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Abstract 

Non-verbal gestures are a rich source of communication, 

especially in tasks involving spatial concepts. When teams 

working on a common task are separated geographically, the 

information in gestures is lost. However, there are many 

ways to convey gestures over distance to make up for this 

loss. In a simple shared collaborative software tool, 

cursors can be used to exchange simple gestures. It is also 

possible to increase the richness of information exchanged 

by sharing hand images of the participants to each other. 

One of the questions this thesis aims to answer is whether 

hand images are necessary at all or if a simple cursor 

would be sufficient. This thesis describes the development 

and evaluation of software for collaborative drawing, in 

which two users in multiple locations can connect and draw 

using a simple drawing tool. They will share the same 

drawing screen but have separate cursors. A table top touch 

screen was set up for the experiment. The evaluation of the 

software was based on comparing collaboration for a spatial 

design/drawing when users collaborate by three different 

methods: face-to-face, virtual sketching, and virtual 

sketching with the hand gestures of the virtual 

collaborators projected on the drawing surface. Two tools 
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were created for this work- one for virtual sketching and 

the other for virtual sketching that enables sharing of 

hand gestures. The results indicated that users’ 

performance in the face-to-face collaboration was almost 

identical to virtual collaboration with hand images.  

Virtual collaboration without hand images was significantly 

more difficult. These results suggest that rich hand 

gestures conveyed with the hands in face-to-face settings 

is important in joint spatial tasks; their loss reduces 

effectiveness in virtual collaboration on such tasks. 

However, the addition of hand images projected on a joint 

work surface can restore effectiveness to levels similar to 

that of face-to-face collaboration.  A robust setup of the 

software enabling transfer of rich hand gestures could be 

used where in getting all team members to a single 

geographical location for a meeting might be time 

consuming, expensively or simply impossible.  
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INTRODUCTION 

Collaboration over distance has become integral to the 

way in which most organizations conduct business [16], 

including many product design teams that conduct much of 

their work in virtual spaces [20].  However, while 

collaboration across distance is usually possible, it is 

almost always more difficult than face-to-face 

collaboration for multiple reasons.  In general, the 

richness of the environments in which face-to-face 

communications happen allows people to communicate 

naturally through many channels including voice, tone, 

gaze, expression and gestures[7][12][21].  Many of these 

information channels are less well supported in distance 

collaborations, which can result in less effectiveness. 

   Furthermore, different tasks rely to differing extents 

on various information channels. In particular, gestures 

provide an information channel that has long been 

recognized as an important part of communication in face-

to-face engineering collaborations [17][23], and more 

generally in communication of spatial concepts[8]. Tang and 

Leifer (1988) found that gestures comprised 35% of all 

actions in the design teams they observed. Members of 

design teams use gestures to direct the attention of other 

team members to various parts of a drawing, efficiently 

refer to components in a sketch, or clearly and efficiently 

describe how objects fit together or move.  Unfortunately, 

gestures are not well supported in most readily available 

collaboration tools.  While various tools can convey 

gestures over distance (for example, two designers can 

Skype each other and see the other gesturing over a 
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drawing; or they can use a screen sharing application 

through which they can both view a design drawing, and 

gesture in a limited way with the cursor), they are not 

typically implemented in a way that is sufficiently rich 

and simple to make gesturing an easy and natural part of 

designers’ communications over distance. 

 The goal of the project is to develop a simple 

prototype tool to support gestures in joint 2-d sketching 

tasks, and an experimental setup in which two participants 

can use the tool to work “together” even though they are 

apart. 

An underlying assumption in this work is that hand 

gestures, used in the context of shared sketches, drawings, 

and other spatial representations, are an important form of 

spatial communication in engineering design and other 

spatial tasks, and that they impact team work in multiple 

ways.  First, they permit more rapid communication of 

spatial concepts than is possible without them, and second, 

by showing the hands of the distant designers in the joint 

work space, that designers gain an increased feeling of co-

presence of distant teammates, and a stronger feeling of 

connection to them.  Linguistic and physical co-presence 

has been shown to greatly contribute to the establishment 

of common ground on which people build relationships[10].    

      The software which was used in this work allows 

multiple participants to engage in joint spatial drawing 

tasks even when the participants are physically separated; 

they can hear each other, each can manipulate a joint 

drawing, and all can see the others’ hands and gestures 
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overlaid on the drawing surface. Collaborative joint design 

(through joint sketching) is a rich and complex task, 

requiring as realistic conditions as possible in which to 

test the impact of our tool. While the experimental setup 

does not completely replicate the environment and work 

pressures of designers on-the-job, we aimed to make it it 

as naturalistic as possible to allow us to understand how 

participants are likely to behave in real situations. 

It is anticipated that the results of this work will 

provide key insights which will inform development the next 

generation of distance collaboration tools to support a 

wide range of spatial tasks.  

 

LITERATURE REVIEW 

The literature review done was divided into multiple 

sections- what are the available collaborative tools? What 

are the available image processing tools? What are the 

underlying technologies relevant to collaborative image 

processing systems? What features are needed for effective 

spatial collaboration? What are the parameters for testing 

these interfaces? How are gestures used in virtual spaces 

and engineering design? 

Industries with manufacturing plants and design groups 

in multiple countries have become nearly commonplace. 

Whenever there is a design to be created or finalized, 

people from multiple locations must gather at a single 

virtual or physical place to work on it together. 

Some of the successful collaborative tools available 

work on collaborative text editing and not drawing as 

collaborative image processing is perceived to be a little 
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more complicated than text processing. These tools may be 

browser based or software based in the internet 

environment. The examples for browser based collaborative 

text editor include Mozilla BeSpin(now renamed 

Skywriter)and Googledocs. Googledocs allows multiple people 

to view and edit documents simultaneously. It also has a 

chat window in the document page along with the ability to 

track who made the changes[34]. Mozilla BeSpin which has 

now been renamed as Mozilla Skywriter is another web based 

framework targeted towards code editing. After registering 

on the Skywriter website, anyone in a global team can edit 

a code from their browsers[36]. Gobby, MoonEdit and CoWord 

are some of the examples for application based real time 

collaborative text editing tools. While Gobby and MoonEdit 

are independent standalone applications, CoWord is an addon 

to the Microsoft Word[33][31][37]. The applications also 

have the ability to track individual changes through the 

process by color coding the different user’s editings. 

Image based real time editing tools include Netsketch and 

Inkscape. Netsketch is available as an application to 

commercial products such as Ipods and Ipads where in it 

allows collaborative drawing between multiple netsketch 

users in the same area[38]. Inkscape is a free cross 

platform editor that is under continuous development[35].  

 The web based collaborative tools are based on java 

scripting but are based on an inconvenient environment not 

typical to the way it is usually done. As the system is 

browser based instead of a suitable custom built interface, 

the usability is highly affected in terms of comfort and 

attitude of the user towards the system. The software tools 
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for collaboration are typically custom built to the 

specific needs of collaborative processing. Some software 

tools available such as Microsoft NetMeeting and Microsoft 

Meeting Space provide scope for file transfer and sharing 

within the Windows Environment.  

 This project, however, aims to convert an existing 

software image editing tool into a collaborative one. An 

example for this that has its technical details published 

is the CoWord. CoWord is a tool under continuous 

development. It helps multiple users edit different areas 

of a word document simultaneously. This converts a single 

user system into a multi-user one on real time. It is based 

on Operational transformation technique in obtaining the 

data added, the identification of the change collected and 

then transferred to the remote user whose system implements 

the same and incorporates the changes[30]. This technique 

utilizes the API of the single user application and does 

not require its source code. It identifies the type of 

objects displayed, captures them and then transfers the 

same for display and update in the remote system. This 

technique however is applicable to any system. The idea of 

capturing an “event” on the application, transferring that 

and then relaying it in the remote application was the 

basis of the software. 

After the first design iteration was evaluated, the 

second design iteration came up with a set of requirements 

to enable the application to be smoother and more intuitive 

in user interaction and more robust. 

In regard to developing a more intuitive drawing tool 

than a simple monitor based version, studies indicate that 
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picking up a pen to sketch a diagram is more natural than 

using keyboards and mice[4]. Conventionally, a sketching 

task is a paper-pencil task and by transferring the process 

to a mouse reduces the flow of ideas. Cognitive studies 

indicate that when using a paper and pen interaction model, 

designers came up with more alternatives to a given problem 

than a monitor based CAD system[4]. Also, designers were 

able to come up with rough drafts faster in a free 

sketching application with a pen rather than a desktop CAD 

tool were dimensions were expected to be polished. When 

using a sketching system, designers paid more attention to 

the clarity of the structures drawn more than the structure 

itself. While the first draft in a sketching system looks 

neater than on paper, the ideas proposed are limited in the 

former by the interface.  Developing an interface which can 

be interacted with a pen would provide to be a better 

sketching tool than a simple desktop-mice-keyboard based 

solution. Hence a touch-screen with an Infra Red Pen as 

input device was adapted for this system.  

 

A typical touch screen monitor is restricted by the 

possible sizes and cost. Off the shelf table touch screens 

such as Microsoft Surface are available at the range of 

$10,000 and more[3]. However, given the scope of the 

project and that the project would require two sets of 

instruments to collaborate, it was necessary to have a 

system which would be flexible  enough to be replicated and 

also comparatively low cost. One of the available 

alternatives was using the Wii Remote also known as the 

Wiimote. This is the primary controller for the Nintendo 
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Wii gaming system. The Wiimote comprises of a couple of 

sensors which can be successfully controlled from a 

computer and be used for applications other than the 

intended one as well. Using the Wiimote’s Infra Red Camera, 

it is possible to convert any targeted surface into a 

touchscreen[44]. By using a projector to project the dektop 

on a table top and using a Wiimote to convert that area 

into a touchscreen, the cost can be brought down nearly to 

1/5th of a commercial product[3]. The cost breakdown is as 

follows: The Wiimote and the Infra Red Pen together cost 

$50 and AC/DC Adapter for the Wiimote can be obtained for 

another $35[35]. The only big expenditure here is the 

actual cost of the projector.  This access was provided by 

a .NET developer Brian Peek in his software blog [36]. 

Based on Brian Peek’s API, a number of applications were 

developed and put out online. Johnny Chung Lee, currently a 

Microsoft Researcher, designed touch screen a system using 

the Wiimote’s Infra Red Camera[44]. 

This system has been adapted for the project. The 

desktop’s coordinates are mapped to the table top 

touchscreen’s coordinates to form the touch screen. In 

simple terms, the InfraRed Camera acts as a Infra Red 

Receiver. A battery operated Infra Red Pen works as the 

Infra Red Transmitter. By tracking where the Infra Red 

transmission occurs from, it is possible to establish a 

touchscreen. The Infra Red pen has a press button which 

when down indicates a mouse down and when released 

indicates a mouse up. The mapping of the desktop 

coordinates to the touchscreen coordinates is accomplished 

by 4 point calibration[42].  
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 One of the missing pieces in a typical virtual 

collaboration is the loss of gestures. A lot of information 

can be obtained just by looking at people’s hands during a 

communication process[8]. Gesturing during conversing is 

considered normal and together they provide an 

understanding of a speaker’s ideas. When people are at loss 

for words to explain different ideas, they often move to 

gestures as a way out[19]. Incorporating these gestures in 

into a tool can help lighten communication load in 

expressing ideas to team members and also reduce 

frustration levels caused by miscommunications. Gestures in 

design teams can have different features- they can be 

brief, can be synchronized with speech to establish a 

certain point, gestures can also involve specific areas in 

the drawing surface to point out a certain past action[1]. 

Without gestures, explaining some of these viewpoints gets 

tough. Compared to a face-to-face collaboration and a 

virtual sketching with verbal support, there is increased 

possibility of frustration due to lack of gestures in the 

latter case[1].  Design thinking is dependent on physical 

interfaces to certain extent. While CAD tools provide a 

medium to come up with a dimensionally correct design 

object, designers during prototyping use objects like lego 

and other simple objects as prototyping tools to come up 

with designs[2]. Any object can be used as a tool while 

gesturing to explain an idea. While coming up with 

interfaces for collaborative gesture transfer tool, it is 

important to make sure that the surface provides scope to 

discuss design ideas. Some ideas might simply be free hand 

gesturing while others may be gesturing using objects like 
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a pen, rubber bands, lego, boxes, etc. By using a 

projector-camera system to capture the screen area after 

calibration, it is even possible to bring these prototyping 

tools into the screen area and display it in the remote 

participants screen. This can lead to better understanding 

among the different team members on what exactly is being 

drawn.   

In order to add a gesture transfer tool to the 

existing set up, where in the different team members are 

able to see each other’s hands during the design task, 

different alternatives were analyzed. This involved two 

parts, one involved getting the two halves of a 

collaborative team to communicate and the second was 

transferring hand gestures. Takao et al(2003) describe a 

camera- projection system for remote sketching that would 

allow paper based drawing named Telegraffiti[24]. The 

system involved real time paper tracking create a combined 

work. The projector- camera system is adapted for the 

setup. The telegraffiti system involved hand tracking. The 

system proposed in the thesis adapts the projector-camera 

idea for providing continuous visuals of the participants’ 

hands and also share images of physical prototyping tools 

in the screen area over the sketching tool. One of the 

ideas for obtaining participants’ hands were regarding 

providing participants gloves with specific patterns and 

trying to track the patterns in a bid to do hand 

tracking[28]. A specification with this project was that it 

had to be in real time and also replicated in a remote 

system. This aspect needed the operation to be simplified 

and be fast. Novel approaches explored include a 
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combination of morphological analysis and color filtering 

to narrow down hand tracking. The issue with this idea was 

the range of Human skin color[29]. While there have been 

studies in the past to use skin color in hand tracking[29], 

the effects of differences in illumination on skin color 

makes it difficult to narrow down based on color filtering 

for a real time collaborative system.  To speed up 

operations, the number of operations had to be minimized. 

Hence image subtraction from local site and overlaying at 

the remote site is used as a means to extract objects real 

time. The idea adopted is simple image subtraction and 

overlaying- subtract the image with the hand object from 

the background image[22]. This resultant image is overlaid 

in the remote site continuously giving the effect of a 

proper hand gesture transfer tool. This method when 

calibrated accurately eliminates the need for extra pair of 

gloves. The 4 point calibration system which was 

implemented with the Wiimote is also necessary for the 

camera so that the right areas are captured.  

 The evaluation of collaborative system leans towards 

subjective rather than quantitative approaches. Existing 

studies on computer supported collaborative work have 

included estimates on the usage level of the software as 

one of the criteria[5]. Other measures include success 

rates in task completion, time to task completion. NASA’s 

TLX Task Load Index is a tool that helps measure the 

workload involved in different scenarios[32]. By using 

these measures and a comparison of user testing in 

different scenarios, it will be possible to estimate if the 



 

 11 

addition of gestures adds any significant improvement to 

the design process or no. 

 

CONTRIBUTION 

 This thesis mainly involves design and evaluation of 

the collaborative tools. The basic methodology behind the 

construction of a collaborative tool was adapted from 

available literature.  In the design section, a single side 

drawing tool was converted to a collaborative tool by 

capturing all the events on one side and relaying it on the 

remote side. For the second tool which involved sharing 

hand gesture, a mechanism to calibrate screen area, capture 

the hand gestures and relay it in the remote collaboration 

cell was designed and developed using a web camera and 

further image processing. The touch screen set up in the 

experiment was adapted from Johnny Lee Chung’s design [37]. 

 The design of the evaluation experiment, data 

collection and analysis were divided into two different 

categories- based on the user’s performance and 

preferences. A stable version of the software was tested 

with user teams of consisting of two members. Each team did 

three tasks- 1. face-to-face scenario were both members 

were in the same location and able to interact 

completely;2. virtual sketching where in the users were 

separated but could communicate verbally and via the joint 

sketching surface; 3. Virtual sketching with hand gestures 

where in users were separated and could communicate 

verbally as well as visualize the remote member’s hand 

gestures. The order in which these tasks were done were 

changed systematically to avoid ordering effects in data. 
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The data collected were of two types- preference and 

performance. For the performance data, the first task done 

by each team was recorded and analysed for time on task. 

The tool used was Windows movie maker which allowed simple 

video editing. For the preference data, NASA TLX forms and 

post experiment discussions were used. The NASA TLX were 

used to evaluate the workload assessment on the user in 

each scenario. The subjects filled the forms after 

completion of each task. A between subjects analysis was 

chosen for Performance and a within subjects analysis for 

preference. The data obtained are analysed for significant 

differences between the three value- multiple comparisons 

and pairwise values. 

The primary scientific contribution of this work is 

establishing the importance of sharing complex and rich 

gestures virtual collaboration tools especially in spatial 

design tasks 

 

PROJECT DEVELOPMENT 

 The project started with an idea to provide a 

distributed user interface to support the needs of 

collaborative drawing. 

One of the main issues with image editing systems is 

the fact that most sharing of images occurs after the 

finished file has been made or the editing is only one way 

instead of two-way collaboration. This is usually 

acceptable when a single artist or designer is involved 

with the production phase. However, considering the same 

scenario wherein multiple designers are involved, when real 
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time systems are not available, the next best techniques 

would either be to  

(a)get all the designers in one place and get them to 

work on the same machine or  

(b)send partially completed images over the network 

from one designer to another and repeat the iteration till 

everybody is satisfied with the image.  

Both these cases are expensive in terms of time and 

money spent. A viable solution to this would be a system in 

which multiple designers can work on multiple systems at 

the same time on the same file. The project aimed at 

developing a version of this model using one of the simpler 

versions of image editing software- a version of MS Paint. 

Tools Developed to Test: 

(i) Virtual Sketching tool 

 The first tool underwent two iterations over the 

course of the development- the first was a monitor based 

application and the second iteration developed was 

touchscreen based.   

 The tool to be developed was the adaptation of a 

Microsoft style Paint tool into a collaborative 

application. The scope of existing Paint software or 

similar ones which were simple tools was analyzed for the 

feasibility of including the collaborative feature. For 

flexibility with tool development, it was necessary to know 

the functionalities involved in the application. The 

software used here is an application similar to Paint 

developed in Visual Basic 6.0 by Mr. G.A.Karthikeyan, my 

fellow student in undergraduate studies who has given me 
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the rights to use the same. This tool was converted from a 

single user tool to a double user tool. 

(a)Architecture 

 The first iteration of the Virtual Sketching tool 

was intended to convert a simple Paint style sketching 

application into a collaborative format without disturbing 

the layout too much. The appearance of the application 

involved the same layout as the paint with an extra menu to 

setup a server or to connect to a client. Based on the 

designer’s role as server or client, port information and 

IP Address(in case the designer was playing the role of a 

client)are entered into the required columns. Once entered, 

the active area returns to the paint layout and the drawing 

area is now shared and both the members of the design team 

can access it. 

  

 

Figure 1: Virtual Sketching tool – Phase 1 

  The second iteration of the virtual sketching 

tool was done after doing pilot studies on the first design 

and incorporating the feedback. The second iteration 

consisted of the same collaborative paint component which 

was adapted to a touch screen instead of a typical monitor. 
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The user interacts with the Infra Red based touch screen 

via Infra Red Pens.  

 

 Figure 2: Virtual sketching tool- Phase 2  

The Hardware Setup for the touchscreen is as follows: 

The setup consists of two units. Each of the two units 

consists of the following parts. 

-Ceiling mounted projector 

-Ceiling mounted Wii mote 

-IR pen 

-A flat surface to project the desktop 

-A computer with Bluetooth facility 
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Figure 3. Ceiling mounted projector with Wiimote and 

webcam. 

 The system works as follows: 

 The projector is mounted on the ceiling facing 

downwards on top of a table. The projector is connected to 

the computer and the desktop of the computer is now visible 

on the table top. The Wii mote is connected to the ceiling 

appropriately and is calibrated to match desktop 

coordinates. Once the Wii mote Calibration is complete, the 

surface computing part is complete. After this is complete, 

the paint application is started to enable virtual 

sketching. The projector used for the setup is a Panasonic 

PT FW 300. This projector comes with multiple facilities to 

change the mode of projection (rear, front, mirror image). 
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The angle of the projection also can be changed providing 

more flexibility for operation.  

The Wii mote used is the conventional one meant for 

gaming systems. It has an IR camera in its front which is 

positioned downwards. The Wii mote must be “added” to the 

computer as a Bluetooth device before proceeding.  Since 

the Wii mote has to be in a fixed position during operation 

with minimal disturbance, the Wii mote is hardwired and 

permanently fixed on the ceiling instead of being 

maintained with batteries.  

 

Figure 4. Wii mote 

 The Infra-Red Pen for the setup has been purchased 

from www.teachwithtech.com. The infra-red pens can be made 

in-house as well, using batteries, push buttons, springs 

and IR LEDs.  

 

Figure 5. Economy Infra-Red Pen 
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(b) Operation from User’s perspective 

Since the first iteration of the design is a part of 

the second iteration, the virtual sketching on touch screen 

covers the whole user experience. 

The users connect the computer to the projectors and 

initiate visualization on the desktop. After this, the 

Wiimotes are “paired” or “connected” via bluetooth to the 

computers. Once the wiimotes are connected, the user 

callibrates the touchscreen. After the callibration, the 

touchscreen will work with an Infra Red Pen. The user’s 

then initiate the Sketching tool and choose to connect as 

Client or Server and enter values in the column for Ports 

and IP Address. Once the connection is complete, the 

virtual sketching tool is in its functioning capacity and 

the design process can begin. In this system, the designers 

are physically separated and share only verbal support 

apart from the shared drawing area. 

 

(c) Implementation Details 

Iteration I of implementation involved converting the 

single user sketching tool to  a collaborative tool. This 

was done in three stages- intercept the commands or events 

on the paint tool sent via the mouse, capture them and 

relay them in the remote collaboration cell. T 
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Figure 6: Model representation of design 

 

The implementation in detail is as follows:  

-Use the Paint software’s code. 

 -Write wrapper code to enable transfer of an action on the 

server/client side to the other party involved in the real 

time collaboration. 

-Establish a network connection. 

 -Add a formatted string for each operation done which 

would be sent through the connection established so that it 

can be replicated on the remote system also 

    The Tool development was carried out on Visual Basic.  

For the connectivity, Winsock control that comes with 

Visual Basic is used. The winsock control accesses the low 

level of the Transmission Control Protocol /Internet 
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Protocol(TCP/IP). The TCP offers reliable and ordered 

delivery of bytes across two systems. In the arrangement, 

IP obtains the address to which the byte is to be delivered 

and TCP delivers the byte to the given address in simplest 

of terms. Winsock provides access to both TCP and UDP(User 

Datagram Protocol) and TCP is chosen over UDP as it has 

better error recovery services along with being connection-

oriented. UDP is a connectionless service and is preferably 

used for broadcast service. The advantage of TCP/IP over 

UDP was also that TCP/IP was lossless transmission as well 

as it was connection based. 

The TCP/IP protocol layers include Link Layer, 

Internet Layer, Transport Layer and Application Layer. Each 

layer has its unique functionality and is essential to the 

working of the service. 

The Winsock control specified here is a Microsoft 

Standard. The winsock has a set of routines that define the 

communication to the TCP/IP. Visual Basic has a Winsock DLL 

which communicates with the TCP/IP which in turn 

communicates with the network. 

The Connectivity establishment is done as follows: 

Winsock component is included in the form. As the 

client and the server will mostly be doing similar actions 

of editing and sending the editing action information to 

the other user, the application developed is singular with 

minor tweaking done to establish whether the application is 

acting as a client or a server at an existing point of 

time. 

The choice of being a server or client is left at the user. 

If it is a server, the port number used is indicated next. 
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If it is a client, the server’s IPAddress and the remote 

port number is again obtained from the user. The exchange 

of data between the two systems takes place through the 

ports which are used as identifiers.  

Once the connection is established, the next stage is 

converting each of the actions or commands established into 

a form that is transferable through the network 

effectively. Hence, for simplicity purposes, all the steps 

are converted into a formatted string holding the basic 

essential information on the X,Y coordinates of the cursor 

on the image editor, the color, the current action chosen, 

thickness of the tool if required, any string to be sent 

for a text box and any special instruction for specific 

functions. 

 The different tools in the Paint are the select tool, 

eraser, fill color, color pick, pencil, brush, spray, Text, 

Line, Rectangle, Polygon and Ellipse. The actions that are 

relevant to the image along with the parameters must be 

transferred to the remote system for replication. The base 

code is untouched and the code manipulation is just 

involved in retrieval of data on a tool by tool basis. 

  For the tools, the action in the local paint is 

simple- once a tool is clicked, the mouse pointer changes 

appropriately to indicate the type of tool and then the 

action is initiated on mouse down and propagated through 

mouse move and ends at mouse up. Hence the information 

stored in a string are: the X,Y coordinates, the color 

involved, the action(Mouse up, mouse move, mouse down), the 

specific  tool and the slider value for indicating 

thickness. There are exceptions here in the way text and 
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spray function. For the text function, the text string is 

sent along the connection. For the spray function, the 

actual X,Y coordinates are not reflective of the actual 

event and hence, each of the point where in the spray act 

occurs is traced and is sent across to the other end to be 

replicated in the remote place. In this way the actions 

that actually have an effect on the image alone are 

transferred instead of all of the actions involved. 

 

Figure 7. Information transfer in design 

  

 At the other end in the remote site, the information 

is retrieved from the string received as their exact 

positions in the string are known already. Based on the 

message, the mouse up, mousedown, mouse move and special 

cases like spray and text are implemented. 

 For the preliminary pilot user study in this design, 

the performance parameters assumed essential are  

 -Latency 

 - Consistency 

 -Interference 

 -Ease of action 
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 The Paint software does not seem to be a problem with 

latency. Most actions are replicated from the local site to 

the remote site without delay because of the small image 

size involved. 

 The software had appreciable consistency in terms of 

image outlook on both the screens at the same time. 

 Interference is a subjective issue and hence from a 

trial of two participants, it was observed that one’s 

actions did not affect the other’s flow. 

 While the novelty of the software and the ability to 

see the remote user’s actions in the screen was a ‘fun’ 

factor according to the tests, notes taking and 

understanding of the other’s view point was affected in 

spite of voice support.  

Evaluation of this monitor based tool was done with 

two Senior Mechanical Engineering Undergraduate students 

volunteered for the task. Two design tasks were given to 

the students- one to be completed on paper and the other on 

the collaborative sketching tool and each of them involved.  

For the virtual sketching task, the two participants worked 

in the same laboratory but in different sections of the 

laboratory separated by a partition, so they could hear but 

not see each other. Results indicated that one of the major 

issues with the system was the interface itself and that it 

wasn’t as natural as the paper interface. The second issue 

observed was that the designers still continued to use 

gestures to describe parts even though the remote 

participant could not see them. 
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Figure 8. User Gesturing in Virtual Sketching 

Artists preferred a canvas and stationeries to 

desktops and mice. To recreate a digital canvas, the 

project decided to user existing resources that were 

economically feasible to test. 

An inexpensive option for creating a digital canvas 

was to use the Wiimote or the Wii Remote which is the 

primary controller for a Nintendo Wii console. One of the 

sensors included in the Wiimote is an Infra Red camera 

which comes of use in setting the canvas or the touch 

screen. The Wiimote connects to the console via Bluetooth 

connectivity. The open source community in general and 

Brian Peek specifically created a way to access the sensors  

via 

programming(http://www.brianpeek.com/blog/pages/wiimotelib.

aspx). Brian Peek created the WiimoteLib which is a library 
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for the Nintendo Wiimote. Using these, several alternative 

applications have been developed for the Wiimote including 

3-D tracking, touchscreen. One of the most popular creators 

in this area of “Wii Hacking” is Johnny Lee 

Chung(http://johnnylee.net/projects/wii/) who is currently 

with Microsoft Research. Using his work, a multipoint 

touchscreen can be created on any surface with a projector 

and an Infra Red Pen. The flexibility offered by the system 

was immense and so this system was used as the base to 

create the digital canvas or a touch screen based system. 

The touch screen/digital canvas is set up by mounting the 

projector and wiimote on the ceiling facing vertically 

downwards. When the projector is set up properly, the table 

top serves as the desktop screen. The wiimote is then 

“paired” or connected with the computer system via 

Bluetooth connectivity. After that the open source 

application called “Wiimote Whiteboard” is activated. This 

initializes a 4-point calibration system which maps the 

desktop coordinates to the table coordinates. After this 

step is completed, the touch screen is ready to use and 

this applications runs in the background as long as the 

touch screen is required. In the second phase the whole 

system was done in Visual C# for consistency purposes 

including the Sketching tool. 

 

(ii)Virtual Sketching tool with Hand Images 

This tool differs from the virtual sketching tool in 

its ability to provide continuous images of the remote 

designer’s hand when hovering over the sketching area. In 

face to face co-located collaboration, there is complete 
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transparency between two team mates collaborating- audio, 

gestures, images, tones are all available. The 

collaboration offered here is more than simple sharing of 

cursors which is the case in Virtual sketching. 

(a) Architecture 

In addition to the touchscreen setup in virtual 

sketching, a web cam was added to ensure images were 

captured and sent across to the remote designer. The webcam 

was also mounted to the ceiling. The final physical layout 

used in the experiment is as follows. 

 

 

 

 

Figure 9. Experimental Setup 

For experiment purposes, the two collaborative cells 

are separated by a softwall partitioning so they can talk 

but not see each other gesturing. 

(b)Operation from a user’s perspective 



 

 27 

 The initial set up is the same as that of virtual 

sketching. After that, the video component is initialized 

as a separate application. The Camera capturing the video 

is first calibrated. The calibration here is automatic 

unlike the manual wiimote calibration. The reason for 

automating this calibration is that even a slight change in 

pixel values resulted in massive disproportionate gesture 

transfer. After calibration the video layer is connected as 

Client/Server and respective connection values are entered. 

Once connected, the sketching area is brought into active 

focus. The sketching tool can be used as a normal sketching 

tool is and the local user will be able to continuously 

visualize the remote user’s hand gestures. 

 

Figure 10. Virtual Sketching with Hand Gestures 

 (c)Implementation 

Hand gestures are shared by capturing the hand 

movements on the local side and juxtapositioning it in the 
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remote side over the shared screen. This directly helps in 

obtaining a sense of direction and space.  

 A webcamera is used in each setup to capture hand 

gestures. 

  

 Initially the web camera used in the setup was 

Logitech QuickCam C250 . 

 

Figure 11. QuickCam C250 

 

 Since the setup was mostly based on trial and error, 

this was our attempt at making a low cost webcam serve the 

purpose. While it did capture the objects, image processing 

to identify hands with minimal noise became an issue 

because of its low resolution. Based on trials, it was 

analyzed that frame capture itself wasted almost 20 

milliseconds which was detrimental to the system. The quick 

cam had a resolution of 640 x 480. When the camera is in 

the ceiling, it captures a much larger area than the 

desktop. The process had to cut the image to contain only 

the desktop and then stretch it. This resulted in the 

images getting pixelated and crucial loss of data producing 

images of low quality. Hence a higher resolution camera was 

preferred over this one. 
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 The camera currently use in the setup is a Logitech 

QuickCam Pro9000. With a 1600 x 1200 resolution, it had 

better clarity which was obvious to the naked eye. The 

positioning also was made easy by the webcam structure. 

 

Figure 12. Logitech QuickCam ProE 9000 

 A major part of the challenge was that the task of 

capturing and relaying hand gestures had to be done as 

close to real time as possible, it was necessary to choose 

programming libraries that could help with the process- the 

OpenCV(Open Computer Vision)[1]. Since the rest of the 

tools were all programmed using Visual Csharp, it was 

necessary to use EmguCV which was a .Net wrapper to OpenCV. 

Most of the Image Processing Done in the project utilizes 

Emgu CV[2]. To maintain uniformity, limit errors and 

explore the possibilities within Csharp, the paint style 

image editing program was rewritten in Csharp with limited 

tools. 

 The first task in the sequence of operations for the 

system setup was to calibrate the video. 4 point  

calibration was used so that the camera image, projected 

image and IR Pen position would all line up in each of the 

collaboration cells. The idea behind 4-point calibration is 

to identify the 4 points in the camera image which 
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correspond to 4 specific points on the desktop and map them 

using a mapping matrix. The drawing area in the image 

editing system is used as the calibration area. Hence once 

the 4 points are identified, the mapping function is 

called. Such a mapping is called a “perspective warping”.  

 Once this process is complete, the relationship 

between the projected area and the area where the hand 

images will need to be captured is established for future 

processing.  

 One of the difficulties in calibration was the 

formation of a loop when a camera sees what it projects. 

Hence, to remove the effect, what the camera sees is not 

replayed. It is instead transferred to the other system in 

the network.  

Once the calibration is done, the task for a 

continuous video is as follows: get the “hand” images alone 

and transmit for re-embedding at the remote location. On a 

similar scale, the paint tools activated and the image 

editing done are also captured on event basis and 

transmitted. On the remote end, the actions of hands+ image 

editing are embedded to give a combined effect. To reduce 

noise, the hands were cleaned by noise filtration before 

embedding. 
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Figure 13. The information flow to and from the camera in 

the system. 

  

 The image editing transfer is kept simple- string 

together the information on what the tool is, what are the 

coordinates the tool is acting on, what is the color in use 

and what is the thickness of the pen. Using string 

manipulations on the receiving end, this action is 

replicated.  

 For example, for a Pencil to draw a from x1,y1 to 

x2,y2 using red color with a thickness of 1, the following 

string will be sent: “Pencil;10;10;11;12;1;0;0;255;” where 

in 10,10 represent x1,y1, 11,12 represent x2,y2, 1 is the 
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pencil size, and (0,0,255) are the numerical values for 

blue, green, red respectively. On the receiving side, using 

“;” as the delimitor, the values are separated and the 

right ones assigned for action replication. 

 Finally, integration was done having a separate video 

connection and a separate image editing connection between 

the two systems with the image editing having a higher 

priority. The integration is maintained seamless with 

minimal changes in the interface. 

An important challenge addressed was to add the video 

images of the hands and to overlay them on top of the 

drawing tool. It should appear as a part of the system and 

not disturb the existing layout. Hence it was decided that 

the video addition will provide the gesture component and 

will rest on top of the image editing area itself so that 

the designer is given a real time scenario of the sketch 

the user in the other end is drawing based on hand 

movements other than cursor/mouse positions. This brings 

the design task pretty close to drawing a design on a sheet 

of paper. 

 The project aims at transferring hand gestures to both 

the collaboration cells involved in the design process. One 

of the issue with the application would be the fact that 

hands are identified real time, separated from the 

background and sent as close to real time as possible. This 

implies that processing delay has to be as minimum as 

possible. One idea explored was to make the processor 

recognize all the different objects in the picture, isolate 

the hand and after recognition and send it across to the 

other collaboration cell involved in the design process 
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where in it is overlaid on the image at proper co-

ordinates. This becomes a tedious task as even a delay of 

0.1 second reflects unimpressively visually. To simplify 

the process and reduce the overload, color filtering 

combined with background subtraction was chosen as a 

temporary idea. With this in mind, each of the designers is 

given a unique colored set of gloves. When the camera looks 

at the area which includes the desktop, it isolates the 

hand as all the objects in that specific color and 

transmits it. On the receiving side, the system does noise 

reduction and directly superimposes this on the drawing 

area. This minimal processing seems to take less than 0.1 

milliseconds. The actual processing sequence is written as 

follows- calibrate the camera with respect to the display 

area and the actual area in which the desktop is projected. 

This calibration is used to map the raw coordinates on the 

surface to the actual mouse coordinates on the desktop for 

every frame. After this processing, for each frame 

captured, the glove color is isolated and transferred to 

the other collaboration cell. Using color filtering also 

avoids the problem of calculating the number objects on 

each side and processing them individually. 
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Figure 14. Hand Gestures with gloves 

 There were a couple of associated issues with this 

design: 

 Having gloves for the model seems a little unnatural 

and includes a certain amount of “dressing up” for a simple 

drawing application and the project aims to remove the 

necessity for gloves in the final product. 

 Speed is an important issue because we intend to 

replicate the ability to draw on a horizontal surface like 

drawing on a sheet of paper. If the delay is beyond 

acceptable ranges on the two sides, the drawing sequence 

might come out in an altered fashion with the hands 

“following” the drawing patterns instead of being in 

unison. 

For the computer to understand the different objects 

in its visual area, morphological analysis was attempted to 

identify the number of unique objects in the visual area 

before attempting to verify if it is a part of the image or 

is it a hand. Issues that arose include situations where in 

the hands were covering fixed large lines in the image. In 
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that case, the identification of unique objects is tampered 

with and doesn’t give a uniform output. 

To smoothen out hand identification, color filtering 

based on the RGB (color system) values of human hand was 

also attempted. Considerable amount of success was not 

possible in initial trials because of the wide range of the 

colors that fell into the bracket. There are existing 

reports that show combination of morphological analysis and 

image classifiers, and that a better job at hand 

identification could be accomplished.  Some of the existing 

trials that were done were also hampered by difference in 

lighting in comparison to ideal situation which probably 

did not give the expected results. Changes in lighting are 

also expected to be done in combination with improved 

identification techniques in future that are expected to 

give better results. 

 One of the ideas that were pursued en route was 

alternating the hands and the projector at a very high 

frame rate so that image processing might be reduced and 

time delay can be dealt with more effectively. However the 

difficulty found here was network overload. Although high 

end projectors are capable of even displaying up to sixty 

frames per second, the available network strength was not 

up to the mark. When a prototype model was done to just 

transfer the images at a high frame rate, it worked for a 

while when only one system was sending and another was only 

receiving. When both the systems involved in the setup were 

interacting, the system could not proceed due to overload. 

Also, the difference between the two images flickered, even 
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when just one system/cell is sending/receiving data, is 

rather significant and obvious.  

 An important issue with the way the computer 

“recognizes” a hand is that it is not a single shape and 

color. A hand could be held in different angles and might 

display different colors. The hand’s shape might also 

completely differ from its base shape when the fist is 

closed. Hence all factors that define a hand must be 

brought into the picture to make a robust system. 

Concentrating on only one of the characters in the list did 

not help or rather made it unnatural. A combination of 

features is under trial with not many positive results 

currently.  

 After bringing in the whole idea of having gesture 

transmission between the two systems, this has to be 

integrated with a basic image editing system which will 

make the system look complete. So for a given setup, there 

has to be an image transmission system and a hand (gesture) 

transmission system. At a time, due to technical issues 

only one transmission was possible at a time. So for the 

few seconds the image was transferred, the hands were not 

visible. During trials, images were mostly drawn only for a 

few moments with regular breaks making the lack of 

concurrency insignificant. However, using the current 

system, a prolonged continuous drawing will make the hands 

disappear for a while..   

 As a result of all the processing sequences involved, 

a delay of a few milliseconds is observed. If the 

processing time is 100 milliseconds, processing and 
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transferring shows an insignificant in the current state of 

affairs. 

 While colored gloves worked in the functioning of a 

collaborative image editing system, Wearing gloves 

everytime to a drawing tool seemed to be unnatural for a 

simple sketching task. Alternatives to using gloves but 

still being equally effective were analyzed. The alternate 

plan also should minimize image processing so that any 

latency could be minimized. Both the design goals were 

satisfied by making a few changes in the system design.  

 This need to use color filtering was eliminated by 

using image subtraction as an alternative. In this 

alternative, the camera picks up an image of the desktop 

with the hand overlaying it. From this, the image of the 

actual desktop is subtracted. The resultant image is the 

hand alone. This is transmitted to the remote end of the 

application to be overlaid over the application. In this 

case, with proper calibration  in place, the processing is 

reduced to a simple image subtraction and image addition. 

One additional advantage of using this technique was that 

any third party object placed over the screen would also be 

captured and transmitted to the other side. Hence 

participants can share objects on the screen as well. The 

only limitation to this feature is that, objects too bright 

do not get detected. 

 To improve the parallel functioning of the paint tool 

and the gesture transfer tool and for simplicity’s sake, 

the two features- the gesture transfer tool and the paint 

style image editing tool were divided into two separate 

applications. This separation helped the debugging process 
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better. For this to work, the Paint style Image editing 

application was altered to have a 50% transparent  

background. This semi transparent application was layered 

over the gesture transfer tool. When viewed as whole with 

the image editing tool in control and the gesture transfer 

as a background layer, operations seemed smooth. This did 

increase the setup time considerably. 

 

Figure 15. Overlaying applications 

While calibrating the camera, a single pixel 

difference also seemed to effect the accuracy of the hand 

movement being transferred. This would result in inaccurate 

image transfers.  Hence, in a bid to reduce errors, the 

calibration was automated. This was done by flooding the 

screen in green and picking the four end points. Using 

these points for the 4 point calibration, the calibration 

was accomplished. Once the wiimote is setup, calibrated, 

the camera is setup and calibrated, the layering of the two 

applications done appropriately, the application is ready 

to start. 
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As of now, the screen sizes and resolutions on the two 

sides must match for the video transfer and image loading 

to function properly. 

 

SYSTEM DESCRIPTION 

The current set up for collaboration of design work over 

two distant geographical locations is as follows:                           

The setup consists of two units. One unit acts as a base 

server while the other set acts as a client system.   

1. Mounted projectors to project images on table 

top(Panasonic PT FW 300) 

2. Wiimote, Infrared (IR) pen and a clear surface to 

create a touch screen  

3. The cameras to transfer users’ hand gestures (Logitech 

QuickCam ProE 9000). 

4. Software- Collaborative paint application and Gesture 

transfer tool. 

 

Overview of Hardware Setup 

 The experimental setup consists of two collaborative 

“cells” each consisting of 3 ceiling mounted instruments- 

the Projector, Camera and the Wiimote. All three must be 

positioned appropriately to focus on the same area. These 

ceiling mounted instruments face downwards. For 

experimental purposes, the two cells are set adjacent to 

each other and separated by a soft wall partitioning. 

The input device for the touchscreen system is the IR 

Pen(Infra Red Pen).  

The Projector projects the desktop on the table surface. 

The Wiimote, which has an IR camera, is also connected to 
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the ceiling to detect infrared signal from the IR pen when 

used by the user. The IR Pen plays the role of a 

conventional mouse in this system.  Every time the button 

in the IR pen is pressed, it enacts the role of the mouse 

button being pressed/clicked. The interaction between the 

IR camera in the Wiimote and the IR Pen creates the touch 

screen. For the touch screen to work properly, a four point 

calibration is performed to match the screen coordinates to 

the desktop coordinates. The final important hardware 

component is the camera, which is also connected to the 

ceiling. The purpose of the camera is to capture images of 

the user’s hand gestures. The same apparatus setup is the 

same for both locations. The 4 point calibration is also 

done for the camera. 

Typically, the application is set up in the following 

sequence. 

- Connect the projectors to the laptops and turn them on 

- Activate Bluetooth in the laptops 

- Activate internet access in the laptops 

- Pair/Connect the Wiimotes to the laptops via Bluetooth 

stack 

- Setup touchscreen 

o Activate the WiimoteWhiteboard Application 

o Perform 4 point calibration for the wiimote 

- Setup Paint application 

o Activate Collaborative Paint tool 

o Choose role as Client/Server and enter 

parameterinformation 

- Setup Video Transfer 

o Activate CollaborativeVideo tool 
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o Calibrate the camera 

o Choose role as Client/Server and enter parameter 

information 

o Start Video transfer  

- Overlay Paint application over the video transfer 

application 

- Use IR Pen to activate Paint tools and start drawing. 

The paint application is set up with a minimal set of tools 

which can be used for image creation and editing. 

On screen Keyboard can be used along side for an effective 

and wholesome touchscreen application. 

 

EXPERIMENTAL DESIGN 

 The goals of the evaluation were primarily 

formative. The goal was to assess the basic feasibility and 

usability of a system, as well as to better understand how 

designers might use such a tool, and how it impacts team 

performance. In order to understand the impact of the tool, 

we compared participants’ performance and experiences in 

traditional face-to-face collaborations, as well as with two 

versions of the tool.  

Method 

The usability study was conducted on 12 pairs of subjects 

(24 subjects total). Each of the 12 pairs performed three 

tasks using three different approaches for collaboration: 

face-to-face, virtual sketching only, and virtual sketching 

with hand images. Before the experiment, each participant 

was asked to read and sign a consent form if they wished to 

participate, and to fill out a questionnaire describing his 
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or her academic background, experience working with 

computers, experience in team work/collaboration and 

experience with drawing.  Next, each team was given time to 

familiarize themselves with each system. After that, they 

were asked to jointly complete three tasks, using three 

different collaboration interfaces.  Task, interfaces and 

presentation order were systematically varied. 

Interfaces 

     The three interfaces were: 

1. Face-to-face collaboration.  Both participants are 

placed in a single collaboration cell and are asked to 

complete a joint drawing task. They used the same 

electronic drawing interface shown in Figure 2, except that 

they both sit on the same side of the wall and share one 

infrared pen for drawing. The hand gesture interface is 

turned off.  Face-to-face interactions provide the baseline 

against which the two virtual collaboration interfaces will 

be compared. 

      2. Virtual sketching only.  Participants each sit in 

separate collaboration cells, but the hand gesture 

interface is turned off.  They can hear but not see each 

other.  They can use the screen sharing portion of the tool 

to create a joint drawing.  Although they cannot see each 

other’s hand gestures, they can make gestures of a limited 

nature by moving the cursor. 

3. Virtual sketching with hand images.  As in interface 

2, participants sit in separate units.  They cannot see 

each other, but they can hear each other.   They are asked 

to create a joint drawing with the collaborative paint-like 

tool, but in this version, they can see each other’s hands 
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and gestures (or any other objects they choose to place in 

the camera’s view).  

Design Tasks 

     The three design tasks given to each pair of 

participants (e.g. each team) were:  

o Design and draw views of a camcorder with at least 6 

functions including battery, zooming options, focus 

features, memory storage, etc. 

o Design a portable printer with input and output trays, 

ink cartridge, etc. 

o Design a bicycle. 

  The pairings of collaboration method and task were 

systematically, as was the order in which teams were 

presented with the various interfaces. The teams were asked 

to sketch one design diagram per task. How the team split 

the work and collaborated was videotaped. 

After each interface, participants were given a second 

questionnaire in which they provided ratings of their 

perceptions of the interface, as described below. 

D.   Subjects 

Twelve pairs (24 subjects) participated in the study 

using the experimental setup shown. The subjects were drawn 

from academic backgrounds ranging from pure sciences to 

arts and engineering divisions.  The teams were scheduled 

in such a way that each pair came from the similar academic 

backgrounds in order to reduce time spent by the subjects 

in understanding any the field specific terms which their 

partner might inadvertently use.   
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Performance measures 

      We collected the following types of data: 

o Percentage of Time Spent On-Task while completing the 

assigned task.  

o Task completion time 

o Questionnaire data including: NASA’s TLX Mental Workload 

Rating to measure the mental demand, physical demand, 

temporal demand, performance, and frustration level with 

each tool.  Additionally, participants were asked to 

assess the usability, ease of communication, and most 

preferred method of collaboration. 

o Videos of each participant’s actions.  The videos were 

used to determine how much of each users’ time was spent 

in on-task versus off-task activities, as explained 

below.  We used the percentage of time spent on-task as a 

measure of how much the tool may have interfered with the 

users’ ability to get work done.   

Examples of on-task activities included drawing, discussion    

of the design, and planning design activities.  Examples of 

non-productive activities included tinkering with the 

system to get it to do what the user wanted it to do, 

discussion of mechanics, e.g. “how can I make this happen 

with the tool?” or “Move over so I can work on the section 

in front of you.”  This classification is roughly modeled 

after Gilbreth’s effective and ineffective therbligs (e.g. 

work operations) where effective therbligs directly forward 

work, and ineffective ones do not [12].  However, since 

Gilbreth applied them primarily to repetitive physical work 

such as manufacturing and other manual labor tasks, he 
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categorized planning as ineffective activities that do not 

directly forward physical work.  In repetitive work, one 

should do the planning before commencing the work cycles. 

In contrast, we are studying a task with a large cognitive 

component (design) in which planning is the work. Thus, we 

count planning as productive work, as long as it pertains 

directly to the task. 

Given that the project involves designs, it is possible to 

use quality of tools designed as a measure of evaluation as 

well. However, the definition of quality is very 

subjective. Quality could be defined based on rankings by 

domain experts, on whether the provided design satisfies 

the problem statement, aesthetics, etc. Given the general 

nature of the design task, the parameters of quality were 

not defined in this case and this measure was not included 

here. 

The NASA task Load index (NASA TLX) is a multi dimensional 

rating tool that is used to derive an overall workload 

rating based upon a weighted average of six workload sub 

scale ratings. The TLX uses the following six sub scales – 

mental demand, physical demand, temporal demand, 

performance, frustration level and effort. A brief 

description of the scales is as follows:  

Mental demand - How much mental and perceptual activity was 

required (e.g., thinking, deciding, calculating, remembering, 

looking, searching, etc.)? Was the task easy or demanding, 

simple or complex, exacting or forgiving? 

Physical demand - How much physical activity was required 

(e.g., pushing, pulling, turning, controlling, activating, 
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etc.)? Was the task easy or demanding, slow or brisk, slack or 

strenuous, restful or laborious? 

Temporal demand - How much time pressure did you feel due to 

the rate or pace at which the tasks or task elements occurred? 

Was the pace slow and leisurely or rapid and frantic? 

Performance - How successful do you think you were in 

accomplishing the goals of the task set by the experimenter 

(or yourself)? How satisfied were you with your performance in 

accomplishing these goals? 

Frustration level - How insecure, discouraged, irritated, 

stressed and annoyed versus secure, gratified, content, 

relaxed and complacent did you feel during the task? 

Effort - How hard did you have to work (mentally and 

physically) to accomplish your level of performance? 

 

RESULTS 

When given a choice between the three interfaces on what 

the users instantly preferred the most, most preferred 

wither face-to-face or virtual sketching with hand images. 

The minority who preferred the virtual sketching only were 

mostly art students who were of the view that they were 

happy with lesser interactions after initial discussions in 

the given scenarios  
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Figure 16. Users’ Interface Preferences. 

 

 

Face-

to-

Face 

Collaboration 

without 

gestures 

Collaboration 

with Gestures 

Easiest Scenario 9 4 11 

Table 1. User Preference  

 

From an adhoc post study feedback session from 24 

participants, 

Scenario 3 was preferred by 45.83% 

Scenario 1 was preferred by 37.50% 

Scenario 2 was preferred by 16.66% 

 

When given an option between face to face 

communication to remote collaboration, all of them 
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unanimously chose face to face collaboration. However when 

asked if the hand gestures aided in collaboration, 45.83 

percent preferred the collaboration with hand gestures. 

Only 16.66 percent were fine without the hand gestures 

also. The main reason they preferred virtual sketching 

without hand images was the discomfort they felt in seeing 

many overlaying hands on the screen, which confused some 

users. And mere hand gestures did not help the users (who 

preferred the second scenario) in performing the tasks. 

 

All the design specifications were drawn to completion. 

The participants did not run out of time. Collaboration 

deferred from team to team. Few teams would split the work by 

functionality (divide and conquer method) and few others by 

the area of the screen (right side to left or top n bottom). 

One team had a problem with the orientation of the design 

drawings for the second scenario as the team had one left 

handed person and a right handed person. Another common 

behavior exhibited by all participants was that they would 

automatically start turning towards the soft partitioning wall 

when they interacted with the person behind it. There were no 

failed tasks in the experiment. 

Given the different tasks and the demographics of the 

subjects, the average time to completion varied. The average 

time to completion in the different scenarios are as follows 
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Figure 17. Average Time to Completion 

 The following figure shows the average ratings given 

by subjects to each of the three collaboration methods for 

6 NASA TLX measures: mental, physical and temporal demands; 

performance failure, effort and frustration.  Ratings were 

given on a scale from 0 to 100, where 100 represents the 

maximum. For all the categories, values closer to zero were 

considered to have lighter workload and values closer to 

100 were considered to be having more heavy workload.  For 

performance failure, 0 represented prefect performance, and 

100 represents total failure. 
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Figure 18: NASA TLX measures for three collaboration approaches; 

* indicates a significance difference (p<0.05). 

  

I II 

Mental  

Demand 

Physical 

 Demand 

Temporal 

Demand 

Perform

ance 

Failure  Effort 

Frustra

tion 

overall 
F=7.852 F=4.073 F=4.488 F=4.908 

F=18.05

3 
F=8.401 

P=.003 P=.031 P=.023 P=.017 P=0.000 P=.002 

1 2 P=.005 P=.078 P=0.123 P=.007 P=0.000 P=.036 

1 3 P=.667 P=.868 P=.919 P=.855 P=.595 P=.483 

2 3 P=.002 P=.008 P=.006 P=.014 P=0.000 P=0.000 

Table 2. The significance values for within subjects 

pairwise comparisons and the overall F values using SPSS. I 



 

 51 

and II indicate the pair under consideration. 1,2,3 are 

face-to-face, virtual sketching only and virtual sketching 

with hand images respectively. 

      There was no significant difference found between 

face-to-face collaboration and virtual sketching with hand 

images in the 6 TLX categories, but the virtual sketching 

only was significantly more demanding on all measures.  

These results suggest that users found virtual sketching 

with hand images to be essentially similar to face-to-face 

in terms of mental demands, effort, frustration, etc. but 

virtual sketching without hand images was significantly 

more difficult. Additionally, the final results were the 

most developed and polished in the face-to-face condition, 

with the virtual sketching only resulting in the least 

polished final products - some looked more like rough 

concept sketches. With the face-to-face method, the users 

spent more time on giving more refined answers where as in 

virtual sketching only, participants were quickly satisfied 

even if they had minimal results only. Thus, it appears 

that the simple “cursor gestures” used by subjects in the 

virtual sketching only interface were not as satisfactory 

as those that could be made with hand images; and gestures 

made with hand images produced similar performance to face-

to-face sketching. 

 

Scenario 

Type 

Total 

Task 

Time 

Non Value 

Added Time 

% Non Value 

added time 

1 5.46 1.58 28.93773 

2 15.5 2.16 13.93548 

3 6.91 1.16 16.78726 

1 5.25 1.1 20.95238 
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2 2.01 0.5 24.87562 

3 7.85 0.5 6.369427 

1 3.6 0.8 22.22222 

2 4.8 0.92 23.71134 

3 6.92 0.75 10.83815 

1 4.46 1.66 37.21973 

2 3.93 1.13 28.75318 

3 7.86 1.26 16.03053 

Table 3. Performance data 

 

The tasks times are measured in minutes and are converted 

into into absolute scales out of 100 to enable easy 

subtraction. 

Using the SPSS tool, their significance levels are 

estimated. 
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Figure 19. The proportion of time spent productively by 

users, when using each collaboration method. 

 

      The above figure shows the percentage of time spent, 

on average, on activities directly related to the assigned 

task when using each interface.  Task relevant activities 
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include discussing the design, planning what tasks each 

participant will carry-out, sketching the design and 

editing.  Off-task activities include discussing topics not 

pertinent to the assigned task, playing with the system, or 

trying to figure out how to make the system do what they 

wanted it to do.  The goal of this measure was to assess 

the extent to which each set-up got in the way of work.   

 

    Subjects spent a significantly larger proportion of 

their time on-task when using virtual collaboration with 

hand images, than in either of the other two conditions.  

What was surprising is that face-to-face collaboration did 

not result in the greatest proportion of productive time, 

or even the same proportion as virtual collaboration with 

hand images.  The difference arose from the type of 

activities that each interface supported (or did not 

support) as will be described in the Discussion  section, 

below. 

Based on the data obtained for non value added time for 

different scenarios, there is significant difference 

observed between the three scenarios. Using pairwise 

comparison, it can be seen that there is no significant 

difference between face to face and remote collaboration 

with no gestures. However, the remote collaboration were 

the hands were visible were considerably better in this 

analysis than face to face or remote collaboration with no 

gestures. This could be attributed to two reasonings: 

1. When separated, it was observed that more discussion 

was done visually on the canvas than oral in 

comparison to face to face communication. This could 
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be because people have a more possibility to put their 

ideas on paper than write it down. There is also more 

freedom and space to express themselves rather bring 

crowded out. This could be a possible reason for 

remote collaboration  scoring a few points over 

conventional face to face collaboration. However, from 

the TLX forms, it was noted that participants gave 

best efforts and performances to face to face 

collaboration, followed by gesture aided collaboration 

and last by remote collaboration with no gesture 

support. 

2. One of the possible reasons for gesture supported 

collaboration scoring over no gesture support in 

remote collaboration is that the surprise factor of 

not knowing where exactly the next action from the 

remote user will take place is eliminated. 

 

Discussion 

Virtual Sketching With and Without Hand Images 

      A reason that virtual sketching with hand images 

resulted in a higher proportion of on-task time than 

virtual sketching only, may be because without hand images 

we observed that the subjects more frequently experienced 

confusion.  Confusion arose for multiple reasons, the 

cursor was not sufficiently noticeable and so subjects did 

not always anticipate when and where their collaborators 

would make the next change in the canvas; other times they 

lacked orientation information about their collaborator- 
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the two participants might be viewing the same sketch from 

different angles, so a simple command as “Draw a line on 

the left” was executed incorrectly. More rough sketching 

and erasing also occurred in the sketching only condition 

because communication of initial spatial concepts could 

only happen though small preliminary sketches, in contrast 

preliminary discussions were frequently carried out with 

gestures and discussion only in the other conditions. 

 Both virtual sketching and virtual sketching with hand 

images tasks involved participants using the sketching area 

as a scratch pad to finalize the design. Even though there 

were no gestures in the virtual sketching only mode, 

participants still tried to gesture at the canvas almost 

out of habit.  

 To a certain amount, the frustration levels involved 

in the virtual sketching with and without hand images 

seemed to be dependent on the demographic background of the 

user as well. While engineering students seemed more intent 

on perfection of length, thickness, size coordination as 

well, art students took a creative bend to the questions. 

Art students seemed to modify their output to the errors 

made where as engineers stuck to the rules- for example 

misshaped tires in virtual collaboration between engineers 

were redrawn to perfection where as artists worked around 

those misshaped tires to create unconventional designs. 

Errors seemed to frustrate engineers more than artists.  

Face-to-face Versus Virtual Collaboration 

     There are several reasons why face-to-face 

collaboration resulted in a smaller proportion of on-task 

time than the other interfaces.  First, subjects sometimes 
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physically interfered with each other in the face-to-face 

condition, but not in the virtual conditions. In the 

virtual space, the participant had the freedom to move 

around during the design task independently where as in the 

face-to-face collaboration, they ahd to work around each 

other.  The face-to-face subjects had to spend time off-

task when they wanted to draw on the surface immediately in 

front of their partner; they had to spend time moving or 

switch places.  In contrast, the subjects in both virtual 

conditions could sit and draw in front of the same section 

of the virtual drawing without physically interfering with 

each other, as shown in Figure 1: the physically present 

and the virtual participants are both seated in front of 

the same section of the drawing.     

      Second, the face-to-face subjects tended to chat more 

about topics unrelated to the task than did the subjects in 

either virtual condition.  While unrelated “chat” was time 

spent off-task, it can be important for developing and 

strengthening collaborative relationships. 

      In summary, it is difficult to say whether the 

proportion of time spent off-task was ultimately a good or 

a bad thing; time spend switching positions is wasted, 

however time spent developing team relationships is not 

(necessarily). A more fine grained analysis of how time is 

spent may be needed to gain a better understand the balance 

between the advantages and disadvantages. 

Strategic Differences 

      We observed strategic difference in the way users 

approached work in each of the conditions.  In the face-to-

face condition, users tended to spend more time before 
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putting pen to (electronic) paper planning what they were 

going to do, and who was going to do each subtask.  They 

also spent more time in chit-chat unrelated to the task. In 

contrast, the subjects in both virtual conditions tended to 

jump right to the task; they started drawing almost 

immediately. Since it was the same subjects who behaved in 

different ways when using different interfaces, we presume 

that some property of the interfaces encouraged or 

discouraged various behaviors.      

      A possible explanation is that in the face-to-face 

condition, collaborators could see each others faces in 

addition to each others’ hands and drawings.  Being able to 

look at the collaborator’s face may have encouraged both 

off-task social interactions, as well as more abstract 

strategic planning in a way that looking at a concrete 

drawing does not. In contrast, in the two virtual 

conditions, collaborators could not see each other directly 

so they were more focused on the drawing surface as a means 

of communication.  This may have influenced them to start 

sketching without much prior discussion and planning.   It 

is possible that the simple addition of a vertical screen 

to allow virtual participants to see each others’ faces 

would encourage more pre-planning, and more social 

interactions (both on- and off-task).  

Other Usability Issues 

       Several usability issues were identified during the 

study.  For example, users had some difficulty with the 

pen; they kept accidentally holding the pen in such a way 

that their hand blocked the line-of-site between the LED at 

the tip of the infrared pen and the overhead Wiimote. This 
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could be rectified by adding more Wiimotes, or by extending 

the tip of the pen so that the users hand no longer blocks 

the LED.   Other approaches could be to use a large touch 

screen, or  a glass table, and place both the projector and 

the wiimote (or other sensor) under the table.  With such a 

setup the user’s hand would not block the line-of-site 

between the pen tip and sensor.  However, we felt that a 

large touch screen or a glass top table would add 

unnecessary expense and complexity.  The first two 

solutions are less costly, and probably sufficient.  

Unexpected Uses 

      Additionally, we found that users did somewhat 

unexpected things with the “virtual sketching with hand 

images” version of the interface.  For example, sometimes 

they put other object on the drawing surface (like pens, 

post-it notes and other objects) as ad-hoc markers, or they 

put their heads down on the table and looked up at the 

camera so their partner could see them.  Comments from 

users indicated that they felt the desire to also see the 

faces of their collaborators. 

 

FUTURE WORK 

After conducting a series of user studies, a few challenges 

which have been identified are: 

- Issues with the usage of IR pen setup,  

- Enhancing features of the present system to 

feature video interfacing - Increase more 

transparency/trust in collaboration by giving an 
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option to see the user’s face during 

collaboration 

- Increasing the robustness of the software 

- Adding features to the custom paint application 

like undo option etc. 

A list of possible improvements to overcome these 

issues are listed below in a decision matrix. 

 

Criteria 

Name 
I II III IV V VI SUM 

Weight 3 2 5 4 3 4 
 

Design name 
       

1.Redesign 

the pen 
8.98 10 10 10 6.95 9.92 9.4 

2.Enabling 

video chat 
6.78 10 10 6.95 7.97 8.05 8.15 

3.Increasing 

Robustness 

of Software 

10 7.97 10 5.08 8.05 6.95 8.01 

4.Adding 

features to 

the custom 

paint 

application 

 

 

8.21 

 

 

10 

 

 

8.05 

 

 

3.47 

 

 

7.63 

 

 

6.95 

 

 

7.11 

Changing 

Projection 

system -need 

glass table 

and glass/ 

fibre/ 

composite 

4.15 8.98 10 8 2.03 5.93 6.77 
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Replace IR 

system with 

Vision 

Programming 

9.06 10 3.05 0 9.07 8 5.79 

 

Table 4. Decision Matrix 

Where criteria I: Cost 

Criteria II: Ease of Usage 

Criteria 3:Adaptability to the Present System 

Criteria 4:Programming Rework 

Criteria 5:Resource Availability 

Criteria 6:Perceived Improvisation from the user end 

 

   

The decision matrix has all the designs suggested in 

the horizontal columns. The vertical columns have the 

criteria based on which the designs were ranked. The 

criterions were individually ranked so that the final 

weightage of each design is calculated. The various 

criteria the team could come up with respect to the present 

project were – Cost of the design modification, 

adaptability of the new modification to the present system 

(will it replace the current one or a simple 

modification/enhancement), Programming re-work, 

Improvisation factor as seen by the user, resource 

availability (hardware resources if any needed) and the 

ease of usage of the new system (will it require more 

training for the users). The weights assigned to the 

criterion are arbitrary, assigned by the development team, 

and can be subjected to modification 
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Out of the possible set of design improvements which 

could be done, we chose the remaking of the IR pen as the 

best possible design modification due to its high weightage 

compared to the other options in the matrix.  

 

Other Qualitative Issues Identified from the Post study 

discussion are as follows: 

 

1. Line of Sight issue with Infra Red touch screen setup  

The project originally chose to use the Wii mote's 

Infrared Camera as a tool to create the touch screen. The 

camera acts as the receiver and the Infra Red Pen with a 

Push Button acts as the pen. For the nature of this setup, 

it requires the infrared LED to be in the visual range of 

camera to be picked up while in operation, in short 

referred to as Line of sight. The infrared Pen which acts 

as the mouse will cease to show any effect if the LED is 

not in view. Initially, it was assumed that the users will 

get used to the fact that they probably will have to modify 

their writing style with the pen. However, during the user 

studies, a few users were uncomfortable with the pen all 

through with the new style. A method wherein the effect of 

the Line of sight could be reduced or eliminated would 

probably help more during the tasks. One of the possible 

methods for reducing the Line of sight Problem is using 

redundancy by increasing the Infrared Cameras in multiple 

locations so that the possibility of missing the LED is 

reduced.  
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Figure 20. Setup with one Wiimote in a station 

 

Figure 21. Setup with two Wiimotes in a station 

Another probably solution is if a glass top table is 

used for the system, the Wiimote or any Infrared Sensor 

used could be positioned below the glass table top and 

there would be a lesser probability of missing the LEDs. 

Reorienting the projectors is discussed in detail below. 
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2. Reorient the projection system 

The projectors are mounted on to the ceiling facing 

downwards towards the table. In the present system, the 

projectors which receive the signals from the LED are 

oriented from the ceiling. This arrangement has been a 

major hindrance for transferring the signals between the 

transmitter and receiver. This arrangement can be replaced 

by placing the projectors beneath the drawing table. The 

projectors would easily receive the LED signal as the pen 

is always oriented downward. The arrangement may need 

additional accessories like a glass table which would 

improve the transparency in transmitting the signals.  

 

Figure 22 Alternate Projection modes 

Advantages  

1. This arrangement completely resolves the orientation 

of the pen issues. As the projector captures images 

from beneath the drawings, there aren’t many 

hindrances to take care of. 

2. The elegance of the entire setup increases with the 

usage of a glass table. 
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Disadvantages 

1. The glass arrangement setup is costly compared to 

other designs, 

2. The arrangement might need extra space in the 

laboratory, which might involve decisions from higher 

authorities and specific security protections,  

3. The availability of the resources(designing a table 

with glass) might take time  

4. The maintenance cost of the setup increases with glass 

being one of the fragile materials 

5. Convenience of the users in handling the system 

decreases , as glass restricts mounting of heavy 

objects or in applying pressure to the frame 

6. There might be little programming involved in changing 

the way the frames are captured. 

3. Redesign the Infrared Pen  

The Wii mote used is the conventional one meant for 

gaming systems. It has an IR camera in its front which is 

positioned downwards. The Wii mote is added to the computer 

as a Bluetooth device before proceeding. The infra-red pens 

can be made in-house as well using batteries, springs and 

IR LEDs.  

One of the common problem or issue faced by most of 

the users (from the user study) was the IR pen. The touch 

screen deployed on the table uses Infra Red Wireless 

technology and has a definite Line-of-Sight between the 

receiver (Wiimote with an Infra Red Camera) and the 

transmitter (Infra Red Pen). The Infrared Transmitter is 

located at the tip of the pen and aids in drawing. However, 
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during usage, the Infrared LED must always be visible to 

the Infrared camera (the receiver) to enable signal 

receiving. Hence the pen should be oriented in a way such 

that the signals aren’t obstructed.  

While designing the pen, it was assumed that the user 

will get accustomed to use or handle the pen after initial 

trial, which is exclusively done for the user to get 

acquainted with the system and tool. However the data 

collected from the user studies suggested otherwise. Some 

of the issues identified by the users are: 

• The Pen had a push button attached sideways, which 

acts similar to the left click button in a mouse. The 

button needs to be pushed continuously, while in use, 

to activate the transmitter. The design of the push 

button wasn’t the usual way the pens/pencils were used 

in daily life. Some of the users did not anticipate 

the need of the button and assumed the automatic 

activation of transmitter by merely touching the 

screen. Hence, it required a certain level of training 

to understand the usage of the pen.  

• Pushing the button continuously was an ergonomic issue 

identified, which wasn’t a pleasant thing when the 

user have to work for a long time.  

• For proper usage, the pen had to be in the line of 

sight without any obstructions. The pen did not work 

when it was held perpendicularly (Usual way most users 

held), as the palm/hand obstructed the signal 

transfer, Hence, the pen had to be oriented at an 

angle to complete the task. While designing, users 

found it troublesome to orient the pen accordingly.  
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Based on the issues faced, the following design 

alternatives are suggested. 

1. Complete redesign of the IR pen. 

2. Change the orientation of the projectors (which are 

presently positioned above the drawing) to read the 

drawings from beneath. This would need a glass table 

to enable the transparency for reading the drawings. 

3. Color coding. This involves a color vision 

programming. 

The designs suggested involve 3 different aspects of the 

same IR pen - redesigning the tool vs. changing the 

projector system with the same pen vs. changing technology 

for better results.  

Alternative Design 1 – To remodel the IR pen 

Remodeling of the IR pen include basic changes in which the 

activation system of transmitter works. There are several 

ways for enhancing the signal processing which included -   

– placing the LED at the nib of the pen so as to ensure 

automatic activation of the transmitter when in use, 

– placing the LED at the end of the pen so as to 

restrict the blocking from the hand and 

– replacing the button system with a plain, simple 

switch which can be switched on/off for activating the 

transmitter 
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Figure 22. Nib activated IR pen (left), Tail On/Off button 

easy operated IR Pen(right), 

 While the first two choices did not ensure if the 

problems faced by user were answered, the third choice was 

economically and technically feasible and also took care of 

the ergonomic issue faced by the users.  

Advantages compared to other alternative designs: 

1. Significantly low cost for manufacturing and ready 

availability of resources.  

2. Reduces the learning curve for the users as there 

aren’t any specific instructions for handling the pen. 

The pen would resemble the conventional pens used in 

day today life and hence would be easy to understand. 

3. Better Ergonomic as it reduces constant pushing button 

while drawing. 

 Disadvantages when compared to alternative designs: 

1. It still doesn’t solve the line of sight issue faced 

by the current system. The user hand could still 
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obstruct the signal transfer and doesn’t change the 

orientation of the pen issue. 

Alternative Design 2 –Replace the IR technology with color 

vision 

The present system uses the IR technology for 

transferring signals between the receiver and transmitter. 

Though the usage of IR pen has an economical advantage, the 

line of sight issues along with the orientation of the pen 

in certain angle to transmit the frame details has 

deteriorated the advantages of the entire system. One of 

the options is to replace this system with color vision 

programming. This programming is one of the latest 

technologies in use today, which is fundamentally dependent 

on the color recognition. By choosing a particular color, 

the system traces the movement of the color-held 

device/object (In this case, it is a pen).  This might 

however involve writing a symbolic programming code for the 

vision system.  

Advantages compared to other alternative designs: 

1. There is no additional cost in terms of hardware 

accessories 

2. The technology is latest and is a promising one. This 

ensures the system developed is in par with the 

current age research. 

Disadvantages when compared to alternative designs: 
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1. It involves writing a long symbolic programming code 

for color recognition of the vision system 

2. The technology is still latent, so very less help is 

available in terms of programming 

3. No prior systems have adopted this feature, so still 

doubtful about the shortcomings of the system 

4. There might be additional system requirements which 

the development team is clueless presently. 

5. The problem with hindrance in transferring the signals 

isn’t completely ruled out as the system needs to be 

tested. 

3. Improving Video Interfacing  

Initially the web camera used in the setup was 

Logitech QuickCam C250. However as the images were getting 

pixilated and resulted in low resolution pictures, a higher 

end camera, Logitech QuickCam Pro9000 is used. With a 1600 

x 1200 resolution, it had better clarity which is obvious 

to the naked eye. The positioning also was made easy by the 

webcam structure 

For increasing more transparency/trust in collaboration 

the user’s wanted to see the facial expressions of their 

team members during collaboration. One of the main 

suggestions users provided at the end of user study for 

enhancing the collaboration experience is the ‘video 

interfacing’. Most of the users wanted to see the facial 

expressions of their counterparts in other locations while 

discussing about the design drawings. Though the hand 

movements were sufficient to point at the pictures, the 

facial expressions made it easy for them to interpret the 
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ideas (especially while discussing new, conceptual ideas). 

The main equipment necessary for video conferencing is 

additional 2 cameras with some amount of coding to transfer 

the video. 

 The main advantage with video conferencing is better 

understanding of ideas due to access to facial expressions. 

However, it would only add to the program code an 

additional set of frames which need to be transferred per 

minute. The robustness of the present code would degrade 

with additional data transfer. Also to improve the 

robustness, the system might need to have a series of 

upgrades that the entire setup might prove costly. 

 

4. Additional features to the Collaborative Paint 

application 

 Hence the final form consists of a collaborative 

drawing system where in the local user can see the hands of 

the remote users while drawing and vice versa. 

Most of the users pointed to a shortcoming of the 

customized paint tool - the undo button. Also compared to 

the original MS paint, the customized application had only 

the basic features for the drawing purpose – draw straight 

lines, erase options, color fill etc. However, this tool is 

developed as an initial application to aid in the 

collaboration setup. The main scope of this project is to 

aid the users in sharing the mechanical designs across the 

shop floor and design workshops. The design drawings are 

highly complex and might need a higher platform like 

AutoCAD or Pro-E to aid in exchanging ideas across. 
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 The addition of features might make the present tool 

fancier and improving the interface may be beneficial to 

the users but it wouldn’t contribute much to the project. 

It would additionally cost man-hours (estimate of 40 

hours). Hence this design improvement is done at the 

interest of the development team. 

5. Increasing the robustness of software  

A problem noticed while performing user studies is the 

unexpected behavior of the system when overloaded. New bugs 

and failures arose when the system was used in 

unanticipated ways leading to sudden failure of the system 

and losing of data. Losing data is a problem when working 

on major design products. It might cost loss of productive 

man-hours from the designers and additional cost to start 

over again. Apart from costs, it leads to lot of 

frustration to the users to repeat the process only because 

of the system failures.  

This kind of failure should be avoided.  During the 

test stages, the level of usage and limit of the system in 

terms of number of commands sent per unit time was not 

anticipated by the designers. The exception handling can be 

improved by performing exclusive testing of the software 

and making modifications wherever necessary. Though it 

would cost few man hours (estimate of 10 hours), the system 

would be more robust for usage. The improvements can also 

be passed on the next stages of product development, thus 

making it a viable design option.  
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6. Setup Time 

The nature of the Wiimote used in the system is that 

it needs to be added to the bluetooth stack of the computer 

every time it is used till. Hence, the setup involves 

adding Wiimote to the bluetooth stack, calibrating Wiimote 

to the desktop, calibrating the camera, starting the video 

layer, starting the paint application and aligning the 

layers of applications. This setup has to be done for both 

the laptops during each trial. In this case, it becomes 

laborious and time consuming to redo the setup when a 

software failure occurs as well. If the setup time could be 

reduced by auto calibrating the bluetooth or identifying a 

faster way to add the Bluetooth to the computer, a great 

bit of setup time could be reduced. Also, the two layers of 

applications could be favorably combined to one layer to 

speeden the process. 

7. Understanding the Orientation of the system 

 Another issue encountered during the user study was 

anticipated user confusion in direction- while one user 

might by looking at the picture from the right side of the 

table, the other user might be looking at it from his left. 

So even though they are looking at the same image, their 

perspectives are different and communication breakdown 

occur. A solution for this could possibly be design the 

surface in such a way that it feels correct only from one 

direction. Given the current setup, it might be a good idea 

for the touch screen to face the head of the table instead 

of the sides. 
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Conclusions 

      This thesis investigates the question, “How important 

are the rich gestures conveyed through hand images in 

virtual design tasks?  Are they superior to shared cursors 

for conveying gestures in spatial design tasks?” We 

conclude that hand images are superior.   

We explored this question by developing tools for 

comparing three conditions: face-to-face, a virtual 

sketching only condition, and a virtual sketching that 

allows transfer of hand images.  In the face-to-face 

conditions participants sat in close physical proximity and 

worked together on 2-d sketches drawn on electronic canvas.  

In the virtual sketching only condition, they worked in 

different physical spaces using a shared virtual canvas 

only.  In the virtual sketching with hand images condition, 

they used the same virtual sketching tool, except that the 

hands of their virtual collaborator were additionally 

projected on the drawing surface.  We found that the face-

to-face and the virtual sketching with hand images resulted 

in very similar performance on six NASA TLX measures (no 

significant differences), while the  virtual sketching only 

produced inferior results on all measures.  Finally, 

virtual sketching (both with and without hand images) 

resulted in an unexpected benefit over face-to-face of less 

time spent managing physical interference in which 

participants had to tell each other to “move over” in order 

to gain better access to parts of the drawing surface. 

However, collaborators in the face-to-face condition tended 

to engage in more strategic planning, and more off-task 
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social chat (which is probably important for building 

relationships) than in the other conditions.   These 

behaviors might be better supported in the virtual 

conditions with the simple addition of a screen to show the 

faces of the people at the other sites. Given these 

results, the application can be further developed for 

robustness and also for adding more tools in the sketching 

section. Currently the sketching tools available are basic 

paint tools with which only limited designing acivities can 

be carried out. Using more refined toolset more designing 

activities could be carried out. 
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APPENDIX 

 

Tasks for Pilot Study in Virtual Sketching(monitor based) 

Task 1 is as follows : “Design a coupling device to 

allow Mike’s helper to easily attach different grippers to 

the robotic arm. The device should be 1. Simple to operate 

2. Fast to change grippers without special tools- 

preferably no tools 3. Sturdy 4. Light weight and 5. Low 

cost”. Task 1 was done on paper with the two participants 

working collaboratively in the same location. 

Task 2 is as follows: “Design a simple device that can 

attach itself to the robot arm (in place of gripper) that 

is optimized for turning book pages and pushing objects 

around on Mike’s desk. The device should be simple, have as 

few moving parts as possible, be robust(hard to break or 

fall), light weight and low cost”. Task 2 was done with the 

2 participants on different computers and unable to see 

each others actions in person but can visualize the other 

persons movements based on the image editing only. Task 2 

was given voice support by having the 2 participants in 

different locations that they cannot see each other but 

hear each other well. 
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NASA TLX – Data 

Face-to-face condition 

Team 

 No 

Participant 

 No 

Mental  

Demand 

Physical 

 Demand 

Temporal 

Demand 

Perfo 

rmance Effort 

Frust 

ration sum: 

1 p1 25 65 50 45 55 50 290 

p2 25 10 10 50 50 15 160 

2 p1 50 10 25 10 35 70 200 

p2 5 5 5 5 5 5 30 

3 P1 55 10 20 80 50 40 255 

P2 50 50 50 50 75 75 350 

4 P1 25 5 80 10 30 20 170 

P2 5 5 5 5 5 5 30 

5 P1 70 35 70 50 30 65 320 

P2 25 20 45 40 40 30 200 

6 P1 50 40 40 70 45 20 265 

P2 25 50 35 85 55 40 290 

7 P1 15 20 25 20 30 15 125 

P2 40 5 20 15 15 10 105 

8 P1 30 10 30 70 15 10 165 

P2 80 50 50 55 45 60 340 

9 P1 20 25 35 40 60 20 200 

P2 5 5 5 5 20 5 45 

10 P1 10 30 10 30 30 10 120 

P2 5 15 10 20 20 50 120 

11 P1 15 20 15 30 10 0 90 

p2 20 10 10 20 30 10 100 

12 p1 50 30 35 45 50 40 250 

P2 45 20 60 15 55 30 225 

AVERAGES 31.04167 22.70833 30.83333 36.04167 35.625 28.95833 185.2083 

 

Table 5. TLX Values- Face-to-face 
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Virtual Sketching Only 

 Team 

No   

Mental 

Demand 

Physical 

Demand 

Temporal 

Demand 

Perfo 

rmance Effort Frustration sum: 

1 P1 55 30 65 70 80 75 375 

  P2 60 45 75 65 65 65 375 

2 P1 45 5 50 30 50 20 200 

  P2 5 5 5 5 5 5 30 

3 P1 70 10 10 85 80 75 330 

  P2 60 50 50 50 60 65 335 

4 P1 40 10 40 25 70 75 260 

  p2 40 20 10 20 40 5 135 

5 p1 35 30 50 30 45 35 225 

  p2 45 80 25 45 75 45 315 

6 P1 55 40 40 65 55 30 285 

  p2 55 40 40 65 55 30 285 

7 P1 50 45 45 45 50 50 285 

  P2 85 80 90 80 95 95 525 

8 p1 15 15 15 70 20 15 150 

  p2 55 55 50 75 55 45 335 

9 p1 15 10 15 75 30 15 160 

  p2 25 50 35 85 55 40 290 

10 p1 35 20 45 50 55 20 225 

  p2 20 30 40 40 60 50 240 

11 p1 35 25 35 20 25 0 140 

  p2 15 10 10 10 30 35 110 

12 p1 65 45 55 65 75 70 375 

  p2 70 15 50 35 65 50 285 

AVERAGE   43.75 31.875 39.375 50.20833 53.95833 42.08333 261.25 

 

Table 6. TLX Values- Virtual Sketching Only 
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Table 7. Virtual Sketching with Hand Images 

 

 

 

 

 

 

 

Virtual Sketching with hand gestures 

 

Team  

No 

Particip

ant No 

Mental  

Demand 

Physical 

 Demand 

Temporal 

 Demand 

Performan

ce Effort Frustration 

sum

: 

1 P1 50 10 30 20 55 5 170 

  P2 45 40 35 30 45 45 240 

2 P1 25 10 10 50 50 15 160 

  P2 5 5 5 5 5 5 30 

3 P1 45 5 5 55 55 20 185 

  P2 40 40 40 40 40 40 240 

4 p1 55 25 55 0 55 60 250 

  p2 40 10 20 50 20 5 145 

5 p1 45 50 55 40 50 35 275 

  p2 20 20 15 30 50 25 160 

6 p1 15 30 35 55 35 30 200 

  p2 15 30 35 55 35 30 200 

7 p1 35 25 40 40 45 35 220 

  p2 65 40 70 50 50 60 335 

8 p1 25 10 10 80 15 10 150 

  p2 45 50 45 20 60 60 280 

9 p1 5 5 15 75 10 0 110 

  p2 20 20 25 10 15 5 95 

10 p1 35 20 30 30 20 10 145 

  p2 5 25 20 30 40 40 160 

11 p1 40 10 15 25 10 0 100 

  p2 15 10 10 25 20 20 100 

12 p1 65 35 65 45 60 30 300 

  p2 35 5 45 25 65 25 200 

AVERA

GE   

32.9166

7 22.08333 30.41667 36.875 

37.708

33 25.41667 

185

.41

67 
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ANOVA EVALUATIONS 

(In all the following tables,  

scenario 1: face-to-face 

scenario 2: virtual sketching 

scenario 3: virtual sketching with hand images) 

 

-Mental Demand 

 

 

Table 8. Mental Demand 

 

-Physical Demand 

 



 

 80 

 

 

Table 9. Physical Demand 

 

-Temporal Demand 

 

 

 

Table 10. Temporal Demand 

 

-Performance Failure 
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Table 11. Performance Failure 

 

-Effort 
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Table 12. Effort 

 

-Frustration 

 

 

 

Table 13. Frustration 
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Post Evaluation questionnaire used is as follows: 

How easy 

was it to 

explain 

how parts 

fit 

together? 

most 

difficult 

 neutral  very easy 

How often 

did your 

team mate 

interfere 

with your 

drawing 

work? 

very often  often  not much 

How often 

did you 

interfere 

with your 

team mates 

drawing 

work? 

very often  often  not much 

Was it 

difficult 

to 

coordinate 

drawing 

tools? 

most 

difficult 

 neutral  very easy 

My team 

mate and I 

worked 

well 

together 

on these 

tasks 

strongly 

disagree 

 doesn’t 

matter 

 strongly 

agree 

It was 

important 

for me to 

see what 

my 

teammate 

was doing 

strongly 

disagree 

 doesn’t 

matter 

 strongly 

agree 

I am 

confident 

we 

completed 

this task 

correctly. 

strongly 

disagree 

 doesn’t 

matter 

 strongly 

agree 

NASA TLX Definitions 
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Definition of Task Demand Factor 

 

 

Mental demand 

How much mental and perceptual activity was required 

(e.g., thinking, deciding, calculating, remembering, 

looking, searching, etc.)? Was the task easy or demanding, 

simple or complex, exacting or forgiving? 

 

Physical demand 

How much physical activity was required (e.g., pushing, 

pulling, turning, controlling, activating, etc.)? Was the 

task easy or demanding, slow or brisk, slack or strenuous, 

restful or laborious? 

 

Temporal demand 

How much time pressure did you feel due to the rate or 

pace at which the tasks or task elements occurred? Was the 

pace slow and leisurely or rapid and frantic? 

 

Performance 

How successful do you think you were in accomplishing the 

goals of the task set by the experimenter (or yourself)? 

How satisfied were you with your performance in 

accomplishing these goals? 

 

Frustration level 

How insecure, discouraged, irritated, stressed and annoyed 

versus secure, gratified, content, relaxed and complacent 

did you feel during the task? 

 

Effort 

How hard did you have to work (mentally and physically) to 

accomplish your level of performance? 
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NASA-TLX Mental Workload Rating Scale 

 

Please place an “X” along each scale at the point that best 

indicates your experience with the display configuration.   

 

 

  

 

 

 

 

 

 Workload  
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