Project Summary

Distributed XP

Increasingly, programmers are working on geographically distributed teams.  Escalating trends in teleworking, distance education, and globally distributed organizations are making these distributed teams an absolute necessity.  These trends are beneficial in many ways, particularly for those in geographically disadvantaged areas.  However, it is not believed that any of these arrangements makes a programmer more effective than if all the programmers were, indeed, co-located.  Therefore, organizations must strive to maximize the efficiency and effectiveness of these unavoidably distributed programmers and teams.      

This research proposes the development and study of a technique tailored for distributed programming teams.  The technique is based on an emerging software engineering methodology known as pair-programming combined with nearly 20 years of widespread and active research in collaborative software systems.  We aim to show that geographically distributed programmers benefit from using technology to collaborate synchronously with other programmers.  Our objective is to demonstrate that the geographically distributed programmers who collaborate synchronously with other programmers will outperform geographically distributed programmers who work independently.
Anecdotal and statistical evidence indicate that pair-programming(two programmers working side-by-side at one computer, collaborating on the same design, algorithm, code or test(is highly productive.  PI Laurie Williams has produced statistical results, which showed that pair-programmers produced higher-quality products in essentially half the elapsed time as individual programmers.  We believe the pair-programming model can be modified for distributed development, and that we will see similar benefits.

Previous evidence and research has concentrated on pairing two co-located programmers at one computer.  This proposal focuses on geographically distributed pairs.  The findings of this research are highly relevant in both industry and educational settings.  With a growing technical and student population working in distributed fashion, either from home or with a collaborator in another part of the city, country, or world, the results of this experiment will have important implications.  Should these distributed programmers complete segments of work independently or should they collaborate synchronously?  Which method produces the higher-quality products most productively?  Which method is best for establishing teamwork and communication among the programmers?  

To evaluate the effectiveness of the distributed pair development, we will run controlled empirical studies with hundreds of students at and between North Carolina State University and University of North Carolina – Chapel Hill.  Students will use interactive information technology over the Internet, such as PCAnywhere and Firetalk, to jointly and simultaneously control a programming session and to speak with each other in real time.  Students will work in teams organized in one of four ways:  co-located traditional teams, co-located paired teams, distributed traditional teams, and distributed paired teams.  

Collaborative systems and distributed workgroups
The earliest example of a collaborative computer system was NLS-Augment by Engelbart [19], an initial version of which was demonstrated in the early 1960’s.  Engelbart’s system used shared CRTs, audio connections, mouse, and keyboard to allow crude teleconferencing and shared examination of text files by users who were not co-located. From these early beginnings, collaborative software systems became the subject of widespread research more than 15 years ago, with the creation of the PC.  Ongoing research tends to focus in three main areas: hardware to provide effective communications; software concepts that allow sharing of artifacts; and conceptual models of how people want to — or are able to —  interact effectively.
Many collaborative system ideas developed in research labs have now found their way into practice, and we are seeing commercially viable products and services for supporting collaboration.  These products are used to create virtual workplaces and allow people around the world to work on coordinated group efforts.  The most commonly used collaborative tools are “chat rooms”.  Though simple in technical terms, chat rooms’ wide usage demonstrates that simple technology can be used very effectively.  Many commercial vendors support chat servers for exchange of text, audio, and video streams (Yahoo, Excite, PalTalk, and Microsoft to name a few) and hundreds of thousands of people use these services.  Most usage of chat servers is for social interactions like game-playing, but they are also used to support businesses.  We repeat that simple technology often gets you large gains.

Shared software artifacts

Numerous research projects have developed software for supporting human interactions within shared artifacts.  These include general systems, like shared whiteboards for drawing, and shared editors for documents and multi-media streams. They also include special-purpose systems like ICICLE [20] for code inspection and review, and gIBIS for design review and logical argument construction [21]. Trellis [22] and MMM [23] are two systems for collaborative hypermedia and Web browsing.  Trellis was built on the idea of structuring a hyperdocument as an abstract parallel process specification, allowing group interaction on the document to be defined in the document link structure.  MMM extended this idea by extracting the process definition out of the document and allowed the group interaction rules (collaboration protocol) to be dynamically defined (as opposed to being hard-wired in the source code).  In this way, group interactions can be developed and changed without changing the MMM software.  Further research has led to methods for verifying the correctness of collaboration protocols [24, 25].

Hardware and graphics for collaborations

Many of the most visible developments in collaborative systems have come from computer graphics.   While their display technologies have remarkable sophistication in their visual imagery, most do not support distributed collaborations. The CAVE [26] is a multi-person, room-sized, high-resolution, 3D video and audio environment developed at the University of Illinois at Chicago. It functions as virtual reality theater, made up of three rear-projection screens for the front, right and left walls and a down-projection screen for the floor.  Multiple users may sit in the space, wearing special glasses to decode the stereo projections. The CAVE is state-of-the-art in terms of visual impact and virtual reality presentation; it is limited in distributed collaboration support as it requires all participants to be present in the same space in order to work together. The DataWall [27] at MIT and the PowerWall [28] at the University of Minnesota are similar large display projects. The primary purpose of these large displays is to visualize and display very high-resolution data, often from large scientific simulations performed on supercomputers or from high resolution imaging applications. The large display areas allow small groups of collaborators to see the display clearly and without obstruction.  It is possible to walk up to the display and point to features of interest, just as one would do while discussing work at a blackboard.   However the emphasis is on graphics clarity, and not remote collaboration.

Unlike the previously mentioned display projects, Virtual WorkSpace [29] was intended as an environment to enable distributed collaboration over a network. It depends heavily on computer-generated graphics and virtual reality devices as well.  ClearBoard [30] was similarly a non-co-located collaboration support system that allowed two users to appear to sit face to face, and see the shared work between them; emphasis was placed on drawing applications.  The system required special hardware (the clear screen), and was not built with COTS technology (as is our proposed environment). Experiments using ClearBoard showed that increased eye contact and the sense of presence of the remote collaborator was important in providing effective work performance.

The Office of the Future project [31] at UNC, under the direction of Henry Fuchs, seeks to combine network-based collaboration with the superior graphics and image manipulation capabilities of virtual reality systems.  It is a long-term project that will not be generally usable for years and it will require expensive special-purpose support hardware and high-performance graphics engines.

 “Office of Real Soon Now” and VideoWindow

Even with the remarkable graphics technology available at the high end of virtual reality systems, much remains unchanged from Englebart’s early prototype.  The dominant paradigm of human-computer interaction in the workplace — a single user sitting in front of a single display with limited resolution and a WIMP interface, attached to a single computer — remains in force and has become a barrier to effective communication and collaboration for group interactions.  The research we propose will try to break that barrier with relatively simple technology, compared to the systems just described.
We propose to build a more effective collaborative environment for pair programming using the results of some simple wall-size display experiments at UNC [32, 33].  Whimsically termed the “Office of Real Soon Now” (a play on the name of the “Office of the Future”), it aims to get some of the benefits of large screens without waiting years and spending large amounts money.  In this project, Bishop and Welch have produced double-width wall-sized displays for their offices using COTS projectors, video cards, and PCs.  For their experiments they completely abandoned CRT displays and used only projected wall displays; after 3 years neither has any intention to return to CRTs.  Benefits of the large wall displays include greatly reduced eye-strain; better interaction capabilities with students when discussing joint work; and expanded screen real-estate.  Their experiments have concentrated on individual and collocated group use of the wall display technology, and have not involved networked collaborations.

Just as the “Office of Real Soon Now” sought to have large-display benefits well in advance of the Office of the Future, we seek to try the “real soon now” idea for distributed pair programming by using inexpensive COTS projection equipment, and ubiquitous PCs.  We will apply the principles uncovered at BellCore in the VideoWindow project [34].  In this experiment, two rooms in different buildings at BellCore (coffee lounges) were outfitted with video cameras and wall-sized projections.  In essence, an image of one lounge was sent to the other and projected on the back wall, giving the illusion in each room of a double-size coffee lounge.  The researchers discovered that many users found the setup to be very natural for human communication, due to its size.  Two people, one in each room, would approach the wall to converse, standing a distance from the wall that approximated the distance they would stand from each other in face-to-face conversations.

A collaborative environment for distributed pair programming 

Our current experiments in distributed pair programming between UNC and NCSU have shown that programmer communication via a 19” to 21” display, while effective enough to allow development of good software, result in interactions that are stiff and limited in scope.  We believe a far more effective collaborative environment can be created with a wall-sized display produced by projectors, and that a corresponding improvement in distributed pair programming will result from this enhanced support for collaboration.

We will mix video imagery (allowing the collaborators to see each other) with digital display information (the source code being developed).  Communication will be via directional microphones placed in the vicinity of the workstations, so the participants will not be encumbered with headsets.  Two distributed collaborators will interact much like they do with local pairing; to talk, one will turn to the other (face the projection wall) and speak openly in the room. Since the camera is on the projection wall, the remote collaborator will have the impression that the communicator is looking at him or her.  Each will see surrounding context and an image of significant size.  The illusion to be created is a “joint office” with the video walls, much like the virtual coffee lounge of BellCore’s VideoWindow.

We will place the camera next to the projection wall rather than on the workstation in order to present each user with a view the other’s office, with the collaborator in the foreground.  We will experiment with user placements.  We expect that one effective arrangement will be for the user to sit near the projection wall, with the wall to the side at an oblique angle.  This will simulate the programming pair being seated side by side. We will experiment with digital mixing of the video signals with the computer output to find effective placements of artifacts (code) and images of collaborators.  

The equipment package needed for one office is:

(2) NEC MultiSync LT156 Projector (see below) 

(2) Extra projector lamp 

(2) Firewire Camera + PCI Card 

(1) PC video card to handle two screens seamlessly 

wiring, cable, microphones, ductwork, screen boards, etc.

The budget justification shows the cost for a single office at about $10,000.  We will need four (4) packages, to outfit two offices at each of the two research site (UNC-CH and NCSU).  This arrangement will allow local pairing at each site as well as pairing across sites.  Each office will have two projectors.  One will be primarily used for video display of the remote collaborator.  The other will be for display of the computer “screen.”  We envision an L-shaped screen setup, with the collaborator video image to the side of the programmer and the computer display to the front.

In addition to the hardware environment we have described, we will develop software tools to more effectively support interaction between distributed pair programmers while developing programming project artifacts.  We will need session-logging capabilities to capture the activity in a pair programming session for study.  We will need software to control the projectors and mix the two sources (collaborator video image and shared PC output) in different ways, allowing different arrangements of the screens in the office as well as different layouts of information on the screens.  The mixing software will need to take network capacities into account in terms of the quality of video images sent between sites; with 2 offices at UNC and 2 at NCSU we will be able to experiment with local pairs (ultra-high-speed network connections) as well as inter-site pairs (standard Internet connections with associated loads).

As experiments progress, we will identify areas in which collaboration among the programming pairs would benefit from software support. Any shared artifact tools we may need (editors, inspection tools, etc.) can be constructed with the Suite system [47, 48] at UNC, a freely-distributed software framework for building collaborative applications. Following the results of the Trellis, MMM, and CobWeb projects, these applications will have dynamic, external collaboration rules to control user interactions.  As interaction methods are discovered, rules to implement them can evolve as well without software redesign.  

We will build tools as needed, but our first experiments will be to determine the effectiveness of the simplest approaches, using the observation that simple technology often reaps large benefits.  Thus our first experiments will be with a single virtual PC obtained via NetMeeting, on traditional PCs; we will build the large-screen projector displays during these experiments.  We will then move to NetMeeting-based collaborations in the projected environments, expecting enhanced communications between the collaborators, and correspondingly enhanced productivity.  Finally, if the need for shared artifact tools is evident we will build them and inject them into the projected collaboration framework.   
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