Table-top user interfaces are novel interfaces that transpose a computer desktop environment onto a familiar table setting, such as a dining room table. With the incorporation of multi touch technology, table-top user interfaces have become very powerful tools where many users can freely exchange and manipulate information.  In order to ensure that these interfaces become widespread in their use, it is necessary that we comprehend very well how users react and behave when using these interfaces. In particular, it is of interest to find ways we can understand what makes users more conducive to collaborate with other individuals, as well as how to address some of the privacy concerns that arise when users visually share a common computer desktop environment. 

There has been prior research done into how users utilize table-top interfaces. Kruger, et. Al investigated how users need a sense of orientation on their data in order to successfully navigate throughout a desktop environment [1]. Scott, et. Al, showed how people tend to segment sections of the table-top environment into personal, communal and storage areas [2]. Ryall, et. al., described how a table-top interface seemed more intuitive for people to use [3]. At the same time, certain problems were observed, such as: accidental input, coarse finger resolution, fears of invasion of privacy by nearby users, difficulty in attaining multi-user coordination and difficulty in inputting text [3]. While these papers suggested guidelines that would ensure further collaboration between users, none really delve deeper into understanding the problems they encountered. 

For example, [2 -3] concluded via experimentation that it is necessary for any tabletop environment to be of a sufficient size such that users to not feel they are encroaching on another user's personal space. These results lead to several other questions that surface as a result of their experiments, such as: what is the minimum inter-user distance required that ensures users feel they have their own personal space? Would having visual markers, as [2] suggest, really help in ensuring that a user's personal space remains personal, or would it in fact hinder any attempt at mutual collaboration? Would a differently shaped table, such as a round table, be more conducive to mutual collaboration between users? By addressing these concerns, we believe that we will gain some insight into how we interact with others whenever we exchange and manipulate information, which will greatly assist us in improving how we design and interact with table-top interfaces.

For our final project, we propose to do a case study on whether a round table-top interface is more conducive to collaboration between users than a rectangular table-top interface. Up to now, most table-top interfaces have restricted themselves to a rectangular setting. However, we believe that, due to the circular nature of the round table, users will be less likely to feel they are encroaching on another user's personal space, as they will not be directly sitting shoulder-to-shoulder with other users. Also, users are all equidistant to the center of the circular interface, thus facilitating that spot as a common space where information can be exchanged. Further, objects shown in a circular display would have an angle of orientation that is unique to the position around the circle where an individual is sitting. As such, other users would perceive the object slightly distorted in comparison to their position, thus hampering any unwarranted attempts at glancing at other user's information.  

We constructed two table-top interfaces: one rectangular and the other circular. For our rectangular table, we utilized a 48 in by 36 in pane of acrylic as our tabletop, whereas for our circular table we utilized a pane of acrylic cut to have a diameter of 46 inches. These dimensions where chosen in order to conform to the standard specified in [3], where it was found that a minimum distance of 107cm across the diagonal of the table was a minimum distance for multiple users to interact with each other while still retaining their elbow room. For both tabletops, the desktop environment was projected onto the table by a projector mounted at the base of each table, which was then projected onto the acrylic via a mirror. The heights of both tables were chosen to be 36 inches in order to maximize the distance traveled by the light of the projector, while also allowing the users to easily interact with the tabletop. 
Due to the size of the tabletop, we decided to use a technique known as Diffused Illuminantion (DI) as our underlying recognition technology. DI is a variation of the Frustrated Total Internal Reflectance technique described by Jefferson Han [4], where instead of illuminating the sides of the acrylic with infrared (IR) light, we illuminate the surface of the acrylic. This illumination is then recorded by a webcam modified to see in the infrared range, after which the images recorded are then processed by a computer. The interaction technique works as follows: As a user interacts with the tabletop, their hands casts a shadow in the infrared range. These shadows have more intensity and are sharper the closer the user’s hands and fingers are to the screen. Using a series of filters found in the open-source library touchlib [5], we are then able to extract a series of points whenever a user directly touches the screen. These points are processed as a source of input, which are then used to control a desired program. Please refer to Illustration 1 for an image of the internal components of the system.
For our study, we were interested in determining whether a round table-top would be more conducive to collaboration than a rectangular tabletop interface. As such, we wanted users to perform tasks that would require a collaborative effort among users to solve. For this, we decided that users should solve a different jigsaw puzzle at each tabletop. A jigsaw puzzle would require for users to collaborate together by sorting individual pieces among themselves and then working together as a group in order to determine where all of those pieces fit. We utilized a jigsaw puzzle created by [8], as it was configured for multi-touch interfaces. Because jigsaw puzzles tend to be a very time consuming activity, we decided to give users a specific amount of time, 25 minutes, in order to complete the jigsaw puzzle as best as they could. We felt 25 minutes was enough time for each group to develop group dynamics that could be easily identifiable.

While we had two multi-touch table-tops from which we could evaluate, we felt that it was necessary to test how users collaborate on both a rectangular and round table that does not utilize any sort of multi-touch technology. We chose to do this in part because our multi-touch interface was prone to slight calibration mistakes, which would definitely affect a user’s experience with the technology, thus creating a systematic bias against the system. By having the same testing conditions over a non-multitouch technology, we could evaluate whether the shape of the table really does affect how users collaborate with each other. 
For this kind of testing scenario, we had a round table of 45 inches in diameter, 30 inches high and a rectangular table of 30 inches by 72 inches in length and width, respectively, and 30 inches high. The discrepancy in dimensions between our multi-touch tabletops and our regular tables were seen as a source of bias. We compensated for this by limiting the amount of space available for users to utilize. However, we realized that these limitations could be overcome by user if they were determined to, and as such should be analyzed carefully. At each tabletop, we had a 1000 piece jigsaw puzzle for our users to solve in 25 minutes.
In order to assess a user’s collaboration, we utilized different measurements in order to assess each group’s collaboration. First, we compared how each group completed the jigsaw puzzle in comparison with the full image by photographing the final image constructed by each group and comparing it against the full image of the jigsaw. Second, we made observations on how each group interacted with each other, which would prove to be insightful, as different personalities and group dynamics in general may enhance or hinder group collaboration. Finally, we designed a questionnaire based on the works of [6] and [7] in order for users to self-assess how well they collaborated with each other. With these measurements, we were confident that our study would provide us with statistically relevant information that we could use to ascertain whether or not the shape of a table-top affects how a group collaborates. The questionnaires asked users to rate from 1 to 5 (where 1 was that they strongly agreed and 5 being that they strongly disagreed) the following statements concerning their experiences with the tabletop they had just interacted with. The statements were: “I was able to easily manipulate the pieces of the jigsaw puzzle”; “I was able to assist in solving the jigsaw puzzle”; “I found it difficult to work with my fellow team members”; “I feel that as a group we were able to communicate effectively”; “Compared to my other team members, I contributed a lot to solving the jigsaw puzzle”; “At times, I felt that my personal spaces was violated by other team members” and “I normally find jigsaw puzzles difficult to solve”. The last statement was chosen in order to determine whether there could be a bias against solving the jigsaw puzzle because there were members of the group which found it difficult to solve jigsaw puzzles in general. After the experiment was concluded, participants were debriefed and were asked to answer a questionnaire where they were asked to choose whether they preferred either the rectangular or circular multi-touch table-top interface, which of the four stations they preferred to work on and on which of the four stations did they feel they had more personal space. 
The testing process that each participant went through was as follows: Each participant was greeted and given a consent form to sign. After which, they were given a pre-experiment questionnaire that asked for their age and gender. This pre-experiment form had a user’s participant ID, as well as the group that they belong to. Each group was determined by the participant’s arrival. We decided that we would form groups of 3 to 4 individuals. After which, they were taken to a table. Here, they were shown the completed image of the jigsaw puzzle for one minute. During this time, they were allowed to discuss any strategy that they may want to use in order to solve the puzzle. After which, the image was then removed and they were given 25 minutes to solve the puzzle. Once the 25 minutes had expired, the participants filled out a post-trial questionnaire as described previously. The process repeated itself until all testing conditions had been examined. The tables, labeled as stations, were evaluated in the following order for each group: rectangular non-multitouch (Station 2), circular multitouch (Station 3), circular non-multitouch (Station 4), and rectangular multitouch (Station 1). Each group was given the opportunity to take a 3 minute break in between testing conditions where they could eat or drink the food and beverages that were provided. After the experiment was concluded, a post-experiment questionnaire was 
For our study, we had 6 participants, 3 male and 3 female, which formed part of our study. The participants had an average age of 25 years and all came from a scientific background. They were asked to meet at one of the tester’s house in order to conduct the user study, as the multi-touch tables were quite difficult to move after they were constructed. They were divided into two groups of 3: the first group was divided into two females and one male, while the other group had two male and 1 female participants. In only one group where there two members who were friends (group 4); the rest were strangers to one another. The data that we acquired was analyzed and the following results were interpreted from the data. Table 1 has a detailed breakdown of each group’s general response per statement per station, and standard deviation per statement per station per statement, as well as the t-values and p-values of each statement when compared against the circular and rectangular tabletops, both multi-touch and non-multi-touch.
As expected, users had more problems manipulating the jigsaw puzzles in the multi-touch table-top as opposed to a regular tabletop, due to the problems encountered in the tabletop. However, on average, the participants felt neutral as to when asked whether they felt their personal space had been violated on any of the four table-tops. They also found it somewhat easy to see what their fellow group members were working on, as well as that they found it easy to somewhat neutral for them to work with their fellow team members on all four table-tops and they were all able to easily communicate with their fellow team members. When directly asked, 50% of all participants preferred to work with the rectangular tabletop while 67% of participants asked felt that the rectangular non-multitouch table-top gave them more personal space and was easier to work with than any of the other three stations. However, as we can see from the t-values that we calculated, we cannot say with over 95% certainty that these values were not a result of noise. We feel this is more likely due to the small sample size taken and that with a larger test group; the results will still be very similar. 

Several observations were noted that we feel must be shared. The first group was a very competitive group, whereas the second group was not. As can be seen in the image comparisons of tables 2-4, group 1 progressed further than the second on the round table, whereas on the circular multitouch, the second group progressed much further due to their willingness to step aside and collaborate on the sidelines. Also, whenever the participants encountered technical problems with the multi-touch interface, most participants resorted to bartering and negotiating with the computer so that it would work as desired. Whether this is because the participants come from a technological background or whether it is due to the fact that we resort to negotiation whenever things do not go our way is a very interesting question that the authors feel should be further evaluated in a future study. Also, most users preferred to stand and move around the table while working on the jigsaw puzzles, even while they were presented with chairs to sit down on. This might be relevant for future construction of multi-touch interfaces, as it shows that on intensive collaborative activities, users prefer their mobility and as such, our interfaces must be designed with these considerations in mind. Another important observation that must be noted is that by the time the participants were tested on the rectangular table, most decided to opt-out of the study after 10 minutes of interacting with the interface. This reinforces the belief that a poorly implemented user interface will discourage user interaction. However, for our study purposes, this also means that we were not able to do a picture completion comparison with the rectangular user interface, as not enough time was given to the system to capture the screen.
In conclusion, this study finds no indication of a significant difference between a round table-top and a rectangular table-top interface. Furthermore, participants did not feel overall that other users were invading their personal space, even while they were moving about the table-top. While a future study with a refined multi-touch interface will be necessary in order to completely eliminate any effects our systematic bias may have had on our data, we feel that from the data we acquired from our non-multitouch interfaces that the same results will hold true. These results are important, as constructing a circular multi-touch table-top is problematic without the necessary equipment, and all the more expensive when compared to its rectangular counterpart. However, based on our observations, we must also conclude that users like their mobility while working on an intensive, collaborative task. As such, we cannot recommend for any tabletop, round, circular or any shape, to be used for intensive, collaborative tasks that has not taken into account whether users will find it easy to work on the table while standing. Therefore, careful consideration must be taken not only as to the length and width of the table, but also their heights, as well as the tasks that users will be asked to perform on said interface. 
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	Statement 1
	Statement 2
	Statement 3
	Statement 4
	Statement 5
	Statement 6
	Statement 7

	Average overall

(stations 1-4)
	4.5
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1.83


	3.67
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3

1.5


	3.5

4.33

2.83

4.67


	2

1.5
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1.5


	1.83
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1.83

2.33


	3.83

2.83

3.16

2.83


	3.33

3.83

2.67

4.67



	STD overall

(stations 1-4)
	0.76
1.10
0.47
1.07

	1.10
0.47
1.16
0.5

	1.12
1.11
1.67
0.47

	0.57
0.5
0.82
0.76

	0.47
0.68
1.26
0.69

	0.90
1.21
1.07
0.37

	1.25
1.46
0.94
0.47


	T-test(round vs rectangular multitouch)
	0.415


	0.932


	0.740


	0
	0.277


	1.069


	0.953



	T-test (round vs rectangular nonmultitouch)
	0.728
	0.542
	0.620
	0
	0
	0
	1.213




1) Top left = Station 1, Top right = Station 2, Bottom right = Station 3, Bottom left = Station 4 . Ratings determined by: 1- Strongly agree; 2 – Agree; 3 – Neutral; 4 – Disagree and 5 – Strongly disagree. Statements were: 1) “I was able to easily manipulate the pieces of the jigsaw puzzle”; 2) “I was able to assist in solving the jigsaw puzzle”; 3) “I found it difficult to work with my fellow team members”; 4) “I feel that as a group we were able to communicate effectively”; 5) “Compared to my other team members, I contributed a lot to solving the jigsaw puzzle”; 6) “At times, I felt that my personal spaces was violated by other team members” and 7) “I normally find jigsaw puzzles difficult to solve”.
Illustration 1: Internal set up of rectangular table: Projector reflects image onto acrylic above, while webcam (bound in blue painters’ tape) records the shadows cast and reflected via the same mirror. The power supply on the back is used to power the LEDs at the top 
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Circular multi-touch:
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Circular non-multitouch
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