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ABSTRACT 

Gesture-based 3D interaction has been considered a relevant research topic as it has a natural 

application in several scenarios. Yet, it presents several challenges due to its novelty and con-

sequential lack of systematic development methodologies, as well as to inherent usability re-

lated problems. Moreover, it is not always obvious which are the most adequate and intuitive 

gestures, and users may use a variety of different gestures to perform similar actions.  

This chapter describes how spatial freehand gesture based navigation methods were devel-

oped to be used in virtual walkthroughs meant to be experienced in large displays using a 

depth sensor for gesture tracking. Several iterations of design, implementation, user tests, and 

controlled experiments performed as formative and summative evaluation to improve, vali-

date, and compare the methods are presented and discussed. 

 

Keywords: 3D User interfaces, freehand gesture-based interfaces, interaction with large dis-

plays, navigation, virtual environments, user-centered design, user study (falta mais uma; não 

podem figurar no título) 

 

I. Introduction 

Gesture-based 3D interaction has been considered a challenging and relevant research topic 

due to its natural application to gaming, Virtual and Augmented Reality applications (Ni, 2011; 

Hürst et al., 2013; Billinghurst et al., 2014), and in other scenarios (Garber, 2013), as well as to 

the prospective alternatives it has brought to the interactivity with the ever more pervasive 

public large displays (Bowman, 2014). However, this interaction paradigm presents several 

usability challenges, as the lack of feedback, and problems related to fatigue. Moreover, which 

are the “best” gestures is not always obvious, and users may use a variety of gestures to per-

form similar actions (Wobbrock, 2009). On the other hand, the relative novelty of these meth-

ods results in a lack of systematic methodologies to develop this type of interaction. 

We have been developing an interactive system, located at the entrance hall of our Depart-

ment, including a large public display and a depth sensor, meant to run applications that might 

support various Department activities, such as providing relevant information to passersby, or 
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experiencing demos and walkthroughs for visitors (Dias et al., 2014). In this scope we have 

been developing several 3D spatial freehand gesture-based interaction methods envisaging an 

application in virtual walkthroughs following a user-centered iterative approach. This approach 

allowed a progressive refinement of the interaction methods based on several rounds of de-

sign, implementation and tests with users. According to our experience, performing more than 

one round of user tests is fundamental as these tests allow the development team better un-

derstand the strengths and limitations of both the methods, and also the experimental proto-

col of the tests in their current versions. Much of this insight is obtained based on observation 

and feedback from participants. Furthermore, participants often bring a fresh view suggesting 

improvements that might not occur to the team.  

In this chapter we present a brief review concerning the topic of gesture-based 3D interaction. 

We focus mainly on the type of gestures used, and describe how we developed and evaluated 

navigation methods, based on a depth sensor (Kinect) for spatial free-hand gesture tracking, to 

be used in virtual walkthroughs. The results of several rounds of user tests and controlled ex-

periments performed as formative and summative evaluation to improve, validate and com-

pare the methods are presented and discussed, and conclusions are drawn. 

 

 

II. Related work 

The use of gestures in human-computer interaction can be traced back to Sketchpad, devel-

oped in the sixties by Ivan Sutherland, as it used an early form of stroke-based gestures using a 

light pen on a display. After this first attempt, gestures have gained popularity as a means of 

realizing novel interaction methods, and several devices have been developed to support this 

possibility. Namely, manipulating virtual objects using natural hand gestures in virtual envi-

ronments was made possible in the eighties through instrumented gloves (Fisher et al., 1986). 

In the nineties, a vision-based system (Freeman & Weissman, 1995) demonstrated a viable 

solution for more natural device-free gestural interfaces, and later other approaches have 

been used, as for instance the ones described in (Boussemart et al., 2004) (Malik et al., 2005) 

(Karam, 2006) (Wachs et al, 2011); yet, only the recent advent of affordable depth cameras 

truly gave an essential momentum to the spatial free-hand paradigm of gesture-based user 

interfaces.  

Besides eliminating the need for an input device, spatial freehand gestures have several ad-

vantages as an interaction method: they are natural to humans who constantly use them to 

communicate and control objects in the real world from infancy, and may underpin powerful 

interactions due to hands’ multiple degrees of freedom, promising ease of access and natural-

ness also due to the absence of constrains imposed by wearable devices (Wachs et al., 2011; 

Ni, 2011, Ren et al. 2013b; Jankowski and Hachet, 2015). 

However, in spite of these advantages, spatial freehand gestures also present some limitations 

and challenges: gestures may be not easy to remember, long interactions results in fatigue 

since mid-air interaction with no physical support is tiring, and users may suffer from lack of 

feedback when using their hands generating frequently cumbersome gestures or feelings. Also, 

the tracking of hands is still far from error free, as most systems still have difficulties to cope 
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with distance and occlusions issues. These issues may limit the operations the users perform as 

several hand gestures may be not fully recognized causing frustration. Nonetheless, the low 

price of this technology made it extremely popular and encouraged its use in numerous solu-

tions, making research on the topic even more pertinent.   

While freehand gestures have been used in diverse situations, as computer aided design, med-

ical systems and assistive technologies, computer supported collaborative work systems, mo-

bile, tangible and wearable computing, as well as in entertainment and human-robot interac-

tion, spatial freehand gestures, in particular, have been a major interaction method in virtual 

reality systems (Ni, 2011). In fact, Karam (2006) identified three types of systems in which ges-

tures have been much used: non-, semi- and fully-immersed interactions, where users interact 

without being represented in the virtual environment, users are represented by avatars, or as 

if they are inside the virtual world, respectively. On the other hand, gestures may also be valu-

able in ubiquitous computing either in implicit or explicit interactions, namely for interaction 

with large public displays that create the opportunity for passing by users to access and inter-

act with public or private content. In such scenarios, at distance interaction is important and 

doing it without any input device is most adequate. (Vogel and Balakrishnan, 2005; Ni, 2011)  

Freehand spatial gestures may be classified in manipulative and semaphoric. According to 

Quek et al. (2002), manipulative gestures are intended to control some entity by applying “a 

tight relationship between the actual movements of the gesturing hand/arm with the entity 

being manipulated”, while semaphoric gestures are sets of formalized hand/harm gestures 

(e.g. to move forward, move backward). Manipulative gestures were first used by Bolt (1980) 

in the work “Put that there” in association with voice commands. This paradigm has been used 

to navigate in virtual environments, in direct manipulation interfaces, as well as to control ro-

bots; though, many interactive systems employing gestures use a blend of gesture styles, 

mainly manipulative and semaphoric gestures (Ni, 2011) (Probst et al., 2013). Several authors 

have explored the use of two-hand gestures in virtual environments for instance dividing navi-

gation and manipulation gestures between the two hands (Balakrishnan & Kurtenbach, 1999), 

or using gestures to control menu-like widgets in a more generic style of interaction. (Bousse-

mart et al., 2004),  

According to Karam (2006), semaphoric gestures are practical when distance interaction is of 

interest as it is the case in ubiquitous computing systems. This type of gestures has been used 

in smart room applications (Crowley et al., 2000), and interactions with large displays (e.g. Par-

adiso et al., 2003; von Hardenberg & Berard, 2001, Ren et al., 2013a). 

Many input technologies have been used to enable gestures; however, for free-hand gestures 

vision-based input seems an obvious option; a pioneer of this type of solution was Krueger’s 

VIDEOPLACE (Krueger et al., 1985), which used video cameras to detect users’ gestures. For long, 

vision-based technologies have not been effective enough to be usable in daily applications. 

The overhead and accuracy offered for gesture recognition precluded its widespread usage; 

nonetheless, there is presently a trend for more perceptual gesture interaction styles based, 

for instance, on relatively new and inexpensive devices as the Kinect and the Leap, or specifi-

cally made solutions as in (Taylor et al., 2014).   
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Whereas there is still ambiguity in the meaning of the term gesture in interaction, as a wide 

variety of gesture-based user interfaces do exist, the main motivation for developing them is 

to obtain more natural interactions; and to attain this goal the principles of interaction design 

must be followed as in any other type of user interface. Concerning gestures interfaces, Wachs 

et al. (2011) identify a list of relevant usability and technical issues and challenges, due to the 

lack of universal consensus for gestures-functions associations, and the need to tackle a variety 

of environments and user appearances. These authors also pinpoint a set of usability require-

ments such as ubiquity, fast response, feedback, learnability, intuitiveness, comfort, low cogni-

tive load, number of hands,  “come as you are” (e.g. no need to wear any device) and “gesture 

spotting” (e.g. starting and ending the interaction). Some of these requirements are general, 

whereas others are more context specific.   

While Ni (2011) specifies three components of an interaction framework: input device, interac-

tion techniques, and fundamental design principles and practical design guidelines; according 

to (Karam, 2006), four fundamental aspects must be considered in the design of gestures sets 

to be used in gesture interaction systems: application domain, gesture style, enabling technol-

ogy, and system response.  

This chapter is focused on the design, development, use and testing of spatial free-hand ma-

nipulative and semaphore gestures for virtual walkthroughs to be experienced through a large 

public display in a vision-based system (more specifically using a depth camera). The hurdles of 

detecting, tracking and recognizing gestures were tackled by the Kinect SDK, and only a few 

considerations regarding these issues will be done. Readers are forwarded to the course by 

LaViola (2014) for a comprehensive survey of gesture recognition and analysis addressing 

some of the most recent techniques for real-time recognition of 3D gestures.  

The input technology used to enable gestures in a system has a direct influence on the usabil-

ity. Free-hand gestures, unlike many other gesture interaction methods, do not imply any 

physical contact with any part of the system, which may be viewed as an advantage counter-

balancing lower reliability. The output produced by the system as a response to gestures is also 

relevant in usability. Gesture interaction design should likewise take into account the type of 

output, which may be visual or audio feedback, or simply the execution of some functionality. 

As gestures are unconstrained, users should be given feedback helping them learn to perform 

the right gestures (Norman, 2010). This may be done by reflexive feedback (Karam, 2006).  Yet, 

other relevant aspects are the tasks that users have to do using the gestures and the context in 

which they will perform them. Even though fatigue and sensitiveness to lightning conditions 

may constitute important issues in the system we developed, the context of use considered 

(sporadic use of a large public display system for a short period of time) makes spatial free-

hand gestures a natural choice. In fact, the study performed by Karam and Schraefel (2005) 

suggests that users are much more tolerant to gesture recognition errors in ubiquitous compu-

ting scenarios than in desktop scenarios. This supports the choice of these gestures for the 

scenario addressed in this work, even if the system setting might induce some recognition er-

rors due to lighting conditions or passing by people, which are virtually impossible to com-

pletely overcome.  



5 
 

The aforementioned aspects are in line with the fact that, when developing a system using 

gestures, the goal should be to develop a more efficient interface for a specific application, and 

not a generic gesture interface. According to Nielsen et al. (2004), a “human-based approach” 

to developing such systems is preferable to a “technology-based approach”, and should com-

ply with general usability principles. Thus, the gestures should be easy to perform and remem-

ber, intuitive, logical (taking into consideration the functionality they trigger), and ergonomic; 

nevertheless, they should be recognizable by the system unmistakably. A useful approach that 

has been used to select a set of gestures in several contexts (Nielsen et al., 2004; Höysniemi et 

al., 2005; Dias et al., 2014) (Probst et al., 2014) is the Wizard of Oz method, which is most val-

uable when a relatively complex set of gestures has to be selected, and no clear ideas exist yet 

on which gestures might be more intuitive. Kühnel et al. (2011) adapted to the development of 

a gesture-based user interface to a smart-home system a design methodology comprising sev-

eral user tests. 

In our case, previous experience with the system (Dias et al., 2014), and the literature, namely 

the work of Ren et al. (2013a) proposing a 3D freehand gestural navigation for interactive pub-

lic displays, provided hints on a set of gestures that might be used as a starting point for a re-

finement process. This process evolved iteratively based on the analysis of qualitative and 

quantitative data collected through the observation of users interacting with the system, log-

ging their interaction, and asking for their opinion and suggestions. The results obtained from 

this analysis were used as formative evaluation to improve alternative interaction methods 

until they were usable enough to be integrated in our system. According to Ni (2011) the ma-

jority of evaluations of freehand gesture systems have been of an exploratory nature used as 

formative evaluation (Bowman et al., 2005), however, we deem summative evaluation is im-

portant to guarantee the methods are usable enough and thus a final user study was per-

formed to compare the alternatives and select the best fit for the virtual walkthrough func-

tionality. Likewise, Hernoux et al. (2015) perform a comparative study, as a summative evalua-

tion, between a novel freehand solution (marker-less and Kinect-based) and a common and 

functionally equivalent one (data gloves and magnetic sensors) to allow 3D interaction. In this 

study the users/participants were asked to interact with the Virtual environment through ob-

ject selection and manipulation, and navigation.  

 

III. Developing freehand gesture-based navigation methods 

We have been developing an interactive system located at the entrance hall of our Depart-

ment which included a large public display and a depth sensor - DETI-Interact (shown in Fig. 1), 

meant to run applications that might support various Department activities, such as providing 

relevant information to passersby, or making demos and walkthroughs for visitors (Dias et al., 

2014). Since the onset, and considering the aims of this system (where the navigation methods 

were to be integrated), the main rational defined was the utilization of simple and natural 

freehand gestures, that would neither involve very high concentration nor effort by the user 

for the execution of the various actions. Moreover, the gestures should also be intuitive, or, at 

least, easy to learn for the target users. 
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As a first approach, we devised a method using a set of formalized semaphoric gestures per-

formed by the users’ dominant hand like controlling a pointer (“Free hand” method). As previ-

ously mentioned, semaphoric gestures have been considered practical when distance interac-

tion is of interest as it is the case in ubiquitous computing systems (Karam, 2006), and have 

been used in interactions with large displays. The set of gestures was selected in order to pro-

vide a sense of continuity and consistency relatively to the user interface already in use for the 

rest of the system (allowing access to useful information to students and visitors through 

movements of the dominant hand). This method offered a similar interaction to the typical 

mouse-based interface, and thus it was expected to be familiar, have a high guessability 

(Wobbrock et al., 2005), and be easy to learn. The virtual camera was controlled by the ges-

tures of users’ dominant hand (Fig.2a) and the navigation speed giving a step towards or 

backwards from the Kinect sensor; the bigger the step, the higher the speed of the movement 

(Dias et al., 2015). 

            

 

 

 

 

 

 

 

Figure 1 – DETI-Interact - where the gesture navigation methods are meant to be used 
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Figure 2 – Main aspects of the freehand gesture-based navigation methods 

Despite offering coherence with previous applications running on the system, these applica-

tions are of a much different nature of the intended virtual walkthroughs, and thus the Free 

hand method had some potential drawbacks. On the one hand, using a metaphor evoking a 

“real world” navigation method might be more appropriate; on the other hand, the virtual 

walkthrough would generally take longer, implying that a more comfortable hand position 

would be fundamental, as well as that forward and backward steps should be avoided.   

Therefore, inspired by the work of Ren et al. (2013a) that proposed a “flying broomstick” as a 

metaphor for a navigation method using 3D freehand gestures for virtual tours in a large public 

display, the “Bicycle” method was devised. This method is based on riding a bicycle, a familiar 

“real world” metaphor. This is also in line with the fact mentioned in the related work, that 

many interactive systems employing gestures use a blend of gesture styles, mainly manipula-

tive and semaphoric (Ni, 2011). The gesture set selected to integrate the Bicycle navigation 

method is mainly composed of manipulative gestures, which are similar to the ones used to 

control a bicycle, i.e., the user initiates the action by placing both hands alongside with closed 

fists as if to grab the handlebar of a bicycle (Fig. 2b). When the user moves the right hand 

slightly forward, the camera turns left; while left hand in front and right hand back turns the 

camera right. The speed control is done by advancing or pulling back both hands in parallel. To 

increase the range of speed, the user may step forward or backward getting closer or further 

from the depth sensor, increasing or decreasing the overall speed, respectively (Dias et al., 

2015). 

After some preliminary tests to fine-tune an experimental protocol to test the null hypothesis 

that the two methods were equally usable in the intended scenario, Free hand and Bicycle 

navigation methods were compared through a user study performed by 17 participants. Each 

participant navigated for 5 minutes in a maze having as goal collecting the maximum number 

of objects (boxes) spread along the path (Fig.3), after a training period to get acquainted with 

the system and methods.  

A within-subjects experimental design was used having as input variable the navigation meth-

od (with two levels, “Bicycle” and “Free hand”), and as output variables user performance and 

satisfaction. Performance was assessed by the number of boxes gathered, the number of colli-

sions with the walls, and the velocity attained by the participants, similarly to earlier studies 

concerning navigation (Sousa Santos et al., 2009) (Lapointe et al., 2011). Satisfaction was as-

sessed through a post-task questionnaire. Readers are forwarded to (Dias et al., 2015) for de-

tails concerning the experiment, data analysis, and discussion of the results. This first study 

allowed evolving the methods, and fine-tuning the experimental protocol that was later ap-

plied to validate and compare forthcoming methods.  
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Figure 3 – Participant’s view with a box to catch (left) and plan of the maze (right) 

The data analysis results suggested that participants performed globally better when navi-

gating using the Free hand method as they caught slightly more objects, and attained higher 

speeds, with approximately the same number of collisions. Nonetheless, throughout the ex-

periment, a similar interest by the users in both methods was noticed by the experimenter. 

While, in fact, the users’ performance and satisfaction were better in some of the measured 

variables with the Free hand, participants considered Bicycle as a suitable and natural method 

for navigation. Additionally, participants suggested some improvements such as to include the 

possibility to start/stop the motion by opening the hands, and even proposed other meta-

phors- as controlling a motor boat rudder). In retrospective we understood that the main con-

straint of the Bicycle method was that users could not stop the interaction efficiently. This may 

be explained by the “non-parkable” issue (Bowman, 2014), which precludes increasing preci-

sion in spatial freehand 3D interfaces. The release of the new Kinect SDK helped solve this sig-

nificant problem since the gestures could be easily modified to include grabbing to begin any 

movement. Furthermore, we also realized the affordance provided by the metaphor, a bicycle 

handlebar, could be visually explored fostering a greater discoverability of possible actions. 

This characteristic is very relevant since these methods are to be implemented on public dis-

plays applications, requiring a self-explanatory user interface, where the visual representation 

of a bicycle handlebar may indicate passing-by users how to initiate interaction. The issue that 

a virtual walkthrough in our system could generally take longer than the typical “information 

grabbing task”, together with the observation that users generally navigate at full speed not 

taking advantage of the speed control, suggested that we could forgo a speed control avoiding 

wider arm motion. This allowed not only simplifying the interaction method, but also decreas-

ing the risk of fatigue.  

Based on the insight obtained from this study, a new method was developed as an evolution of 

Bicycle. In this new method, “Bicycle handlebar”, users can actually perform the grab action 

activating the navigation motion when they place their hands alongside as if they were to grab 

the handlebars of a bicycle. Users can easily stop releasing both hands. Similarly to the previ-

ous method, when users position their right hand slightly forward and the left hand back, the 

virtual camera turns left; left hand front and right hand back turns the camera to the right. A 

3D model of a bicycle handlebar and an avatar of the hands (Fig. 2c) are shown and rotate ac-

cordingly with the users’ hands position. This method does not consider any velocity control 

mechanism, due to the aforementioned reasons. 

During the preliminary evaluation of the Bicycle handlebar method, an alternative natural and 

intuitive metaphor for a navigation method came up. As a result the “Steering wheel" method 

was devised. This method evokes a powerful metaphor, intuitive to most users, as it mimics 

the natural gestures of the users' hands when driving a car by grabbing the steering wheel. 

Again, the grab event of both hands activates the navigation motion, and by releasing both 
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hands the user stops the motion. In this case users have to position their right hand slightly up 

and the left hand down, to turn left; alternatively, left hand up, and right hand down, turns 

right. A 3D model of a steering wheel is shown (Fig. 2d) and rotates accordingly to the users’ 

hands position as in the preceding method. 

The two last methods only differ in the orientation of gestures that must be performed in or-

der to determine in which direction the view camera will turn. In the Bicycle handlebar method 

the hands gestures must be back and forward in relation to the depth sensor, while in Steering 

wheel the hands gesture must be performed up and down. Nevertheless, both methods foster 

the discoverability of possible actions through the visual representation of the handlebar or 

the steering wheel, suggesting inexperienced users how to interact. 

These methods were evaluated in our public display system in order to obtain a validation and 

comparison concerning their usability in the context of virtual walkthroughs. 

 

 

IV. Implementing the methods 

Navigation in virtual environments is usually characterized by the manipulation of a virtual 

camera to an anticipated position. Often, it is done by simulating the humans' head movement 

in the real world.  Our methods use a gaze-directed steering technique, in which the navigation 

direction is determined by the forward vector of the viewing camera (Bowman et al., 2005) 

controlled by the users’ hands depending on the method used. 

In this section a brief overview of the used technologies is done and some implementation 

details concerning the Bicycle handlebar and the Steering wheel methods are described. De-

tails concerning the implementation of the Freehand and Bicycle methods can be obtained in 

(Dias et al., 2015).  

 

IV.1. Technologies used 

The previous iterations of DETI-Interact were fully developed on Windows Presentation Foun-
dation (WPF), which currently does not have support for a native 3D engine. On the other 
hand, previous works related with this project used diverse development frameworks (XNA 
and Unity) not supported by WPF, making them impossible to integrate within DETI-Interact. 
Since the XNA Framework was discontinued by Microsoft, a search for a 3D engine that might 
be integrated in WPF started by setting the requirements considered to be fundamental for 
the development of new features for future versions of DETI-Interact:  

₋ Importing models in various formats; 
₋ Assembling a scene with 3D objects; 
₋ Supporting textures; 
₋ Supporting skeletons for the implementation of avatars; 
₋ Continuous development and improvement. 

After this search, we concluded that there are not many 3D tools that might be integrated with 

WPF, and most are open-source and not being developed anymore. 
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We selected the 3D engines offering most guaranties in terms of continuous development and 

larger number of features. The selection was narrowed down to two engines: Helix 3D 

Toolkit2, and NeoAxis 3D Engine3 (http://helixtoolkit.codeplex.com/). 

While the Helix Toolkit did not have all the previously selected features (e.g. support for tex-

tures and rigged models), and its development seemed stagnant, NeoAxis presented all the 

features, and had several recently released updates. Hence, our choice was to use NeoAxis as 

3D engine (http://www.neoaxis.com/). 

The NeoAxis 3D Engine is a free integrated development environment that allows the devel-

opment of video games, simulators, as well as virtual reality and visualization software. It in-

cludes a full set of tools for fast and logical development of 3D projects. It uses C# with the 

.NET 3.5 framework as programming language and the rendering is done by OGRE 

(http://www.ogre3d.org/). Using the .NET framework makes it possible to integrate this 3D 

engine within WPF applications, which was one of our main requirements. 

Regarding gesture tracking we used the Kinect SDK. The initial free hand and bicycle methods 

where developed using the SDK 1.6 that do not provide any grab gestures, whereas the Bicycle 

handle bar and Steering wheel used the SDK 1.8 that already provides the grab gestures. The 

Kinect used was a Kinect for XBOX. 

 

IV.2. Algorithms 

Algorithm 1 describes how Bicycle handlebar navigation 

was implemented. The hands position and state are re-

trieved from the skeleton data provided by the Kinect 

SDK. Considering the Z components of the hands position 

(using the reference system depicted in Fig. 4) we deter-

mine which direction to steer the view camera, by incre-

menting/ decrementing its horizontal value. NeoAxis was 

used to control the physics of the scene, enabling the collision detection. Using a collision 

sphere attached to the camera that encompasses the navigation models (i.e. the Bicycle han-

dlebar and the steering wheel), it was possible to detect the collision between this sphere and 

the walls of the maze. If no collision is detected, a new position for the camera is calculated by 

getting its current position and direction using a constant navigation speed factor. On the con-

trary, if a collision is detected, the camera is reset to a position determined by moving a few 

units in the opposite direction. The movement stops when the user opens at least one of 

his/her hands. 

Algorithm 1: Determining the steering direction in Bicycle handlebar  

input: HandLeft, HandRight 

output: CameraDirection.Horizontal, CameraPosition  

forall the render tick event do 

if left and right hands grab event then 

if HandLeft.Z - HandRight.Z < threshold then 

// Turn the camera left 

CameraDirection.Horizontal + = NavigationRotation; 

else 

Figure 4 – Reference system 
used in the navigation methods 
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if HandRight.Z - HandLeft.Z < threshold then 

// Turn the camera right 

CameraDirection.Horizontal - = NavigationRotation;; 

end 

end 

if Collision is not detected then 

// Determine new view position 

CameraPosition + = CameraDirection * NavigationSpeed; 

else 

// Reset position 

CameraPosition - = CameraDirection * NavigationSpeed * 2; 

end 

else 

// Stop motion 

end 

end 

 

As mentioned, in Bicycle handlebar the gesture of the hands must be back and forward in rela-

tion to the sensor, while in Steering wheel the hands gestures must be performed up and 

down. For the Steering wheel method we follow a similar approach where the Y components 

of the hands position are analyzed instead of the Z components, as the two methods only dif-

fer in the orientation of the gestures that must be performed in order to determine in which 

direction the view camera will turn. 

 

 

V. Comparing and validating two methods 

A new study with 53 participants was performed comparing the Bicycle handlebar and the 

Steering wheel methods. This was a controlled experiment meant to evaluate and compare 

the usability of the methods in order to assess if any of them or both were adequate to inte-

grate in DETI-Interact; its workflow is represented in Fig. 5. In this experiment users would use 

both navigation methods, navigating twice through the same maze. The experiment started 

with a short introduction to the project and the description of the methods. The main goal 

consisted in getting out of the maze in the shortest period of time. The experiment reached 

the end after the users had navigated through the maze with both methods. Finally, a ques-

tionnaire was given to participants. After the initial presentation, each user started the naviga-

tion with both methods (Fig. 6). During the experiment, the application logged relevant data 

from the navigation, and the observer monitored the user performance and registered signifi-

cant information. In what follows a more detailed description of the experiment is presented.  
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Figure 5 – Experiment comparing the Bicycle handlebar and the Steering wheel methods: ob-
server and participant’s workflow, navigation methods, and data collected (refazer a figura 

com mais resolução) 

 

V.1 Hypothesis and variables 

The null hypothesis was defined as: 

H0: Both navigation methods are equally usable to perform virtual walkthroughs in our system. 

 

After defining the hypothesis, the main variables were identified. The independent variable (or 

input) was identified as the navigation method (with two levels: Bicycle handlebar, and Steer-

ing wheel), and the dependent variables (or output) as the usability of the navigation meas-

ured by performance measures (such as distance travelled, time and collisions logged by the 

system), and the satisfaction, opinion, and preferences of the participants collected from the 

post-task questionnaire.  

 

 

Figure 6 – Participants’ view during the virtual walkthrough with the Bicycle handlebar (left) 
and the Steering wheel (right) methods 
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V.2 Experimental Design 

A within-group experimental design was used, i.e., all participants performed under both ex-

perimental conditions, Bicycle handlebar, and Steering wheel. Possible effects on the results 

due to learning were anticipated, so the order in which the conditions were approached was 

varied among users. For this purpose the participants were randomly divided into two groups: 

one started by using Bicycle handlebar and the other started by the Steering wheel method. 

This was done as both the starting position, and the maze were the same in each trial. Thus, it 

would be possible that, while using the first method, the user would fail to find the exit, yet 

learning how to do it, they would then succeed with the second method. This might influence 

not only the performance results, but also the users' preferences. 

 

V.3 Performance measures and other collected data 

Taking into consideration the experience gained in previous studies with navigation methods 

(Sousa Santos et al., 2009) (Dias et al., 2015), the user performance was recorded via a set of 

quantitative measures automatically logged by the system: distance travelled, time spent navi-

gating with each method, and number of collisions with the walls of the maze. Additional in-

formation was recorded by the observer, concerning users' behavior, difficulties and perfor-

mance during the experiment. 

After performing the navigation with both methods, users were asked to answer a question-

naire with a few questions about their profile (as age, gender, experience with different input 

devices), as well as about their satisfaction, opinion, and preferences regarding the two meth-

ods. The questionnaires used a 5 level Likert-type Scale (1-Strongly Disagree and 5- Strongly 

Agree) with the same questions for both methods: Handle bar and Steering wheel. Questions 

were related to if it was easy to navigate (ENa), if the gestures were intuitive (INa), had annoy-

ing characteristics (Ach) and, required training (Rtr). Users were also asked about their satis-

faction (Sat), and preference between both methods.  

 

V.4 Task 

With each method, users had to navigate in the virtual maze until they reached the exit, or for 

a maximum period of 3 minutes. Users were guided by five numbered marks on the floor that 

represented the path to the exit (as shown in Fig. 7). This task was designed to compel users to 

perform a set of navigation sub-tasks:  

₋ forward motion 

₋ cornering 

₋ turning back 

₋ navigating onto a specific point 

₋ navigating through doorways. 

The authors had previously tested the task in order to detect possible issues that might make it 

too easy or too difficult for the users, such as speed control, maze complexity, door frame size 

and corridor width. A few adjustments were done empirically. 

 



14 
 

 
 

Figure 7 – Participants’ view during the virtual walkthrough with the Steering wheel method 

 

 

V.5 Participants 

The users that most likely would interact with our public display system were targeted: 53 vol-

unteers (8 female and 45 male students aged between 16 and 28) participated in the experi-

ment. Some participants stated that they had already experience with similar devices (e.g. 

Playstation Move), or had used the current version of DETI-Interact (at the date).  

 

 

V.6 Results 

We performed an exploratory data analysis of the logged and recorded data aiming to draw 

conclusions about the defined hypothesis regarding the two navigation methods. 

Table 1 and Fig. 8 and 9 show the main results for the performance variables (measured in a 

ratio scale): distance, time, number of collisions measured with the two navigation methods. 

Table 1 - Average and median of the results obtained with the two navigation methods  

 

 Average ± Standard Deviation Median 

 Bicycle Handlebar Steering Wheel Bike Handlebar Steering Wheel 

Distance  282.7 ± 68.0 282.8 ± 81.2 296.7 283.0 

Time (s) 147.2 ± 34.5 143.3 ± 37.0 159.0 156 

Collisions 11.5 ± 8.8 12.0 ± 8.5 10 11 

 

The boxplots of the logged data referring to travelled distance and time are shown in Figure 8. 

The two methods show similar median values and distributions for these two variables. A t-

Student test did not reject the equality hypothesis of travelled distance (p= 0.99), neither a 
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Wilcoxon Matched Pairs test rejected the equality hypothesis of time spent by participants 

(p=0.60). However, we notice that many participants spent the maximum time given, suggest-

ing that the experiment should have had a longer maximum time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 - Box plots of navigation test results - distance travelled and time spent with both 
methods (Bicycle handlebar - BHB, and Steering wheel - SW) 

 

Figure 9 depicts the number of collisions, and shows that participants made slightly more colli-

sions while using the Steering wheel method, when compared with the Bicycle handlebar. This 

could be due to the size of the model used to represent the steering wheel, which was larger 

than the bicycle handlebar model. Perhaps the former was occluding to a larger extent the 

view of the camera, hindering the participant to perform a “clear” turn; however, this differ-

ence is not statistically significant (t-Student test p=0.69). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9 –Box plots of navigation test results - number of collisions with both methods (Bicycle 

handlebar - BHB, and Steering wheel - SW) 
 

These results show that participants had similar performance while using the two methods, 

corroborating the stated null hypothesis. Yet, we identified aspects that should be done differ-

Travelled Distance Time 
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ently, in future user studies with a similar goal of comparing different methods to interact with 

our system:  participants should be allowed to interact until the goal is attained, rather than 

defining a maximum navigation time. In fact, defining such boundary may influence the con-

clusions drawn from the results. In cases when a user spent the 3 minutes navigating it is more 

difficult to discriminate the performance between the methods, as such user might have 

needed much more time to exit the maze (due to usability problems) or, could have been very 

close to reach the exit, and simply was not given enough time.   

As mentioned, the post-task questionnaire asked users’ opinion concerning easiness of naviga-

tion (ENa), gesture intuitiveness (INa), annoying characteristics (Ach), and requiring training 

(Rtr). Users were also asked about their satisfaction (Sat), and preference between both meth-

ods. Figure 10 shows the questionnaire results concerning the ordinal variables INa, ACh, and 

Sat that were statistically different between the two methods. Wilcoxon Matched Pairs test 

rejected the equality hypothesis (with p=0.02 and p=0.03, both < 0.05 for INa and ACh, and 

p=0.08 < 0.10 for Sat), suggesting that participants had different opinions about the methods 

concerning these variables, which probably is why the Steering wheel method was preferred 

by more participants (30), than the Bicycle handlebar (18) (the remaining participants did not 

express any preference). This result is significantly different (as shown by a Binomial test, 

p=0.01).   

 

 

 

 

 

  

Figure 10 - Questionnaire results concerning the variables (from left to right INa, ACh, Sat) sig-
nificantly different between the methods (Bicycle handlebar-blue; Steering wheel-red) 

 

The previous results show that participants had similar performance while using the two 

methods corroborating the stated null hypothesis concerning the performance dimension of 

usability. Hence, the two methods developed to interact and perform virtual walkthroughs in 

our system seem adequate. However, Steering wheel got better results concerning satisfac-

tion, and was preferred by more participants; this might be due to the current greater evoca-

tive power of the steering wheel metaphor when compared to the bicycle handlebar.  

 

VI. Conclusions 

This chapter describes how spatial freehand gesture based navigation methods were devel-

oped to be used in virtual walkthroughs meant to be experienced in large displays. Two meth-

ods were developed and performance and satisfaction results from tests with users suggest 



17 
 

that both seem adequate to be used as navigation methods in scenarios similar to our system, 

while one was preferred.  

As we have considered that virtual walkthroughs might take longer than the simple “infor-

mation grabbing tasks” typically performed by our users in the system, the navigation methods 

used in such walkthroughs must avoid uncomfortable or tiresome positions and motions. 

However, if these methods are to be integrated in applications meant to be used for much 

longer than a few minutes, fatigue will definitely become a more relevant usability challenge, 

still needing to be better tackled.  

Using the iterative approach described in this chapter we were able to eventually develop two 

methods that are usable for our target users and context of use. The followed approach guided 

us in a situation of scarcity of guidelines, and although it involved several rounds of user evalu-

ation entailing a relatively complex procedure, it provided enlightening insights, and experi-

ence that we consider generalizable and that will definitely help in future cases. Though, this 

approach should involve evaluation methods aimed to assess quantitatively some usability 

dimensions (as times and errors), as well as methods aimed to qualitatively assess other di-

mensions more difficult to assess quantitatively (as satisfaction), since they provide infor-

mation of a different nature that complements each other.  

Despite that the developed methods were devised to be used with a large display, they seem 

fit enough to be used in walkthroughs in virtual environments experienced with other types of 

displays, namely head mounted displays or wall projections. In fact, the literature mentions 

virtual reality applications as a major application scenario for freehand gestures, and thus we 

consider testing our methods in such situations as a promising line of future work. 

We note that the iterative approach undertaken in the design of the navigation methods 

shows an interesting and clear parallelism to the iterative approaches usually taken while de-

veloping interactive software. In particular, in this work we also followed a user-centered ap-

proach, with several iterations and evaluations in the end of each round. Thus, we believe that, 

similarly to the software development cycles, undertaking such an iterative approach to devel-

op spatial freehand navigation methods is advantageous.  
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KEY TERMS AND DEFINITIONS 

 

Freehand gesture: a gesture performed in the absence of constrains imposed by wearable 

devices (as gloves) or handheld tracking devices. 

Gesture: a movement of part of the body (mainly a hand or the head) with an underlying 

meaning. 
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Manipulative gesture: a gesture meant to control an entity acting directly on it in a real or 

virtual environment. 

Navigation: a fundamental task in large 3D environments allowing users to find their way and 

move around the environment. It presents several challenges as providing spatial awareness, 

and efficient ways to move between distant places. It includes travel and wayfinding. 

Semaphoric gesture: a gesture requiring prior knowledge or learning based on a formalized 

dictionary. 

User-centered design: a design approach focused on developing a product, service or process 

that attends at the end users’ needs, expectations, contexts and limitations, taking into con-

sideration throughout the design and development cycle. (demasiado genérico; retirar?) 

User study: a type of experimental research method involving users, which may be used to 

seek insight to guide future efforts to improve existing techniques, methods or products or to 

show that a theory applies under specific conditions. It should involve quantitative and qualita-

tive methods.  

Virtual walkthrough: a tour allowing users to walk through a specific place of interest (e.g. a 

virtual museum, virtual library or virtual university campus) without having to travel physically.  

3D User Interface: a human-computer interface involving 3D interaction, i.e., in which the user 

performs tasks directly in a 3D spatial context. 


