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ABSTRACT

Usability has come to play an important role in interface design. Product usability focus on product ease of use first
and foremost with consideration to users demographics, experience level and user requirements to serve the
population efficiently. Virtual reality technologies provide novel and enhanced modes of human computer
interaction that can be used as a potential tool to support product usability testing in far more efficient way starting
from early project stage. The interaction component of this high-end user interface involves multiple sensory
channels, such as the visual, auditory, haptic, olfactory, and taste inputs. Significant research has been done in this
area but researchers have not yet provided an assessment on the relative impacts on VR systems development.
Haptic devices allow users to touch, feel and manipulate three-dimensional objects in virtual environments and this
technology started to get worldwide recognition and use in manipulation-intensive applications. Although the
applications of haptic devices have several advantages over other methods for the development of consumer
products, the VR systems also have some limitations; this is partly due to the complexity of interaction devices and
haptic feedback processing. This paper presents a conceptual approach to haptic feedback for product design and
consumer products usability evaluation._
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INTRODUCTION

Haptics is the science of touch. The word derives from the Greek ' haptesthai' (or touch) and is related to “being able
to come into contact with” (Aziz & Mousavi, 2009). The study of haptics emerged from recent advances in virtual
reality. Virtual reality (VR) is a high quality computer-user interface that involves simulation in real-time and
interactions through multiple sensory channels with feedback in virtual environments. These sensory modalities are
visual, hearing, tactile, and olfactory and taste (Burdea & Coiffet, 2003).

Visual and auditory feedbacks are relatively well developed and attract a great deal of research. In contrast, the
feedback associated with touch (or haptic) remains a challenging research problem. Several researchers referred to
the unavailability of devices with the full capability to support haptic systems due to complicated structure of the
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underlying physiology of these processes, expense hardware and software, complexity and limited workspace
(Boud, Baber & Steiner, 2000; Lecuyer et al., 2000; Srinivasan & Basdogan, 1997).

In product design, VR can be considered as a "communication channel " (Reich et al., 1996) among designers and
users, since a virtual environment enables designer to simulate, analyze and test the product, combining field and
laboratory studies, allowing the user to interact with the product in a similar context to the real situation. At the same
time, allowing researchers to control the variables and safety conditions (Bruno & Muzzupappa, 2010; Reich et al.,
1996). VR can be applied in almost all stages of product design and development; however greatest benefits can be
achieved in the prototyping (Bordegoni, Ferrise & Lizaranzu, 2011). Virtual Prototyping is based on the simulation
in a realistic three-dimensional Virtual Environment of the functionality expected from the new product. Virtual
prototyping technologies can reduce the time and costs associated with the development and construction of new
products and bridge the disciplinary and distance gaps among different collaborators working on the same project
(Lu, Shpitalni & Gadh, 1999).

The sense of touch appears to be fundamental to assess the properties of a product. This need becomes evident as a
result knowing that vision and / or hearing senses are not sufficient to permit the recognition of objects. In this case,
it is necessary to use devices linked to haptic VR systems for identifying objects. Haptic devices allow enhancement
to virtual environments by enabling users to 'touch' and feel the simulated objects they interact with. This sensory
channel complements the visual and sound feedback modalities used in current VR simulations (Burdea, 2000).

This study outlines several haptic devices and demonstrates the potential benefits of application this technology on
consumer product usability evaluation. This theme has been developed by the Research Group on Design and
Ergonomics of the Postgraduate Program in Design at Federal University of Pernambuco in Brazil. This paper
intends to investigate the suitability of using VR in the evaluation of usability of consumer products. The research
investigates the potential of Virtual Reality Technology, such as haptic interaction in usability evaluation of
consumer products during the prototyping stage.

USABILITY AND VIRTUAL REALITY

Usability was first introduced by Shackel (1986), and well-defined as to the approach of Human-Computer
Interaction (HCI). Many studies in HCI seek to apply this concept to support usability in consumer products (Han et
al., 2001; Jordan, 1998; Kwahk & Han, 2002). The objective is to develop transparent interfaces, capable of
enabling an interaction easy, pleasant, effectively and efficiently, allowing the user to fully control of the
environment without becoming an obstacle during the interaction (Nielsen, 1993).

The definition of usability is sometimes shortened to 'ease of use', but this offers poor information about the user
interface. From a better known concept, usability is defined as the ability of a product or system to be used in an
effective, efficient and enjoyable way by a specific range of users for tasks that need specific tools within a given
environment (Falcdo e Soares, 2012).

In order to measure the level of user satisfaction, as well as effectiveness and efficiency of the product, usability
testing is a required process. Usability evaluation allows designers to see what users actually do when they use the
product, what works best for them and their preferences. Usability testing refers to activity that focuses on observing
users using a product, performing tasks that are real and meaningful to them (Bamum, 2011).

During usability testing, the virtual prototype should be viewed and interacted with by all the actors involved in its
design, including the potential users, as if it was a real physical product. This is where VR can play a significant role
since it can allow evaluating various alternative solutions and compared in quite a realistic and dynamic way, not
only visually but also considering other interaction aspects such as sound and force feedback. From stereoscopic
visualization and haptic feedback, VR simulation provides a more realistic interaction with the prototypes than
possible with Computer Aided Design (CAD) prototypes (Park, Son & Lee, 2008). Chen et al. (2005) e Lian et al.
(2005) suggested that haptic could be used in nearly all the phases of product design. Gao et al. (2006; 2012) has
been developed haptic function evaluation of products methods.
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For interactions with virtual prototypes, the motion and behavior of virtual objects should be realistically simulated
besides realistic visual feedback. That involves the human hand, as in the case of performing operations in the real
physical world. Data-glove provides the possibility of tracking the user's hand and finger motions in 3D space (Han
& Wan, 2010; Jimeno & Puerta, 2007). This type of device allows users to interact in a virtual environment.
Interaction is connected with communication between user and VR system. It is defined for the capacity of detecting
user motions and actions (user inputs) and refreshing virtual environment.

Besides interaction, there are important factors for experience in VR from the physical and psychological user point
of view. Burdea & Coiffet (2003) suggest that VR is the integration of three vertices (I3) - immersion, interaction
and imagination.

Immersion is a key issue in VR systems, because it is fundamental for the paradigm where the user becomes part of
the simulated world instead of the simulated world being a characteristic of the real world (Thalmann, 1997).
Gutiérrez et al. (2008) classified the types of immersion on the basis of the physical configuration of a VR user
interface: fully immersive (head-mounted displays - HMDs), semi immersive (large projection screens), and no
immersive (desktop — based VR). The level of immersion is measured by the ability of users to interact and
communicate with the object in virtual reality in a way similar to how he/she interacts and communicates with
objects in the real world. Thus, the less the perception (see, hear, touch) of the real world, the greater the
classification of immersion in VR will be (Gutiérrez et al., 2008). Imagination is related to the user’s capacity to
perceive nonexistent things and the will to believe that he/ she is in the VE, even while knowing he/she is physically
situated in another environment (Burdea & Coiffet, 2003).

The applied researches has been focusing on integrating haptic devices into the design system (Dachille, Qin &
Kaufman, 2001; Han & Wan, 2010; Liu et al., 2004; Sener et al., 2003; Zhu & Lee, 2004), since haptic modeling
provides an intuitive and natural interaction between the designer and computer. These works mainly focused on the
shape modeling by the tools and does not include the interaction between user and product. However, other
researches with products already have being developed (Gao et al., 2012; Wang & Lu, 2009). Such systems is
believed to provide solutions and design can be made interactively and easily than if the object were physical, which
means more prototypes alternatives can be tested, which would be financially viable (Park, Son & Lee, 2008;
Volkov & Vance, 2000).

HAPTIC DEVICES

Haptic devices (or haptic interfaces) are mechanical devices that mediate communication between the user and the
computer system. Haptic devices allow users to touch, feel and manipulate three-dimensional objects in virtual
environments (Han & Wan, 2010; Tideman, van der Voort & Houten, 2006). The haptic system consists of the
entire sensory, motor and cognitive components of the body-brain system, which is most often described as
“proprioceptive” (Oakley et al., 2000).

The perception of touch is related to three components: tactile, cutaneous and kinesthetic. In humans, these
sensations cannot be separated, but the same does not happen with the equipment developed to simulate these ones,
for this reason there are devices that provide both or only one of them (Aziz & Mousavi, 2009; Oakley et al., 2000).

For interactions with 3D objects, the motion and behavior with virtual objects should be simulated with a realistic
touch feedback. Burdea (2000) divides the haptic feedback modality in two groups: tactile feedback and force
feedback. Tactile feedback allows users to feel the rugosity of virtual surfaces, their edges, temperature, or slippage.
Force feedback reproduces the weight of grasped virtual objects, their mechanical compliance, inertia, as well as
motion constraints. The Table 1 shows the definitions of each term related to haptic sensation. According Oakley et
al. (2000), using these definitions, devices can be categorized and understood by the sensory system that they
primarily affect.
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Table 1: Definitions of Haptic Terminology (Oakley et al., 2000).

Term Definition

Haptic Relating to the sense of touch

Relating to sensory information about the state of the body (including cutaneous,

Proprioceptive . . . .
P p kinesthetic, and vestibular sensations).
Vestibular Pertaining to the perception of head position, acceleration, and deceleration.
Kinesthetic Mfzanlng the feeling of motion. Relating to sensations originating in muscles, tendons and
joints.
Pertaining to the skin itself or the skin as a sense organ. Includes sensation of pressure,
Cutaneous temperature, and pain.
Tactile Pertaining to the cutaneous sense but more specifically the sensation of pressure rather

than temperature or pain.

Relating to the mechanical production of information sensed by the human kinesthetic

Force Feedback
system.

Some haptic devices have been developed with the aim of offering new way to recognize and handle objects in VR
environments. This can be as simple as joysticks with limited force feedback interactivity, as indicated in the
research study by Bruno & Muzzupappa (2010). Bruno & Muzzupappa (2010), used a 3D joystick for virtual objects
selection with usability testing in virtual reality. Meanwhile, a haptic device with a higher level of sophistication
provides greater level of interaction and allows higher degrees of freedom in translation and rotation movement.
Research literature indicates that haptic devices are divided into three main categories, according to their use: for
hands, arms or legs, and body.

Hands Motion Capture

The hands motion capture devices usually provide touch sensations to the fingers or hands of the user, such as
pressure, heat or vibrations. The gloves are mentioned as the devices with the greatest natural interaction with
objects. This kind of device is made up of sensors that measure the movement of each finger. Some of them also
have sensors that measure the angles of some or all of the fingers and work with 3D trackers to find the position of
the user’s hand. The glove CyberGrasp, for example, is the glove CyberTouch (Fig. 1.a) added with an exoskeleton
(Fig. 1.b) (Fisher et al., 2003).
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a) CyberTouch glove b) CyberGrasp glove c¢) CyberForce

Figure 1. Three models of cyberglove. (images.google.com)

Maciel et al. (2004) investigated the potential of Cybergrasp to improve perception in Virtual Reality worlds. The
success of most of the tests allows the authors to conclude positively on the use of this device for many applications
in Virtual Reality. However, they also identified a set of drawbacks that require improvements to be done on the
device. Maciel et al (2004) mentioned the lack of force smoothing procedures implemented in hardware, and the
direction of applied forces that is limited to the hand opening direction. In addition, other factors, like tactile and
visual feedback, seem to play an important role besides the force-feedback. According the authors, many
applications are not possible, especially all which require very high frequencies like vibrations or contact with very
irregular and very hard deformable objects. For those, the device known as PHANToM™ is more indicated.

Arms and Legs capture

The devices for arms and legs motion capture aim to offer force-feedback. One of the reasons these are not focused
on the sensation of touch is that the hands are more sensitive and used for this activity. Thus, although some offer
touch and force feedback, its main function is to restrict the user's actions, according to their actions when used. One
category of devices available on the market uses a kind of mechanical arm to provide sensations of touch and force
feedback. One of the advantages of such devices is to allow movements with 6 degrees of freedom (DOF), well
suited to applications with stereoscopic display. The PHANToM™ - Personal Haptic Interface Mechanism, from
SensAble Company, is one of them. This device comprises a base which is linked to the mechanical arm and the end
of which resembles a pen. When equipped with some sort of point of support, devices for hands can provide force
feedback. Figure 1.c shows the glove CyberGrasp, mentioned in the previous section, added to a mechanical arm
that provides force feedback. The CyberForce (fig. 1.c) also corresponds to an arm device.

Wang & Lu (2009) developed a real-time modeling and simulation system incorporating with PHANToM haptic for
handheld design and evaluation. The product could be evaluated in the early stage of design and all the modeling,
interaction and evaluation was carried out with the virtual model that could save both the cost and time.

Observing the examples of cybergrasp and cyberForce can be noticed the possibility of the user hold and manipulate
virtual objects from multi-fingered haptic interfaces, that help to enhance realism and haptic perception. However,
as pointed out by Maciel et al (2004), some applications are not compatible and adding the high price, these gloves
have not been widely used as the PHANToM devices (Gao et al., 2012).

Other studies have pointed out to the combination of devices as means of improving the performance of the haptic
interface. Nikolakis et al. (2004), proposed a combination of the PHANToM and the CyberGrasp devices in order to
provide an enhanced of haptic feedback. Gao et al. (2012) used a dual PHANToM interface to generate internal
force output and allow the feel of the elasticity of the products.

Thus, the decision of which device to use and how they should be applied must take into account the complexity of
the 3D environment and the task the user is asked to perform. However, the application of these devices still has
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many limitations. Despite that haptic devices provide a significant kinesthetic feedback, the lack of tactile sensations
reduces the realism of the simulation. As pointed by Ferrise, Bordegoni & Graziosi (2013), the representation
fidelity of haptic control behavior is high, but interaction tests with product is limited to pressing buttons while other
gestures in the product global use hasn’t been considered.

Body Motion Capture

The haptic devices capturing the body movement are actually platforms designed to provide vibration or interactions
with the user sense of balance. In some cases they are treated as haptic devices which do not allow perceive objects
but fumbling with the balance of the body, they are commonly known as mobile platforms and are widely used by
the entertainment industry in making videogames. Civil aviation and the automobile industry, in turn, make use of
these platforms for a long time to build flight simulators (Guerlesquin et al., 2012; Jimeno & Puerta, 2007; Moreau,
Fuchs & Stergiopoulos, 2004).

CONCLUSIONS

This research paper intends to illustrate and present the state of art in haptic devices in order to improve user
interactions and the potential application of the tool applied in the evaluation of product design. Due to the necessity
of working closer with user's domain in usability test, 3D tasks have been suggested as tools and applications which
allow the user to work as in a realistic environment. Researches pointed out and claimed the need to provide
feedback by manipulating physical input devices that represent the virtual objects. The development of haptic
devices and adapting the technology to the needs of research design is an important step to fill the gap between
knowing what we want to do and how to achieve product intended use or goals.

Despite the enthusiasm surrounding haptic, much work has been done to advance the technology and to create useful
haptic systems. However, major innovations are still required to achieve the intended VR implementation for
consumer product design. Progress in haptic interfaces research is much slower than that in visual (i.e. displays and
image generation), however the current state of hardware to manipulation of product prototype in virtual
environment is not satisfactory in most of the cases. Among them researchers highlight the need for more
sophisticated devices that provide more realistic tactile and force feedback, as well produce lighter, simpler and easy
to use shapes. Researchers believe that this problem can be solved in the future with innovation in VR and
technological advances.
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