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Abstract - In learning mechanics fundamentals in engineering, it is found that many students struggle to understand the 
basic concepts. In particular, the huge amount of material in two subject areas viz., statics and dynamics. Within each 
subjects there are many topics to cover which is a compound effect, that is, a new topic draws upon fundamentals of 
preceding topics. Students lacking those fundamentals lead to a huge failure rate. The key solution to this is dramatically 
increasing the engagement and motivating levels. Motivating them with traditional methods such as lectures and written 
materials is more difficult. The main objective of the present work is to motivate the students to learn concepts through 
computer games and to make the learning process more enjoyable and interactive. To design and to develop computer-games 
that can relate with concepts of engineering mechanics which in turn will transform students understanding irreversibly is the 
proposed work. It is expected that the outcome of this work shall give students a clear sense of fundamental insights of 
concepts that they will carry into their professional life as engineers. 
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I. INTRODUCTION 

 
Students want to see that the learning outcomes from 
the subject be simple, easy and achievable. In 
general, the students are keen to correlate the subject 
matter with the engineering reality and they want to 
explore opportunity to visualize the subject matter 
through the experiments or similar exercise which 
would have demanded clear understanding of 
different components of the course of engineering 
[7].The difficulties in explaining high failure rates in 
engineering mechanics suggests that the students may 
be struggling with „threshold concepts? – 
Understandings that transform students? Thinking 
irreversibly. Once acquired, threshold concepts can 
seem simple and self-evident. Yet without them 
students will be unable to progress to more complex 
analyses. Students who fail in engineering mechanics 
are usually sticking on one or more of these concepts. 
Game based learning is a type of game play that has 
defined learning outcomes. Generally, game based 
learning is designed to balance subject matter with 
gameplay and the ability of the player to retain and 
apply the subject matter to the real space. Game 
based learning describes an approach to teaching, 
where students explore relevant aspect of games in a 
learning context. 
Prince and Felder argue that engineering instruction 
should be inductive.  Educators should start with 
applications that provide meaning and context to 
students; thenone can build the theory on top of 
applications where the questions “why?” and “how?” 
can be answered readily [8]. 

To learn how to think and perform in the face of real-
world challenges, one needs effective, interactive 
experiences that motivate and actively engage them 
in the learning process. Computer is a medium that is 
well suited for repetitive processes and for numeric 
calculations, computer-based games focused on 
specific calculation processes offer great potential as 
a new (or perhaps updated) type of learning tool for 
engineering mechanics courses[1]. Game-based 
learning applications can draw us into virtual 
environments that look and feel familiar and 
relevant. Within an effective game-based learning 
environment, one works toward a goal, choosing 
actions and experiencing the consequences of those 
actions along the way. In games one makes mistakes 
in a risk-free setting, and through experimentation, 
they can actively learn and practice the right way to 
do things. This keeps us highly engaged in practicing 
behaviours and thought processes that one can easily 
transfer from the simulated environment to real life. 
One can quickly understand the connection between 
the learning experience and real-life work. 
Learning can be made fun by developing a game-
based learning system. Concentration which is 
involved while playing a game can be used to educate 
students. When one actively engaged in a game, their 
minds will experience the pleasure of grappling with 
and comes to understand a new system. 
The provision of personalized or adaptive learning 
support for individual students has been recognized 
as being one of the most important features of e-
learning systems [4].By referring to personal 
information, adaptive learning systems can either 
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present personalized content for individual students 
or guide them to learn by providing a personalized 
path[5-6]. Well - designed games is a highly 
motivating ideal learning environment. It results in a 
workforce of highly motivated learners who avidly 
engage with and practice applying problem-solving 
skills. 
Bringing games into the scene is always going to be a 
fun and engaging process. But it also brings in 
failures, moments of frustration when one fails to 
achieve the gaming objectives. Failures are rightly 
said to be better teachers than success, when the 
students fails they are forced to analyse and learn 
more by mere trying. Feedbacks and hints provided in 
the game makes the student to understand what leads 
to the failure, how the particular objective should be 
handled and what needs to be done in order to 
accomplish the goal 
In game-based environments, one can learn not only 
the facts, but also the important, underlying how’s 
and why’s. This understanding of deeper, more 
abstract principles prepares us to perform consistently 
and effectively, even in new and unexpected 
situations. 
Well-designed game-based learning has several 
advantages over traditional experiential learning 
methods. It is cost-effective and low-risk. Learners 
can re-enact a precise set of circumstances multiple 
times, exploring the consequences of different 
actions.In addition, well-designed games permit 
learning experiences that aren’t possible in real life. 
Statics and Dynamics are two huge areas in 
Engineering Mechanics. A course in engineering 
mechanics seek to improve the understanding of 
concepts like Force, Velocity, Centroids, and 
moments of inertia. These are some of the basic 
concepts which are used to solve many problems of 
Engineering Mechanics. So clear understanding of 
these basic concepts are necessary to solve complex 
problems and develop designs that are applicable in 
the real world.  
This approach uses computer games as a teaching 
medium which affords new opportunities for creative 
activities. Games seek to develop the student’s 
proficiency and confidence in narrowly defined but 
essential topic areas using repetition and carefully 
constructed levels of difficulty. The game format 
provides students with a learning structure and an 
incentive to develop their skills at their own pace in a 
non-judgmental but competitive and often fun 
environment. 
The Adaptive Tutorials aim to give students guided 
practice in using engineering mechanics, and at the 
same time to track and analyse in detail where 
students are becoming stuck [9]. 

 
II. RELATED WORKS 

 
Game based learning Environment[2] have been 
developed that generates interaction between learners 

intentionally to create a learning opportunity that is 
based on the knowledge understanding model of an 
individual learner. Furthermore, it incorporates an 
agent system that incorporates a "learner support 
agent" to support each learner and a "game control 
agent" to control the game.  
The pedagogical contexts which make computer 
games effective as learning tools have been 
extensively studied [3]. This study employed a pre-
test post-test quasiexperimental design to examine the 
learning effects of educational computer games 
applied across different pedagogical contexts. 
Interactive learning tools known as Adaptive 
Tutorials (AT) have been developed on Adaptive 
eLearning Platform (AeLP), which does not only 
target the teaching of mechanics concepts and 
theories, but does so in an engaging, interacting and 
interesting manner. The tool is based on a few 
essential criteria including visually engaging 
graphics, user-friendliness, high interactivity and the 
ability to produce adaptive feedback that tailors to the 
user’s actions and responses [7]. 
 
III. ARCHITECTURE DESIGN 

 
The development of games targeting engineering 
mechanics concepts involves a series of steps as 
shown in Fig.1. Initial step is to choose the 
engineering mechanics concepts that needs to be 
designed in a game context. Learning each concept 
varies among individuals. To effectively convey the 
ideas of a particular concept it is necessary to present 
the games to the students in way that is simple, 
engaging and fun.  
 

 
Fig.1. Proposed Architecture Design 
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Games have been developed on top of game engines 
which uses the physics engine to simulate the events 
of real world. Students can experiment with different 
scenarios which facilitates their understanding. 
Extensive feedback system has been embedded in to 
games to aid the students. Instant feedbacks are 
provided so that students can identify the areas they 
are good at and the areas they lack.  
 
IV. PERFORMANCE REPORT 

 
Fig. 1 shows the report of students taking 
Engineering Mechanics course as part of their 
curriculum in the year 2010 – 2014 in Anna 
University and their pass percentage. 

 

 
Fig.1. Statistics on performance of Anna University students in 

Engineering Mechanics 
 

V. PRESENT WORK 
 
Interactive games for some of the basic concepts of 
Engineering Mechanicshave been developed. This 
work focus on enhancing the ability of the students to 
learn by own from their mistakes. This is 
accomplished by providing immediate feedback 
about their performance. As a result, students could 
rapidly self-correct and move on to more advanced 
learning based on a sound foundation. 
This work is mainly meant for the students studying 
the course of Engineering Mechanics. Many students 
who studied Engineering Mechanics through 
traditional learning methods are found to have 
misconception. Ultimate goal of this work is to 
clarify their misconception by bringing them to a 
virtual environment through games. 
Games are designed in such a way that the students 
without any basic knowledge can learn Engineering 
Mechanics by providing brief introduction of the 
concept before starting the game. To keep the 
students from boring which may happens if they are 
not able solve the problem given in the game, hint is 
provided to help them which act as a boost to 
continue their engagement in learning. 

Centroids game Fig.2 is designed in such a way that it 
has content for all proficiency level of the students. It 
has multiple levels of difficulty each level is designed 
in way that is built upon the concepts introduced in 
the previous levels. It gives accurate feedback on 
where the students lack and can help to improve it. It 
trains students to recognize the correct calculations 
and leading them to perform those calculations 
correctly. 

 

 
Fig.2. Centroid Game 

 
Each concept is given with different levels of 
difficulty. The students can proceed to the next level 
only when they cleared the current level. In each level 
question is presented as two parts, one shows the 
question and the other shows the corresponding 
figure. 
 

 
Fig.3. Centroid Game showing hint 
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Table1:Comparison of Traditional Training, 
Hands-on, and Game-based Learning 

 
 
CONCLUSIONS 
 
Games aids in learning of Engineering Mechanics 
concepts more effectively. Games allowed students to 
observe problems in different scenarios and method 
of solving it which has considerable improved their 
overall understanding and method of thinking. 
Confidence of students in tackling with new problems 
in a particular areas are found to be high whey they 
have played the games. This helps transforming the 
students thinking irreversibly. 
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