PAPERCHASTE – Supporting design conversations by integrating formal and informal representations

Principal Investigator: Andy Dearden

Co-Investigators : Jawed Siddiqi, Mehmet Özcan

Previous track record 

Dr. Andy Dearden

Dr Dearden has been investigating the role of formal methods in the design of interactive systems for 9 years. For his DPhil he investigated the application of the formal specification language Z to case-based reasoning systems (Dearden & Harrison, 1997a,b). Following on from that work he has investigated the use of formal models to reason about the impact of errors in safety critical systems as a research associate employed at York University, on EPSRC research grant number GR/J078686  (see, e.g. Dearden & Harrison, 1997c). His more recent work has explored ways in which abstract formal modelling can be combined and related to more situated techniques in user interface design (see, e.g. Fields, Merriam & Dearden, 1997; Dearden & Wright, 1997; Dearden & Howard, 1998; Dearden, Harrison & Wright, 2000). In the period immediately prior to taking up his position at Sheffield Hallam University, Dr Dearden worked in a commercial software development company with responsibility for all aspects of user-interface design across the product range. In this work he was able to explore some of the pragmatic issues involved in combining paper-prototypes with formal user-interface specification techniques (Dearden, 2000).
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Prof. Jawed Siddiqi

Prof. Jawed Siddiqi is the Head of Research and Professor of Software Engineering for the School of Computing and Management Sciences at Sheffield Hallam University. In this capacity, he has extensive experience of the successful supervision of PhD students, as well as having acted as an external examiner for a number of PhD candidates at other universities in the UK and overseas.

Professor Siddiqi also has an international reputation within the Requirements Engineering Community.  He is a founding and permanent member of the Steering Committee of the IEEE International Conference on Requirements Engineering (ICRE).  He was in 1996, jointly with Chandra Shekran of Microsoft, its Technical Programme Chair and the Editor of its Proceedings IEEE ICRE '96.  He was also guest editor for IEEE Software in March 1996 with a special issue on Requirements Engineering. In 1997, he was joint guest editor with Dr. Chris Roast, for special issues on Formal Aspects of Human Computer Interaction in two journals: IEEE Proceedings Software Engineering Vol. 144, No 4 and Interacting with Computers Vol. 9 No 2. He has served on the editorial board of IEEE Software.  He has been an external technical assessor for promotions panels in universities in the UK and USA.  More recently he has been responsible for setting up the IEEE Task Force on Requirements Engineering and is currently its Chair.  He was also one of the lead chairs for the IEEE Software Engineering initiative resulting in IEEE's first Dynabook 'Extreme Programming: No Position but an Exposition.  He was an invited panellist on Technology Transfer on Requirements Engineering at the ICRE 2000. He is an executive member of the IEEE Computer Society Technical Council on Software Engineering.  He will, with Sol Greenspan of GTE, be the general Co-chair for IEEE-CS ICRE 2002.
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Dr. Mehmet ÖZCAN

Dr Özcan has been investigating the use of executable specifications within software development for 10 years, with particular emphasis on the use of executable specifications to support requirements validation. His PhD investigated techniques and architectures to support  prototype development by using combinations of executable specifications of abstract data types, together with implementations of other elements of the system. This combinatory architecture allows for incremental refinements to the prototype by refining elements of the specification and gradually replacing specifications with implementations.

Two themes underpin Dr Özcan 's research work. The first theme has been to investigate novel type systems and their corresponding operations to support the use of software prototypes as a requirements validation technique. The second theme has been to investigate the formalisation of software requirements and how a formal specification can be used as the basis for the construction of a prototype system for effective requirements validation.

Selected publications

M. B. Özcan and I. Morrey, "A Visual Requirements Validation Environment for the Reverse Engineering of Formal Specifications from Rapid Prototypes", ACM SIGSOFT Software Engineering Notes, Vol 20(5), 83-87, (1995).

M. B. Özcan and J. Siddiqi, “Interchanging Specifications and Implementations in Evolutionary Prototyping”, Software- Practice & Experience, Vol 26(9), 999-1023, (1996).

J. I. Siddiqi, I. C. Morrey, C. R. Roast and M. B. Özcan, “Towards Quality Requirements via Animated Formal Specifications”, Annals of Software Engineering, Vol 3, 131-155, (1997).

M. B. Özcan, “Use of Executable Formal Specifications in User Validation”, Software- Practice and Experience, Vol 28(13), 1359-1385, (1998).

M. B. Özcan, P. W. Parry, I. Morrey and J. Siddiqi, “Visualisation of Executable Formal Specifications for User Validation”, Lecture Notes in Computer Science, Vol 1385, 142-157, Springer-Verlag, (1998).

Özcan, M. Parry, P. Morrey, I. and Siddiqi, J.I.A. "Requirements Validation Based on the Visualisation of Executable Formal Specifications",  Proc. 22nd Annual International Computer Software and Application Conference (COMPSAC), Vienna, Austria, 381-386, (1998).

Description of the proposed research and its context

Objective

The aim of this project is to examine the feasibility of integrating requirements validation techniques based on execution of formal specifications, with user-interface design techniques based on informal representations such as storyboards and paper prototypes. The project will extend existing executable specification tools developed at Sheffield Hallam University (Siddiqi et al., 1997; Özcan, 1998; Özcan et al. 1998) to enable their use in conjunction with informal representations of user-interaction such as storyboards & paper prototypes. 

The project will develop a tool to allow designers
 to scan and edit paper prototypes, edit representations of the behaviour associated with the paper prototype, and combine these with executable requirements specifications. 

The ultimate goal of the work is to enable a design strategy for interactive systems that:

· exploits the idea of incremental formalisation (Shipman & McCall, 1999) to maximise the benefits of user participation in requirements specification and interaction design; 

· permits designers selectively to apply ‘high-cost, high-value’ techniques (Johnson, 1995) to areas of systems design that are identified as involving high risk, without undermining a fundamentally collaborative approach; 

· incorporates formal specification within a conversational or dialogical perspective on software design (McCarthy, 2000; O’Neill, 1998).

Background 

In this project, we take the position that the specification of the required external behaviour of a system should include specification of the way in which the system will behave in response to user actions, and should be expressed in terms that the users can understand. Along with Ehn & Kyng (1991) we believe that such understanding is best achieved via early situated experiences with prototypes at varying levels of fidelity. 

The importance of active user involvement, and rapid feedback from stakeholders, has long been argued by researchers and practitioners in human-computer interaction (Greenbaum & Kyng, 1991; Carroll, 1995) and is gaining widespread acceptance in Software Requirements Engineering (SRE) (Jacobson et al., 1992; CREWS, 1999; Özcan, 1998).

Methods developed in the HCI community have recommended the use of informal representations of design intent, such as storyboards and paper prototypes, to encourage users and customers to become direct participants within the process of designing systems (Ehn & Kyng, 1991).

Advocates of the use of paper based design representations argue that:

1) the informal appearance of paper prototypes, and the presentation of such prototypes in 'equal opportunity' settings removes potential barriers to user participation (Muller, 1993; Ehn & Kyng, 1991);

2) informal representations may help designers, users and customers to explore alternative metaphors that might give rise to alternative perspectives on the required systems (Coyne, 1995).

On the other hand, informal representations may:

1) limit the amount of design analysis that can be conducted, e.g. assessing the completeness of requirements, assessing the design for usability-properties such as reachability or restartability;

2) provide limited support for traceability of requirements - the disposable paper media used are not easy to integrate with existing requirements management tools;

3) limit the ability of users and customers to understand and revise the dynamic behaviour that software designers are intending to develop (O'Neill, Johnson & Johnson, 1999).

Within SRE research and practice, formal representations of envisaged system behaviour have been proposed (Spivey, 1992; Jones, 1986). Such representations may be executable, (Fuchs, 1992) and may be used to produce animations that can be used in validating the specification with users and customers (Siddiqi et al. 1997; Özcan, 1998; Özcan et al., 1998; Johnson, 1992). 

Advocates of the use of executable specifications argue that:

1) the formality of the representations helps to identify and resolve ambiguity in requirements;

2) the representations may be used to check important properties of the proposed designs;

3) the formal statement of requirements provides clear guidance to software engineers charged with developing software to match the requirements; 

4) execution may help software engineers to communicate with customers and users about the consequences of the currently stated requirements.

However these approaches may:

1) limit the degree to which users can be direct participants in design. (Ehn & Kyng, 1991);

2) pre-suppose ontological decisions that may not be properly questioned, thus embedding misconceptions about work practice within the emerging design (Blomberg, Suchman & Trigg, 1997);

3) may not be properly understood by users and customers (Özcan 1998).

This project aims to examine ways of integrating informal 'paper-based' techniques for user-interface design with the use of executable requirements specifications, to exploit their complementary strengths, whilst minimising the disadvantages of each approach. Our goals shall be:

1) to examine software environments where story-boards & paper prototypes can be transformed into executable models and related to executable formal specifications;

2) to investigate design processes in which the (transformed) paper prototypes can be evaluated in parallel with executable versions of functional specifications;

3) to examine the impact of transforming a paper-prototypes to executable models on interactions between designers and users, and on users ability to manipulate the emerging design representation;

4) to examine conceptual and pragmatic issues that arise in combining these two techniques;

5) To support the successful completion of a PhD.

Scientific & technological relevance

Current debates around the use of representations in software design have pointed to alternate metaphors of the software design process as a process of transmission versus a process of conversation (McCarthy, 2000; Schön & Bennet 1996).

Within the transmission metaphor, software requirements are treated as pre-existing facts in the world to be ‘captured’ or ‘elicited’, and then ‘communicated’ to software developers who will then refine the requirements statements to produce a system that meets the requirements. The use of formal methods for systems development has often been presented in terms of this transmission metaphor (e.g. Morgan, 1994; Jones, 1986). 

The conversational metaphor characterises software design as a conversation in which developers and users of software participate together to achieve a common understanding of the purpose of the software and the fitness of proposed solutions to the situation. In the conversational metaphor, the users’ and customers’ understanding of what is required evolves as different designs are considered (O’Neill, 1998; McCarthy, 2000; Tudhope et al., 2000). Participatory techniques such as storyboards and paper-prototyping are typically developed from this (or similar) philosophical standpoints (see, e.g. Schuler & Namioka, 1993; Greenbaum & Kyng, 1991). From the conversational perspective, the presentation of a prototype, or of a specification (executable or otherwise) can be understood as a conversational turn in which designers explicate aspects of their current understanding of the problem and proposals for solution.

Possible advantages of including formal representations within a conversational design process may include the following:

a) Formalising the design may uncover computational constraints and may allow the developers to clarify these constraints within the conversation;

b) Formalising the design may help members of the development team to clarify their shared understanding of the commitments that they are making to users and customers;

c) Formalisation may allow desirable usability properties to be verified early in the design process;

d) Formalising the design may allow safety related issues, such as the impact of interaction errors, to be explored (Johnson, 1995; Dearden & Harrison, 1996). 

Craigen, Gerhart & Ralston (1995) report that industry has been slow to take up formal methods, despite their perceived advantages, and highlight problems of compatibility with existing approaches as a major factor slowing such uptake. Work by Özcan & Siddiqi (1996) has explored compatibility between formal specification and iterative development. Fields, Merriam & Dearden (1997) have also argued the need to integrate formal specification with other, less resource intensive, techniques in design. 

The proposed research builds upon this earlier work to support increased user participation in designing the external behaviour of software systems.

Some research in HCI has examined the possibility of transforming informal, paper-based representations to executable design artefacts (e.g. Damn, Hansen & Thomsen, 2000; Lin, Newman, Hong & Landay, 2000; Wilson, Bekker, Johnson & Johnson, 1997). A student at Sheffield Hallam University (Nixon, 2001) has developed a related system to support designers in moving between paper and executable software prototypes. However, this work has not explored the relationship of such approaches to the use of executable specifications of complex functionality. 

Programme and methodology 

The primary methodology proposed for the project is to use a series of case-studies to inform the design, construction and evaluation of a concept demonstrator.

A number of design case studies will be considered involving different user interface characteristics and offering different balances between functional complexity (and hence the perceived value of formal specification of required behaviour), and complexity of user interaction (and hence the perceived value of paper prototypes as design media). Some case studies that we are currently considering
 are described below.

a) A simple e-commerce application, a possible example could be an on-line reservation & payments system for a conference. Consideration will be given to the issue of delivering such functionality through traditional desktops or hand-held devices.

b) A real-time control system. A possible example would be an automated route re-planning assistant for a car driver that responds to real-time information on traffic flow. This type of system might be difficult to support using traditional paper prototyping techniques, because of the need to model behavioural aspects of a real world domain in order to properly understand requirements.

c) A collaborative application, such as a shared diary, in which complex interactions between different users are important to the design.

Within each case study, the researchers and research student, working with selected ‘clients’ or domain experts, will develop executable requirements specifications and paper prototypes relevant to the application. Some design sessions will be recorded for the purposes of later protocol analysis. The executable requirement specifications for each case study could be developed using the ZAL framework (Siddiqi et al., 1997; Özcan et al., 1998). Paper prototypes will be developed using a defined technique. Possible techniques that might be applied would include: PICTIVE (Muller, 1993), the HISER Element Toolkit (HISER Group, 2000), or the Information & Design usability toolkit (InfoDesign, 2000).

The representations, and the processes involved in their creation for each case study, will be analysed to investigate the relative strengths and weaknesses of the different approaches. The findings will be triangulated by a review of existing literature. A report will be produced examining the relationship between the different methods. The analysis of the case study design sessions will feed into the definition of requirements for and the design of tools to support the integration of executable requirements specifications and paper prototypes.

The main effort of the work will be directed at examining methods and developing tools that will support design by: 

1) allowing designers to scan and edit elements of paper-based designs;

2) permitting designers to edit appropriate representations to define dynamic behaviour enabling animation of the storyboard / paper prototype;

3) allowing designers to relate the appearance and behaviour of the ‘paper’ prototype to formally specified behavioural requirements.

The design process will follow an iterative development and evaluation approach with regular reviews by experienced designers at Sheffield Hallam University. 

Industrial collaboration

To ensure that the work relates to realistic industrial problems, we have asked two collaborators to co-operate with us, suggesting case-studies and providing feedback on developments (see attached letters of support). Both of our industrial collaborators (Xerox & HSBC) are multinational businesses involved in the design and development of advanced interactive systems. Both have major research, development and service facilities in the UK. One (HSBC) is one of the largest employers in the Sheffield area, a region with high levels of unemployment. The second (Xerox) offers extensive experience of technologies that blur the boundary between digital and paper-based representations.

Programs

The program is shown diagrammatically in figure 1. Progress reviews involving our collaborators will take place every 6 months throughout the project. During the first year of the studentship the student will be expected to undertake an agreed programme of studies in relevant research skills. The programme will be composed from units offered (across disciplines) at Sheffield Hallam University.

Relevance to beneficiaries 

The primary beneficiaries of this work are:

· the research student;

· researchers in requirements engineering and user-interface design, who will benefit from new understandings of the relationship between formal specification and prototyping approaches;

· the software development industry, which will benefit from the investigation of ways of combining techniques drawn from different traditions;

· industries in which safety-critical interactive systems are designed and developed (e.g. Medical & Surgical equipment manufacturing, Process control equipment industry, Aerospace), which will benefit from a better understanding of the relationships between formal representations in design, user participation and the conversational perspective on software development.

Dissemination and exploitation 

The work will be reported at national and international conferences and journals relevant to software requirements engineering (e.g. Requirements Engineering Journal, International Conference on Requirements Engineering, Design Specification & Verification of Interactive Systems, International Conference on Software Engineering), in HCI journals & conferences (e.g. HCI, Interact, Participatory Design Conference, Designing Interactive Systems, International Journal of Human-Computer Studies, Interacting with Computers, ACM Transactions on CHI), and in the research student’s thesis. 

Any prototype tools will be made available to other researchers on a ‘no support’ basis. 

Management and Resources 

The management of the project will be conducted by the principle investigator (Andrew Dearden) on a day-to-day basis, in consultation with the co-investigators (Mehmet Özcan, Jawed Siddiqi). Regular progress review meetings will be held, at which our external collaborators will provide additional feedback and review.
Funding for a three-year PhD studentship is requested. The research student will be engaged to conduct the case-studies and investigate tools and techniques. 10% of the Principal investigator’s direct effort, plus a smaller commitment from the co-investigators, will also be directed to this project, and towards supervision of the research student. 

We request travel funds for 24 visits to collaborator’s sites, and / or to meet expenses of collaborator’s staff attending meetings in Sheffield. These journeys will be necessary to enable the research student to uncover possible requirements and evaluate progress.

We have also requested funds for conference and workshop attendance, on the basis of: 6 one day workshops within the UK and 4 international conference attendances. These conference attendances will be necessary to promote and disseminate the work, as well as contributing to the training of the research student. The workshops and conferences selected for submission will aim to balance our efforts between the SRE and HCI communities. Target conferences include: HCI, ICRE, ICSE, DSVIS, EHCI, DIS, PDC.

We request a large IBM compatible PC for the research student to conduct development work, including a digital scanner (to permit scanning of paper prototypes). We have also requested a combined graphics tablet & LCD (to permit sketch revisions of scanned images). We also request a portable (IBM compatible PC) computer to permit demonstration of the tools at conferences and at other locations off-site, and a web enabled, hand held computer (e.g. Palm Pilot) to allow case studies that address the needs of mobile users.

We have also requested funds to cover suitable development software, programming books & manuals (e.g CodeWarrior IDE) to allow exploration of prototyping for mobile applications, a contribution towards the maintenance of shared resources (e.g. video & audio recording / editing facilities) at Sheffield Hallam University that will be necessary for the project, also an amount to cover the costs of spare parts or maintenance for specialist equipment used by the project.
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Months 31-36
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Familiarisation
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Case study design sessions 

Contextual analysis of development scenarios /
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Prototype  design & development. 
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Planning of future career opportunities for student (e.g further research projects). Reporting on prototype development
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Support for design & evaluation. Logistical support.

Dissemination activities
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Completion of research training assignments
Completion of literature review & contextual analysis
Successful transition from MPhil to PhD registration 
Successful publications by student / engagement in doctoral consortia
Prototype delivery &  papers relating to prototype
Thesis submission

Outputs

Literature review. MPhil / PhD transfer report
Case study data and analysis
Papers reporting case-studies
Conference & Journal papers. Prototype.
PhD Thesis

Further papers

Figure 1: Proposed program of work






� We use the term ‘designer’ to refer to software requirements engineers, user-interface designers, or system users, or any other actor who in involved in modifying a representation of requirements or design.


� The choice of case-studies may be modified, depending on the availability of data regarding particular problems, or the particular interests of the student during the evolution of the project. However, the overall balance of application types will be maintained.





