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Abstract

This paper briefly reports on the Oopsla 1998 workshop on evaluation of object-oriented design, and previews the 1999 workshop. These workshops are part of a series exploring an earlier emphasis on design in computer science education, and the issue of evaluation had been identified as a key challenge. The 1998 workshop considered a wide variety of issues, developed a model of the design evaluation process, and identified alternative strategies for the key parts of the process. This was significant progress in meeting the challenge of design evaluation, and the 1999 workshop will continue this work.

1 Introduction

Object-Oriented programming is now the basis for many introductory courses in programming. But while it seems students successfully learn program implementation in such courses, it is less clear whether they learn program design. In 1996 we organized a workshop to address how to better teach OO design in first year computer science courses in universities and colleges [1]. In 1997 we organized a follow-up workshop on resources [2]. In 1998 and 1999 we organized workshops to concentrate on a specific issue: how to evaluate OO design [3]. This is an important issue for software designers, and one of practical importance to educators. We must be able to explain design quality to our students, and help them understand and distinguish what constitutes good or bad design.

Our workshops focus on object design, rather than implementation, and on the different issues involved in teaching and learning object design. We are striving to involve viewpoints and ideas from educators, learners, and industry, in a cooperative effort.  There are many issues to address, including the nature of good design, how it can be taught, learned, and assessed ( and how tools can help. Our intention is to help educators perform their role more successfully. We explicitly avoid language wars, and specifically welcome people from both academia and industry to contribute their perspectives.

Our initial goal in 1996 and 1997 was to investigate general experience and ideas related to effective early teaching and learning of object design. We found widespread agreement that an early emphasis on design would have advantages, but there was concern that the idea presented some serious challenges.  Our current goal is to address one of these challenges, and explore how to evaluate OO design.

In the 1998 we invited position papers on all aspects of the topic.  Our agenda was to begin with brief presentations of these papers, then use the presentations as the basis for working discussions. The major outcome of the workshop was a conceptual model for design evaluation. This was based on the position papers presented, and seemed to be a significant step forward. However, several aspects of the model needed to be further explored and elaborated, and some issues were not addressed. The 1999 workshop will continue this work.

In the sections below, we first describe our conceptual model. We then outline our interim conclusions, and describe the work to be done in the 1999 workshop. 

2 The Design Evaluation Process

The main structure of our model stemmed from our early concerns about whether we should discuss student assessment, or a more general approach to evaluation.  We borrowed a distinction made in education between "summative" evaluation and "formative" evaluation. The idea of summative evaluation is to provide summary information after completion. The idea of formative evaluation is to provide assistance for further improvement.

The model structure reflects the distinction between summative and formative evaluation, and the context in which it occurs.  This structure is shown in the figure below.  The central element is a design, and in the model we suppose that earlier there was analysis, as depicted on the left, and later there will be actual code, as depicted on the right.  Our main concern is with the design, and we do not consider analysis or implementation in detail. However, we should not forget that these steps are complex themselves, and that there are processes and people involved before analysis and after implementation.

There are three human roles involved: the designer, the implementor, and the evaluator. The designer takes the analysis and produces the design, and the implementor takes the design, and produces the actual code.  To these usual roles, we have added the evaluator. Of course, these roles may all involve more than one person, and one person might play several roles.
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A Model of the Design Evaluation Process
The evaluator takes the design, and produces a summative evaluation or formative evaluation. The summative evaluation will be especially useful to the implementor, who can use this information in making decisions related to implementation, such as which of several designs to use. The formative evaluation will be especially useful to the designer, who can use this information to improve the design.  This means that evaluation leads to a circular structure within the process, allowing iterative improvement of a design, and introducing many possibilities such as prototyping and incremental design. This structure also facilitates both reflection by the designer, and mentoring by the evaluator.

This structure outlines the key parts of the process, but it does not yet address evaluation itself in detail. An evaluation is a determination of quality, but this is only meaningful within some context. We cannot tell how good something is unless we know its purpose. In the structure described above, the purpose of design is to facilitate implementation, but this is not a simple idea. There are a variety of desirable characteristics for a design, and we considered several of particular importance in industry, tabulated below. It seems clear that any evaluation must be done with reference to which of these characteristics, or “values”, is of interest.

Issues Relating to Desired Characteristics

Design satisfies requirements

Maintainability

Partitioning

Adaptability 

Scalablity

Testability

Incremental

Desirable design characteristics, or “values”.

This also relates to a discussion which chose one particular value, reusability, and considered how it could be determined. That discussion also involved the concept of managing forces during the design process, the different forces relating to different values. Also, a presentation about patterns had outlined the role of patterns and pattern languages in managing forces, and assisting choice between design alternatives.

Understanding the design process itself does not necessarily lead to understanding of how the design should be evaluated. One reason is that not all design processes make explicit what design values the process emphasizes. Another reason is that a design process may be claimed to lead to some values, when this may not always be the case.  However, where the values of a design process are explicit, and where it is clear that the process does lead to those values, this could indeed facilitate design evaluation.

At this point in the design of our model, we decided to address the circle of activities at the center, and identify choices for each of the key elements. In this way we were concentrating more on formative evaluation, although some issues discussed also relate to summative evaluation.  The key elements we considered were the evaluation mechanism, the feedback method, and the design representation. The alternatives we discussed for each of these elements are tabulated below.

Evaluation Mechanisms

Metrics, such as class width and hierarchy depth

Heuristics, such as those documented by Riel [5]

Use-Case Walkthroughs, especially with role-play

Checks of Pattern and Pattern Language usage

Modification Tasks where the design must accommodate reasonable change

Specification Checks to see if the design does match analysis

Design Critiques, similar to art criticism or reviews

Evaluator possibilities: self (designer), peer, expert

Sample alternative evaluation mechanisms.  Some approaches involve inspection of a design, and others involve testing the design by some activity.  This distinction is also made in User Interface evaluation, and in assessment of implemented code.




Feedback Methods

Face-to-Face explanation

Formal written review

Feedback related to Values

Feedback related to Design Process

Facilitation during a Modification Task

Facilitation during a Use-Case Walkthrough with role-play

Facilitation during design process itself

Use industry role viewpoints, such as customer or manager

Approaches to providing feedback following evaluation.  Important considerations to make feedback effective are how well the feedback relates to the context, and how quickly the feedback can be provided. For these reasons, elements of feedback may be incorporated into the design or evaluation processes themselves.

Design Representations

Class Diagrams

Interaction Diagrams

Use-Cases

Testing Plans

List of Candidate Classes

Pattern and Pattern Language Usage

CRC Cards

Class Definition Stubs

Synthesized documents such as JavaDoc pages

Design Representations useful for facilitating evaluation.  Many deliverables or artifacts from the design process would be useful, and new approaches should be considered especially to help with evaluation and feedback

3 Interim Conclusions

At our original 1996 workshop we had identified design evaluation as a key challenge, and we knew it would be difficult. As educators we know that evaluation is vital for several reasons, including student assessment and motivation. Yet we also know that evaluation must be based on sound principles, and be practical to accomplish. While we understand the importance of good design, the subtle nature of design seems to make evaluation of design more problematic than evaluation of more concrete work.  Those of us considering teaching design to large groups shuddered at the difficulty of meaningfully assessing hundreds of designs.

Within our evaluation model, there were several key ideas that seemed to gain clarity and importance. For example, one key idea was that good design means design good with respect to some particular values.  Another was that design process involves development toward these values, and involves making choices between values.  More generally, we developed a better understanding of the role of evaluation, especially formative evaluation, in the design process. Evaluation follows design, but leads to feedback, which leads to better design. In this way, evaluation is a vital part of a virtuous feedback loop that enables better design, better understanding of good design, and a host of other benefits.

With this improvement in understanding, we found it easier to see the role and importance of key elements in the design evaluation process, including the design representation, the evaluation mechanism, and methods of feedback. We were then able to catalog and discuss alternatives for these elements, and were also inspired to invent new alternatives.

We feel we made an excellent start in 1998, but there is much yet to be done in 1999. The alternatives for representation, evaluation and feedback all need to be better related to appropriate values, to help make appropriate choices to evaluate for particular design values.  We also need to address the issue of summative evaluation in more detail.  While the feedback loop makes formative evaluation attractive, summative evaluation is important beyond the design process itself. Understanding summative evaluation better would lead to better advice for people choosing between designs, and also help to assess the performance of designers. For educators, this would address this issue of student assessment. Finally, we need to determine how to test and verify these approaches.
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