. For 
example, with over 70% of students at Charles Darwin 
University (CDU) learning in a blended or fully online mode, 
it is important for suitable online tools to optimise student 
learning.  

So far, most of the problems in Dynamics we represented 
through textbooks as 2 dimensional images. With this 
preliminary research, appropriateness of development and 

use of own digital representations of problems in Dynamics 
is explored as well as their use in classroom environment.   

 
1.1 Visualisation Tools  

 
With blended learning approaches leveraging online 

applications and innovative approaches, visualisation tools 
have gained increasing popularity to support student 
learning. Animated models have been shown to offer 
opportunity to challenge misconceptions [16] and see 
complex systems at work. It is also contemporary 
engineering work practice to utilise visualisations for project 
planning and presentations, and this practice should be 
modelled with students as part of authentic learning and 
assessment practices. In this era of digital information and 
Internet of Things prevalence, there is a growing significance 
of animation as a link between virtual and physical world 
[17]. 

AR has achieved a sufficient level of development for it 
to be considered as a relatively common application in many 
aspects of higher education as well as research [18-20].  
However, the cost of development can be a significant 
challenge. Nevertheless, in recent years technology enhances 
and better accessibility has made it more achievable to create 
models and introduce them it into teaching environments. 
There are also requirements for enabling visualisations 
visibility on different devices with possibly minimising 
download or streaming requirements. Despite these 
challenges, there are undeniable benefits of implementing 
digital visualisation techniques [13, 21]. Being able to view 
a problem or model in motion, at different angles and take a 
closer look at specific components offers potential for better 
understanding and processing into cognitive schema, and 
improvement of the transfer of learning [22]. 

While developing effective visualisations for learning 
one should be aware of to the limitation of cognitive 
architecture, taking into consideration level of learner 
expertise. Moreover, visualisation needs to be constructed to 
maximise learning, and minimise confusion by incorporating 
principles of good multimedia design, using contemporary 
learning practice, approaches and research [23-25]. This 
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includes presenting information in a scaffolded way and 
allowing for accessibility. Further preferences on 
device/hardware use need to be accommodated: i.e., while 
some students prefer to use smaller handheld devices for 
learning, others prefer a desktop computer.  

This paper explains visualisation tools used, and the 
specific educational approaches explored, at Charles Darwin 
University in Australia and University North in Croatia. 
Taking into consideration lecturer reflection and students’ 
attitudes, this paper also discusses the benefits of 
visualisation tools and future opportunities.  

Part of this research explored the value proposition for 
developing different types of visualisations. That is, we 
wanted to look at the time and cost involved, and weigh this 
against the benefit that would be received by a learner.  

The visualisation tools included animated models 
accessed directly online and others via AR. The different 
approaches were trialled with students in 2 different 
locations: Australia and Croatia, and explored benefits 
including engagement, outcomes, and timeliness, as well as 
accessibility and re-usability of different objects.  Each of the 
models gave a digital representation of the changes in time 
and space and allowed learner interactivity with the model 
being able to be viewed from different angles.  
 
2 MODEL DEVELOPMENT  
 

The selection and development of three models for 
trialling the usability of visualisation were based on the 
following requirements:  
• Selected problems represent typical Dynamics examples 

(i.e., curvilinear motion of particles or rigid bodies),  
• Problems (with copyright permission) are taken from 

Textbook used in class: J. L. Meriam, L. G. Kraige: 
Dynamics (Seventh edition) [26]  
 
Two approaches were then selected for exploration with 

the models: application of an animated digital model that 
opened as a web page; and an AR model that required the use 
of mobile phone to open and manipulate with models. Both 
approaches were offered to students and presented in class 
(for face-to-face delivery) as well as made available (with 
accompanying explanations) on Learning Management 
Systems for external students.  

 
2.1 Development of Digital Visualisations 

 
Development of the visualisations used 3D modelling 

and open-source web and AR applications was based on the 
following assumptions and requirements accommodated in 
the development of the visualisations:   

Assumptions:  
• The platform for AR will have no cost to students.  
• On campus students will have access to smart phones 

during classes to access the AR  
• Online (and on campus) students will be able to access 

the same 3D models through a web browser.  
 
 

Functional requirements:  
• Where necessary the application will clearly demonstrate 

angles and motion in the exercises  
• The application will engage students through attractive 

models and AR functionality  
• Users will be able to scan a target or QR code using a 

free application. 
 
Usability requirements:  

• Users can scan a target and link with a 3D model  
• Users can interact with the model, looking at different 

angles and rotating the model. 
 
Accessibility requirements:  

• Navigation:  
o No established patterns  
o Work for everyone; keyboard, mouse and touchscreens 

should all work. 
• Clarity:  
o Too much motion may be confusing  
o Complex background may distract from the model  
o Insufficient contrast may make it difficult to some users 

to identify key features  
• Users can manipulate and navigate models using 

keyboard, mouse or touch screen controls.  
• The exception to this is AR where models must be 

navigated using location and orientation controls to 
maintain the AR illusion  

• Users should be able to pause animation or motion to 
avoid confusion  

• Models should have a strong contrast with their 
background. Text should target an AA rating according 
to WCAG 2.0 guidelines 1.4.3 where possible.  

• Attached text should explain key details of the models  
 
The development process used an agile approach, with 

iterations tested with users and feedback used to direct 
improvements in design and functionality. 

 
2.2 Animated Digital Models Accessed Directly Online 

 
Three problem examples were prepared as online 

animated models. 
Example 1: Model of an airplane flying on a circular 

path. This first example is related to curvilinear motion of 
particles [26]. The aim of this exercise is to present Free 
Body Diagram and the use of normal and tangential 
coordinate system to calculate the force value. Students were 
asked to calculate the force exerted on the pilot at particular 
points. This example contained animation without 
accompanying problem text (Fig.1).  

Example 2: Model of spacecraft (satellite) rotating about 
its z-axis. This example is related to rotation of rigid body 
[26]. Students were supposed to determine the angular 
velocity of the body after the panels are rotated to a particular 
position. The aim of animation is to show students how the 
change of geometry (in this case rotation of the solar panels) 
can influence mass moment of inertia (and rotational speed). 
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In this example problem text was placed on a page with the 
model (Fig. 2). 

 

 

 
Figure 1 Curvilinear motion of the airplane and forces acting presented in online 

animation 
 

 

 
Figure 2 Conservation of Momentum example (use of the model in the classroom 

and controls on web model) 
 
Example 3: Model of diver leaving a diving platform.   

This was another example related to dynamics of rigid body 
(impulse - momentum equations) [26]. The aim was to show 

students how the change of geometry influences the change 
of mass moment of inertia and how geometry of the complex 
bodies can be represented with more simple geometrical 
shapes (cylinder and sphere – Fig. 3). Students then estimate 
the angular velocity when the diver has assumed the tuck 
position (sphere shape). 

 

 

 
Figure 3 Second conservation of Momentum example  

 
2.3 Augmented Reality 

 
Examples 1 and 3 were also prepared as AR models that 

students could access from their mobile phones (Figs. 4 and 
5) via QR code links. Printouts of the QR code were given to 
students during the class and published online for external 
students. 

 

 
Figure 4 QR code and links for web and AR plane model 

 
3 EXPERIENCE REVIEW 
3.1 Students’ Attitude towards Used Models 

 
Two groups of participants (with classes run by two 

lecturers) took part in the trial of animated digital models via 
webpage and AR; students studying engineering at Charles 
Darwin University, Australia and students studying 
engineering at University North, Varaždin, Croatia. 

Students completed activities that used the models as 
part of classroom work with lecturers present. Also, students 
were free to choose and interact with the animated digital 
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models at their own pace, to solve specific questions.  
Students were encouraged to view the models from different 
angles and manipulate them. 

After the subject delivery, a short survey was conducted 
(at this stage only with internal students) to find out student’s 
attitude towards the use of visualisation tools as well as to 
gauge their preferences regarding the use of web pages/AR 
models, as well as if there are any suggestions for 
improvements or innovative ideas. 

While both student groups interacted with the models in 
class, the analysis of the survey was only based on 19 
responses from students of University North, Croatia.  This 
was due to the very small number of responses from Charles 
Darwin University students.   

 

      
Figure 5 Augmented reality models opened on a mobile phone 

 
The survey consisted of 6 questions: 

1. How useful do you find digital models and animations to 
visualise Dynamics problems? 

2. Did the use of digital models and animations help you to 
better understand the mechanics principles and solve 
problems? 

3. To what extent you agree with this statement: “The 
implementation of augmented reality could help me feel 
more engaged in my study”? 

4. If you had to choose between viewing an animated 
digital model either on a web page or via an augmented 
reality layered image, which would you choose? 

5. Does the use of digital models and augmented reality 
encourage critical thinking and devising what-if 
scenarios? 

6. Please give your thoughts and suggestions about use of 
digital models and augmented reality in Engineering.  
 

 
 

 
Figure 6 Students’ responses related to usefulness of digital models 

(Survey questions 1 and 2) 
 

 
 

 
Figure 7 Students’ agreement related to engagement and critical thinking 

(Survey questions 3 and 5) 
 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of responses

How useful do you find digital models and animations to 
visualise Dynamics problems?

Not useful at all A very small amount Somewhat useful

Mostly useful Extremely useful

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of responses

Did the use of digital models and animations help you to 
better understand the mechanics principles and solve 

problems?

Not at all Very little  Not sure  A moderate amount Very much

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of responses

To what extent you agree with this statement: “The 
implementation of augmented reality could help me feel 

more engaged in my study”?

Strongly Disagree Disagree
Neither Agree or Disagree Agree

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of responses

Does the use of digital models and augmented reality 
encourage critical thinking and devising what-if 

scenarios?

Strongly Disagree Disagree
Neither Agree or Disagree Agree
Strongly Agree
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Student’s attitude to the visualisation models from the 
survey questions is presented in Figs. 6-8. Based on the 
analysis it is evident that student’s attitude toward these 
innovative approaches and refreshment in content delivery is 
positive, and majority of students agree that these approaches 
could encourage critical thinking and engagement, as well as 
improve understanding of complex problems. Also, in their 
answers, students tend to appreciate AR examples more than 
web-based representation of the problems. However, it is 
important to take into consideration low survey sample size. 
 

 
Figure 8 Students’ preferences regarding viewing an animated digital model 

(Survey question 4) 
 
3.2 Lecturers’ View and Discussion 

 
From the lecturers’ perspective these tools did allow 

better presentation of dynamics problems, allowing 
observing forces or movement of segments in 3D space. For 
teaching face to face (in classrooms) web pages proved to be 
more efficient as opening and manipulating with 3D object 
was possible in a quick way with added text and all details 
that were easy to present (Fig. 2).  

Introducing AR models during class time did provide full 
engagement of students, however setting up devices and 
opening models on their mobile phones took some of their 
time and attention away from the actual Dynamics problems. 
This time impost would be reduced with future use, as 
students gain familiarity with the use of the tools and how to 
access the models. 

Further there was a significant development time for 
each of the examples. While there is a value in reuse of 
visualisations, the initial build of a small suite of visualisation 
models required significant time (and development cost). 
Investment in improvements that lead to greater engagement 
and learning success are worth pursuing, but the number of 
examples developed would need to be rationalised against 
budget, timeframes and priorities of other learning approach 
improvements. However, with continuing advancement with 
technology there could be modelling applications that make 
development much quicker and easier. 

 
4 CONCLUSION 

 
The aim of this case study was to develop digital 

representation of a few typical examples of Dynamics 
problems and observe their appropriateness in teaching and 

learning. The trial with 3 different Dynamics models 
included evaluating efficiency of their development, their 
effectives in classroom as well as lecturer and students' 
attitudes toward them. While 2 different groups of students 
were involved in the study, only the results from one of the 
groups was of sufficient number to include in the analysis.  

The scope of this study was primarily with students 
studying in internal mode (models were used in classroom). 
For the future research it would be useful to review students’ 
preferences (web or AR) for purely online deliveries and/or 
for individual study. 

This study shows the positive impact of digital 
visualisations and virtual tools on student engagement and 
learning. While only a relatively small study it adds to a 
larger body of work being done with online tools and AR.  
The potential and options for AR and visualisations in 
education are rapidly involving and look play an important 
role in future approaches. The use of AR and web models for 
visualisations also prepares students for work beyond their 
studies by using relevant contemporary technologies utilised 
in industry. 
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