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Abstract.

In small-scale software development organizations, software engineers are beginning to realize the
significance of adapting software development methods according to project conditions. There is a
requirement to proliferate this know-how to other developers, who may be facing the same
settings/context, so that they too can benefit from others’ experiences. In this paper, the application of
situational method engineering in requirements elicitation phase is investigated. A novel, simple and
dynamic web-based tool, Situational Requirement Method System (SRMS), is developed which can aid
in conception/formulation, repository, and elicitation/derivation of methods related with this stage. The
proposed approach and tool are validated by distributing a questionnaire among software professionals
working in large software companies, and making SRMS accessible to them. The results indicate that a
majority of the participants finds SRMS useful and provides various suggestions to improve it.

Keywords: Knowledge management; Requirement engineering; Situational method engineering;
Requirement elicitation

1. Introduction

Knowledge is a crucial resource for organizations and it should be managed in a way that helps
organizations to cope with different situations and increase productivity as well as
competitiveness. A portion of knowledge is usually recorded, but the rest may still remain in
the individuals’ mind. Software development is a knowledge-intensive activity, in which a
majority of the knowledge remains with those who acquired it through experience over time.
Various tools and techniques are required to capture and process such knowledge in order to
benefit in subsequent projects. Knowledge management processes fit software development like
a glove [1] and can function as a complement to support individuals during the software
development phases to enhance productivity and quality [2]. This process consists of activities
such as creating, storing/retrieving, transferring, and applying knowledge [3]. The creation of a
knowledge repository or an experience base can assist relatively inexperienced software
developers in accomplishing their tasks with greater efficiency. Knowledge is contextual, which
means that positive outcomes can only be achieved when it is applied in certain contexts or
situation.

Such knowledge can be stored using the Lesson Learned (LL) database, which is being
increasingly used and considered as one of the best practices for capturing organizational
knowledge in software development organizations. In software engineering, the process of
knowledge dissemination is based on the lessons learned [4] in order to maintain a community
of interest. The process management of the lessons learned is increasing, especially in the area
of Information Technology, aiming at consolidating this process in software projects [5].
Project Management Institute (PMI) [6] defines LL as “the knowledge gained during a project
which shows how project events were addressed or should be addressed in the future with the
purpose of improving future performance”, and the LL knowledge base as a “store of historical
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information and LL about both the outcomes of previous project selection decisions and
previous project performance”. Unfortunately, many well-meaning LL databases focus more
on the problem rather than providing the solution, also these are difficult to search and provide
little help for future projects [7]. It is important that the data entered into the database is clear,
concise and has the appropriate keywords to facilitate effective searches [7]. It also helps to
reference the individuals who can be contacted for more information [7]. The purpose of an LL
system is to collect and supply lessons that can benefit those who encounter situations where
the lesson can be applied [8].

Method engineering (ME) is the discipline to design, construct and adapt methods, techniques
and tools for the development of information systems [9], and if a method is tuned to the project
at hand, this is called ‘situational ME’ [10]. Methods exist for the purpose of supporting project
members during system development projects, both in their individual roles and their
collaboration efforts [11]. The situational method engineering (SME) approach focuses on
project-specific construction [12], where pre-existing pieces of methods are selected and
combined in an attempt to produce the most appropriate process for an organization or a project
[13]. This is an active research area (see, for instance, [14] and [15]). SME techniques can be
used not only to customize a software development process for a particular project context, but
also to perform continuous process improvement [16, 17].

The application of SME approaches facilitates in producing project-specific methodologies that
are tailored to fit specific development situations and, similar to all engineering disciplines,
efficient application of SME methods is dependent on the availability of adequate tools [18].
Specifically, within the ME and SME fields, method and software engineers mainly deal with:
(1) the definition of methods (method design), and (2) the construction of the supporting
software tools (method implementation) [19]. Therefore, any recommendation aimed at
supporting ME should cover these two phases of the ME process [19]. Computer Aided Method
Engineering (CAME) environments have been developed for this purpose [20, 21]. The two
most significant challenges for the SME community are the rate of industry adoption and how
to automate the method construction process [14]. As SME follows a bottom-up approach, it is
considered a creative task and, hence, requires the knowledge and experience of a method
engineer [13]. Working with method requirements is a challenge [14]. According to Henderson-
Sellers and Ralyte [14], this is still a major challenge when working with situational methods.
The question is how one can handle the method requirements process [14]. Method
requirements are often formulated based on interviews with project members [22, 23]. In this
respect, one of the major constraints is the fact that these requirements are often vague, poorly
understood, and difficult to express - which is true for requirements in general - and also they
affect the methods that are used within system development projects [11].

Aydin and Mishra [24] explored the use of SME in requirement elicitation phase and a
preliminary proposal was put forth in the form of a brief communication on the topic. Mishra
et al. [25] presented a web-based prototype that can assist in creating methods related with this
phase and compared it with all the available tools in the literature. The present paper extends
the work of Mishra et al. [25] and Aydin and Mishra [24] in a substantial way. Here, the
proposed approach and tool is validated by making it accessible to a group of senior software
professionals working in 10 large software development organizations. Later, a questionnaire
is distributed to assess the ease-of-use, usefulness, and effectiveness of the approach and tool.
This also helps in collecting feedback from those experts to improve the proposed approach and
tool.

The paper is organized as follows: In the next section, the literature is reviewed. In section 3,
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the use of situational method engineering in the requirement elicitation phase is explained, as
well as how the criteria for categorizing the methods developed in this study. Section 4 explains
the use of the Situational Requirement Method System (SRMS) tool. Section 5 describes the
tool validation and discussion of the result. Finally, the paper concludes in section 6.

2. Related Research

Software engineering is a knowledge-intensive activity [26], which involves other knowledge-
intensive sub-activities such as requirements elicitation, architectural design, risk management
and testing, maintenance, etc.

2.1 Knowledge Management in Software Development

Software development organizations are trying to find different ways to store knowledge
created during different phases of software development in past projects by using LL databases
or similar systems so that this knowledge can be used in future projects. A lesson learned (LL)
is the knowledge or understanding gained by experience [27]. The experience may be positive,
as in a successful test or mission, or negative, as in a mishap or failure [28]. LLs are rooted in
experience, describe both failures and successes and target organizational reuse [8]. Similarly,
case-based reasoning is a problem-solving paradigm, in which a new problem is solved by
finding a similar past case, and is reused in the new problem situation [29]. Park and Bae [30]
proposed an approach to process the tailoring of software process using process slicing and
utilises past experience by a case-based reasoning technique to reduce the effort and defects
during process tailoring for a large-sized software process. Kato et al. [31] established a
supporting system and method with which novice analysts can acquire the necessary
requirements through interviews with stakeholders - just like expert analysts - by modeling
several kinds of knowledge, such as project-specific knowledge, how to ask questions in a
certain situation during interviews, etc. Andrade et al. [32] proposed an architectural model for
software testing lesson learned systems with two basic goals: usefulness and applicability to
improve and promote the dissemination and reuse of individual experiences gained throughout
technical and managerial software testing activities. Vizcaino et al. [33] described a multi-agent
system to manage the information and knowledge generated during the software maintenance
process in which agents can learn from previous experience and share their knowledge with
other agents or communities. This paper attempts to create knowledge base for requirements
phase by using situational methods engineering approach.

2.2 Situational Method Engineering

Rolland et al. [34] observed that a main hallmark element in real processes is the project
situation. This situation has a strong bearing in selecting the task best suited to handle it, and
also the strategy to be adopted in carrying out this task [34].

Situational method engineering [9, 35, 36] is the software engineering discipline that describes
the creation and use of a software development method from small, atomic methodological
pieces, known as ‘method fragments’ or, at a larger scale (i.e. non-atomic), ‘method chunks’
[37]. Gupta and Prakash [22] categorized method engineering into three main phases: method
requirement engineering, method design, and method construction and implementation. This
study presents the method requirements for methods used in requirements phase in the next
section.

Information systems development methods are a subject of study in ME [38]. Casare et al. [39]
presented a situational approach, called Medee Method Framework, which allows the
development of an organization-centered, multi-agent system in a disciplined way. Harmsen et
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al. [28] made an analogy between information systems development and method engineering.
2.3 SME Approaches

There are three main SME approaches [40]: Assembly-based SME, in which a method is
constructed from reusable method components that are extracted from existing methodologies
and stored in a repository called the ‘method base’; Extension-based SME’ in which the existing
methods are extended and enriched by applying extension patterns approaches [20]; and
Paradigm-based SME, in which a new method is constructed by instantiating a meta model or
applying abstraction to existing methods [18]. Abad et al. [18] observed that among the different
approaches to SME, Assembly-based SME is the most commonly used one and has become the
basis of method construction in CAME tools. Abad et al. [18] further argued that method
development in these tools consists of three distinct stages: Specifying the method requirements
based on the situation of the project, selecting the appropriate method fragments, and
assembling the fragments into a coherent methodology. Karlsson and Agerfalk [11] addressed
one of basic assumptions of many method-engineering approaches: that it is possible for project
members to explicitly specify the requirements within a situational method. They proposed a
computerized tool MC Sandbox in eliciting and negotiating method requirements between the
method users and method engineers during configuration workshops. In this paper, two main
SME approaches i.e., Assembly-based SME and Extension-based SME, are used for creating
new methods for requirement phase.

2.4 Modular Constructs of a Method

lacovelli and Souveyet [38] proposed an ontology-based approach in SME to design an
ontology of method descriptors as a domain ontology. They defined the semantics of six most
popular SME approach modular constructs in order to show their usage and relevance. A
method repository containing different reusable method chunks is needed to practice method
engineering successfully. Henderson-Sellers, Gonzalez-Perez and Ralyte [41] examined
‘method fragment’ and ‘method chunk’ as two main candidates for the atomic element to be
used in SME in terms of their conceptual integrity and how they may be used in method
construction. Henderson-sellers and Gonzalez-Perez [42] recommended some best practices
that should be adopted so that the resultant method fragments are atomic and therefore likely to
be consistent in quality, thus leading to higher quality constructed methodologies and paving
the way for easier composition and interoperation of the fragments. Similarly, the present study
follows the concepts of creating methods from smaller chunks.

Although there exist several studies in the literature which explore SME, there are few academic
tool prototypes for this purpose. Most of the tools are originated from research studies, with a
few launched by the industry. This is the reason why little contribution has been made to this
methodology. Moreover, most of the tools existing in this field lack documentation, hence the
industry’s reluctance to apply them.

3. Situational method engineering for the requirement elicitation phase

The primary measure of success for a software system is the degree to which it meets the
purpose which it was intended for [43]. Requirements engineering (RE) is the process of
discovering that purpose by identifying the stakeholders and their needs, and documenting these
in a form that is amenable to analysis, communication, and subsequent implementation [43].
Requirement engineering is one of the most important activities in any software development
project and consists broadly of requirement elicitation, analysis, specification, verification and
management.
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There are various requirement elicitation techniques such as interviews, surveys/questionnaires,
focus groups, brainstorming, ethnography, requirements workshops, prototyping, etc. Every
technique has certain advantages and disadvantages, and none of these techniques may
necessarily be ideal for all circumstances. These methods are selected according to the
following: familiarity of the methods to requirement analysts and participants, preference of
methods, conformance to methodology adopted for elicitation and analysts’ mind-set, and
relevance to the situation [44]. Therefore, it is important that requirement analysts be aware of
every method and their strengths and weaknesses so that they can choose the most appropriate
technique according to the project characteristics. Practitioners commonly believe that a
combination of methods could help them in eliciting high-quality requirements from
stakeholders and obtaining a better understanding of the problem domain [45]. Mishra et al.
[46] advocated that a combination of requirement elicitation methods can be used effectively to
elicit, verify and validate the requirements according to the project’s specific situation.
Therefore, the situational method engineering approach can be used for the requirement phase
to reuse or create new methods by assembling parts of the existing methods which are specific
to a particular project situation.

Karlsson and Agerfalk [11] argue that software developers are users of the methods in the same
way as end-users are users of software. Therefore, method users set certain requirements on the
methods in much the same way that end-users have requirements on software systems, since
both are artifacts that the users are heavily dependent on in their work. There are various
terminologies used for these requirements: method requirements [11], project characteristics
[47] or descriptors [48]. First, the method requirements need to be formulated. Later, the method
is defined using these method requirements and stored in a method repository, from where they
can be retrieved depending on the method requirements [11], project characteristics [47], or
descriptors [48]. One of the features of ME is to decompose these methods into modular parts
for optimizing, reusing, and ensuring their flexibility and adaptability [37]. Using modular
method construction, method requirements can be used in selecting method fragments [49],
method chunks [50], work products [51], process components [52], or method services [53, 54].

There is a need for situational methods since there cannot be a single method that fits all
situations [9, 55, 56]. Projects differ, for example, with respect to development context,
delivery, project team, and development timeframe [47]. Abad et al. [18] observed that method
development in tools consists of three distinct stages: Specifying the method requirements
(descriptors) based on the situation of the project, selecting the appropriate method fragments,
and assembling the fragments into a coherent methodology. Kornyshova et al. [57] used multi-
criteria similarity matching as a basis for method selection. With this knowledge, various
requirement elicitation methods have been explored to find their suitability under different
project situations. The authors, with their experience in the software industry along with help
from the literature established the following method requirements (descriptors) to classify these
requirement elicitation techniques, which can be later used for method selection and creation of
new ones:

Experience of the requirement engineer - If the requirement engineer is experienced, he/she is
likely to be aware of what works and what does not, in a particular project situation and
therefore, will choose the right technique given the project characteristics. For example, if the
experience of the engineer is more than 5 years, the introspection method can be used for
requirement elicitation; otherwise, a more collaborative method, such as workshops, can be
applied where there is a higher chance to obtain inputs from multiple sources.

Experience level of the requirement engineer in similar projects - If the experience level of the
5



requirement engineer in similar projects is extensive, this means that he/she has data
(requirements) from the similar projects in the past. In a sense, the requirement engineer has a
prior idea about the customers’ needs because of past project’s available data. In this case,
he/she may employ the introspection technique to collect the initial requirements followed by
interviews with customer(s) so as to clarify the additional requirements.

Requirement elicitation period - some requirement elicitation techniques are more efficient in
limited time spans, whereas other techniques work better when longer durations are dedicated
for this purpose. For example, if we have only a few hours to spare for requirement elicitation,
then the role-playing technique can be employed. If this period is 2-3 days, then workshops can
be organized to gather requirements provided that the customer is experienced in the field as
well. Otherwise, that is, if the customer is inexperienced, ethnography is a better option.

Experience level of the customer - This also affects the requirement elicitation method(s) to be
used. If the customers are experienced and clear enough about their needs, workshops and
brainstorming techniques are more effective. Otherwise, if the customer does not have enough
knowledge about software and software environments, the requirements cannot be elicited
easily from them; in which case, ethnography or a series of interviews will be required for this
purpose.

Possibility of meeting between the development team and customer(s) - The customers’
intensive involvement during the requirement elicitation phase can improve the quality of the
requirements. Setting up meetings to make bilateral decisions and evaluating a host of ideas are
more effective for requirement elicitation because they can lead to mature and stable
requirements in the early phase of the development. If there is a possibility of joint meetings
between the two sides, then brainstorming and workshop techniques are effective to elicit the
requirements.

Project budget - This can be an important criterion for the selection of sound requirement
elicitation technique(s). If the project budget is limited, role-playing can be used since it is both
swift and economical. Moreover, storyboarding can also be used because it is inexpensive, easy,
and user-friendly. Should there be an opportunity to spare more time and money during this
phase, a combination of requirement elicitation techniques can be applied. Despite such time
and monetary expenditure, better quality and stable requirements are certain to be achieved.

Project user’s interaction level - Depending on the level of user interaction with the system, the
technique for requirement elicitation should be different. For example, prototyping can be used
if user interaction level is high.

Project complexity - Complex projects usually demand a combination of requirement elicitation
techniques as it is difficult to gather requirements in one session alone. Thus, employing
different requirement elicitation techniques increases the chances of collecting a variety of
requirements. For example, interviews can be used to gather the initial requirements followed
by prototyping/workshops to clarify ambiguities.

4. Situational Requirement Method System Tool Description

A tool - Situational Requirement Method System (SRMS) - is developed with PHP and MySQL
and hosted by Apache Server. A tool is required that can support the creation, storage, and
extraction of methods. The high-level architecture of SRMS is shown in Figure 1.
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Figure 1. A high-Level Architecture

For our purpose, we preferred a web-based tool so that project members who are in different
physical locations are able to access it easily. Typically, users of SRMS can store their
experiences with the help of the SRMS tool, as represented in Figure 2.
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SRMS provides method requirements, as already explained in Section 3, that are related with
project characteristics. As a result, by using SRMS, users can easily extract the method used in
the requirement elicitation phase that is most suitable for their project situation. They can also
create new methods according to their previous experience. Moreover, in SRMS, the method
requirements that are filled by requirement engineer(s) are defined in advance, and the
engineer(s) are expected to fill the complete information so that it can be used in the future.

SRMS has two types of actors: The user and the administrator.

The user can perform the following functions: add new method, add new method by extending
an existing method, add new method by combining two methods, view method, update method,
see report, view statistics, and get help.

In turn, the SRMS administrator, apart from the tasks performed by the users, can perform the
following additional functions: add a new user, set a new password for the user, delete the user,
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delete the Method, and delete comment.

First, the user logs into the system by entering their username and password. If the login is
successful, then the main menu is displayed according to the user type. The methods that are
stored can be viewed by the ‘View Method” module. It is important to see all the methods in
the repository before creating a new one. In the ‘View Method’ page, there are method
requirements, as shown in Figure 3, which are already explained in Section 3.

SITUATIONAL REQUIREMENT METHOD SYSTEM
VIEW METHODS
Back to Main
Please enter/select all or part of an Method's information into one or more of the following search fields.
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Requirement Elicitation Days:
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Figure 3. Method requirements’ selection screen for view method

Users can search for the desired methods based on these method requirements to best suit the
project situation at hand. Requirement engineers can select a value or range for each method
requirement from various possible value/range in the system, after which requirement
elicitation method(s) matching given method requirements will be displayed underneath as
shown in Figure 4. A method consists of a sequence of activities or steps.

SITUATIONAL REQUIREMENT METHOD SYSTEM
VIEW METHODS
Back to Main

You did not state any search criteria, all methods are listed.

Back to View
Click on a Method Name to see the method's detsil
Method Name Method Experience in Experience in Similar Requirement Customer | Meetings | Project’s User Project’s Added
Comments Years Projects Days Experience Together Budget Interaction Complexity By

‘Ouestmnna\re ‘V\ewi’Add ‘5-10 |5-m ‘mnretharﬂday ‘75% |yea |midd\e |midd\e |midd|e |EEE”
Interview View/Add 5-10 5-10 morethaniday 50% lyes middle middle middle secil
Quest_Inteni_Mixed |View/Add 0-5 0-5 morethaniday 50% lves high middle high secil
TrialOne View/Add more10 more10 morethan1day 75% lyes middle low high secil
‘Ouestmnna\re secil ‘V\ewv‘Add ‘5-1[] |5-WU ‘Iessthanmay ‘25% |yes |m|dd\e |h|gh |m|dd|e |se:|\
[Use_Cases [View/Add o5 [o-5 [morethaniday  [50% [yes [high [middle [high [secil
‘Wurkahug View/Add 5-10 5-10 morethaniday 50% lyes middle middle high secil
‘NewMethad View/Add 0-5 0-5 lessthan1day 25% lves middle low high secil
‘Quest Inter_Mixed |View/Add 0-5 5-10 morethan1day 50% lyes middle middle middle secil

Figure 4. View Method Page (search result)

The user can also benefit from the View/Add Comment feature, which allows viewing and
addition of important comments about each method. This feature can also be used for specifying
the domain of the method. Each method listed in the table has a view/add link to see the
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comments made regarding the method. When the user clicks on this link, he/she can view such

comments and also add new ones on the same page as shown in Figure 5.
SITUATIONAL REQUIREMENT METHOD SYSTEM
METHOD COMMENTS

Questionnaire Comments
Questionnaire should be well prepared.

Added By:secil

Add Your Comment

“ou can write 200 chars at macdmum.

Add

Figure 5. Method View/Add Comment Page

Moreover, selective method requirements instead of all can also be stated, such as experience
in years, experience in similar projects, and requirement elicitation days. The results matching
only the specified method requirements will be displayed with the percentage of the match. This
feature allows the user to see how many of the method requirements have been matched with
the user’s given requirements as shown in Figure 6.

SITUATIONAL REQUIREMENT METHOD SYSTEM
VIEW METHODS
Back to Main

o5 datail.

Method Name Method Experience in Experience in Similar Requirement Customer Meetings Project's User Project's Added
Comments Years Projects Days Experience Together Budget Interaction Complexity By

W View/Add |5—1u |5—1u |\essthamday |25% ‘yes ‘m\ddle ‘h\gh ‘m\ddle secil

o
[ewMethod 50% [View/Add [o-5 [o-5 [lessthantday  [26% lyes [middle low Ihigh [secil
[Workshop 50% View/Add [-10 [-10 [morsthaniday  [50% lyes [middle [middle Jnigh [secil
[Questionnaire 50% [View/Add |5—WU |5—WU |morethan1day |75% ‘yes ‘m\ddle ‘m\ddle ‘m\ddle |se:|\
Intenview 50% View/Add [-10 [-10 [morsthaniday  [50% lyes [middle [middle [middle [secil
‘Tma\One 38% ‘V\ewv‘Add |moreWU |moreWU |morethan1day |75% ‘yes ‘m\ddle ‘Iuw ‘h\gh |se:|\
[Quest_Inter_Mixed 38% [View/Add [o-5 [e-10 [morethaniday  [50% lyes [middle [middle [middle [secil
Use_Cases 25% View/Add 0-5 0-5 morethan1day 50% yes high middle high secil
20';231 Interd Wixed View/Add 0-5 0-5 morethan1day 50% yes high middle high secil

Figure 6. View Method Page (results with matching rates)

When requirement engineers acquire a new project with specific project characteristics, they
enter the method requirements as described above and, then, search which methods were used
in the past projects in similar situations. The list of methods is displayed along with the
percentage of method requirements matched. Suppose that there is a method (e.g. focus group)
displayed with 80% match; this means 80% of the project characteristics are the same between
the current project and the project in which the displayed method was used successfully. This
can help requirement engineers to select the same method for the current project as most of the
project characteristics are the same. Therefore that same method can be used successfully again.
On the other hand, if the displayed methods have only 20% match in terms of project criteria,

9



then it is not advisable to use the displayed method in the current project because the current
project is vastly different from the project in which the displayed method was used successfully.
In such situation, requirement engineer may decide to create a new method for the current
project from scratch. This process of creating a new method from scratch is explained in more
detail later (figure 7, 8).

Similarly, if there are more than one method (e.g., questionnaire and interview) displayed with
approximately 50% match in terms of project criteria, then the requirement engineer may decide
to use a combination of both the displayed methods in the current project. For this purpose,
he/she can create a new method for the current project by combining two existing methods. This
new method can comprise an initial questionnaire to collect the requirements followed by a
series of interviews to clarify the ambiguous requirements or add more. Again, this process of
creating a new method by combining two methods is described in more detail later (figure 9 to
figure 11). Two methods can also be combined to create a more efficient one if the current
project requires a more comprehensive requirement phase and has the resources to do so.

If the desired method is not found in the system, then it enables the user to create a new method.
There are three different method creation types in our system. A new method can be created by
an empty method template (i.e., creating from scratch), by extension (i.e., by adding more steps
and/or deleting some steps in an existing method), and by combining two methods (i.e., by
selecting activities/steps from two existing methods) stored in the repository. This type of
storage provides flexibility to the user to emphasize and transfer his/her experience.

SITUATIONAL REQUIREMENT METHOD SYSTEM
METHOD ADDING
Create Your Method
* You should fill all fields.
Back to Main

Write down your method name:
|NewMethud

Select Your Experience in Years:

® 05years O 510years O More than 10 years
Select Your Experience Level in Similar Projects:

® 05years O 510years O More than 10 years

How many days did you have for requirement elicitation?

O 1hour @ Lessthan1day O More than 1 day

Select experience level of your customer in software environment:
O ®2% Os0% O7% O 100%

Can development team and customer make meetings together?
® Yes, we have mestings togetger. O No, we have not meetings togstger.

Select your project’s budget level:
O Low @ Middle O High

Select your project’s user interaction level(user interfaces in the system):
® Low O Middle O High

Select your project’s complexity level(requirements are hard to elicit):
O Low O Middle ® High

Next

Figure 7. Create a new method from scratch

For creating a new method from an empty method template, users should fill in the method’s
requirements so as to specify the project’s special case as shown in Figure 7. Then, click ‘Next’
button to save the added steps to the method as shown in Figure 8. The user can add multiple
steps to the method by the ‘AddMoreStep’ button. After adding all the steps, the
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‘AddAndSaveAll’ button is clicked to save the method as shown in Figure 8.

SITUATIONAL REQUIREMENT METHOD 5YSTEM
STEP ADD and UPDATE
Back to Main

Method ID
|2

_Ln:er Step Information
|2. Retrieve details of the pm}ecd

| AddAndsaveall | AddMoreStep

Figure 8. Add steps of the method

After saving the method, it can be viewed from the ‘view method’ page. Moreover, the user can
use this new method to create new methods.

If the user wishes to add a new method by combining two existing methods stored in the system,
the ‘Add New Method by Combining Two’ function is used. When the user clicks on this link,
the system first lists all the methods stored in it as shown in Figure 9; then, the user selects a
maximum of two methods to be combined. If a method is not selected by the user, he/she is
redirected to the main page. If only one method is selected, the system informs the user to select
one more. If more than two methods are selected, the system reminds the user to select only
two methods.

SITUATIONAL REQUIREMENT METHOD SYSTEM
ADD NEW METHOD COMBINING TWO METHOD

Back to Main
Select two existing method to add new method
Ciick on a Msthod Name to ses the method's detail

| | Method Name ‘Expelience in Vearlexperience in Similar Proiectisequiremenl Days ‘Cuslomer Experince |Meelings Together ‘Proier:l's Budget |User Interaction ‘Proie::l‘s Complexity |Added By
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Figure 9. Add New Method by Combining Two (methods listed)

Once the user selects two methods and clicks the ‘Next’ button, a new page is displayed with
the two methods’ requirements together with a new blank criteria section. The user can see the
two methods’ requirements on the same page as shown in Figure 10. The user is required to fill
out the blank criteria and assign a name to this new method. If one of the method requirements
is left out, the system gives an error and reminder to complete all the requirements. Then, as
shown in Figure 10, the user clicks on ‘Add New Method’ and the values of all the method
requirements are added to the repository with the new method’s name.
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Add New Method

Figure 10. Add New Method By Combining Two (new method requirements filled)

After these method requirements are added to the repository, the steps of the selected two
methods are displayed to the user, who is required at this stage to assign numbers to each step
in order to add new method as shown in Figure 11.

SITUATIONAL REQUIREMENT METHOD SYSTEM
ADDING STEPS
Back to Main

Give numbers to the steps which you want to add.

‘Methud Name: Questionnaire

|Methud Name: Interview |

‘1 |Step 1:Selecting participants | |Step 1: Prepare general interview plan

‘ |Step 3:Administering the questionnaire | |Step 3: Set properties in case of time shortage

| |
‘ |Step 2:Designing the questionnaire careful question selection | |2 |Step 2: Confirm areas of knowledge ‘
| |
| |

‘ |Step 4:Questionnaire follow-up send results to participants |3\ |Step 4: Prepare the interviewiee schedule,inform areas of discussion

‘ Add Selected Steps

Figure 11. Add New Method By Combining Two (step adding)

When the user clicks ‘Add Selected Steps’, all the selected steps are added in a numbered
sequence as previously assigned by the user to the system repository.

If a user wishes to update an existing method, the ‘Update Method’ module on the main page
can be utilized. Any user can benefit from other author’s methods by reusing; however, only
the author of each specific method can make changes in that method in the SRMS.

Another feature of SRMS is showing the statistical data of the system. When users click ‘View
Statistics’, five criteria are displayed. They can select the desired criteria to see the related
statistics. These criteria are based on:

e The user: It shows the different users and the number of new methods each has created;

e The method type: It shows the number of new methods created with an empty method
template, by modifying a method stored in the repository, and by combining two methods
stored in the repository separately;
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e The user and the method type: It shows the number of new methods created with an empty
method template, by modifying a method stored in the repository and by combining two
methods stored in the repository with respect to each user;

e The viewing rate: It shows the number of times an existing method has been viewed by
users; and

e The usage for creation: It shows the number of times an existing method has been used to
create a new one.

5. SRMS Tool Validation and Discussion

5.1 Background

The tool will be used by requirement engineers to create and use effective requirement
elicitation methods according to the project situation at hand. As SME techniques are used not
only to customize a software development process for a particular project context, but also to
perform a continuous process improvement [16][17], it is equally relevant for the software
quality assurance group in the organizations.

A questionnaire is designed with the aim to study the effectiveness of the proposed approach
and the ease-of-use of the tool. SRMS is logically similar to the LL databases as the latter also
keeps a knowledge base for future projects. Many software development organizations use LL
databases for this purpose; hence, there is a high likelihood that respondents already have
experience in using LL databases. Therefore, another aim of the questionnaire is to compare it
with the proposed approach and tool.

The SRMS introduced in the present study was published on the World Wide Web to make it
accessible to the respondents of the questionnaire. User accounts were opened for each
individual to easily access and evaluate the system. After that, copies of the questionnaire were
distributed among these people, who were mainly working in medium or large software
development companies (totally 10) and are more likely to have experience with these types of
systems. These companies provide solutions for avionics, defense, telecommunications,
embedded systems, RFID systems and safety critical systems. These companies have middle
(100 to 250) to large (600-900 and plus) size in terms of employees. They mostly believe
keeping ‘knowhow’ is valuable for them so their employees were willing to answer our survey.
Only those companies were chosen which had quality control groups for process improvement.
The respondents are the ones with considerable experience and are, in some way, related to such
groups in their organizations. Only a handful of respondents were selected who were believed
to have some idea about these types of systems and who were more likely to have encountered
LL databases or similar systems previously. This was done in order to receive more reliable
feedbacks. In total, 28 out of 35 respondents returned the questionnaire, yielding 80% response
rate.

5.2 Research Questionnaire

The following questions were put forth to the participants:

Q1: Have you ever used this type of method engineering system?

Q2: Do you have experience in ‘lessons learned databases’?

Q3(i): If your answered Q.2. as ‘yes’, do you think that SRMS is better than ‘lessons learned
databases’?

Q3(i1): If your answer to Q.3(i) is ‘disagree’ or ‘strongly disagree’, please state your reasons in
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brief.

Q4: Do you prefer to use SRMS in your intranet system?

Q5: Do you think that SRMS is easy to use?

Q6: Do you think that SRMS’s method storage principle is useful?

Q7: Which module do you find most useful?

Q8: Do you like to suggest adding new functions to the SRMS? Please explain.

Q9: Do you think that the criteria used in the system are useful for separating methods
situations?

Q10: Do you have any suggestion for adding new criteria to the system? Please explain with
the reasons.

Q11: Do you think that the system provides knowledge transfer among project members?
Q12: Specify any other comments or issues.

5.3 Data Analysis and Discussion
In this section, the responses by the participants to each of the questions are analyzed separately.

To perform a statistical analysis of the collected data, it should be emphasized that the sample
size n in all questions is small, namely, n < 28. As a result, Z-tests based on the Central Limit
Theorem are not applicable here. Therefore, for all tests concerning proportions, an exact test
based on binomial distribution (See, for example, [58], section 3.4) is used. The level of
significance is o = 0.05 for all tests. To obtain more detailed information on population
proportions, it is beneficial to construct 95% confidence intervals for those proportions. An
exact confidence interval for a binomial distribution can be obtained with Clopper-Pearson
approach. Namely, for (1-a).100% level of confidence, the lower and upper confidence limits
can be taken as:

PL= Beta® (0/2 ; k, n-k+1), and

Pu = Beta® (1-0/2 ; k+1, n-k)

Where Beta? (c; a, b) denotes the c-th quantile of a Beta distribution with shape parameters a
and b.

The values for P and Py in each case have been obtained by using Table 5.2 in [59].
Furthermore, in some of the questions the needed confidence intervals are one-sided and, in this

case, PL= o ¥".100%, while Py = 100%, where n is the sample size (see [58], section 3.5). With
a =0.05and n =28, we obtain P_= 89.8% as shown in Table 1.

The results of the analysis for each question are as follows:

Q1. 82.1% of the respondents stated that they have not used this type of method storage system
(like SRMS) before. Only a few of the respondents had used this type of system previously
because there are limited tools implementing the situational method engineering approach
which are merely for research purposes.

Q2. 75% of the respondents stated that they have used the ‘lessons learned databases’ before.
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Table 1: 95% confidence intervals for population proportions

Q ‘Agree’ or ‘Strongly agree’ ‘Strongly agree’
No. of No. of
Responses Response
n, Ki PL Py S ki PL Py
n;

3(i) 21 16 52.9% 91.8% 21 2 1.2% 30.4%
4 28 20 51.3% 86.8% 28 8 13.2% 48.7%
5 28 28 89.8% 100% 28 16 37.3% 75.5%
6 28 28 89.8% 100% 28 6 8.3% 41%

9 28 28 89.8% 100% 28 8 13.2% 48.7%
11 28 28 89.8% 100% 28 18 44% 81.4%

Q3(i). According to the responses, in a sample of 21 users who have experience in ‘lessons
learned databases’, 16 believe i.e., ‘strongly agree’ or ‘agree’ that SRMS is better. To confirm
that this data provides necessary statistical evidence that more than 50% of ‘lessons learned
databases’ users prefer SRMS, the following test on the population proportion has been
conducted:

Ho: p < 50%

Hi: p > 50%

The level of significance is & = 0.05.

The p-value of the test is P{X > 16 | n=21, po = 0.5} = 0.0133. Since 0.0133 < q, the null
hypothesis will be rejected. It can be concluded, therefore, that the majority of ‘lessons learned
databases’ users believe i.e., ‘strongly agree’ or ‘agree’ that SRMS is better.

Finding a confidence interval, we observe that the actual percentage of users who believe that
SRMS is better than ‘lessons learned databases’ is between 52.9% and 91.8% with 95% level
of confidence.

Q3(ii). It is found that a majority of the respondents agree that SRMS is better than the ‘lessons
learned databases’ while a few among the rest stated that they already have a more customized
tool than SRMS. The respondents did not provide much detail about the tool they are using.
The respondents also stated that in the ‘lessons learned databases’, the topics are organized in
a tree-view format, meaning that the relationships among the topics can be observed easily; yet,
in SRMS the methods are organized in a flat style. Another suggestion was that it would be
helpful to see which methods are extended — in other words, not created from an empty template
- and also the source method used in the extension. It is possible to incorporate this suggestion.
In the background of SRMS, it has been stored whether the method is new, extended, or
combined. For the methods that are extended from the existing method, an additional field
storing the source method name can be added to incorporate this suggestion.

Q4. First, we test whether the majority (‘strongly agree’ or ‘agree’) of users prefer SRMS in
the intranet system. The following test concerning the population proportion of users who prefer
SRMS is conducted:

Ho: p < 50%

Hi: p > 50%

In this case, the p-value can be estimated as
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P{X>20|n=28, po=0.5} <P{X =20} + 8P{X =21} =0.046 < 0.

Therefore, the null hypothesis is rejected, and it is confirmed that a majority of users prefer
SRMS in the intranet system.

Now, to construct a 95% confidence interval for the true population proportion of users who
prefer SRMS, by Table 5.2 from [59], one has:

PL=51.3%, Pu=86.8%

That is, the actual percentage of users who prefer SRMS in their intranet system is between
51.3% and 86.8% with 95% level of confidence.

Q5. Here, we have to consider a one-sided confidence interval for the proportion of people who
claim i.e., ‘strongly agree’ or ‘agree’ that SRMS is easy to use - since, in this case, k = n =28
(sample size). As it has already been mentioned Py = 100% and P, - a ¥ (see [58], sec 3.5)
with a = 0.05, yielding P. = a Y28~ 89.8%.

Therefore, we state that at 95% level of confidence, the actual percentage of users who ‘strongly
agree’ or ‘agree’ that SRMS is easy to use is between 89.8% and 100%.

Meanwhile, the test concerning ‘strongly agree’ can be stated as:
Ho: p < 50%
Hi: p > 50%

Since the p-value P{X > 16} > P{X =16} = 0.1133 > q, the null hypothesis cannot be rejected
and, hence, there is no sufficient evidence that the majority of users ‘strongly agree’ that SRMS
is easy to use.

Q6. In SRMS, methods are stored in two parts. The first part includes the characteristics of that
method and, then, the second part contains the steps of that method. The respondents were
questioned to learn about the usefulness and effectiveness of SRMS’s method storage principle.
As before, we have to consider a one-sided confidence interval for those proportion of people
who think i.e., ‘strongly agree’ or ‘agree’ that SRMS’s method storage principle is useful - in
this case, k =n =28 (sample size). As have been mentioned previously, this leads to P_=89.8%
and Py = 100%.

Therefore, it can be claimed that at 95% level of confidence interval, the actual percentage of
users who ‘strongly agree’ or ‘agree’ that SRMS’s method storage principle is useful is above
89.8%. On the other hand, the actual percentage of users who ‘strongly agree’ that SRMS’s
method storage principle is useful with 95% level of confidence is within the interval 8.3% and
41%.

Q7. Most of them found that ‘add new method’ (either entirely new, or by extending an existing
method, or by combining two existing ones) is the most useful module. The second most
popular module was found to be the ‘View Statistics’ module which is very useful to learn
which methods are mostly viewed or used for creating new methods implying that it can easily
affect the usage and creation of a method.

Q8. Although SRMS is found to be an easy and useful system by most of the users, we examined
if there is any missing function which the respondents would like to have in this type of system.
Around half of the respondents stated that the tree-view function showing relationships can be
added to the system. Some of the respondents also suggested that, while adding a new method
to the system, apart from adding the steps of the methods some additional information — such
as how to use the method and its purpose - should also be entered.

16



Q9. As mentioned in Section 3, the methods have been categorized based on eight criteria. The
authors inquired whether the given criteria are sufficient when separating the methods
according to the projects’ situations. It is established that at 95% confidence interval for the
proportion of users who think i.e., ‘strongly agree’ or ‘agree’ that criteria are useful for
separating is between 89.8% and 100%. This demonstrates that, on the whole, the users think
that criteria are useful.

However, in this case, the actual users who ‘strongly agree’ that criteria are useful is within the
interval 13.2% and 48.7% at 95% level of confidence, which indicates that SRMS may need to
incorporate more criteria for method categorization.

Q10. Users were asked to provide suggestions regarding the criteria for categorizing methods.
Some suggested that another criterion, ‘acquaintance level of the customer to the project
domain’, can also be added to the system because, even if the customer is the owner of the
project, he/she may not have enough know-how in the application domain. This is generally the
case in outsourced projects. Although there is a similar existing criterion in SRMS as
‘experience level of your customer’, this criterion is found to be too general and also, it is
possible to have extensive experience as a customer in the software development field and, yet,
possess little experience with a particular project domain. Another suggestion was that it would
be helpful for users to be able to specify ranges for budget, interaction, and complexity levels -
which was found to be constructive recommendation and, thus, can be incorporated.

Q11. Nowadays, knowledge transfer is the most valuable activity for organizations, and users
were asked whether SRMS allows for knowledge transfer among project members. In this case,
at 95% confidence level, the proportion of users who think i.e., ‘strongly agree’ or ‘agree’ that
SRMS provides knowledge transfer is between 89.8% and 100%, indicating that this opinion is
shared by the majority of users and, as such, it can be valuable if used effectively by team
members.

Let us draw the attention to the users who ‘strongly agree’ that the system provides knowledge
transfer. A 95% confidence interval for ‘strongly agree’ is within the bounds of 44% and 81.4%,
allowing one to assume that a majority of users ‘strongly agree’ that the system enables
knowledge transfer. As before, to check this statement rigorously, an exact test for proportions
based on the binomial distribution is applied. Select

Ho: p < 50%
Hi: p > 50%.

With n=28 and k= 18, one has: P{X > 18} > P{X = 18} + P{X = 19} = 0.048 + 0.025 > a.
Therefore, we accept Hoand there is no evidence suggesting that a majority strongly agrees that
the system enables knowledge transfer.

Q12. The descriptions of modules are already defined in the ‘Help’ segment of SRMS. The
respondents also suggested that a feedback system from the user can be added - that is, a rating
from each user who is using a particular method. It was stated that it can be very beneficial to
add this feature to the system so the users can easily view the ratings of the methods. Some
respondents recommended that association between processes and SRMS methods should be
allowed, what’s more, it was further noted that keeping track of which methods are used in
which projects, the results, conditions and the people involved, can be helpful as well. At this
point, it should be stated that the characteristics of a project are important; yet, the main
motivation is storing methods not project management related data.
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6. Conclusion

In software development organizations, software developers are adapting software development
methods according to different project conditions. There is a need to share this know-how with
other developers, who may reuse it in similar contexts towards saving the efforts thus reducing
costs and time, which are crucial in software development. A systematic approach to method
tailoring and storage can solve this problem and developers can learn from each other’s
experiences, thereby enhancing their productivity as well. The present paper develops a
simplified approach for method storage and retrieval according to project characteristics with
the help of a web-based tool, SRMS. Here, new methods can be developed through inception,
extension or assembling existing methods. Lessons learned databases are, by far, closest to
SRMS in terms of objectives and context, aside from their usefulness to the project managers
working in the industry in terms of similar projects context.

The proposed approach and tool was validated by distributing SRMS-related questionnaires to
software professionals working in large software companies. Moreover, SRMS was published
online to make it accessible to the respondents of the questionnaire. A majority of respondents
had not used such type of systems earlier, but they had extensive experience with ‘lessons
learned databases’. A majority of users found SRMS better than ‘lessons learned databases’ and
stated their preference for using it. It has been also established that they consider SRMS easy-
to-use and its method storage principle to be useful. They agree that it provides knowledge
transfer among project members. Some respondents provided various general suggestions to
improve it further, whereas there were a few regarding the criteria for methods’ categorization.
These are:
e Which methods are extended - that means, not created from scratch - and the source
method used in the extension.
e While entering a new method, information such as how to use the method and its
purpose should be described.
Add a tree-view function that shows the relationships
A new criterion ‘acquaintance level of the customer to the project domain’ should be
added. It can replace the existing criterion ‘experience level of your customer’ because
the current one is too general.
e Specify ranges for project criteria such as project’s budget, complexity and level of
user’s interaction instead of discrete values.
All of the above suggestions are valuable for tool improvement and therefore, can be
incorporated into the system. Some of the respondents also asked for permission to try SRMS
in their projects, so that it can be tried and tested in real environment. According to their
feedbacks, SRMS can be modified to match the needs of real-life projects. Since it focuses on
the requirements engineering phase, with little modifications, it can also be customized and
used in other stages of software development.
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Appendix

Table 2. Results of the survey

Questions Options
1. Have you ever used this type of Yes No
method engineering system? 5 23
2. Do you have experience in ‘lessons Yes No
learned databases’? 21 7
3(i). If your answered Q.2. as ‘yes’, Do . .
you think that SRMS is better than Strongly Agree Agree Disagree Strongly Disagree
p , 2 14 5 0
lessons learned databases’?
3(13)' If your answer EO Q.3. is ‘disagree Reason Available Reason Not Available
or ‘strongly disagree’, please state your 1 4
reasons in brief.
4. Do you prefer to use SRMS in your Strongly Agree Agree Disagree Strongly Disagree
intranet system? 8 12 8 0
5. Do you think that SRMS is easy to Strongly Agree Agree Disagree Strongly Disagree
use? 16 12 0 0
6. Do you think that SRMS method Strongly Agree Agree Disagree Strongly Disagree
storage principle is useful? 6 22 0 0
. . Add Add New Add New  |View Update |Take View
Z'S:XH;Ch module do you find most New Method By | Method By [Methods [Method |Report Statistics
' Method Extending Combining
5 3 6 2 1 4 7
8. Do you like to suggest adding new Suggestions Available Suggestions Not Available
functions to the SRMS? Please explain. | 14 14
9. Do you think that the criteria used in Strongly Agree Agree Disagree Strongly Disagree
the system are useful for separating gy Ag 9 9 gy 9
y e 8 20 0 0
methods’ situations?
10. Do you have any suggestion for - - . .
adding new criteria to the system? Please ?uggestlons Auvailable gijggestlons Not Available
explain with the reasons.
11. Do you think that the system . .
provides knowledge transfer among fgongly Agree ,1-\Ogree (I)Dlsagree gtrongly Disagree
project members?
12. Specify any other comments or Comment Available Comment Not Available
issues. 5 23
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