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�AUTONUMLGL�1.�	Executive Summary


Through a rigorous analysis of problem reports from previous projects Brüel & Kjær has achieved a major change in the requirements engineering process. We have developed and validated an experience based requirements engineering methodology, which has proven to give quantitative as well as qualitative improvements to our products and business. 





Through our analysis of error reports in a previous process improvement experiment aimed at improving the efficiency of our testing process [10][11], we have found that requirements related bugs are the major cause of bugs. We also found that the vast majority of these problems (85%) were due to missing or changed requirements; and misunderstood requirements by developers and testers.





In both experiments we have categorised bugs according to a taxonomy described by Boris Beizer [2]. For the current PRIDE experiment, however, we have limited the study to those bugs which can be related to requirements issues. We found that requirements related bugs represented 51% of all the bugs analysed.





Furthermore we have found that requirements issues are not what is expected from the literature. Usability issues dominate (64%). Problems with understanding and co-operating with 3rd party software packages and circumventing their errors are also very frequent (28%). Functionality issues that we (and others) originally thought were the major requirements problems only represent a smaller part  (22%). Other issues account for 13%. The sum of these figures adds up to more than 100% because one bug may involve more than one issue.





A closer study of the bugs suggested a number of techniques that could prevent a significant number of requirements related bugs.





Since usability issues dominate, the corner stone of the new requirements engineering methodology was to introduce usability tests [7][8] on very early prototypes. These were aimed at validating the development team’s understanding of common use situations (scenarios) [4][9] for the new product. Focused readings and specific actions to verify the resulting requirements specification were also introduced.





The validation techniques of the methodology were introduced on a real-life development project. On this project we achieved an almost 3 times increase in developer productivity on the user interface, and usability issues per new screen were reduced by 72%. The total number of error reports was reduced by 27%.





More important, however, the introduction of use situations (scenarios) and usability tests resulted in a totally revised user interface, which is regarded as a major breakthrough in understanding and supporting the users’ tasks. And the product was released in time for shipments before the end of the financial year.





The PRIDE project has been funded by the Commission of the European Communities (CEC) as a Process Improvement Experiment under the ESSI programme: European System and Software Initiative.





�
�AUTONUMLGL�2.�	Background Information


There is no generally accepted way of making a requirements specification. Recommendations like the IEEE Guide [1] and Davis [3] are definitely helpful, but most developers have great troubles following them. What should be included and what not? How can you formulate functional requirements without committing to a specific user interface? How can you formulate "what" without describing "how"?





This process improvement experiment has been performed on a next generation of products with a known background both in terms of application domain and in terms of development environment. In the course of development of the previous generations error logs were generated. These error logs have been analysed and common causes of bugs found.





The analysis of the requirements related bugs led to a set of techniques that would have been effective on the analysed project. Some of these techniques were selected for experimentation (validation) on real-life projects. One of these projects is now complete, and the product released. 





We have compared the error logs of this project to the previous error logs in order to measure the effect of the preventive techniques, and thereby validated two important techniques from our proposed methodology for the requirements engineering process.





�AUTONUMLGL�2.1.�		Objectives


To improve the completeness, stability, and usability of requirements specifications.


To ensure that requirements better reflect customer expectations and market trends.


To achieve faster time-to-market through reduced rework and changes during development.


To detect errors in requirements, as early as possible, by tracking requirements issues over the life-cycle.





�AUTONUMLGL�2.2.�		Involved companies and their roles


The PRIDE process improvement experiment was performed by Brüel & Kjær Sound & Vibration Measurement A/S a leading manufacturer of high-precision measurement instruments for sound and vibration applications, with subsidiaries in many countries around the world. The major part of their products is exported. Brüel & Kjær has a yearly turn-over of app. 120 MECU, employs app. 700 people, 80 of which are involved in development, and of these app. 50 with software development.


Previously most of the products were heavily based on embedded real-time software, but the market demand has shifted in the last couple of years so that the majority of applications now are standard PC applications in MS Windows NT.


As subcontractor, Copenhagen Business School has supplied the knowledge and experience in requirements engineering, forming the theoretical background for the experiment.


�AUTONUMLGL�2.3.�		Starting scenario


Brüel & Kjær has a traditional organisational structure of sales, marketing, development, and production. The PRIDE experiment took place in the development department, but people from the marketing department were heavily involved in the development team.





All product development is organised around projects led by project managers. Almost all developers have engineering degrees of various types, including software engineering education. Project managers are typically technically excellent persons that are given management responsibility without formal management background or training. The typical size of projects is 50-100 kLOC delivered by 5-7 developers in a period of up to 12 months.





Brüel & Kjær is ISO 9001 certified. The development process is based on a 7-phase waterfall model mainly built around the problems of controlling the hardware development and production process. Few procedures exist that are specifically aimed at software development.





The specifications are traditionally technology driven, i.e. the specifications take full advantage of the capabilities of the hardware. Software system design is usually only sketched early in the process. Detailed software design is done during the coding phase.





“Unit testing” is performed by each programmer testing his unit under development by linking it to the other available (and often untested) units. This test therefore more acts as a kind of integration test. The real integration test (which is actually a system test) is where all programmers test everything, often without an overall plan. Acceptance testing is performed by a small group of people with domain knowledge. It is often unsystematic, and the resources allocated are too small.


Error reporting starts from integration testing and continues until the product is no longer supported.





The present software development process is not satisfactory. Too many projects overrun schedules, and products are often shipped with bugs. Normally we develop applications based on a traditional written requirements specification. We have, however, also tried to develop applications based on a minimal requirements specification combined with rapid prototyping of complex domain areas. 





Both approaches have resulted in ambiguous and incomplete requirements specifications, which led to the same kind of problems during the development phase: New and changed requirements based on marketing input late in the development process, resulting in rework, more bugs, and schedule slippage.





Before starting on the next applications we therefore needed to radically change the requirements engineering process and the way we are producing requirements specifications.





�AUTONUMLGL�2.4.�		Expected outcomes


Upon completion of the experiment the required status at Brüel & Kjær was expected to be as follows:


Written procedures will exist for the requirements specification phase ready for approval by the ISO 9001 quality management system of Brüel & Kjær.


Existence of a requirements specification methodology based on the optimal set of theoretical approaches and techniques, proven in practice on a real-life software development project, and adjusted according to the experience gained.


A set of easily adaptable practical guide-lines and tools to assist the requirements specification process for the next application projects for the baseline platform.


A procedure for integrated team-work of marketing and development employees ensuring an improved and common understanding of how market and customer needs are quickly and completely discovered, and transformed into the proper functionality for our products.


A defined set of procedures and metrics for early discovery of, and reduction of the effects on development of requirements issues later in the development process.


A basis for continuous improvement of the methodology as experience from requirements specification is gained from other type of development projects in Brüel & Kjær.








�AUTONUMLGL�3.�	Work Performed


�AUTONUMLGL�3.1.�		Organisation


An ESSI-PRIDE project group was established with two participants from Brüel & Kjær and one from the subcontractor, Copenhagen Business School. The PRIDE pro�ject group has followed the experiment until com�ple�tion and it had the managing respon�sibility for the PRIDE experiment. The development organisation was kept informed of the progress of the experiment in the same manner as they would have been for a normal development project. 


The analysis and evaluation phases were carried out by the PRIDE project group supplemented by those employees that had been working on the previous generations of the products and therefore had deep knowledge of the problem reports. Without them it would have been impossible to perform a proper bug categorisation.





The participants from Brüel & Kjær were the members of the internal Software Process Improvement Group managed by Otto Vinter. He was the project manager responsible for the PRIDE experiment and took part in all analysis and evaluation activities. Two other project managers from the group participated: Per-Michael Poulsen participated in the analysis activities, and Kai Ormstrup Jensen participated in the evaluation activities. The baseline project was managed by project manager Flemming Petersen. The baseline project team consisted of the software engineers: Stefan Borum, Henrik Thor Christensen, Karin Christer, and the application specialist Peter Larsen.


The participants from the subcontractor, CBS, were: Professor Søren Lauesen who was active in the analysis and evaluation activities. Associate professor Jan Pries-Heje was active in the training and monitoring activities.


�AUTONUMLGL�3.2.�		Technical environment


The requirements engineering methodology which we have defined and validated in the PRIDE experiment comprises a number of simple techniques grouped under two main themes. The techniques are described in more detail in Annex E. 


Requirements Elicitation and Validation





Two techniques support requirements elicitation and validation.


Use Situations (Scenarios)


Relate demands to use situations. Describe the essential tasks in each scenario.


Usability Test of  Daily Tasks with a Navigational Prototype (Screen mockup)


Check that the users are able to use the system for daily tasks based on a navigational prototype of the user interface.





Verification of the Requirements Specification





Four techniques verify the requirements when a specification document has been produced. Three are based on what is called “focused readings” of the specification document, one of which includes tests of critical aspects of external software; and a fourth technique reviews the screens of the user interface.





Let Product Expert Review Screens


Let a product expert check screens for deviations from earlier product styles.


External Software Stress Test


Test that the external software fulfills the expectations in the requirements, with special emphasis on extreme cases.


Orthogonality Check


Check the requirements specification to see whether an operation or feature can be applied whenever it is useful.


Performance Specifications


Check the requirements specification to see whether it contains performance goals for the requirements.





The PRIDE experiment did not introduce any new software tools, as we did not find any that could support the techniques of our methodology. We used conventional tools for building prototypes of screens e.g. VisualBasic and the Bookmark feature in Word 6.


�AUTONUMLGL�3.3.�		Training


All developers in the experiment at Brüel & Kjær were trained in the methodology. There was a two day semi�nar on the methodology with "hands-on" train�ing in some of the new techniques.


Apart from training the developers on the baseline project, the participants from the Software Process Improvement Group attended several conferences and seminars to ensure that they had access to updated knowledge on “best practice” requirements engineering  methods and tools: ICRE’96 (conference, Colorado Springs), Industrial Uptake of Requirements Engineering (workshop, Brussels), SPI’96 (conference and ESSI dissemination event, Brighton), EuroSTAR’97 (conference, Edinburgh), AQuIS’98 (conference and ESSI dissemination event, Venice).


Presentations on the PRIDE experiment were given at some of the above events: SPI‘96, EuroSTAR‘97, and AQuIS‘98.


�AUTONUMLGL�3.4.�		Role of the consultants


The subcontractor was Copenhagen Business School. The subcontracted effort amounted to app. 10% of the effort. The purpose of CBS on the project was to supply the knowledge and experience in requirements engineering; forming the theoretical background for the experiment; assist in the decisions on the methodology; take part in the monitoring of the experiment; and finally in evaluating the results.





�AUTONUMLGL�3.5.�		Phases of the experiment


The phases of the experiment followed the intended plan in terms of content. However, the schedule could not be maintained. Due to lack of resources, the management at Brüel & Kjær could not start the baseline project as planned. This delayed the start of the execution of the PRIDE experiment.


 


Workpackage A. Analysis of current situation


The analysis phase was conducted from January 1996 through May 1996. The analysis activities were all completed as planned.





We performed the categorisation of the error logs from the previous projects in accordance with Boris Beizer's taxonomy [2] in order to select those error reports that were requirements related. We quickly found that Beizer’s main category for requirements bugs did not cover all aspects of requirements related issues. We therefore included several other subcategories in this selection. Annex A contains a list of the categories selected.





We further classified the requirements related errors according to:


Error source


Quality factor





The classification by error source confirmed our previous results that the majority of requirements related bugs were due to missing or misunderstood requirements. The error source “tacit requirement” was the source in 52% of the reports. Annex B contains a list of the error sources used. 





The quality factor classification demonstrated clearly that usability issues dominate in requirements related error reports (64%). The quality factors that we have used are a variant of those stated in ISO 9126, and can be easily mapped onto those. Annex C contains a list of the quality factors used.





Workpackage B. Development of the methodology


Development of the methodology started in May 1996 and a first version was completed in June 1996. However, further analysis of the error reports and the suggested techniques of the methodology led to many revisions in the fall of 1996. This could be done without affecting the baseline project since it had been delayed in its start-up. The PRIDE experiment was thus delayed by 4 months.





When we classified the bugs, we discussed possible preventions for each bug. We started out with a list of known techniques and added to it when no technique seemed to be able to prevent the bug in question. Later when we discussed hit-rates for each technique, we improved and specified each technique further. Annex D contains the list of prevention techniques that were considered.





We then performed a cost/benefit analysis of the techniques. For each error report, the hit-rate of each technique was estimated. Since we have no data on actual benefits of preventing a specific bug, we used the time-to-find-and-fix as the benefit. Multiplying this benefit by the hit-rate, accumulating over all error reports, and finally subtracting the cost (time) of using the technique, gave us the estimated savings for each technique. This cost/benefit analysis led to a list of techniques ranked according to savings (see chapter 4.1.3).





Finally the baseline development team was invited to a one day seminar where the techniques that ranked highest were presented. The purpose of this seminar was to allow the members of the team to participate in the final selection of techniques for the methodology. A tutorial was then developed for these techniques in order to train them in the methodology.





Workpackage C. Making the requirements specification for the baseline project


The requirements phase of the baseline project finally started in January 1997, almost 7 months later than anticipated, and lasted until May 1997. This was two months longer than planned. However, the following specification and design phases turned out to be shorter than planned and were completed in August 1997. The resulting one month delay at this point was not considered critical to the baseline project. The delay, however, required another 4 month extension of the PRIDE experiment.


Before the requirements phase started, the baseline team was trained in the selected techniques. During the requirements phase the team described typical use situations (scenarios) [4][9] for their product. They built navigational prototypes and usability tested them [7][8] with application specialists and customers.


The user interface was totally changed as a result of the usability tests. The first prototype raised incredibly many issues. A completely revised second version of the prototype still raised many issues during usability tests, so a third version of the prototype was made.


Finally a conventional requirements document was produced and approved. The use situations (scenarios) were included in a separate chapter in the requirements document, and the prototype acted as a visual supplement to the written specification.


Only the scenario and usability techniques of the methodology were actually used by the baseline project. It turned out to be too ambitious to introduce more than these in one project.


Workpackage D. Carrying out the development of the baseline project


The development of the baseline project started in August 1997 and was completed in December 1997 just in time for orders to be shipped before the end of the financial year.





The development process was conducted in the ususal fashion, following the normal procedures for development of software at Brüel & Kjær. Error reports were collected and handled by the development team in the same way as on previous projects.





Workpackage E. Evaluation and revision of the methodology


The final evaluation started in January 1998 and was completed in February. We could not get another extension of the experiment from the Commission, so we had to accept this limited time for analysis of the error reports. Also the originally planned inclusion of error reports from a 3 months period of actual use after release had to be dropped. The comparisons were therefore only performed on data collected before release.





Actually, evaluation started already during the analysis phase (WP A) when we compared our bug statistics to those of Boris Beizer.





During the requirements phase (WP C) a series of interviews were conducted with the baseline team members to assess the attitude of the developers towards the applicability of the techniques. Four interviews were performed: immediately after the training; after the use situations (scenarios) had been developed; after the usability tests; and after the release of the product. Some of the typical reactions by the members of the baseline team can be found in chapter 4.1.5.





The final analysis of error reports followed exactly the same pattern as our previous analyses. First a Beizer categorisation to find requirements related error reports; then classification of those reports according to error source and quality factor; and finally hit-rates and savings per technique.





The evaluation of error reports showed quite clearly the effect of the techniques that had been used on the baseline project. Also, that there would have been an increased effect if the remaining techniques of the methodology had been applied too (see chapter 4.1.6).





�AUTONUMLGL�3.6.�		Dissemination


The PRIDE project intended to emphasise the dissemination aspect, and dissemination activities therefore were undertaken already from February 1996.





�AUTONUMLGL�3.6.1.�	Internal Dissemination


The software developers on all major development projects at Brüel & Kjær have been invited to at least one presentation on the results of the original analysis of error reports, and the proposed methodology. There has been no time in the evaluation phase (WP E) to give presentations of the final results and the validated methodology.





The manager of the development department has been given a separate presentation on the findings of the analysis phase, emphasising the problems in the development process that had been uncovered, and what actions were planned to improve the requirements engineering process.





All intermediate documents and presentation material on the experiment have been available on the internal PC network of the company. Special interest from the project managers has been in getting copies of the tutorial on how to describe use situations (scenarios). Two more projects have already been assisted by the PRIDE project group to introduce such descriptions on their projects.





Final presentations internally at Brüel & Kjær on the results and the validated methodology will be given shortly after the completion of the PRIDE experiment, and will be disseminated to other projects via a separate internal process improvement project.





�AUTONUMLGL�3.6.2.�	External Dissemination


Mid-Term presentations





The mid-term presentation was given at an ESSI-PIE workshop in Brussels in November 1996. Furthermore a paper was given at SPI’96 in Brighton in December 1996 focusing on the results of the analysis and the proposed methodology.





Final presentations





A paper was given at EuroSTAR’97 in Edinburgh, November 1997, highlighting the experiences from conducting the requirements phase. The final dissemination with the results and conclusions was given at AQuIS’98 in Venice, April 1998. Furthermore an extended paper on the results and conclusions will be given at SQW’98 in San Francisco, May 1998.





Experience networks





Datateknisk Forum is a Danish organisation for companies which as part of their activities develop software. The experience network of Datateknisk Forum has been used intensively for dissemination.





Other





Presentations have been given at many occasions on the purpose and intermediate results of ESSI and the PRIDE project:





ESPITI conference on “Best Practices” in Copenhagen, February 1996. Dansk Dataforening (Danish Data Association) VUE seminar in Odense, May 1996. Australian Workshop on Requirements Engineering (Monash University), September 1996. Dansk Dataforening (Danish Data Association) seminar on “Requirements” in Copenhagen, October 1996. Swedish Quality Association seminar on “SPI Based on Facts” in Stockholm, May 1997. EUREX workshop on “Metrics & Process Improvement” in Stockholm, March 1998. 





There has been a meeting to exchange experience with the researchers from City University London, March 1996. The University is the center for the ESPRIT funded requirements engineering network (RENOIR), which Brüel & Kjær is a member of.








�AUTONUMLGL�4.�	Results and Analysis


This chapter describes the main results and analyses from the PRIDE experiment.


�AUTONUMLGL�4.1.�		Technical


Through our analysis of error reports in a previous ESSI experiment (PET) aimed at improving the efficiency of our testing process [10][11] we found that requirements related bugs were the major cause of bugs. We therefore decided to conduct the current PRIDE experiment aimed specifically at this type of bugs in order to find and introduce effective prevention techniques for requirements problems in our development process. 





�AUTONUMLGL�4.1.1.�	Analysis of Error Reports


In both experiments we have categorised bugs according to a taxonomy described by Boris Beizer [2]. For the current experiment, however, we have limited the detailed study to those bugs which can be related to requirements issues. 





We found that requirements related bugs (Annex A) represented 51% of all the bugs analysed. We also confirmed that the vast majority of these problems (85%) were due to missing or changed requirements; and requirements misunderstood by developers and testers.





Furthermore we found that requirements issues are not what is expected from the literature. When we classified the issues in the requirements related bugs according to quality factors, we found that usability issues dominate (64%). Problems with understanding and co-operating with 3rd party software packages and circumventing their bugs are also very frequent (28%). Functionality issues that we (and others) originally thought were the major requirements problems only represent a smaller part  (22%). Other issues account for 13%. The sum of these figures adds up to more than 100% because one bug may involve more than one issue.





Usability errors also seem to be rather easy to correct even when found late in the development process, e.g. in or after the integration phase. Problems with 3rd party products, however, are generally very costly to correct/circumvent.





�AUTONUMLGL�4.1.2.�	Potential Prevention Techniques


When we classified the bugs, we tried to imagine what could have prevented each bug. We started out with a list of known techniques and added to it when no technique seemed to be able to prevent the bug in question. Later, when we discussed hit-rates for each technique, we improved and specified each technique further.





Many well-known techniques were considered but dropped, because we could see no use for them in relation to the actual bugs. Initially, for instance, we thought that argument-based techniques could be useful, but the error reports did not show a need for them. Others like formal (mathematical) specifications, seemed of little value. Techniques with focused early experiments on different kinds of prototypes, seemed much better suited to prevent real-life bugs. 





Many of the proposed techniques are “common sense” techniques that are moved up from the design phase to the requirements phase and formalised. When they are used in this context they will ensure the right quality of the product.





The result was a list of some 40 prevention techniques grouped under the following headings:





- 1xx Demand analysis (including scenarios)


- 2xx Usability techniques (including prototypes)


- 3xx Validation and testing of external software


- 4xx Requirements tracing


- 5xx Risk analysis


- 6xx Improved specification techniques (e.g. formal/mathematical)


- 7xx Checking techniques (including formal inspections)


- 8xx Other techniques (including performance specifications)





The full list of prevention techniques considered can be found in Annex D.





�AUTONUMLGL�4.1.3.�	Determining the Optimum Set of Techniques


Each error report was then assigned an estimated hit-rate for each technique, and the estimated effectiveness of each technique was calculated. We also assigned a benefit for preventing each error report, so that we were able to calculate the cost/benefit ratio of each technique, and then select the optimum set of techniques to be employed in our real-life experiment on a baseline project.





The results are shown in the figure below for the top seven techniques with respect to savings. The hit-rates are shown as a percentage of the total number of bugs in the project. The savings are shown as a percentage of the total development effort. The numbers in parentheses are the numbers we use to identify the techniques (see 4.1.2 and Annex D).








��





We have chosen to show only the top scorers with respect to savings. Other techniques had hit-rates comparable to the ones shown above, but with lower savings (even negative) because of high costs.





When more than one technique is used at the same time one must be aware, that combining two techniques does not simply add their hit-rates, because the first technique "filters" away some problems, leaving fewer problems for the second technique to detect. And this has an effect on the savings too. In general it will be better to combine techniques that find different kinds of problems. We have applied the principle of dynamic programming to calculate these combined hit-rates and savings and have found the best combination of techniques with respect to savings.





As an example, the best combination of four techniques chosen among those above would have resulted in a combined hit-rate of 19% of all error reports (37% of the requirements related), and a combined saving of 6% on the total development effort, which would have saved approximately 1 month on the 18 month schedule of the analysed project.





�AUTONUMLGL�4.1.4.�	The Requirements Engineering Methodology


The results of the analysis were presented to the members of the baseline team. Based on the detailed list of techniques (Annex D) and hit-rates/savings, the team took part in the final decision on the techniques of the methodology. 





The techniques of the methodology are listed below. They are described in more detail in Annex E. 





Requirements Elicitation and Validation


Scenarios (101)


Relate demands to use situations. Describe the essential tasks in each scenario.


Navigational Prototype Usability Test, Daily Tasks (220)


Check that the users are able to use the system for daily tasks based on a navigational prototype of the user interface.





Verification of the Requirements Specification


Let Product Expert Review Screens (280)


Let a product expert check screens for deviations from earlier product styles.





External Software Stress Test (301)


Test that the external software fulfills the expectations in the requirements, with special emphasis on extreme cases.


Orthogonality Check (721)


Check the requirements specification to see whether an operation or feature can be applied whenever it is useful.


Performance Specifications (820)


Check the requirements specification to see whether it contains performance goals for the requirements.





The analysis of error reports had not found that technique 101 (Scenarios) [4][9] was effective in itself. However, since usability was such an important issue, we needed a technique to define the tasks that users should perform during the usability tests [7][8]. We therefore included 101 as one of the techniques in the methodology, also because other sources indicated that scenarios were quite effective to improve developer understanding of the domain.





Originally the team focused on technique 230 (Functional Prototype Usability Test, Daily Tasks) as the choice of prototype for usability tests, because they were worried that they would not get enough out of a paper mockup (210) or a navigational prototype (220). On the other hand the ESSI-PRIDE project group were worried that a functional prototype would not be available for usability tests until too late to allow for the changes to requirements that would be uncovered by these tests. 





What actually happened was that after the use situations (scenarios) had been described, the team could not wait for a functional prototype to be developed. In only two weeks they developed a first prototype with navigational facilities (screen mockup). Both VisualBasic and the Bookmark feature in Word 6 was used to develop further prototypes. These navigational prototypes were immediately subjected to usability tests, and the amount of issues found and corrected convinced the team that a navigational prototype would be sufficient.





Thus, the technique that is included in our methodology is not 230 (Functional prototype usability test, daily tasks), but another of the analysed techniques: 220 (Screen mockup usability test, daily tasks). Even though this technique is estimated to have only half the hit-rate and much lower savings than technique 230. 





�AUTONUMLGL�4.1.5.�	Experiences with the Techniques During the Experiment


The development team picked up the scenario and usability test techniques with great enthusiasm. In interviews, statements like the following were heard:





	Scenarios (101):


“I am in fact deeply surprised. The scenarios made it possible for us to see the flow through the system in a very concrete way.” 


“In the beginning of the project I was quite sceptic. I thought it would take too long time. But now I think we get a much more live and exciting requirements specification as a result of the scenarios. It will also make it much easier to make a prototype”.


“It has been an exciting experience to use scenarios. When you had the scenarios, then the requirements popped up by themselves”





	Screen Mockup Usability Test, Daily Tasks (220):


“It only took a week to develop the original prototype in Visual Basic, and the modifications from the first set of tests to the next were performed overnight in the hotel room”


“The closer we got to the real users, the clearer became the actual tasks that they performed”


“We got more information out of the tests than we are able to incorporate in the product. We found features that we had never thought about, as well as features that were irrelevant to the users”





The other techniques of the methodology were never applied by the team in practice. Introducing so many new techniques at the same time on a project turned out to be too ambitious. 





The requirements engineering process took longer than expected, but the specification and design phases were reduced, so the resulting delay was not considered critical. The rest of the development process was conducted in the ususal fashion, following the normal procedures for development of software at Brüel & Kjær. The baseline project was completed in December 1997 and the product was released.


 


�AUTONUMLGL�4.1.6.�	Results of the Experiment


We have analysed the bugs from the baseline project in the same manner as we did in the original analysis reported in chapter 4.1.1-4.1.3. We compare the results to another project previously developed by the same team on the same platform and under similar circumstances. The actual number of person months on the two projects is the same within 10%. 





The major difference between the two projects is that the project used for the experiment was very user interface intensive. Actually it contains almost 4 times as many new screens as the project we compare it to. 





The application it was intended to support had previously resulted in at lot of “shelfware” products both from B&K and our competitors, because the customers were unable to grasp the intricacy of the measurement standard that should be followed. Usability techniques would therefore seem especially suited for this baseline project.





Effect on Requirements Related Issues





We have found an overall reduction in error reports of 27% from the previous generation of the product to the experimented product. The reduction in the number of requirements related error reports was 11%. According to our analysis, the actually used techniques (101 and 220) were estimated to achieve a combined hit-rate of 8% of all error reports and 15% of the requirements related.





When we study the distribution of requirement issues according to quality factors, we see a slight increase in usability issues (5%), whereas other requirements issues (functionality etc.) have been reduced by 36%. The immediate reaction to this is that the usability techniques employed have not reduced usability issues. 





However, the impact of usability techniques is closely linked to the complexity of the user interface. The baseline project had almost 4 times as many new screens as the previous project we compare it to, all of comparable complexity. If we adjust for this difference, we actually have achieved a 72% reduction in usability issues per new screen, which is quite extraordinary.





Furthermore, the baseline project only spent 33% more person months to deliver almost 4 times as many new screens of comparable complexity. This almost 3 times difference in productivity can be explained by the design and development of the user interface being a stable process once the navigational prototype (screen mockup) had been validated in usability tests. In the previous project the new screens were constantly subject to change all through to the end of the project.





Finally, we have analysed the error reports from the baseline project to study hit-rates and savings in order to find further techniques that could have been employed with effect on the remaining bugs. We have found that none of the usability test techniques on prototypes are any longer among the top 7 candidates with respect to savings. 





This shows that the usability test techniques have been effective in preventing requirements related bugs, and that using a navigational prototype (screen mockup) instead of a functional prototype seems to be adequate to prevent this type of bugs. This is important since the cost to build a navigational prototype is lower than building a functional prototype and can be performed much earlier in the development life-cycle.





Furthermore the requirements verification techniques of our methodology are still on the top of the list with respect to savings, and ranked relatively as follows: 280 (Let Product Expert Review Screens), 820 (Performance Specifications), and 721 (Orthogonality Check). This shows that these verification techniques of the methodology could have been an important supplement to the validation techniques actually used. 





The baseline project did not use external software, so technique 301 (External Software Stress Test) has not been validated. Our original analysis showed that this technique would have been very effective in preventing problems that are difficult to fix on projects with new external software.





Other Effects





What is also surprising is that not only did we experience a reduction in bugs related to requirements issues, we found an even higher reduction in other bug categories (37%). We have been very puzzled about this unexpected result. We have thought of several causes that might have influenced the result. 





The primary effect of the used techniques


Derived effects of the used techniques


Focus on a team improves their productivity no matter what else is changed. 


Random effects


A change in the experimenters’ evaluation of the reports


Differences in the team/culture/domain/project





Since we are comparing the results with another project previously developed by the same team, within the same domain, and under similar circumstances, we can eliminate cause 6. 





Two out of three persons on the evaluation team (cause 5) have taken part in all the analyses and comparisons of error reports. The analysis reported in chapter 4.1.1-4.1.3 took place two years ago, but we have had to revisit of some of the original error reports during the present comparison of results, and we found a reasonable agreement with our previous analysis. 





We cannot completely rule out random effects (cause 4). However, the observed differences are within standard confidence limits so the reduction cannot be attributed to random effects only.





Nor can we rule out the Hawthorne effect (cause 3), which states that merely focusing on a team improves their productivity no matter what else is changed. But statements from developers suggest that the primary and derived effects of the techniques (cause 1 and 2) are the main causes for the reduction in error reports. 





The derived effect on other types of bugs than the requirements related can be explained by the fact that most of the developers achieved a deep understanding of the domain in which the product was going to be used from describing use situations (scenarios) and taking part in the usability tests. 





This invariably leads to reduced uncertainty and indecision among the developers on what features to include and how they should be implemented and work. As one developer said during an interview:





“After the scenarios had been written they were often used in design discussions in the project group. The one that was best at relating to the scenarios won the discussions.”





Another developer mentioned that this was the first project he had experienced without turbulence from uncertain requirements.





�AUTONUMLGL�4.2.�		Business


We have seen a significant reduction in error reports due to the scenario and usability test techniques. However, the impact of these techniques on the perceived quality of the released product is even greater than the prevention of bugs.





Describing use situations (scenarios) enabled the team at a very early stage in the requirements engineering process to capture the most important demands seen from a user/customer perspective. The developers therefore got a very clear vision of the product before the requirements were fixed.





The subsequent usability tests on very early prototypes verified that the concepts derived from the descriptions of use situations (scenarios) still matched the users’ needs and could be readily understood by them in their daily use situations.





The user interaction with the product was totally changed as a result of the usability tests. The first prototype raised incredibly many issues, especially compared to how little time it took to develop. A completely revised second version of the prototype still raised many issues during usability tests, so a third version of the prototype was made. This acted as a validation of the changes that had been made to the user interface.





When Brüel & Kjær experts were presented with the prototype, the response was: “That is really smart, why haven’t we done that before, why haven’t we focused on getting the measurements in the box instead of getting the full paintbox on the screen?”





The prototype was also used for a sales meeting immediately after the requirements phase. It had an enormous effect on the sales people. Later, demo versions of the nearly finished product created more positive responses from potential customers than we have seen for other similar products.





The product was released in December 1997 just in time for orders to be shipped before the end of our financial year. It is the opinion of the project team that it would have been impossible to achieve this goal, if they had not used the new techniques. Too many problems would have been discovered too late.





Though it is too early to report sales figures, it must be concluded that the benefits of using the scenario and usability test techniques have had a major impact on our business which far surpasses the benefits of preventing bugs during development.





�AUTONUMLGL�4.3.�		Organisation


There has not been any change to the organisation at Brüel & Kjær, and this was not planned either. We intended to change part of the development process without changing the entire world, and we succeeded in this.


The requirements engineering procedures of the ISO 9000 quality system will be updated according to our findings. The procedures have not been tested within this experiment due to the late completion of the baseline project. This will be done through a separate project which will also introduce other software process improvements in the development organisation.


�AUTONUMLGL�4.4.�		Culture


The team that conducted this experiment was highly motivated and dedicated to the job. This is one of the reasons for our success. We feel that we have managed to continue the change in culture which started with our first ESSI project on testing [10][11]. We have achieved awareness on proper requirements engineering. However, due to the strong project manager culture in our company, we will have to continue to motivate each of the project managers and their teams to pick up the new ideas.


�AUTONUMLGL�4.5.�		Skills


We now have knowledge on the common requirements problems, and we have a validated methodology to eliminate many of them. We have increased our knowledge about and attention to the results of bug categorisation. We have introduced the techniques on four projects in total.





�AUTONUMLGL�5.�	Key Lessons


�AUTONUMLGL�5.1.�		Technological point of view


We have learnt that requirements issues are not what is expected from the literature. Usability issues dominate and techniques to prevent requirements issues from becoming defects should therefore focus on early verification and validation techniques, rather than correctness and completeness of requirements documents. Use situations (scenarios) and usability tests by means of early navigational prototypes (screen mockups) have proven to be extremely useful for this purpose.





Focused reading techniques on requirements specifications seem to supplement these validation techniques very well. These focused readings should find problems in our expectations to external (third-party) software; use creative (orthogonal) thinking to increase the usefulness of features; secure proper ranges and accuracy on all requirements; and use product experts’ knowledge on previous products to ensure consistent screen designs.





Defect analysis from error logs is a simple and effective way to assess the software development process. The analysis of bugs has had a significant impact on the way we look at our software development process, and has established a starting point for process improvement programmes in our company. However, we have also found that in order to assess the earlier phases of the development life-cycle properly, we need other metrics than error logs generated late in the development process.


 


A Beizer categorisation can be performed at a rate of 5 minutes per bug. The full analysis of the requirements related error reports including hit-rates and benefits took another 30 minutes per bug. At least two persons from the PRIDE project group and the developer who had been responsible for the correction of the bug participated in the analysis.





�AUTONUMLGL�5.2.�		Business point of view


Introducing use situations (scenarios) and usability tests on early prototypes will extend the time spent in the requirements phase. However, we have found that this extra time is compensated for later due to reduced uncertainty and indecision among the developers on what features to include and how they should be implemented and work. Furthermore we have found an increased productivity in the design and development of the user interface, because it becomes a stable process once the navigational prototype (screen mockup) is validated in usability tests.





Preventing requirements issues from becoming defects is not the major benefit of an improved requirements engineering methodology. Products which better support users in their daily tasks and with improved user interaction are perceived to be of higher quality and will therefore lead to increased sales. 





It was extremely important that the development team took part in the requirements engineering process from the start, describing use situations (scenarios) and validating them through usability tests. This led to an increased focus among developers on actual customer needs and enabled the development team to prioritise requirements so that the most important demands were solved first, which shortened the time to market.





An inexpensive and yet very effective way of achieving a mini self assessment is to perform the analysis of error reports that we have done in the experiment. Beizer’s bug taxonomy [2] is an excellent reference for companies who wish to start analysing the cause of bugs in their error reports. Such an analysis is based on information that is readily available in-house and it gives a precise picture of the main problems in the development process. This again creates an awareness of process issues and is the initial step to systematic process improvement.





�AUTONUMLGL�5.3.�		Strengths and weaknesses of the experiment


The strengths of this experiment was that it was conducted in a well-defined and controlled environment. It was very focused on improving the requirements engineering process. There has been dedicated resources working on the PRIDE experiment and the baseline project team was highly motivated. We find that all of this has contributed to the success of the experiment.


One weakness of this experiment was that we did not have the possibility to validate the effect of all the techniques in our methodology. Therefore we cannot prove how much better the results can become when the full methodology is employed. 


Even though we had management attention, we did not have management commitment to say: “we will now introduce this on all our projects”. The result is that the dissemination and introduction internally will be much slower than in some other companies.


If we were to repeat the project, we would focus more on studying and measuring requirements issues earlier in the life-cycle. Too many things happen during the design and development process that will not be reflected in error reports generated late in the project.


�AUTONUMLGL�6.�	Conclusions and Future Actions


The experiment has tackled the largest cause of bugs: bugs in the requirements engineering process. We have achieved a quantifiable improvement in our development process through the use of the techniques in the methodology. However, we have also seen that the qualitative effects and business benefits are much more important than preventing bugs. 





The dissemination of the knowledge will be performed through a separate project for further process improvements, and the ISO 9000 procedures will be updated during these. 








�AUTONUMLGL�7.�	Epilogue


Version 3 of this report is issued almost 18 months after the release of the improved product. It is therefore now possible to document the effect of the product on our business: The number of copies sold per month of the improved product has consistently been more than twice the number of copies of the product we have compared it to. This is in spite of the fact that the improved product is aimed at a much smaller market niche and is priced much higher. 





The sales people and customers were initially reluctant to adopt the product simply because of their previous experiences with products trying to address this complicated measurement domain. But once they had had a chance to actually see it and try it out, they were immediately convinced of the intuitively correct user interaction, enabling them to easily control their measurement situations.





Descriptions of use situations (scenarios) and usability tests on very early prototypes have thus proved to be of extreme importance to us. The adoption of these requirements engineering techniques  has been much more rapid than any other process improvement we have introduced. All new projects at Brüel & Kjær are now using these techniques, and results from the first of these projects seem equally promising. A genuine success.








�AUTONUMLGL�7.�	Glossary


Bug: Not just a programming error etc. A bug is any undesired behaviour of the system, being it slow 	response, difficulty in figuring out how to use the system, lack of an expected feature, or a 	suggestion for an improved specification.





Error Source: A classification of the requirements related bugs which focuses on whether the error 	was a misunderstanding of the specification, a wrong requirement, etc. For the list of error sources 	see Annex B.





External software: Any software being part of the product, but developed outside the project team. 	Examples: The operating system, a third-party communication package, a reused module or 	subsystem from another project.





Functional Prototype: A functional prototype is similar to a navigational prototype, but contains more 	functionality than just a screen mockup. Each screen has a basic functionality, objects can be 	created and deleted, data entered on one screen and shown on others. The focus is on	checking functional aspects.





Hit-rate: The chance that technique x would have detected or prevented bug y. We estimated the hit-	rates for all techniques on all bugs.





Navigational Prototype: Also called a screen mockup. It looks like the real system, but has very little 	functionality. In the mockup most menu points and buttons automatically change to another screen. 	Most screens just have a static content, which means that they may exist in several versions with 	different contents. There is a gradual transition from navigational prototypes to functional 	prototypes.





Quality factor: A classification of the requirements related bugs which focuses on the quality 	characteristics of the bug, e.g. reliability, usability etc. The quality factors that we have used are a 	variant of the quality characteristics in ISO 9126, but can be easily mapped onto those. For the list 	of quality factors see Annex C.





Requirements related bugs: Bugs that belong to the subset of categories in Beizer’s taxonomy [2], 	which we have decided are requirements related. For the list of those categories see Annex A. 





Scenario: We use the Human Computer Interface (HCI) community definition of this term. It should 	not be mixed-up with the UML (Unified Modeling Language) or OMT (Object Modeling 	Technique) definition of a scenario, which is much more related to the system level. A scenario 	is a use situation of longer duration, typically hours. The scenario description explains the work 	environment, the purpose of the work, and the type of users working. A scenario comprises several 	tasks. 





Task: We use the Human Computer Interface (HCI) community definition of this term. It should not 	be mixed-up with the UML (Unified Modeling Language) definition of a Use Case, which is 	much more related to the system level. A task is a specific job with a goal, a beginning, and a 	termination. Tasks are carried out by people. A task is often triggered by an external event, for 	instance that a customer calls. The task terminates when the goal has been reached, or when the 	task is cancelled.





Usability: The ease of learning and using the system. Usability has nothing to do with program bugs 	or system crashes. We assume that the system works as intended by the designer. Usability is 	about how the user perceives and uses the system.





Usability test: Tests performed with actual users on a prototype of the proposed product.





Use situation: See the definition of: Scenario.
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Annex A Requirements Related Bug Categories


The bug categories in Beizer’s taxonomy [2] are divided into nine major groups. Each group is subdivided to a depth of up to 4 levels. 





1. Requirements and Features


2. Functionality as Implemented


3. Structural Bugs


4. Data


5. Implementation


6. Integration


7. System and Software Architecture


8. Test Definition or Execution Bugs


9. Other Bugs, Unspecified





The subset of bug categories that we have defined as requirements related are listed below. An x indicates that all subcategories are included also.





1xxx:	Requirements and Features.


211x:	Feature misunderstood or wrongly implemented.


22xx:	Missing features.


241x: 	Domain misunderstood or wrongly implemented.


53xx: 	Documentation


62xx:	External (hardware) interfaces and timing.


71xx:	Interfaces to operating system software.


78xx:	Interfaces to third-party software.


811x:	Requirements misunderstood in test design.





Category 78 is not in the original Beizer taxonomy. Category 78 means bugs in the interface to third-party software. Either due to our misunderstanding or wrong interpretation of the features and operation of the third-party software; or due to problems in the third-party software which the vendor does not correct so we have to make a “work around” to solve the problem. Beizer has approved this new category. Third-party products were not a major issue when he developed the taxonomy.





Category 811 “Requirements misunderstood in test design” has been subdivided in two subcategories 8111 which are genuine misunderstandings of the specifications (Beizer’s original definition), and 8112 which covers ideas or suggestions for another specification than the one correctly implemented. Bugs categorised in 8112 are proposals for improvements which were not accepted on the current version of the product, but which may be included in a later version.





The purpose of the new category 8112 is to highlight suggestions for improved requirements, which were not accepted by the development team. If they had been accepted they would have been categorised as a missing requirement (13xx) or a change to the requirements (16xx). Many of these were only rejected because they were discovered too late in the development process, so that schedule pressure rather than relevance was the deciding factor. An improved requirements engineering process might have discovered these at an earlier stage in the development, and would have resulted in another categorisation. 





We find that it would be wrong and misleading to categorise all suggestions as if they would have been accepted as changes to requirements, since no one knows whether all of these would have been accepted even when found early enough in the development process to be included. It would be equally wrong to disregard such error reports when we want to study requirements related bugs, since they represent demands or features that were not recognised during the requirements engineering process.





This subdivision has been discussed with Boris Beizer. A new category for these error reports is definitely needed, but placing it under 811 may not be the final solution.
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Annex B Error Sources


We have classified the requirements related bugs according to the error source, i.e. whether the error was a misunderstanding of the specification, a wrong requirement, etc. In general, a set of demands exist in the domain. These demands are transferred to the product implementation in two ways, either through a written requirement specification or as tacit requirements without a written specification. Mistakes and omissions can take place in both kinds of transfer. Our error source classification distinguishes the different transfer paths and the kind of demand distortion.





Some problems related to two error sources. An occurrence was then registered for each error source. We ended up with these categories:








1x Demand change


New demand from outside the domain.


11 Demand change: Demand changed late due to factors outside the domain, e.g. new standards


12 New domain/market: Developers tried to cover an additional domain or market








2x Wrong specification


Demand distorted from domain to written requirement specification.


21 Wrong specification: Something was specified but did not match actual demand. Specification 	should be changed








3x Tacit requirement


Demand distorted from domain directly to implementation (without a written specification).


31 Missing: Demand not recognized, although it had been present all the time


32 Forgotten tacit: Demand recognized, but forgotten


33 Omitted tacit: Demand recognized but intentionally omitted


34 Wrong tacit: Developer made a wrong guess


35 Inconsistent tacit: Unable to satisfy all perceived demands


36 Conflicting demands: Users had conflicting demands








4x Wrong use of specification


Requirement distorted from written specification to implementation.


42 Forgotten requirement: Specification understood, but forgotten. (Not design violation)


43 Omitted requirement: Requirement intentionally omitted


44 Misunderstood requirement: Specification misunderstood (ambiguous). Also misunderstanding of 	external software


45 Mistaken requirement: Specification understood, but not used correctly or fully. (Not design 	violation)


46 Inconsistent requirement: Specification contained contradictory requirements that confused 	developers


47 Broad requirement: Broad requirement, difficult to verify








5x Incomplete change


Requirement distorted within implementation.


51 Incomplete change: Incorrect implementation of a late change in requirements (traceability, 	incomplete change)








6x External software functionality


Problems with software not developed by the team itself (third-party or in-house).


61 External software functionality: Error in external software, or it did not fulfill expectations
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Annex C Quality Factors


We have classified the requirements related bugs according to the QA factor involved. The quality factors that we have used are a variant of the quality characteristics stated in the ISO 9126 standard (Information technology, Software product evaluation, Quality characteristics and guidelines for their use), but can be easily mapped onto those.





Some problems related to two QA factors, for instance several of the usability factors. An occurrence was then registered for each QA factor. We distinguish between the QA factors below.





1xx Reliability.


100 Correctness (obviously wrong): System does not follow specification.


110 Robustness: System fails when encountering unexpected input.


120 Functionality (missing, obscure): Demand for another functionality.


130 Interoperability: Demand for another functionality in interaction with other systems.





2xx Usability.


201 Usability, perception: User cannot clearly see the information.


202 Usability, performance: Too many steps needed to carry out the task..


203 Usability, learning: User cannot find out how to carry out the task.


204 Usability, standard conformance: User interface does not follow Windows guideline, company 	specific style, etc.


205 Usability, fail safe & feedback: User gets insufficient feedback or cannot recover from mistakes. 


299 Usability, other: E.g. dubious user suggestions.





4xx Performance.


400 Performance, system: System responds too slowly.





6xx Portability.


600 Portability: Problems in porting to other platforms.





7xx Maintainability.


700 Maintainability: Problems in maintaining system.
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Annex D Prevention Techniques


While we classified the errors, we tried to imagine what could have prevented each error. We started out with a list of known techniques and added to it when no tech�nique seemed to be able to prevent the error in question. When we later discussed hit-rates for each technique, we improved and specified each technique further. We ended up grouping the techniques according to their type as follows:





- 1xx Demand analysis (including scenarios)


- 2xx Usability techniques (including prototypes)


- 3xx Validation and testing of external software


- 4xx Requirements tracing


- 5xx Risk analysis


- 6xx Improved specification techniques (e.g. formal/mathematical)


- 7xx Checking techniques (including formal inspections)


- 8xx Other techniques (including performance specifications)





The prevention techniques considered are listed below.








1xx Demand Analysis





100 	Focus groups with users: To gather ideas and latent demands.


101 	Scenarios: Relate demands to use situations. A scenario com�prises several tasks. See Annex E1.


102 	Scenarios per market segment: Relate demands in each market segment to use situations. �	A scenario comprises several tasks.


103 	Educate developers in product area: They should know about similar products.


104 	Educate developers in task domain: They should understand the use situations, visit users, etc.


105 	QFD: Define high�level demands and trace them to require�ments in the form of a matrix. �	Used for prioritising requirements.


106 	GQM: The GQM paradigm is a mechanism used in the planning phase of the Quality �	Improvement Paradigm for defining and evaluating a set of operational goals using �	measurement. Covers some of the same ideas as QFD, but from a goal-driven (strategic) angle. 





2xx Usability Techniques





200 	User data model: Define screen�like pictures of all data in the system. Make realistic examples. �	Test under�stan�dability with users.


210 	Paper mockup, usability test, daily tasks: Tasks planned by domain experts. Tests with users.


211 	Paper mockup, usability test, rare tasks: Tasks planned by domain experts and designers to cover 	all system functionality not covered by daily tasks, e.g. configuration. Tests with users.


212 	Paper mockup, stress cases: Cases selected to stress the system. Tests with developers only.�220 	Screen mockup, usability test, daily tasks: Primarily navigational functionality, e.g. static screen 	contents. Tasks planned by domain experts. Tests with users. See Annex E2.


221 	Screen mockup, usability test, rare tasks: Primarily navigational functionality, e.g. static screen 	contents. Tasks planned by domain experts and designers to cover all system functionality not 	covered by daily tasks, e.g. configuration. Tests with users.


222 	Screen mockup, stress cases: Not meaningful without functionality - Dropped.





230 	Functional prototype, usability test, daily tasks: Some functionality, e.g. dynamic screen 	contents, create/delete. Tasks planned by domain experts. Tests with users.


231 	Functional prototype, usability test, rare tasks: Some functionality, e.g. dynamic screen contents, 	create/delete. Tasks planned by domain experts and designers to cover all system functionality 	not covered by daily tasks, e.g. configuration. Tests with users.


232 	Functional prototype, stress cases: Unknown or risky functionality, extreme values (Typically �	other prototypes than 230 and 231). Tests with developers only.


250 	CRUD check: Check that all data can be Created, Read, Updated, and Deleted through the user �	interface.


260 	Check with public style guide: E.g. check against Windows style guide, other standards.


270 	Check with B&K style guide: E.g. check against a company specific style guide. Must be 	defined through experien�ces from other products.


280 	Let product expert review screens: The product expert would note deviations from earlier �	product styles. See Annex E3.





3xx External Software





300 	External software conceptual model: Model the external software as objects, aggregations, 	operations, etc.


301 	External software stress test: Test the external software with realistic data from requirements 	focusing on extreme cases. See Annex E4.


302 	External software expert review: Have an expert in the external software review the �	specification and design.





4xx Tracing techniques





400 	Trace scenarios to requirements specification: Look at each scenario and check whether it is 	supported by requirements. - Included in 101, dropped.


401 	Trace requirements specification to design: Look at each requirement and check that the design 	supports it.





5xx Risk analysis techniques





500 	Risk analysis: Identify unknown or critical areas and analyse or test them further.





6xx Formal specification techniques





600 	Formal specification: Mathematical description of relation between input and output. E.g. VDM, 	Z etc.


610 	Completeness model: An automated verbal analysis of the specification text.





7xx Inspection / Checking techniques





700 	Formal inspection of specification: Fagan or Gilb/Graham inspection to find any kind of 	problems in the requirements specification. Other documents used as sources.


701 	Formal inspection of object model: Fagan or Gilb/Graham inspection to find any kind of 	problems in the object model. Other documents used as sources.


702 	Formal inspection of screens: Fagan or Gilb/Graham inspection to find any kind of problems in 	the screen contents. This is to be a technical inspection - formal version of 280.








710 	Improved check of object model: Generic technique to check object model for good modelling 	practices.


711 	Object model with external objects: Check that exter�nal objects and their operations are �	modelled. E.g: Exter�nal files that are deleted, computed pictures that appear as objects to the �	user.


720 	Consistency review: Broad review of specification and object model to find inconsistencies of 	any kind.


721 	Orthogonality check: Specific check of requirements specification to see whether an operation 	or feature can be applied whenever it is useful. See Annex E5.


722 	Uniformity check: Specific check of requirements specification to see whether an opera�tion 	looks the same and works the same way whenever it is used.


730 	Initial value check: Specific check to see whether created objects have meaningful default �	attributes, whether screens have meaningful initial contents, etc.


740 	Special value check: Specific check to see that special values are shown and handled properly. �	E.g. missing data, overload.


750 	Clean up/reset check: Specific check to see that clean up is performed at reset, cancel, 	disconnect etc.





8xx Other techniques





820 	Performance specifications: Specific check of requirements specification to see whether it 	contains performance goals for the requirements, e.g. ranges, accuracy, space, response times. See 	Annex E6.


830 	Robustness specifications: Specify handling of unexpected input. E.g. external files with 	meaningless contents, failing external hardware. - Same as 740, dropped.


840 	Interoperability specifications: Consider all kinds of interactions with other systems. E.g. 	spreadsheets, robot systems. Consider both slave and master roles.


850 	Change control: Ensure that changes in cooperating products are considered in due time.


�






Annex E The Techniques of the Methodology


The requirements engineering methodology we have defined and validated in the PRIDE experiment consists of a number of simple techniques grouped under two main themes.


Requirements Elicitation and Validation: See E1 and E2


Verification of the Requirements Specification: See E3 through E6





The techniques of the methodology are described in more detail below.  The full list of techniques considered can be found in Annex D. The numbers in parentheses refer to the identification given to the techniques in Annex D.








E1.	Scenarios (101)


Purpose: Relate demands to use situations. Describe the essential tasks for each scenario.





Procedure


Write down short descriptions (app. 1 page) of each known use situation. A report from focus groups is a good source. Otherwise interview product and domain experts.





The scenario description explains the work environment, the overall purpose of the work, and the type of users working. The purpose of a scenario description is to give the developers some intuitive understanding of the settings, so that they guess tacit requirements more correctly. The scenario description will also be useful in setting up the environment for a usability test and for selecting test users.





List the essential tasks for each use situation. A task is a specific job with a goal, a beginning, and a termination. Tasks are carried out by people, probably using machinery and computers. A task is often triggered by an external event, for instance that a customer calls. The task terminates when the goal has been reached, or when the task is cancelled. Termination has a strong psychological aspect: the user should feel that now he has accomplished something, he deserves a break (the closure concept). Termination is related to a goal that is meaningful to the user.





The purpose of describing tasks is to list what the system should be able to support seen from the users perspective. Tasks can also serve as test cases in usability tests.





The use situations (scenarios) and task lists should be included in the requirement specification. Later, check that all tasks are covered by the requirements. Checking to be done by a domain expert and a developer.





References: [4][9]











E2.	Usability test, screen mockup, daily tasks (220)


Purpose: Check that the users are able to learn and use the system for daily tasks based on a navigational prototype of the user interface.





Procedure


This technique uses a navigational prototype (screen mockup) of the user interface, tests it with users simulating daily tasks, revises the design, tests it again, and so on until the result is acceptable.





A set of tasks is selected to reflect daily use. The tasks are defined by domain experts, or taken from the use situations (scenarios) if they have been made. The task is only defined at a high level. The users have to find a proper sequence of actions to complete the tasks, and users may do it differently.





The next step is to make a usability test with users. Each user is asked to carry out the tasks one by one. The user fills in fields, says which mouse actions or menu choices he would make, etc. The prototype allows navigation among screens with static contents. The test manager encourages the user to explain why he does what he does, what he believes the system will do, etc. During the test, an assistant writes down the problems that the user encounters (the session should also be recorded on tape to allow verification of the problems).





Based on the feedback the design is modified and tested again.





It is suggested to make a pilot test with one user, and then repair the most obvious problems. Next a test is made with two more users, and the design is modified again. The new version is tested with three more users and the design is modified once more. The test and design could be continued, but in practice we believe that developers would not have the patience or time to do it.





References: [7][8]








E3.	Let product expert review screens (280)


Purpose: Let a product expert check screens for deviations from earlier product styles.





Procedure


The product expert reviews the screens, etc. one by one. He might catch other usability problems as well. It might be considered to let two experts review the screens to increase the hit-rate.





This technique requires that screens are designed as part of the requirements phase, which will be natural in conjunction with the development of a screen mockup for usability tests.





Reference: Inspired by actual error reports.











E4.	External software stress test (301)


Purpose: Test that the external software fulfills the expectations in the product requirements, using realistic data, with special emphasis on extreme cases.





Procedure


Take the requirements one by one. For each requirement that relies on external software for its implementation, test that the software actually provides what is needed, especially in extreme cases. Note that external software is not limited to third-party software. If a new team is going to use software previously developed by another team in-house, this software should be regarded as external too. 





Reference: Inspired by actual error reports.








E5.	Orthogonality check (721)


Purpose: Specific check of requirements specification and object model to see whether an operation or feature can be applied whenever it is useful.





Procedure


Operations and features are selected from the requirements specification and the object model. For each operation and feature it is checked that it can be used on all features/objects where it makes sense. Generic operations and features (e.g. cut, paste, and create, read, update, delete), and common sense operations are added.





To assist the check, results could be shown as a matrix of operations versus objects. The technique can be improved with a mockup of the user interface.





Reference: Inspired by actual error reports.








E6.	Performance specifications (820)


Purpose: Specific check of requirements specification to see whether it contains performance goals for the requirements, thus giving specific goals for the developers.





Procedure


Take the requirements one by one. Check that realistic ranges and accuracy are specified for those requirements that involve time, space, amounts etc. Also check/verify tacit assumptions, and interactions with other systems or hardware.





For requirements that involve the user interface, identify frequent tasks and tentatively break them down into individual task steps (final design will determine the actual sequence of task steps). Specify a response time for each task step, using experience data for annoyance thresholds. Check that the number of task steps and the total time to carry out the tasks are acceptable. Specify the tentative task steps and the acceptable total task time.





A developer and a domain expert should jointly perform the technique.





Reference: Inspired by actual error reports, and [5][6].
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