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Abstract
As a distinct design topic, end-user design (EUD) is rather new to computer science, although it is implicitly embedded in many existing design concepts. What makes EUD different from other such topics is that, in traditional software design terms, users are experts in their tasks, and good tools are typically constructed to match these tasks. Conversely, end-user designers are trying to complete design tasks in which, by definition, they are not experts. Therefore, the dominating design goal of EUD tools is to compensate for a discrepancy between the user’s expertise and the design task to be performed. End-user design is about taking control—not only of personalizing computer applications (end-user computing) and writing programs, but of designing new computer-based applications without ever seeing the underlying program code. While technology has delivered the potential for end-user control, for many end users it is still too difficult to use.
The use of wizards as end user design tools to supplement the lack of requisite system knowledge, domain knowledge, or both, has been chronicled or alluded to in numerous research papers. A well-designed and implemented end user tool can enhance a researcher’s understanding of both system and domain specific knowledge and concepts. While an effective tool may not be able to embody every trait of the trained and experienced mentor, it can provide more than adequate guidance with respect to conceptualization, implementation and choices of research methods, in addition to possible suitable resources and avenues for a particular topic of interest. 
Our project is an attempt to apply principles in the area of end user design to a real world issue. The Project Builder currently used in EDC is a powerful tool for research, problem space exploration and group collaboration in real world scenarios. However, it lacks features that make it simpler for a researcher to use. The purpose of the project was to explore how the tool could be complemented with a wizard-like extension to provide a more meaningful experience for a researcher without the need for extensive technical support on the part of the EDC staff.
Design Project Final Report - Project Builder Wizard

1. INTRODUCTION AND PROBLEM STATEMENT
The development of a wizard to facilitate interactions with EDC’s Project Builder grew out of our interest to extend our research work in EUD design toward a real world end user design application tool, preferably one where EUD capabilities and design are essential to the effective use of the tool in an end user application setting. 

The wizard’s purpose, as we envision it, would be twofold: (1) to aid a student researcher who typically has environmental design (domain) knowledge, but little or no project builder (system) knowledge, in utilizing the EDC environment to explore a selected research problem space, and (2) to attempt to incorporate the knowledge and insights that a professor in a domain setting such as urban design and planning would utilize in guiding students toward the proper specification of a problem domain for a research project and the subsequent development of possible solution spaces that would address that specific problem specification. It is envisioned that the tool will accomplish this by not only providing thoughtful and helpful guidance in the process that the student goes through to select a focused problem for research, but also will provide appropriate checklists and propose avenues of investigation that might or might not be pertinent for the student to explore in the problem definition phase of design. It should also provide similar guidance in the solution phase of the project as well as suggesting ways that the pita board simulation and/or reflection space might be used to better articulate a recommendation to solve the problem for group interactions and individual on-line sessions by research participants or stakeholders.

Finally, our intent is that the tool will help evolve data gathered in this process and stored in a database repository into a knowledge set, not solely composed of instructions and guidance to student researchers. Rather, as the wizard logic is honed and refined by the mentor and domain experts (with student input) and data is collected and catalogued from prior projects, solution specifications and documented investigation resources, we hope that the wizard will be able to draw on this knowledge and provide even more useful insight to future researchers based on the accumulation of past history and experiences residing in the project builder's memory and available via wizard query.  

The theoretical principles and body of knowledge underlying this project are well articulated end user design principles, sound wizard design principles, expert system theoretical research, social collaboration and creativity as well as the collective wisdom our class has amassed and discussed throughout the course of the semester. Like Fischer [4] and others who have looked beyond the purely technical issues involved in good end user design, we believe that meaningful and creativity are the product of thoughtful choices and acknowledged tradeoffs that are arrived at through active collaboration, interactions, dialogue, and shared experiences among both systems and domain experts who endeavor to explore and understand the richness of their socio-technical environments.

2. PROJECT RATIONALE – THE CASE FOR A WIZARD
In class, we have repeatedly discussed the concept of the end user as a designer with the capability and tools to contribute in a meaningful way to the design of some project of interest to the individual, both on a personal and professional level. Understanding this process as well as gaining some understanding of the tools, techniques and challenges necessary to create and implement end user design tools are important objectives and for us on this project. 

A more realistic goal is to make some small contribution to the body of knowledge that has and continues to accrue in the L3D with respect to end user design and simulations around the existing EDC tool set. While our work is certainly not a finished product, it is hoped that it may spur some future group or project to build upon some of our ideas and frustrations, and in some way, help to migrate the EDC tools to the status of not merely stand alone tools for technologists, but as more end user focused tools for future researchers, which function not merely as simulation tools, but rather, as repositories for cumulative knowledge of both student researchers and the teachers who guide and motivate them to push the frontiers of learning and understanding of complex and interrelated problems in domains such as urban design and planning. The intent is that wizards and other end user design tools can help make the L3D a more open environment which will allow interested student researchers to shape issues and solutions with technology functioning as a more valued facilitator. Our end vision, is that with EUD assistance, the EDC can become regarded by future researchers much as a learning kiosk at a Science and Technology museum functions, where the researcher can step in, interact with the project builder (via the wizard), leave any number of times to access other resources, and return to recall the accumulated knowledge of his interactions as well as other collaborators, and conduct and delve into his particular research topic without the need to have technology experts or others present to mediate his/her numerous interactions with tool set. 

A wizard tool set for the EDC, properly designed, calibrated and tested would be an invaluable tool to the research staff as well as a valuable research tool for learning, documenting and serving as a repository for the processes that staff, students and research mentors currently follow in their ongoing exploration of and interaction with the EDC environment. Below are several of the gaps in the current EDC process that such a tool could potentially fill and, in the process, the benefits and value that could accrue to the L3D community: 

1). The EDC tool set currently is not intuitive to use and no stand alone “tutor” or documentation set is readily available to walk the novice user through this process.  As such, the tool requires technical oversight to use and this fact serves as a deterrent to its wider utilization by and dissemination among interested researchers and potential collaborators. It violates “learning on demand” principles as characterized during the course, and requires a significant up front investment to learn that few researchers feel can be translated into an acceptable payback. In short, there is no motivational incentive (as discussed in our research project) provided for individuals associated with the L3D to learn the tool, become EDC community resources and improve tool design and tool processes. As a consequence, the tool is not subjected to active critiquing and continuous improvement among the larger community of students and researchers who could potentially impact its ongoing development.

2). Accumulated knowledge derived during the semester by motivated students and researchers is lost or not adequately captured in the revolving door that is the abbreviated academic term. As such, rich layers of accumulated data, process logic, reflections and collaborative discussion with respect to process, as well as both problem and solution spaces is lost, or at a minimum, not fully reflected in knowledge available to the research community in future interactions with the tool.

3). Knowledge gleaned from the interactions between research mentors and their students with respect to process that should be embodied in the tool set is largely a black box that is little understood and is not available for study, analysis, critiquing, or reflection by the larger community and is not conceptually captured. What is not captured and made available for reflection cannot be understood. Additionally, since the tool is not portable or web ready its access to a wider community is again limited. This deprives members of the community to build social capital by making meaningful contributions to improving the usefulness of the EDC toolset. 

In a closed environment, the tool and tool processes do not undergo the repeated rigorous, critical analysis that breeds improvement and re-invention. This limits tool development and, ultimately, potential. A well self- documenting tool, such as a wizard application, with the capabilities to absorb end user modifications to the existing process logic for a given domain, would provide a platform with respect to knowledge capture, and hopefully, one that could be more incrementally improved by student researchers whose project time horizons and involvement with the tool are considerably shorter than those of the professional researcher. 

3. TOOL DESIGN RATIONALE
Our current design reflects a number of design changes based on user feedback and our experiences with the shortcomings of our initial prototype. It also marks a change from our original intent that was to implement the tool in addition to proposing changes to the current project builder interface. Rather, what we have chosen to do is implement the wizard as a tool that resides independently from the project builder and acts as a translation mechanism between the end user and the project builder system with respect to process but also with respect to some design-nated handling functions such as upload of gathered data into the project builder.

The following subsections discuss the design philosophy, some of the major design challenges we foresee and how our design matches up against EUD design principles.  

Design Philosophy – Overview

The high level tool design for our rough prototype is based on conversations over the course of the past month and one half with student researchers and their mentor in the Urban Design and Planning area. As such, our specific knowledge with respect to tool operation is confined to that domain. It also reflects aspects of our research work earlier in the semester as well as many typical characteristics that a wizard might exhibit in a software application environment such as in the MS Office environment, with the exception that the advice from this tool is meant to be more “open ended” to provoke thought as opposed to arouse a desired action from a mutually exclusive list. 

We selected a decision tree as our model for framing the logic of the mentor and the wizard responses for a typical domain problem space. We did this for three reasons: (1) a decision tree lends itself to logical construction and is well understood across a variety of disciplines (this is important as this will provide a means for mentors and researchers to understand the logic of the process that the wizard is emulating and allow logical changes to be made as new learning occurs), and, (2) the decision tree logic is easily convertible into a computational language with little translation required (e.g. so the program logic is self documenting to a great extent). Finally, (3) we assume that the discourse between a student researcher and his mentor to arrive at a suitable focused problem for study can be adequately modeled using the decision tree framework, which implies that each decision node will be expressible in terms of some fixed collection of attributes which represent a set of mutually exclusive choices to which the wizard can respond to appropriately. Of course, this logic will be modifiable by the mentor as learning occurs and obvious errors or omissions are discovered in the current logic set or finer levels of granularity surface in a given problem domain thru knowledge acquisition, collaboration and reflection.

Design Challenges

One of the primary challenges in the tool design was determining what the boundaries of the wizard should be, particularly with respect:

- The wizard’s role relative to the project builder

- The set of operations and functionality reserved to the wizard as opposed to the set of processes and guidance reserved to private, personal interaction between the student researcher and his/her mentor, and, finally those activities relegated to user creativity and exploration which should occur outside of the wizard’s purview and with little or no wizard guidance or intervention.

Additionally, other challenges which presented themselves during the course of the design process included such issues as:

- Generalizing the wizard prompts in the interface to meet the   needs of a broad class of potential users without appearing too condescending to some users or overly complex to others (relates to the match and tone from the critiquing system article earlier in the semester – see Fischer [5]).

- Providing a set of workable instructions for a student researcher so that he/she would understand prior to data gathering how data needs to be prepared, staged and loaded into the wizard to produce a simulation to either resolve an issue in problem space or test possible implementations in the solution space (using the Pita Board).

EUD Principles Reflected in Our Design 
We addressed these challenges by trying to employ EUD design principles where possible. Where there was no available guidance as to appropriate   principles to apply either from our research, classroom experience or other experience, we attempted to strike compromises by extending EUD principles or sound system or HCI principles to the particular problem. While our final design for this project does not fully address every detailed issue for an implementation, it does attempt to impose a structure on the problem that would lend itself to a workable implementation for a live, testable prototype given sufficient project resources, access to domain experts over an extended time period and suitable programming resources to execute a full blown functioning product. Some of the more notable EUD principles considered in our design are listed below:

Tool Generalization versus Specific Domain Tradeoff

The tool needs to be customized for a specific domain because the logic needed to drive the conversation between a student researcher and his/her mentor is, by its very nature, domain specific. However, the logic is represented and subject to manipulation, either visually or via a form that is callable from the wizard interface. Since logic is represented in a decision tree format there is a universal understanding of logic representation as well as to how the logic might be modified to reflect new understanding or corrective action. 

Design Freedom versus Control

The tool provides freedom by allowing changes to be made to address new learning and a deeper understanding of the interaction that goes on between a researcher and a mentor through reflective processes. However, from a control perspective, the community supporting and using the tool needs to impose some control over ver-sioning processes governing the tool to ensure the integrity of the knowledge base. 

Motivation for Learning

The tool, with a fairly manageable learning curve on the front end, should not discourage the novice user from interacting with it. This fact, coupled with a more open process design should foster a learning environment both with respect to research activities, but also with respect to creating a community of motivated users around the tool who will derive social capital in that forum from enhancing and expanding on its capabilities.
4. TOOL IMPLEMENTATION AND SCENARIO SELECTION
Our current prototype design was implemented as a set of layered HTML documents that utilized imagery for the prototype that was created in Photoshop. This allowed us to recycle screen captures and use a number of image processing tools to mimic the appearance of an actual Windows (Web based) application. By using a combination of HTML and Dreamweaver we were able to rapidly develop an interface that could be viewed from within a standard browser window, which allowed us to easily test logical flow of the wizard prompts for a simple urban planning research scenario. Our wizard interface will also include facilities for annotations and note taking, a reflection repository and an assessment section. Additionally, there will be a database repository, using PHP and MYSQL technology to capture data across student researchers and eventually across disparate problem and solution domains. We did not have time to work on these features, but given additional time this could be implemented fairly easily. While we envision the ultimate product as a standalone application most likely developed in some Smalltalk variant, we remain somewhat hopeful that it might also be developed as a plug-in to the project builder application to alleviate some of the overhead associated with maintaining and re-integrating separate applications. 

We used the mock-up prototype session to both gauge our own understanding of a simple example and elicit feedback from student researchers. Their critique provided helped guide our direction and convinced us to focus on a more focused problem space for future prototyping. Their suggestions focused on three overriding concerns:

1). The tool needs to be more appealing to a broad class of users, yet not so simple that it bores the expert user nor so complex that it deters the novice user from participating. Can the tool function in different modes for different user classes?

2). The tool should not inhibit creativity by being too mechanical of a process.

3). The tool needs to have relevant domain knowledge and recommendations to appeal to more seasoned users.

The second prototype was also developed in Dreamweaver and PhotoShop. It also has limitations for interaction with the user community, but due to time constraints and limited access to the user community it was felt that going to a more interactive tool and development environment at this point provided little additional value and would do little to demonstrate or articulate proof of concept. Nor does the tool demonstrate either a back end data capture capability which we envision a final working product would have (though not necessarily initially). This in turn limits its applicability and value to an extended community that could draw on the knowledge of past interactions with the tool much as an individual researcher could draw on past interactions with the tool to determine his current status. However, it does provide a more thoughtful presentation for a specific, though admittedly limited problem space, such as our scenario of the traffic light problem space. Our current wizard interface is attached – see Swiki final project materials).

The structure of the system is relatively straightforward. It focuses on a decision tree logic tied to a specific problem domain. The logic defines the wizard response to a particular user input. At particular points when the system has reached a deep enough level and has accumulated sufficient knowledge of the student researcher’s interest, it can provide more in depth direction and recommendations to targeted resources that should be explored or reviewed. The system is not viewed as a “one stop shopping” experience in our viewpoint. That is, we see the user continually engaging with the wizard (and by association the project builder) and then leaving to interact with other media or systems in the collection of suitable data for two distinct purposes: (1) to create some simulation to test accumulated knowledge of the problem space with other stakeholders in order to gain  shared consensus regarding a problem and deeper insight into its underlying sources and ramifications, and, (2) to propose a solution or work with a stakeholder group to explore possible solutions through simulation. There is one other rather intriguing part to the system that reflects sound EUD principles. The system has capabilities to allow end user reformulation of the logic underlying the wizard. Therefore, as new knowledge is accumulated and reflected on, it can be incorporated into the design. Thus the system is not static in design but reflects ongoing user learning and user domain knowledge, either learned or expounded on through personal/community reflection.

A scenario for our prototype might be the case of a student researcher who is performing a study of traffic congestion in Boulder on Canyon Boulevard. The specific problem the researcher wants to explore is unknown at the outset, but through discourse with the project builder wizard and, after some outside data analysis, he decides on the traffic control issue noted above. In order to perform a simulation of the problem on the pita board, the researcher must load certain specified data into the project builder (he is prompted for data needed and formats by the wizard). He then selects objects from the object repository which is made available in the visual screens of the wizard, but resides in the project builder. Then, the behavior of each selected object is defined for purposes of the simulation. Any interactions between objects also need to be defined. At this point the simulation(s) is (are) run by the researcher in the wizard in order to understand the problem space at a more detailed level and understand how changes in parameters to the simulation can impact outcomes. Information on the process and post reflection of the simulation, both collectively and by the researcher is captured by the project builder and cataloged for later review by either himself, other stakeholders on the project or researchers exploring other problem domains.
5. SUMMARY, CONCLUSIONS AND FUTURE WORK
This project attempts to apply many of the principles from both end user design, as well as learning and collaboration to a real world problem space. In the process it touches on a variety of related issues outside of the design arena in the areas of learning and collaboration which would also be integral to an actual implementation. As such, it embodies a solid cross section of issues covered throughout this course that we have struggled with both as a class and as individuals over the course of the semester.

The project we chose was what some have termed of the fairly "wicked" variety with respect to problem spaces to be designed for. This was not our original intent, but it in fact became apparent as we explored the problem space. However, the insights gleaned from this experience were truly profound as was the learning that occurred relative to the project, but also encompassing the research work that preceded this project. The one regret is that, due to time constraints and the shortness of project duration, that we did not have more time to explore certain other issues and produce a more workable prototype, amenable to more focused testing, scrutiny & reflection. 

If additional time were allowed, we would work on extending the usefulness and functionality of the system. At present we were unable to implement a back end data collection system that would be very useful if we were to turn this into a viable product that could be used to collect data to assist the wizard in learning. Also, system algorithms intended to learn from the user behavior would need to be developed. Such functionality could be tailored to collapse steps for more seasoned users to avoid more monotonous discourses as well as providing more thoughtful answers than the canned ones available in the prototype. Finally, and most importantly, we would spend more time with our surrogate users and domain experts to further delve into the “methods” and “survey” course logic processes and confirm the processes as described by the logic expert and his students. 

Another class of issues related to the tool design would need to be the exploration of how well it would generalize to other domains. While our initial assumption is that it would, a more scientific investigation would probably need to be made to confirm that the tool could indeed be generalized and adapted to a wider domain of problem spaces.
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APPENDIX 1. -  THE IMPACT OF OUR RESEARCH ON THE PROJECT
Although the word “end user design “ has a variety of meanings and interpretations both in practice and in the literature, we choose in our project to define it loosely in the terms set forth by Fischer [4], Beringer [2] et. al.  In that context, end user design tools display at a minimum, the following set of characteristics:

1.
Some acceptable compromise between complexity and flexibility commensurate with the particular problem space being addressed.

2. 
A balance between design freedom and control that assures that users find the tool less than inhibiting but it is also auditable with respect to the existence of error control features and processes.

3. 
Processes in place to motivate learning of the end user design tool which typically will have some small front end learning requirement.

The use of wizards as end user design tools to supplement the lack of requisite system knowledge, domain knowledge, or both, has been chronicled or alluded to in numerous research papers, notably Beringer [2], Fischer [3,4], Powell [6], Repenning [7], among others, which we have reviewed and discussed for the research portion of this class. Beringer detailed a methodology for reducing what he termed “expertise tension” using appropriate tools based on the knowledge gap of the intended users though he failed to describe a means of operationalizing his research work that could be tested in implementation space. Nardi proposed a more detailed operational methodology for such knowledge deficits, though this research support was sketchy in terms of theoretical constructs. What we have attempted to do is marry this research work together while employing additional principles cited in the literature with respect to sound wizard design guidelines and expert system fundamentals to arrive at a conceptual process and corresponding rough prototype of how such a wizard might be constructed to frame the problem space, and what types of interactions it would and would not have with a candidate student researcher. While the design is incomplete in many respects, it does provide some possible direction as to how such an aid could be built and the benefits that could not only accrue to the mentor and his/her student researcher, but also to the researchers charged with managing the tool sets and promoting their use to a wider audience of would-be collaborators.

A well-designed and implemented end user tool can enhance a researcher’s understanding of both system and domain specific knowledge and concepts. Our review of the literature, notably Nardi and Lavi (see final research report) substantiates the fact that well designed end user design tools can motivate interest in a subject, enhance and solidify domain knowledge, teach system knowledge and assist the researcher in understanding the process used by the wizard or other tool to facilitate the exploration of both the problem and potential solution spaces in a series of iterative research inquiries. While an effective tool may not be able to embody every trait of the trained and experienced mentor, it can provide more than adequate guidance with respect to conceptualization, implementation and choices of research methods, in addition to possible suitable resources and avenues for a particular topic of interest. This in turn, could free up the researcher’s mentor to focus in on articulating the process he/she uses to guide a student researcher more succinctly, which, in turn, casts more reflection on the process and, hopefully, leads to incremental improvements. Additionally, such a tool could bridge the “symmetry of ignorance” concept as described in class by amassing best in class approaches for a variety of research domains and allow the tool to function as a surrogate mentor. It might also be possible to cross pollinate best-in-class practices by drawing on the logic processes across various disparate disciplines or problem domains.
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