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Abstract

This paper will demonstrate how you can improve your requirements engineering process significantly by introducing simple, yet very effective, techniques. 

User needs are defined through descriptions of use situations (scenarios). Based on these, simple prototypes (e.g. paper or screen mock-ups) are built early in the requirements engineering process. Usability tests are performed on the prototypes with users to validate that the right needs have been identified.

We have seen that the use of these techniques result in more stable requirements, increased knowledge transfer to developers, improved cooperation internally in the development team, a smooth development process, and finally in better products that fulfil user expectations.

The results have been achieved on full scale projects at Brüel & Kjær, while the author was employed as manager of process improvements there. The techniques are now used on all new development projects.

The paper gives a detailed account of the evaluation of the techniques and the lessons learned from using the techniques. 

1 Background

Before we started analysing bug reports, the software development process at Brüel & Kjær was considered not satisfactory. Too many projects had schedule overruns, and products were often shipped with bugs. Even when task forces were appointed to improve the quality, bugs were still found in the field. It was the general opinion that this was caused by a lack of testing by the developers before release.

Before rushing to conclusions, however, we decided that we would analyse bug reports from previous projects to see whether we could find which types of bugs were the most frequent. These analyses put us in a better position to determine how such bugs might be prevented, and thus implement focused solutions.

A bug report at Brüel & Kjær can contain anything from a serious defect to a suggested improvement. Most projects had numerous bug reports, so we only analysed an equally spaced sample  (such as every fourth report). This way the correct distribution over time could still be maintained. We sorted the problem reports according to the specific developer related to them (typically, the one who had fixed the bugs) and analysed the reports in an interview with that developer.

To classify bugs, we chose a taxonomy proposed by Boris Beizer1. Beizer’s taxonomy splits bugs into nine main categories, which are further detailed in up to four levels. The taxonomy is complemented with extensive statistical material on bug distribution in the different categories.

The first project4,5 we performed a defect analysis on clearly showed us that we were wrong in our assumption about the causes for the bugs. Our testing process definitely needed improvement, but the largest cause for bugs stemmed from our requirements engineering process. On a subsequent project6 we then studied requirements bugs in more detail. 

When we compared the results of our bug categorisation with Beizer’s statistics, we found that close to ¼ of our bugs were in his category: Requirements and Features. Beizer reports only 8% in this category. In examining the requirements’ subcategories, we found that the majority of our problems with requirements were caused by missing or incomplete requirements. Another major category of ours was related to changes to requirements.

We looked into other categories than Beizer’s main category for requirements’ bugs and discovered that there were many subcategories, which could also be considered as related to requirements. Most notable were subcategories concerned with developers or testers misunderstanding the requirements. 

When we include all the subcategories we found were related to requirements they covered 51% of all our bugs. Requirements were not only our largest problem, they represent the majority of bugs.

The primary issues seem not to be in what is actually written in the requirements’ specification document, but in what is not known or tacitly assumed to be known about the requirements. This is demonstrated in figure 1 where we have grouped the requirements related categories into: Missing, Changed, Misunderstood, and Other requirements bugs.

We then performed a closer analysis of the requirements related bugs in order to find and introduce effective prevention techniques in our requirements engineering process. For this we used a classification by quality factor like the one defined in ISO 9126.2 We also classified according to source of the error, and according to which interface the bug occurred on.

From these analyses of the requirements related bugs we found that usability issues dominate (64%). Problems with understanding and co-operating with 3rd party software packages and circumventing faults in them are also very frequent (28%). Functionality issues that we 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. 

We performed a cost/benefit analysis of a number of potential prevention techniques and derived from this an optimum set of techniques for our requirements engineering methodology.6 Because of the above results, we focused on techniques for usability, and early verification and validation techniques, rather than correctness, and completeness of requirements documents. 
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Figure 1. Major groups of categories of requirements related bugs

2 The Requirements Engineering Improvement Action

Two prevention techniques from our requirements engineering methodology were introduced on a real-life project. We concentrated on the techniques that addressed the requirements elicitation part e.g. 

· Scenarios: Relate demands to use situations. Write down short descriptions for each known use situation. Explain the work environment, purpose of the work, and the people working. Describe the essential tasks in each scenario. Tasks should have a goal, a beginning, and a termination.
· Navigational Prototype Usability Test, Daily Tasks: Check that the users are able to use the system for daily tasks based on a prototype of the user interface with dynamic navigation and static screens. Test the prototype with users simulating daily tasks, revise the design, test it again, and so on until the result is acceptable.
We trained the team in the techniques, they wrote scenarios and performed usability tests themselves, and then they wrote the requirements specification in the conventional way. The development and release of the product followed the existing practices in our company. 

When we analyzed the bug reports from this project, we saw significant improvement: an overall reduction in bug reports of 27%, compared to projects of roughly equal size, and a 72% reduction in usability issues per screen. We were surprised to find not only a reduction in bugs related to requirements issues, but also reductions in other bug categories. We explain this derived effect on other types of bugs by the fact that most of the developers achieved a deep understanding of the users’ domain from describing use situations (scenarios) and taking part in the usability tests. This invariably leads to a reduced uncertainty and indecision among the developers on what features to include and how they should be implemented and work.

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) captures the most important demands seen from a user/customer perspective. Usability tests on very early prototypes verify that the concepts derived from these descriptions still match the users’ needs and can be readily understood by them in their daily use situations.

The product has now been on the market for more than 18 months and it steadily sells more than twice the number of copies than the product we have compared it to. This is in spite of the fact that it is aimed at a much smaller market niche, and that the price of the new product is much higher.

3 Lessons Learnt

The use of scenarios, prototyping, and usability tests has improved our requirements engineering process significantly. We have experienced a very positive reaction from the developers; we have developed products of a higher quality and with increased sales figures. We are therefore confident of the results, which we claim support that:

Scenarios, prototyping, and usability tests 

· identify the real needs of customers and users 

· improve transfer of knowledge from the customer and/or the user to the development team

· improve cooperation internally in the development team during the development life cycle

· are cost efficient techniques 

· improve products from a customer/user prespective 

3.1 Scenarios identify the real needs

Development teams are often asked to develop products based on a perception of needs others have decided for them. These needs are not necessarily those of the customer or end-users; or maybe their real needs have not been expressed clearly enough. The needs that are expressed will often represent a quite different perception of what is important in practical use situations.

Scenarios and usability tests will give the developers a much deeper understanding of what really counts for a user in his or her daily work setting. This understanding can be achieved very early in the project before any essential, critical, and maybe “catastrophic” decisions have been made. In other words the product can be adapted to accommodate those needs at practically no cost.

3.1.1 Developers meet real users and customers

The use of the scenario technique on a project means that more developers get in contact with real (potential) users and through direct observation learn what the current and real needs of the customers are. Based on this, the developers can predict future needs and design solutions in a much more qualified way.

3.1.2 Writing scenarios documents the needs

During the elicitation process, the user needs are normally documented on scraps of paper or minutes of meetings, which are often difficult to interpret later in the project. Describing the user needs in the form of “lively” use situations will create images in the mind of the reader, who ideally will feel almost as being there personally. The descriptions of use situations will raise new questions (why), create new associations (why not), and therefore remain a constantly live documentation of the needs. 

3.1.3 Needs are validated through usability testing of early prototypes

Descriptions of use situations are not exhaustive per se, they have to remain short and create many images. To ensure that the needs expressed through these descriptions are not just other types of fantasies of the users’ needs, very early on prototypes must be developed and usability tested.

Experience shows that several iterations are needed on both scenarios and prototypes as a result of the usability tests. The first iterations are performed with internal “users” (developers, application specialists, and marketing people). During theses iterations most of the prototype will be scrapped because it represents the use situations too “theoretically”. When the prototype has begun to stabilise, the first iterations with real (external) users can be undertaken. Ideally the usability testing should comprise three iterations with three usability tests in each, e.g. involvement of nine users should be planned for. 

3.1.4 Validation through usability testing improves the prioritisation of needs

Requirements specifications developed according to conventional guidelines usually result in poor or unclear prioritisation of the requirements. Through the writing of scenarios and execution of usability tests, everyone involved in the project will get a clear and common perception of which needs are more important than others. This common view on what the product should do will ease the process of dropping less important requirements if (when) schedule pressure builds up.

3.2 Improved transfer of knowledge from user/customer to project

Too many development teams have too little knowledge of the application domain of the product they are developing. Especially new developers with their technical background have difficulties understanding the problems with practical use of their product. The lack of domain knowledge leads to many misinterpretations between customer/user and developer; and will not make explicit the tacit knowledge. These techniques have shown to be effective in alleviating this problem.

3.2.1 Developers should write scenarios and carry out usability tests themselves

The lack of domain knowledge among developers cannot be solved merely through more paper documentation. This also applies when customers/users are writing the scenarios for them. Far too much tacit knowledge will not be uncovered. Developers must themselves get to know the world of the customers/users. Making the developers describe the scenarios will ensure that they get sufficient knowledge about the needs of the users. Not all developers are equally skilled writing these type of descriptions. However, everyone on the team should be involved in the process of collecting the information that will become the basis for the scenario descriptions.

The same argument applies when it comes to executing the usability tests. The proponents of usability testing recommend that specially trained persons (e.g. psychologists) should be used as test leaders. However, since our only interest is to seek confirmation/invalidation of our perception of the users’ needs, the knowledge-based interaction between the user and the test leader becomes more important than the behavioral aspects. A test leader, who knows something about the domain and the use situation, is in a better position to uncover new (tacit) knowledge during a usability test. 

The role as test leader, however, is so critical to the success of the usability tests that the selection of this person in the development team must be deliberated very carefully and “tested”. All other developers on the team must participate as log keeper in at least one usability test. This will ensure that they gain sufficient insight in the problems that a user will encounter using the prototype. They will then be able to understand (accept) problems reported from usability tests, they have not taken part in themselves. 

3.2.2 Usability tests make tacit knowledge explicit

The “thinking aloud” principle employed in usability tests reveal the broad spectrum of domain knowledge. There is a considerable difference between having the user participate in a guided demonstration of the prototype and having the user work with the prototype in a real usability test. 

Only when the user is requested to express his/her reflections, problems, and decisions while solving a real task will the developers learn the real reasons behind the users’ needs. Then the developers will have gained sufficient knowledge to develop the product. The scenario and usability test techniques thus assist in making explicit the tacit knowledge of the user and enable the user to realise his/her real needs.

3.3 Improved internal communication and coordination

As mentioned above the scenario and usability test techniques mean that knowledge about the domain is transferred to the development team. However, it also turns out that the use of these techniques are effective later in the development process as a common frame of reference for the implementation work.

3.3.1 Developers acquire a common language and understanding

Precisely because the developers themselves have written the scenarios and executed the usability tests, they have established a common base of knowledge about the product. This enables a larger degree of common understanding when problems emerge during implementation of the product. Discussions on user needs and their proper solution will be resolved much faster because a reference is quickly made to concrete use situations either in a scenario or from a usability test.

3.3.2 Improved use of in-house domain experts

Domain experts in the company like application specialists, marketing, and sales people can also be used more effectively. First because they are the source for establishing an initial understanding of the domain. Second because they will often be in a position to establish contacts to customers/users who are best suited for the collection of knowledge and/or usability tests. Finally they are the prime candidates for the first usability tests on a new prototype. In this way they will become involved before final and potentially “catastrophic” solutions are decided upon.

3.3.3 Training of new project members

All projects plan to increase the development group as the project evolves. New members on the project team normally find it hard to acquaint themselves with the assignment and consequently will never become as efficient as those who joined the team earlier. Having the newcomers read the scenarios, ask the questions that the descriptions raise in their mind, and act as “users in usability tests” on the prototype will ensure a much quicker and reliable introduction to the domain and the product, they are developing. 

However, it is clear that deep insight in the product will only be achieved by those who are on the team from the start. Therefore it is better if the development project is planned so that most of the developers are participating from the start. This resource allocation strategy can be performed at no extra cost (waste) because there is a need for more implementation resources already during the requirements stage to build prototypes for usability tests.

3.3.4 Improved marketing and support literature

The knowledge gained through writing the scenarios can be used for more than defining the right requirements for the product. The descriptions also highlight all the major ”selling points” for the product, and they can therefore be directly used in the planning and writing of sales and marketing literature. In contrast to many other projects where requirements are constantly changing because they are not rooted in the real needs of the users, it is possible early to include in the team the writers of the sales and marketing literature, and start the marketing process earlier than normal. 

3.3.5 Improved test planning 

In the same manner the scenarios become the basis for an improved planning of tests. The customer/user is able to write acceptance tests directly based on the use situations. As the scenario technique relies on creating “live” images in the mind of the reader; it will be easier for test planners to find relevant test cases (test scenarios). The scenarios can also support other types of tests on the project by creating realistic test situations, e.g. when developers design “white-box” tests for the individual software units. 

3.4 The scenario and usability test techniques are cost efficient

It is well known that the most expensive problems are those that originate in the earliest phases of development. Many techniques exist that claim to be effective in supporting the development process in the early phases. Scenario descriptions and usability tests on early prototypes have demonstrated that they fulfil these expectations in practice. However, some criticism has been raised against the techniques. We will address this in the following.

3.4.1 The techniques do not increase requirements

We have often met the argument, that employing the scenario and usability test techniques give the developers a too wide knowledge about the total environment in which the user is working so that they will include too many (extra) requirements, which will make the product more expensive and postpone release. 

Practice shows, however, that this is not the case. There is no increase in the basic requirements, which initiated the project. However, there is a significant increase in the knowledge about the consequences of these requirements, which results in an increased detailing of the requirements. This includes knowledge about how the requirements can be prioritised, which makes it easier to focus the development effort already at the time of specification. The common understanding of how the requirements are prioritised makes it easier to decide which requirements to drop during implementation so that the price and time goals can be met.

3.4.2 The techniques do not increase development time 

The most severe criticism that has been raised against the techniques is that they take too long time. We have seen requirements phases that lasted almost half of the duration of the whole project. Some of this was due to uncertainty with project managers and developers as to how to apply the techniques and how much detail should be put into the techniques (see the next lesson). Another reason for these long phases might be because most of the projects have developed both a paper/navigational prototype and a functional prototype. They have all discovered that the time to build a functional prototype (typically 2-3 months) did not add very much to the knowledge they had already gained from the paper/navigational prototype. In the future all the teams will only build a paper/navigational prototype.

Irrespective of the reasons above it is clear that defining scenarios, developing prototypes, and executing usability tests with a number of users take a lot of time. However, it turns out that the extra time is recovered later in the project.

There are several reasons why the extra time is recovered later. We have seen that the prototype which is developed to validate needs also turns out to reflect the design principle for the product. The design principle in the prototype is not discarded, only the “code” that was used to develop the prototype fast. The prototype will thus act as a “product model” for the team. New ideas can be tried out on the prototype and related to the information, which was collected during the usability tests. This will make implementation easier. The scenario descriptions, and the usability test results (logs) also act as “independent” references (arbitrators) in case of discussions among the developers over implementation issues, whereby much waste of time (rework) is eliminated. 

In our opinion, products developed using the techniques do not cost more time overall, only the distribution of time within the project is shifted. The distribution of time matches the distribution in other modern development models like Microsoft Solutions Framework (MSF),3 where 40-50% of development is spent in the specification and planning phases. 

3.4.3 Strong project control and support is necessary 

The cost efficiency mentioned in the previous lesson requires strong control over the project and process support. Techniques that are employed early in development have a tendency to take up more time than necessary. The development team does not yet feel the schedule pressure because the release date seems far away. The scenario and usability test techniques on early prototypes do not differ in this respect from other techniques. There are, however, some pitfalls of which one should be aware when these techniques are employed. 

Developers will usually try to make the prototype too complete before they “dare” show it to others. Since most usability tests result in major changes to the prototype, the development team will spend an excessive amount of time on the development of the prototypes. 

Similarly the project manager will be nervous about scheduling the many customer visits before he/she knows whether there will be a working prototype available. Therefore the project manager will postpone making appointments for usability tests until late, only to find that the customer/user is not available when the team is ready. Costly calendar time is spent waiting, which is used by the developers to “improve” the prototype. Travel costs and time will also increase. However, the most serious problem with this lack of planning is that the project manager usually decides to cut down on the number of usability tests, resulting in a significantly reduced impact of the techniques during implementation and on the final product.

We have seen that it is possible to execute many usability tests over a short period in time provided that they are planned early. When the day arrives, the team performs the usability test on whatever state the prototype is in; some of it automated some on sketches of paper. With proper preparation the result of the test is often not influenced by this.

An effective way to keep the project manager and the developers “on track” can be to use an experienced sparring partner, who can support and inspire (mentor) the process. Through regular visits to the development team this mentor will trap ”inefficient” use of the techniques, teach correct use, and support good ideas for progress.
3.4.4 Introduction of the techniques on a project is easy 

Training a project team in the techniques should be performed at the project kick-off or team building event. The training is performed in a two-day workshop, where approximately half of the time is devoted to write the project’s first scenario, build a primitive paper mock-up, and perform a usability test on this. 

In this way we taught our team of developers how to use the techniques; they were motivated from start; they did not require expert knowledge or support to achieve significant benefits from the techniques; and last but not least the developers were extremely satisfied with the results they achieved.

3.5 Improved products from a customer/user perspective

We have seen that the scenario and usability test techniques on early prototypes have resulted in products of improved quality from a customer/user perspective. As a consequence of this we see an increase in sales of the products.

3.5.1 Improved user interaction

It is evident that the development of a prototype will force the developers at a very early stage in the project to decide on basic user interaction principles. Most regard this as a design activity to be performed after the requirements specification. However, it turns out that it is effective to spend time designing and building a proper prototype, because the user cannot distinguish between what the product does (feature content) and how the product is used (presentation content). 

Developers are technically oriented people, and they normally develop “technical” solutions (e.g. deep menu tree structures). Once these solutions are implemented, the developers show great resistance against changes in their solutions. Usability tests are an effective way very early in the project to detect serious flaws in the proposed interaction between the user and the product. Usability tests on early prototypes thus establish the right basis for decisions on the principles in the product’s interaction with the user, before any ”technical” solutions take root.

3.5.2 Comprehensive product offering

Descriptions of scenarios have the advantage over other analysis notations that they are not based on a predefined notion of the system boundary, e.g. what is supported by the system and what is not. During the elaboration of the scenario descriptions and the usability tests that follow, it will become very clear where the system boundary can be drawn most effectively. Specifically, the project team will uncover very early what supporting tools or other service offerings could complement the product.

3.5.3 Decrease in number of problem reports 

The single largest group of problems in product development can be related to problems in the requirements engineering process. Through the use of scenario and usability test techniques we have found that many of these problems can be prevented. Using these techniques we also have achieved a reduction in other types of problems in the development process. This is because we let the developers themselves write the scenario descriptions and execute the usability tests. The deep knowledge they acquire about the application domain has an impact on the subsequent development phases, because they are better at choosing the right design and implementation solutions as well as executing more real life tests on their product.

4 Discussion

Of course it is impossible to actually prove whether the techniques have addressed the real needs. However, we wish to support this claim by the improved products both in terms of improved usability and in terms of a more complete product, that have resulted from using the techniques. And also on the statements we have recorded from our interviews with the developers claiming that they had achieved a far more thorough perception of what potential customers and users really needed.

We build our claim that the techniques improve transfer of knowledge on the interviews, we have conducted with the developers, where they with great enthusiasm have told about the importance of getting into closer contact with potential customers and users. This gave them a wealth of domain knowledge, which enabled them to develop better and user-friendlier products.

Improved cooperation internally in the development teams is also difficult to prove. We could have performed an attitude survey among the developers. But with the limited number of developers involved, we would have had difficulty anyway to say anything with certainty. In stead we build our claim on the fact that the developers, both when asked and on their own initiative, have stressed the improved communication and coordination as a surprising and positive benefit of the techniques. In particular they expressed that they had experienced fewer exhausting discussions on how to interpret the users’ requirements and needs, simply because the concrete evidence in the scenario descriptions or the usability test logs terminated these discussions very quickly. In a similar way discussions on different implementation solutions have been decided quickly, either by referring to a scenario, or through a specific validation of the idea on a prototype, which was subjected to a usability test.

We have both direct and indirect evidence that the techniques result in better products. Directly, through increased sales figures for the product, that was developed during the improvement action. Indirectly, because projects have asked us to teach them how to use the techniques. It has never been necessary to “sell” the techniques internally at Brüel & Kjær in order to make development teams use the techniques.

5 Conclusion

Analysis of bug reports thus helped us not only to find the most important development process to improve, it also helped us improve our products. The requirements techniques that we introduced on the above project are now used as standard practice in our company. 
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