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Abstract—Experiential learning reflects the idea of 
knowledge construction as a behavior change resulting from 
the interaction between the user and the environment 
leading to experiences, feelings and sensations. The use of 
virtual simulators in education is a path to foster 
experiential learning because they provide interactive 
environments that students can explore and observe. The 
use of haptic devices with these simulators adds a new 
dimension, touch, increasing their immersive capacity and 
the students’ attraction and interest. Physics is an area 
particularly well-suited for the application of haptic 
simulators. The study of forces, for instance, is an area 
normally taught in a very abstract and theoretical way and 
students have extreme difficulty in relating those concepts 
with their practical application. The “Forces of Physics” 
haptic simulator described in this article allows 
experimenting various forces of physics such as the friction 
force, the aerodynamic force and the gravitational force.  

Index Terms—Experiential Learning, Haptics, Simulation, 
Experimentation. 

I. INTRODUCTION 
According to Kolb [1], learning is a behaviour 

modification as a result of experiences and experiments. 
Therefore experiential learning values the interaction of 
the person (experiences and sensations) and the 
environment (concepts and experiments). Each person, 
through his/her interpretation of the experience, structures 
his/her process of knowledge construction.  

Virtual simulators are a path to foster experiential 
learning because they provide interactive environments 
that students can explore and observe. In fact, a simulation 
can be defined as the process of designing a model of a 
real or imaginary system and conducting experiments with 
that model [2]. Furthermore, the use of virtual simulators 
enables students to try and perform tasks and operations 
without the drawbacks of the real environments and 
without the fear of errors. 

But, to create truly immersive environments, there is 
the need to involve as many natural human senses 
(hearing, sight, smell, taste and touch) as possible. 
Common human-machine interaction only includes sight 
and hearing. Haptic systems represent the addition of 
touch to this interaction. The term “Haptics” comes from 
the Greek word haptikós (“!"#$”) and refers to the sense 
of touch and to the technology, devices, and interfaces that 
provide tactile feedback [1]. Haptics devices are valued in 
educational simulations because they provide automatic 
physical feedback to the user, enabling a more realistic 
response to a situation.  

This article describes the “Forces of Physics” haptic 
simulator that allows experimenting various forces of 
physics such as the friction force, the aerodynamic force 
and the gravitational force. 

II. HAPTIC DEVICES 
Haptic systems are a tactile feedback technology which 

takes advantage of the sense of touch by applying forces, 
vibrations or motions to the user. Haptic devices may also 
incorporate tactile sensors that measure forces exerted by 
the user on the interface [4]. Initially haptic systems were 
mainly mechanical, but nowadays other technologies such 
as ultra-sounds and magnetism allow the user to 
manipulate virtual elements in a less constrained way with 
higher degrees of freedom (DOF). A haptic device can 
have has many as six DOF. Three of those DOF are 
related to translation: heaving (movement forward/back or 
back/forward), surging (displacement movement both up 
and down or the inverse) and swaying (displacement 
movement either left to right or right to left). The 
remaining three are related to rotation: pitching (tilting 
either forward or backward), yawing (swivelling either 
left or right) and rolling (pivoting side to side). 
• Mechanical haptic devices: This type of haptic 

devices uses mechanical systems like motors and 
actuators to provide the touch sensation. The most 
common example of these devices is the Novint 
Falcon (see Fig. 1), also used in this study. 

The Novint Falcon has a single point of force 
application and three DOF. A much more complex 
mechanical system is CyberGrasp (see Fig. 2). This device 
has a structure based on an exoskeleton that allows to 
perform realistic movement (like grasping virtual objects) 
because it allows to apply the forces to each finger and to 
the hand. 

 
Fig. 1 Novint Falcon mechanical haptic device [5] 
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• Magnetic haptic devices: This type of haptic 
interface uses electromagnetic forces to create the 
sense of touch. The fact that these devices are 
wireless allow for a more natural use by the user. A 
conceptual example of these devices is the ZeroN 
haptic prototype developed at the MIT Media Lab by 
Jinha Lee (see Fig. 3). The central element levitates 
due to the magnetic field and the movement of that 
metal ball is captured by infrared tracking cameras. 

Specialized haptic devices can also be found to perform 
very specific functions: 

 
Fig. 2 Cybergrasp mechanical haptic device [6, 7] 

 
Fig. 3 ZeroN conceptual electromagnetic haptic device [8] 

 
Fig. 4 Haptic belt [9] 

 
Fig. 5 Haptic vest [10] 

• Haptic belt: This type of haptic device was 
developed by the US Army to guide to the soldiers 
thanks to a GPS connection and pressure pulses from 
the belt created by using arrays of vibrating motors 
(see Fig. 4). Each belts is fitted with eight “tactors” 
spaced at around 45 degree intervals. 

• Haptic vest: The haptic vest concept is similar to the 
haptic belt, with the “tactors” spread through the 
inner surface of the vest (see Fig. 5). The vest creates 
haptic sensations using a solenoid and Peltier 
elements controlled electronically by a computer. 

• Haptic interaction in mobile devices: Haptic 
interaction in mobile devices is based on the use of 
patterns of vibration typically used to indicate 
alarms, incoming calls or other alerts. This type of 
stimuli is mono-directional and generated across the 
entire device. In a more advanced approach, 
piezoelectric actuators may produce non-vibrotactile 
skin stimulation [11]. “The user places his/her finger 
on the actuators and the relative movement of the 
individual piezo tips stretches the skin locally, 
activating skin mechanoreceptors. Applying specific 
patterns of distributed skin deformation can create 
the illusion of touching small-scale shapes and 
textures“ [12].   

III. FORCES OF PHYSICS SIMULATOR 
The virtual haptic simulator presented in this article is 

divided in three modules, addressing the concepts of 
specific type of forces: aerodynamics, friction and 
gravitation. 
• The aerodynamics module allows the user to sense 

the aerodynamics forces applied to an airplane: 
thrust, drag, lift and weight.  

• The friction module enables the user to feel the 
friction between a cube and the floor. Depending on 
the materials applied to the cube and to the floor 
surface and the corresponding static and coefficients 
of friction, the user will feel more or less resistance 
to the movement (see Fig. 6). 

• In the gravitation module the user interacts with a 
3D model representing the earth to divert asteroids. 
Gravitational forces are applied to the earth and to 
the asteroid and, depending on the proximity between 
the earth and the asteroid, the asteroid’s trajectory 
will change and the user will feel the corresponding 
force. 

 
Fig. 6 Friction module of the Forces of Physics simulator 
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The simulator was developed with DirectX 9, C++, the 
Novint Haptic Device Abstraction Layer (HDAL) and the 
Novint Falcon as hardware. HDAL is a low level API that 
enables the communication between the Falcon and the 
computer through functions and resources. The basic 
accessible information of the Falcon is related with the 
cursor position and button states but it also enables the 
programmer to update the force applied unto the device.  

The simulator was evaluated in a two-stage procedure: 
• Firstly, a group of students used the simulator with 

the help of a set of laboratory experiments guides. 
Their pre and post-knowledge was assessed. In 
general their answers revealed improvements in their 
level of knowledge. Students were also very positive 
on the interest and motivation generated by this type 
of simulations. 

• Secondly, a group of experts in haptics and 
simulation tested the simulator. Semi-structured 
interviews followed and their comments and 
observations were registered. The majority of these 
experts were very positive about the simulator itself 
(65%) and about the use of these environments 
(60%) for learning, therefore corroborating [13]. 

IV. CONCLUSION 
This article focuses the use of haptic technologies and 

virtual simulators in education and, particularly, in 
experiential learning of physics. Haptics devices are very 
relevant in educational simulations because they provide 
automatic physical feedback to the user, enabling a more 
realistic response to a situation.  

A haptic simulator called Forces of Physics was 
designed and developed to help learners understand the 
relation between the theoretical concepts and their 
practical application. At this stage this simulator is 
intended to complement the more traditional educational 
process by providing the students with hands-on 
experiences. 

The first evaluation results, with students and experts in 
simulations and haptics, provided motivating data in view 
of future developments of the simulator. 
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